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Introduction

The position of women in Western societies has changed fundamentally during the last few 

decades. Higher education and a growing participation in the workforce has led to the increasing 

self-awareness and economic independence of women1. Prosperity and the increasing availability 

of spare time has enabled the development of a more hedonistic lifestyle for both men and women. 

The introduction of oral contraception in the 1960s played a key role in the emancipation of 

women, by untying the age-old knot between sexuality and reproduction2. Rather than being an 

unavoidable destiny, motherhood became a choice. 

One of the consequences of these changes is a deliberate reduction of family size and postponement 

of childbearing2-4. In the Netherlands the mean maternal age at the birth of the fi rst child has risen 

from 24.2 years in 1970 to 29.4 at present (Figure 1)5. Generally, the higher the woman’s level of 

education, the higher the age at which she will give birth to her fi rst child3;4;6. The current mean age 

of lower educated Dutch women at the birth of their fi rst child is 27 years, whereas for women with a 

higher education the mean age is 34 years5. 
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Figure 1. Increase of the mean maternal age at fi rst child birth (Y-axis, in years) in the Netherlands during the 
last decades (X-axis).
(Adapted from CBS, the Dutch National Institute for Statistics)

1. Female reproductive ageing

However, the trend of delaying motherhood has its price. Monthly pregnancy rates decline with 

a woman’s age, while the chance of pregnancy loss increases7;8. It is assumed that the general 

postponement in childbearing leads to an increased incidence of fertility problems, smaller family size 

than desired, and unwanted childlessness8. Together with voluntary childlessness and reduction in 

family size, in many Western societies the postponement of childbearing has resulted in the average 

number of children born per family being too low to ensure replenishment of the population9;10. In 

addition, higher maternal age is an important risk factor for perinatal complications aff ecting both 

mother and child11-13. The eff ect of the increasing paternal age on reproductive potential is small 

compared to the contribution of female ageing14. 
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1.1 Decrease in the number of oocytes

The phenomenon of female reproductive ageing is attributed to a decrease in both the quantity and 

quality of a woman’s oocytes7;8. In contrast to the male situation, the general view is that women are 

born with their stock of gametes that will have to serve their entire reproductive life15;16. However, 

recent mice studies have challenged this view, suggesting the presence of germline stem cells 

that give rise to new oocytes17. These fi ndings have been fi ercely debated: it is not clear whether 

these ‘adult’ oocytes indeed exist and if so, what these fi ndings mean for humans. Therefore, the 

assumption that women’s total number of oocytes are determined before birth has served as the 

basis for this thesis.
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Figure 2. Power model of the decrease in the number of non-growing follicles in the ovaries with female age.
(Adapted from Hansen et al., Human Reproduction 2008;23:699-708) 

In the foetal ovaries, millions of primordial follicles are formed, consisting of oocytes surrounded 

by a fl at layer of supporting granulosa cells. The original size of this foetal follicle pool reduces 

prenatally from about 7 million to an estimated 1 or 2 million at birth15;18-20. After birth the follicle 

pool size steadily decreases further, and more rapidly from the end of the fourth decade onwards 

(Figure 2)21;22. Finally, the remaining number of follicles drops below a threshold of an estimated 

thousand follicles, resulting in menopause23;24. The mean age at menopause in various populations 

is around 51 years, but ranges from before the age of 40 up to over 60 years (Figure 3, right-hand 

curve)25-28. The timing of natural menopause is considered to be mainly heritable, based on a large 

agreement between the ages at menopause of mothers and daughters as well as sister pairs; it 

has been suggested that more than 80% of the diff erences in age at menopause have a genetic 

origin29-31. Recent studies have revealed several genes and loci presumed to be involved in the age 

at menopause32-35. The wide age range for the onset of menopause is assumed to refl ect diff erences 

between women in the original size of the follicle pool and the atresia rate of these follicles. In 

addition, iatrogenic interventions and environmental infl uences may also aff ect oocyte quantity. 
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An evident medical intervention reducing the size of the ovarian follicle pool is ovarian surgery. 

Other examples of medical interventions renowned for their often devastating eff ect on oocyte 

quantity include cancer treatments, i.e. chemotherapy and abdominal radiation36;37. The best-known 

environmental factor infl uencing follicle pool size is smoking. Women who smoke enter menopause 

at an earlier age than their non-smoking peers38;39.

1.2 Decrease in the quality of oocytes

Obviously, a natural pregnancy cannot be achieved when there are no oocytes left. But several 

years before menopause, fertility is already severely impaired, even when the menstrual cycle is still 

regular and ovulatory7. In so-called natural fertility populations, where no contraception is used, the 

age of the mother at the birth of her last child is on average 41 years, i.e. ten years before the mean 

onset of menopause (Figure 3, left-hand curve)40;41. The birth of the last child rather than menopause 

seems to mark the end of female fertility. Moreover, in the decade preceding the birth of the last 

child, monthly fecundity rates gradually drop42;43.This observed reduction in pregnancy chances 

from a mean age of 31 years onwards has been confi rmed in female partners of azoospermic men 

undergoing donor insemination; this excludes the possibility of decreased sexual activity with age 

or a male factor as single causes (Figure 4)44;45. At the age of 38 years, the average monthly probability 

of conception leading to a live-born child has dropped to one quarter of that in women aged 30 

years. The same trend is observed in the results of artifi cial reproductive techniques: success rates 

drop markedly with increasing age of the female partner46-49. If donor eggs are used, success rates 

largely depend on the age of the donor, which further underlines the ovarian contribution to female 

reproductive ageing (Figure 5). 
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Figure 3. Distribution curves for the observed maternal age at last child birth (left-hand curve) and age at 
menopause (right-hand curve). 
(Adapted from Lambalk et al., Maturitas, 2009;63:280-91)
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Next to the decreasing monthly pregnancy rates, the chance of a chromosomally abnormal 

conception has been demonstrated to increase with age, leading to higher rates of early pregnancy 

loss and a higher incidence of children with a chromosomal abnormality (Figure 6)50;51. Moreover, 

very early loss of the conceptus, before a pregnancy is recognised as such, is held responsible for the 

major part, if not all, of the decreased monthly pregnancy rate with age41. The decreased pregnancy 

chances and increased miscarriage rates with a woman’s age are attributed to a reduced oocyte 

quality7;8. 

A clear denominator of decreased quality is the observed increased rate of meiotic non-disjunction 

in oocytes with age52-55. During early foetal development the oocytes enter meiosis, a process 

requiring two subsequent cell divisions, meiosis 1 and 2, to reduce the number of chromosomes 
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Figure 4. The decrease in monthly fecundity rate (rate of live born children) relative to the fecundity rate of 
women in the 20-30 year age group. 
(Adapted from Broekmans et al., Trends in Endocrinology and Metabolism, 2007;18:58-65)

Figure 5.  Eff ect of female age upon the average singleton live birth rate per started IVF cycle. The dotted line 
represents the average singleton live birth rate after oocyte donation as a function of the recipient’s age. 
(Adapted from Broekmans et al., Trends in Endocrinology and Metabolism, 2007;18:58-65)
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from the diploid number of 46 to the haploid number of 23. At the beginning of meiosis 1, DNA 

is replicated and each of the 46 chromosomes is duplicated into sister chromatids. Homologous 

chromosomes then align themselves in pairs and genetic material is exchanged (recombination). 

At this point the process is arrested for years. Meiosis 1 is only completed if the oocyte is selected 

for ovulation: the homologous pairs then separate into two daughter cells. Meiosis 2 subsequently 

separates the sister chromatids and is completed if fertilisation occurs. In total four haploid cells are 

formed during meiosis, one mature oocyte and three polar bodies. 

In meiotic non-disjunction, which may occur either during the fi rst or second meiotic division, 

separation of a homologous chromosome pair or pair of sister chromatids fails (Figure 7). Both 

members of one pair move into one cell, resulting in one cell with a chromosome too many and one 

cell with a chromosome too few. This results in an age-related increased incidence of aneuploidic 

conceptions, mainly monosomies and trisomies56. Autosomal monosomic conceptions are hardly 

ever recognised and are presumed to result in pre-clinical very early pregnancy loss57. Trisomy 21, or 

Down syndrome, is the most common trisomic condition in ongoing pregnancies. In over 90% of all 

cases of clinically recognised trisomy 21, the origin of the aneuploidy is maternal58. The trisomy may 

result from a variety of types of meiotic errors, both occurring during meiosis 1 and 251;58. 
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Figure 6. Increase in the incidence of trisomy in clinically recognised pregnancies with female age.
(Adapted from Hassold and Hunt, Nature Reviews Genetics 2001;2:280-291)
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Next to the relation with female age, a clear association of trisomic pregnancy and recombination 

during oocyte formation in foetal life has been established59;60. Absent, reduced or sub optimally 

positioned recombination may result in various meiotic errors later in life. Exactly how deviant 

recombination eventually leads to aneuploidy is still unclear. 

1.3 The relation between oocyte quantity and oocyte quality

The biological rationale behind the limits of the reproductive life span of women and the exact 

mechanisms underlying female reproductive ageing are not yet understood. For instance, the nature 

of the relation between oocyte quantity and oocyte quality as the two components determining 

reproductive capacity is so far unclear. Such a relation is readily expected if we look at the exponential 

increase in aneuploid conceptions with age, which parallels the exponential decrease in follicle 

number (Figures 2 and 6). Likewise, the distributions of the ages at menopause and the ages at 

the birth of the last child in natural fertility populations are remarkably alike (Figure 3). However, 

although these patterns resemble each other, this does not prove a causal relation between the 

two processes. For example, it has not been confi rmed whether women having their last child at 

Meiosis I Meiosis II

Premature separation 
of sister chromatids

‘Achiasmate’ non-disjunction

‘True’ non-disjunction Non-disjunction

Normal Normal

Figure 7. Meiotic non-disjunction. 
A normal meiosis I (MI) division results in the 
segregation of homologous chromosomes. There 
are several possible patterns of abnormal MI 
segregation: including ‘true’ non-disjunction, in 
which homologues travel together to the same 
pole; ‘achiasmate’ non-disjunction, in which 
homologues that have failed to pair and/or 
recombine travel independently to the same pole; 
and premature separation of sister chromatids, in 
which chromatids — rather than homologues — 
segregate from one another. 
A normal meiosis II (MII) division involves the 
segregation of sister chromatids. Non-disjunction 
at MII is assumed to result from failure of the 
sisters to separate, although more complicated 
errors that involve sequential abnormalities at MI 
and MII have been proposed.
(Adapted from Hassold and Hunt, Nature Reviews 
Genetics 2001;2:280-291) 
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35 and 46 years, respectively, are the same women who enter menopause ten years later around 45 

and 56 years. In other words, it is not clear whether the interval between the end of fertility and the 

onset of menopause in a woman is fi xed. It may well be that the processes of oocyte quantity loss 

and oocyte quality loss simply occur in parallel with increasing age and that they have no causal 

interrelationship. 

2. Suggested processes responsible for decreased oocyte quality with age 

Several theories have been developed that aim to explain the age-related decrease in oocyte 

quality. An introduction to the suggested processes involved is given below. 

2.1 Accumulation of biological damage over time 

The older a woman gets, the longer time her ovaries are exposed to environmental hazards and 

ageing processes. The oocyte is likely to be vulnerable for accumulation of biological damage 

over time, since it is arrested in the meiotic prophase from foetal life until time to ovulation (or 

atresia). The chance that individual oocytes are harmed would thus increase with age57;61. This 

theory is supported by studies showing ageing eff ects on the meiotic machinery of the oocytes, 

such as defective spindle formation and chromosome alignment, and of the supporting granulosa 

cells52;57;62;63. These processes would be infl uenced by age and environmental factors, but not by 

follicle pool size.

2.2 Factors related to both a decrease in oocyte quantity and oocyte quality

As the number of follicles decline, the endocrine and paracrine changes accompanying follicle loss 

may harm the remaining oocytes. Increased levels of follicle stimulating hormone have been shown 

to have unfavourable eff ects on oocyte quality (see also section 4.2)64-66. A second theory suggests 

that an age-related decline in the vascularisation of the ovaries may damage the remaining follicles, 

causing both a decrease in the number of remaining oocytes and in their quality. As the blood fl ow 

to the ovaries becomes impaired, an accumulation of factors accompanying oxidative stress may 

occur within the follicle, causing both atresia and non-disjunction61;67;68.

2.3 The selection of oocytes may become impaired when fewer follicles are available

The ‘production line theory’ stipulates that the oocytes produced fi rst in foetal life are the least prone 

to non-disjunction69. According to the principle ‘fi rst in, fi rst out’ these oocytes of highest quality 

are selected for ovulation fi rst, leaving the oocytes of lesser quality for later years. Since deviant 

recombination in foetal life is related to increased rates of non-disjunction later in life, at least part of 

the quality of an oocyte is indeed established prenatally. However, whether these oocytes of lesser 

quality are indeed selected only later in life is not clear, as is the hypothesis that a ‘second hit’, for 

instance age-related damage, is necessary to cause the actual non-disjunction in these error prone 

oocytes59. 
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The ‘limited pool theory’ states that the chance that a good quality follicle is available for selection 

during the natural cycle in exactly the right developmental phase is lower if the number of follicles 

to choose from is reduced63. This theory can also be viewed from a broader perspective: it is 

conceivable that, in some cycles, good quality oocytes are simply not available if there are fewer 

follicles to choose from. It is unknown whether the selection procedure itself is subject to ageing 

processes.

When refl ecting on the summary of processes described above, which are all biologically plausible 

and partly supported by scientifi c evidence, it is easy to think that the age-related reduction in oocyte 

quality is caused by more than one process. Sections 2.2 and 2.3 describe processes that support 

a relation between the reduction in oocyte quantity and quality. Studies on the relation between 

these two entities are not only of basic scientifi c interest, but may be highly relevant clinically. If 

oocyte quantity and oocyte quality are related, the estimated size of the remaining follicle pool 

may be predictive for (future) fertility and trisomy risk. Especially since the age range in the onset of 

menopause shows that oocyte quantity diff ers widely between women, the size of the remaining 

follicle pool may be more informative than age alone. To study the clinical relation between oocyte 

quantity and oocyte quality, associations between parameters refl ecting properties of both these 

entities should be analysed.

3. Parameters of oocyte quantity

The ultimate assessment of oocyte quantity, in clinical practice often referred to as the ‘ovarian 

reserve’, is by histological study of the ovaries after surgical removal19. Besides being very laborious, 

for obvious reasons this parameter cannot be used clinically. A summary of clinically applicable 

parameters for the number of remaining oocytes that are relevant for the work included in this 

thesis is presented below. 

3.1 Menopause, cycle length and menopausal transition 

Next to histological studies, a second fundamental, but obligatory retrospective measure for 

oocyte quantity is the moment of menopause, the reproductive event refl ecting near depletion of 

the ovarian follicle pool. In the years preceding menopause the length of the menstrual cycle fi rst 

shortens by 2-3 days43. When the number of remaining follicles further decreases and can no longer 

sustain a regular ovulatory cycle, menstrual cycles lengthen and become increasingly irregular, a 

phenomenon called menopausal transition70. The interval between the start of cycle irregularity 

and menopause seems to be relatively constant at 5-6 years, irrespective of the eventual age at 

menopause71. Cycle disturbances are, however, no unique marker for oocyte quantity since cycle 

irregularity may also occur due to hormonal dysregulation unrelated to ovarian reserve. 
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3.2 Endocrine and sonographic ovarian reserve tests

A diff erent approach to estimating the size of the remaining follicle pool is based on the observed 

endocrine changes accompanying follicle loss. Levels of the pituitary-produced follicle stimulating 

hormone (FSH) in the early follicular phase of the menstrual cycle rise with age as a result of 

decreasing endocrine feedback from the partially depleted ovaries (see Figure 8). The basal FSH level 

was the fi rst ‘ovarian reserve test’ (ORT) to be widely applied in clinical practice in general subfertile 

and IVF populations72;73. The interpretation of FSH values is hampered by the fact that FSH levels not 

only fl uctuate within but also between cycles of the same woman74;75. In addition, it has been shown 

that raised FSH-levels may originate from a variety of causes apart from decreased ovarian reserve, 

including the presence of FSH-receptor polymorphisms and heterophylic antibodies interfering 

with the test assay used76;77.

AHM

hypothalamus

Younger Older

pituitary

Inhibin

LH
FSH

A

B E

ovary

LH

hypothalamus

pituitary

Inhibin
AHM

FSH B
Inhibin

Inhibin
A

E

ovary

Figure 8. Schematic representation of the eff ect of the change in ovarian reserve with age upon several endocrine 
factors, i.e. AMH (anti-Müllerian hormone), LH (luteinizing hormone), FSH (follicle stimulating hormone), inhibin 
A and B and estradiol (E).
(Adapted from Broekmans et al., Endocrine Reviews 2009;30:465-493)

One of the presumed causes of increased basal FSH levels with age is the reduced secretion of inhibin 

B by the granulosa cells of the developing antral follicles (Figure 8). Since inhibin B is produced by 

the ovarian follicles themselves, its measurement in the follicular phase of the menstrual cycle was 

expected to refl ect ovarian reserve more directly than FSH. However, despite a statistically signifi cant 

relation of both basal FSH and inhibin B levels with age, a large overlap between the values for older 

and younger women has been observed78;79; this reduces the applicability of FSH and inhibin B as 

ovarian reserve tests. In addition, both basal FSH and inhibin B levels have been shown to change 

only relatively late in a woman’s reproductive life span, approximately ten years before menopause, 

when fertility is already severely reduced78-80. These observations show that despite reducing follicle 
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numbers, the ovaries are apparently capable of long maintaining a regular ovulatory cycle with 

unchanged baseline endocrine levels. 

To unmask such subclinical decreased ovarian reserve, dynamic ovarian reserve tests have been 

developed, which assess the endocrine response of the ovaries to exogenous endocrine stimuli. 

Ovaries with a limited number of remaining follicles are assumed to be unable to produce proper 

negative feedback to the challenge of supra physiological levels of FSH. An example of a dynamic 

ovarian reserve test is the Clomiphene Citrate Challenge Test (CCCT)81;82. For this test, the basal level of 

FSH is determined on day 3 of a natural cycle. From cycle day 5 to 9 patients self-administer 100 mg 

of the anti-oestrogen clomiphene citrate, which results in a reactive increase in endogenous FSH. 

On cycle day 10 FSH is measured again. In women with only few remaining follicles, the endocrine 

reaction of the ovaries to the endogenous FSH increase will be insuffi  cient to return it to the basal 

level. The fact that results of the CCCT, just like basal FSH levels, may show substantial intercycle 

variability hampers interpretation of the test values with respect to ovarian reserve83;84.

In recent years anti-Müllerian hormone (AMH) has been shown to be a promising new endocrine 

ovarian reserve test85;86. AMH is a dimeric glycoprotein exclusively produced by the granulosa cells 

of pre-antral and smaller antral follicles and is postulated to inhibit the recruitment of primordial 

follicles87-90. A gradual age-related decrease of AMH has been demonstrated, with peak levels 

during late puberty, a gradual decline during the reproductive years, and undetectable levels after 

menopause or bilateral ovariectomy91-94. Recent studies suggest a positive relation between AMH 

and time to menopausal transition and menopause94;95. Furthermore, AMH shows relatively steady 

values throughout the natural cycle96;97, which simplifi es the timing of the test and interpretation of 

the results. 

The rationale behind the use of the above endocrine tests for assessing the ovarian reserve is based 

on their relation with female age and moment of menopause (see Figure 9)93;94;98-101. Studies relating 

the values of the endocrine ORTs with histological assessment of the ovaries, the ‘gold standard’ for 

assessing ovarian reserve, have hardly been performed. In one small, but well-documented study, 

three ovarian reserve tests were performed in 22 parous women, aged 36-42 years, in the cycle 

before they would undergo oophorectomy. After surgery, the number of follicles in the ovarian 

tissue was assessed. No statistically signifi cant relation was observed between the number of 

counted follicles and basal FSH, CCCT and a second dynamic ovarian reserve test, the GnRH agonist 

stimulation test102.

The second group of ovarian reserve tests consists of sonographic parameters of which antral follicle 

count (AFC) is the main one. Antral follicles can be made visible by transvaginal ultrasound and 

range in size from 2-10 mm. The number of antral follicles corresponds well with the number of 

primordial follicles in histological analysis21;103: the more follicles are available, the more follicles will 
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grow. Studies in fertile and IVF-treated populations show a close negative correlation between AFC 

and age, a positive relation between AFC and time to menopause (see Figure 9), and a positive 

relation between AFC and AMH (93;104-106). A disadvantage of this test is that AFC supposedly 

overestimates the total number of follicles in women with reduced ovarian reserve as a relatively 

larger proportion of follicles is recruited monthly19;107: as the total follicle pool size reduces, the 

proportion of visible growing follicles increases. 

3.3 Response to ovarian hyperstimulation in IVF treatment

In in vitro fertilisation (IVF) treatment with controlled ovarian hyperstimulation, gonado trophins are 

given in order to stimulate the growth of multiple follicles. The response to ovarian hyperstimulation 

may be regarded as a dynamic ovarian reserve test72. The number of retrieved oocytes in IVF 

decreases with female age (Figure 10)108. Compared to a 25-year old woman, the number of 

oocytes retrieved from a 41-year old woman is halved. The oocyte yield after hyperstimulation has 

been shown to be related to the size of the remaining follicle pool: women with a so-called ‘poor 

response’, often defi ned as an oocyte yield of <4 oocytes, are at increased risk of early menopausal 

transition and menopause109;110. Both AMH and AFC are positively related to the ovarian response 

in IVF treatment111. However, the exact number of oocytes retrieved from the same woman during 

consecutive IVF cycles may vary. In addition, a poor response is no proof of decreased ovarian reserve: 

younger women with an ovarian reserve within the normal range may occasionally experience a 

poor response, for instance due to relative underdosing of medication112. 

Figure 9.  Schematic representation of the average levels in the early follicular phase of the menstrual cycle of 
1) follicle stimulating hormone (FSH), 2) antral follicle count (AFC), 3) inhibin B and 4) anti-Müllerian hormone 
(AMH) in the various phases of reproductive ageing, i.e. early, mid and late reproductive phase (ER, MR and LR), 
early and late menstrual transition (EMT and LMT) and early and late postmenopausal phase (EMP and LMP).
(Adapted from Broekmans et al., Endocrine Reviews 2009;30:465-493)
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3.4 Iatrogenic and environmental factors infl uencing ovarian reserve

In the physiological situation the number of oocytes present in the ovaries at any time during a 

woman’s reproductive lifespan depends on the original size of the follicle pool and the atresia rate 

of those follicles. However, as stated earlier, multiple iatrogenic interventions and environmental 

infl uences may also aff ect oocyte quantity. The most tangible medical intervention reducing the size 

of the ovarian follicle pool is ovarian surgery. Women with a history of unilateral ovarian surgery have 

been suggested to have a lower response to IVF treatment and to enter menopause sooner113;114. In 

this thesis, a history of ovarian surgery is used as a dichotomous measure for decreased ovarian reserve. 

The best-known environmental factor infl uencing follicle pool size is smoking. Women who smoke 

have lower antral follicle counts, lower ovarian response to IVF treatment, and enter menopause 

earlier than their non-smoking peers38;39;115. These observations make clear that smoking reduces 

oocyte quantity. It is conceivable that smoking may also compromise oocyte quality, for instance 

by direct toxic eff ects116. Therefore, in studies on the relation between oocyte quantity and oocyte 

quality, measures relating to smoking (for instance, the number of pack years) cannot readily be 

used as parameters for oocyte quantity alone. In these studies, the possible confounding eff ect of 

smoking habits should be taken into account. 

4. Parameters of oocyte quality

As described above, the concept of reproductive ageing stipulates that long before a woman’s 

ovaries are depleted of follicles, a reduction in oocyte quality already compromises her fertility. It 

is assumed that the most important aspect of reduced oocyte quality with age is the occurrence of 

meiotic non-disjunction. A list of clinical parameters refl ecting oocyte quality is given below. 
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Figure 10. The mean number of retrieved oocytes with age at IVF treatment. 
(Adapted from De Boer et al., Human Reproduction 2004;19:58-65)
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4.1 Live birth

Both in the natural situation and in IVF cycles, pregnancy chances drop with female age (Figures 4 

and 5). This trend is attributed to increased embryo loss due to chromosomal abnormalities41. The 

birth of a healthy child may be regarded as the ultimate proof of good oocyte quality. Obviously the 

opposite is not always true: in couples trying to conceive not all good quality oocytes will result in 

an ongoing pregnancy. 

4.2 Pregnancy loss

The incidence of miscarriage increases exponentially with age (Figure 11)117. Miscarriage rates 

vary from 10% in a woman’s early twenties up to over 80% in her late forties. Overall, cytogenetic 

abnormalities are found in 35-75% of all spontaneous abortion specimens118-121. The most common 

karyotypic abnormalities are autosomal trisomies51. The older the woman and the shorter the 

duration of pregnancy before miscarriage, the higher is the probability that the loss is caused by 

aneuploidy50;51;119;122. 
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Figure 11. Increased risk of spontaneous abortion with female age.
(Adapted from Nybo Andersen et al., British Medical Journal 2000;320:1708-1712)

4.3 Trisomic pregnancy 

In line with the fi ndings in miscarriage tissue, the results of chorionic villus biopsy and amniocentesis 

show that the incidence of trisomic pregnancy decreases with the duration of pregnancy. The 

earlier the timing of prenatal diagnosis, the higher the number of trisomic pregnancies found 123;124. 

Although most aneuploid conceptions result in early pregnancy loss, some lead to ongoing 

pregnancies. In total, 0.3% of live-born children are aneuploid119. With increasing female age, the 

incidence of live-born children with trisomy 13, 18 and most notably 21 (Down syndrome) rises125. 

Next to non-disjunction in the oocyte, trisomies may be caused by an unbalanced trans location or 

may be of paternal origin, but this is true for only a minority of cases (<10%)126. 
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4.4 Embryo quality

IVF treatment off ers a unique possibility of direct clinical assessment of oocytes. The oocyte has a key 

role in early embryo development, since the genome of the embryo is not activated during the fi rst 

days after fertilisation and development up to that point largely depends on proteins and RNA stored 

in the oocyte127. Therefore, the morphology of the developing embryo may refl ect oocyte quality. 

Embryos can be scored on a number of morphological features, including number and regularity of 

blastomeres, percentage of fragmentation, and the presence of multi-nucleated blastomeres; these 

scores may be added to form the cumulative embryo score128. Embryo morphology scores may be a 

useful marker for oocyte quality.

In recent years there has been a focus on aneuploidy detection in embryos as an expression of 

decreased oocyte quality. Indeed, with increasing female age, biopsied blastomeres from human 

embryos in IVF more often show aneuploidy56;129;130. However, these embryos also commonly show 

mosaicism, i.e. blastomeres of the same embryo diff er in chromosomal content, implying that 

chromosomal analysis of one or two blastomeres does not adequately refl ect the ploidy status of 

the oocyte the embryo originated from56;131;132. Blastomere biopsy is therefore not a suitable marker 

for oocyte quality. 

5. The clinical relation between parameters of oocyte quantity and quality

Several studies have been performed assessing possible associations between the clinical 

parameters of oocyte quantity and quality described above. A systematic introduction to the 

fi ndings thus far is given below.

5.1 Ovarian reserve and ongoing pregnancy

It is not clear whether age at menopause has a fi xed relation with pregnancy chances earlier in 

life. One retrospective cohort study of 2,393 women indirectly suggests the existence of such 

a relation by revealing an association between self-reported fertility problems and earlier age at 

menopause133; the odds ratio for unwanted childlessness was 0.78 (95% confi dence interval (CI) 

0.64-0.94) per fi ve years’ higher age at menopause. 

The relation between various ovarian reserve tests and ongoing pregnancy chances has been studied 

extensively in IVF populations. Recent meta-analyses on the subject show no clear predictive value 

of these tests (including FSH, inhibin B, various dynamic endocrine ORTs, AMH and AFC) for success 

rates in IVF treatment, independent of female age72;134. 

Less information is available on ovarian reserve tests and natural pregnancy chances. Five 

studies have been performed on this subject in general subfertile populations with confl icting 

results82;135-138. Scott et al. found that FSH and the CCCT had a statistically signifi cant predictive value 

for spontaneous and treatment-related pregnancy, using cut-off  levels determined in their own 

study population, which they assessed both prospectively and retrospectively82;135. Van Montfrans 

et al. could not confi rm the predictive value of FSH for spontaneous or treatment-related pregnancy 
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in a small, nested case-control study137. The prospective cohort study of Van Rooij et al. showed 

no linear relation between FSH, inhibin B, AMH and AFC for spontaneous pregnancy93. In a large 

prospective cohort study of 3,519 subfertile couples, Van der Steeg et al. found a statistically 

signifi cant increase in time to spontaneous pregnancy for basal FSH values from 8 IU/l onwards136. 

However, they labelled the clinical relevance of their fi ndings as limited, when compared to other 

prognostic factors for spontaneous pregnancy, including female age. 

In contrast to the ovarian reserve tests, the number of oocytes retrieved in IVF treatment with ovarian 

hyperstimulation indisputably has a predictive value for ongoing pregnancy. A poor response to 

hyperstimulation is highly predictive of low pregnancy chances112;139;140. If, next to the poor response, 

there is another sign of diminished ovarian reserve (e.g. previous poor response, abnormal result 

of an ovarian reserve test or advanced reproductive age) the prospects of an ongoing pregnancy 

decrease further compared to age-matched women with a normal response112;139. 

Less is known about the predictive value of a history of ovarian surgery for ongoing pregnancy. No 

defi nite conclusions can be drawn, but pregnancy chances do not seem to be clearly decreased 

for IVF-treated women with a history of unilateral ovariectomy113. The relation between smoking 

and pregnancy chances is better established: smokers have statistically signifi cantly decreased 

pregnancy chances compared to non-smokers; this is true for both natural and IVF-related 

conception141-145.

5.2 Ovarian reserve and miscarriage

Whether there is an association between the occurrence of miscarriage and the age at onset of 

menopause later in life has hardly been studied. In one large cohort study among menopausal women, 

the odds ratio for a self-reported history of at least one miscarriage was 0.89 (95% CI 0.79-1.01) per fi ve 

years’ later menopause. This implies that having ever had a miscarriage was associated, though not 

statistically signifi cant, with earlier age at menopause133.

Several studies are available on the relation between ovarian reserve tests and miscarriage146-151. 

From the results of these studies it is not clear whether FSH, AMH and AFC have a predictive value 

for miscarriage or not. The studies were performed in various populations of fertile, subfertile or IVF-

treated women, were mostly of retrospective design, and/or included small numbers of subjects. 

Studies on the relation between ovarian response to IVF treatment with hyperstimulation and 

miscarriage are scarce and provide no evidence of the existence of such a relation152-154. No data 

are available on ovarian surgery and miscarriage risk. Finally, smoking has been shown to increase 

miscarriage rates144;145. 

5.3 Ovarian reserve and trisomic pregnancy

Two recent studies have been published on the occurrence of a trisomic pregnancy and age at 

menopause. Kline et al. compared 111 women with a spontaneous abortion with a trisomic 

karyotype with 226 women with a healthy live birth and 157 women with a chromosomally normal 
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pregnancy loss. Compared to the other two groups, the women with a history of trisomic pregnancy 

entered menopause approximately 1 year earlier (0.96 years, 95% CI -0.18–2.10)155. In the second 

study, 104 mothers of a child with Down syndrome entered menopause 0.7 years earlier than 121 

control mothers with a healthy child156. In both studies the diff erence in menopausal age between 

cases and controls was not statistically signifi cant. 

Contradictory fi ndings have been reported on the relation between trisomic pregnancy and the 

results of ovarian reserve tests. Van Montfrans et al. found that mothers of a child with trisomy 21 had 

signifi cantly higher levels of FSH and lower levels of inhibin B than age-matched controls157;158. Kline 

et al. did not fi nd statistical diff erences in FSH, inhibin B or AFC between women with a spontaneous 

abortion of a trisomic pregnancy than women with a chromosomally normal pregnancy159. In a 

third study, AMH-levels were measured in samples from a prenatal screening programme160. No 

statistically signifi cant diff erence was found between 25 women with a Down syndrome pregnancy 

compared to 125 matched controls. Nasseri et al. karyotyped miscarriage tissue and found higher 

FSH and/or estradiol levels in women with an aneuploid spontaneous abortion than in women 

with a euploid spontaneous abortion161. These fi ndings were, however, not confi rmed by two other 

studies on the same subject162;163. The relation between ovarian response to IVF treatment and 

trisomy risk has not been studied yet. 

In a case-control study, women with a child with trisomy 21 signifi cantly more often had a history 

of ovarian surgery or congenital absence of an ovary than controls (7/189 cases versus 1/329 

controls)164. These fi ndings correspond with classic mouse studies, which showed an increased 

incidence of aneuploid embryos in ageing mice after unilateral ovariectomy165. Finally, the relation 

between smoking and trisomic pregnancy has been studied widely, yielding confl icting results but, 

in general, there does not seem to be a clear-cut association125.

5.4 Ovarian reserve and embryo morphology

Although there is no information on embryo morphology and age at menopause, three recent 

studies have shown that AMH is not related to the proportion of morphologically top quality 

embryos in IVF-treated women148;166;167. In addition, Smeenk et al. found no predictive value of 

various ovarian reserve tests for the morphology of transferred embryos168. In contrast, Silberstein 

et al. found that AMH, but not FSH, was associated with the morphological qualities of the embryos 

transferred169. The last two studies did not comment on the relation between ovarian reserve test 

results and the proportion of morphologically top quality embryos. 

Devreker et al. found no correlation between the number of retrieved oocytes and mean 

morphological embryo score170. Likewise, De Sutter et al. found no diff erence in the proportion of 

embryos of good morphological quality between women with a low number of retrieved oocytes in 

conventional IVF (<5) compared to normal responders152. 

Embryo morphology in relation to a history of ovarian surgery has not been studied. Finally, the 

morphological features of the embryo do not seem to be related to women’s smoking habits116;171-173.
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6. Aim and outline of the thesis

From the above it is clear that there is no consensus in the literature on the clinical relation between 

oocyte quantity and oocyte quality. If, indeed, oocyte quantity and quality are related, the estimated 

size of the remaining follicle pool may have predictive value for (future) fertility and trisomy risk. 

Especially since the age range in the onset of menopause shows that oocyte quantity diff ers widely 

between peers, the size of the remaining follicle pool may be more informative than age alone. 

To examine this relation we decided to study associations between clinical parameters of oocyte 

quantity and quality that have not been completely elucidated yet. 

The primary aim of this thesis was to determine whether a woman’s remaining number of oocytes 

is related to the quality of those oocytes. Secondly, if there is a relation, we aimed to add to the 

identifi cation of possible predictors for (future) fertility and trisomy risk. An overview of the chapters 

in this thesis is given below and is depicted in Figure 12.
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Chapter 2 provides background information on the relations between several ovarian reserve tests 

in subfertile ovulatory women. The focus of the study is on the relation between various antral 

follicle sizes, female age and the results of endocrine ovarian reserve tests, including FSH, inhibin B 

and the CCCT.

Chapter 3 describes a prospective cohort study in a subfertile ovulatory population. It was designed 

to determine whether FSH, inhibin B, CCCT and AFC have predictive value for the occurrence of 

natural conception resulting in live birth and, if so, whether they add value to known prognostic 

factors for natural pregnancy, including female age. 

Chapter 4 describes a subanalysis in the prospective cohort used in the previous two chapters. 

The aim was to assess the predictive value of FSH, inhibin B, CCCT and AFC for the occurrence of 

miscarriage.

Chapter 5 describes a study in a nationwide retrospective cohort of Dutch women undergoing IVF 

treatment. The aim was to evaluate whether women who conceive after a poor response in their 

fi rst completed IVF cycle have an increased risk of miscarriage compared to their peers with normal 

response. 

Chapter 6 describes a case-control study in the same nationwide retrospective cohort (Chapter 5). 

The study aimed to determine whether IVF-treated women with a trisomic pregnancy more often 

had a history of ovarian surgery and a lower response to ovarian hyper stimulation than controls. 

Subsequently, these women were followed to assess whether the trisomy cases had more often 

reached menopausal transition or menopause at the end of the study period than controls.

Chapter 7 describes a prospective cohort study of IVF-treated women of advanced reproductive 

age. The aim was to determine whether FSH, inhibin B, AMH, AFC and the ovarian response to 

hyperstimulation have predictive value for embryo morphology.

Chapter 8 provides an overview of the main results of the studies presented in this thesis and a 

discussion in which is refl ected on the two aims of this thesis, the possibilities for future research, 

and the current trend to postpone childbearing. 
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ABSTRACT

Background: Ovarian reserve is related to age and can be estimated by ovarian reserve tests (ORTs), 

such as antral follicle count (AFC) and various endocrine parameters. The endocrine function of a 

follicle is related to its size. The aim of this study is to evaluate which sizes of antral follicles are most 

closely correlated with age and the outcome of endocrine ORTs. 

Methods: In total 474 subfertile, ovulatory patients, recruited from two fertility centers in the 

Netherlands, participated in this prospective cohort study. The following ORTs were performed: AFC 

(follicles from 2 to 10 mm), basal follicle stimulating hormone, basal inhibin B (bInhB), clomiphene 

citrate challenge test and inhibin B after stimulation with clomiphene citrate. 

Results: The number of small follicles (2–6 mm) declined with age; the number of larger follicles 

(7–10 mm) remained constant. Independent of age, the number of small follicles was signifi cantly 

related to all ORTs (P<0.001, except bInhB P=0.005). The number of larger follicles was only 

signifi cantly related to bInhB (P=0.009). 

Conclusions: The number of small antral follicles (2–6 mm) is signifi cantly related to age and also, 

independent of age, to all endocrine ORTs tested, suggesting the number of small antral follicles 

represents the functional ovarian reserve. 



31

2

Antral follicle size and endocrine ovarian reserve tests

INTRODUCTION 

Reproductive ageing is considered to be the consequence of a decrease in quantity and quality 

of the ovarian follicle pool8. Autopsy studies in human ovaries show that the number of follicles 

decreases rapidly with female age, starting in foetal life and continuing until after menopause15;19;174. 

However, between women of the same chronological age the quantitative ovarian reserve may vary 

substantially104. To assess the individual quantitative ovarian reserve, during the last decades various 

ovarian reserve tests (ORTs) have been developed, which can roughly be divided into three groups. 

Most ORTs measure early follicular phase hormone levels, such as serum follicle stimulating hormone 

(FSH)175;176, estradiol (E2)177;178 and inhibin B179;180. Recently, anti-Müllerian hormone (AMH) has been 

added as a promising ORT85;86;93. Dynamic ORTs assess the endocrine response of the ovaries to 

exogenous stimuli. Examples of dynamic tests are the clomiphene citrate challenge test (CCCT)81;82, 

the exogenous FSH ovarian reserve test (181) and the GnRH agonist stimulation test182;183. The third 

group of ORTs consists of sonographic parameters, such as the antral follicle count (AFC)184;185 and 

measurement of the ovarian volume186;187. 

The way an AFC is performed diff ers between centres. Most often follicles of 2–5 mm or 2–10 mm 

are counted. Research in various fertile and IVF-treated populations demonstrates a close relation 

of AFC with age105;106;188;189. In the studies commenting on AFC and age, only total AFC is calculated 

and the diff erent sizes of the individual follicles are not refl ected on. The distinction of various size 

categories may be relevant since several studies show that the endocrine function of a follicle is 

related to its size. For instance, AMH is mainly produced by pre-antral and smaller antral follicles up 

to 4–6 mm90. In various studies, AMH is strongly associated with total AFC85;86;93. These data suggest 

that the number of smaller antral follicles up to 6 mm refl ects ovarian reserve better than the total 

AFC, if follicles of 2–10 mm are counted. Magoffi  n and Jakimiuk190 show that the production of 

inhibin B by the antral follicles increases with the size of the follicle up to 13 mm. Thus, the larger 

antral follicles may also be an important refl ection of the remaining follicle pool. The relation 

between dynamic endocrine ORTs and antral follicle size has not been studied. 

As part of a prospective study addressing the predictive value of ORTs for spontaneous and 

treatment-related pregnancy in a subfertile population, we examined which sizes of antral follicles 

are most closely associated with female age and which sizes of antral follicles determine the 

outcome of various endocrine ORTs.

MATERIALS AND METHODS 

Study population 

From December 1999 to July 2003, patients were recruited at the fertility centers of the University 

Medical Center Groningen, a tertiary fertility center, and the Martini Hospital, a teaching hospital, both 

in Groningen, the Netherlands. Patients were asked to participate after basal subfertility evaluation 
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including sonographic cycle analysis and measurement of midluteal progesterone, semen analysis, 

post coital test and hysterosalpingography (HSG). Inclusion criteria were: (i) subfertility for at least 12 

months, (ii) regular ovulatory cycle with a midluteal progesterone of >30 nmol/l and a cycle length 

between 21 and 42 days, (iii) at least one patent Fallopian tube at HSG and/or laparoscopy, (iv) 

semen analysis of the partner with a total motile count (volume x concentration x motility) >1 x 10 6, 

(v) no ovarian cysts, (vi) no history of gynaecological, hypothalamic or pituitary malignancy, (vii) no 

liver insuffi  ciency, (viii) no history of thrombo-embolic processes and (ix) no sexual disorder leading 

to a coitus frequency of less than once a month. According to the inclusion criteria, 732 patients 

were eligible for this study (see fl owchart, Fig. 1). One hundred thirty-six patients did not want to be 

enrolled in the study, and 27 patients were not asked to participate due to inadvertency. Fifty-four 

patients were excluded secondarily since eventually they did not meet the inclusion criteria; the 

main reason for this was two-sided tubal pathology on laparoscopy because of adhesions or severe 

endometriosis, despite one or two patent tubes on HSG. Furthermore, 32 patients became pregnant 

just after inclusion but before undergoing ORTs and 9 patients did not return after inclusion. In 

total, 474 patients actually participated, 353 in the University Medical Center Groningen and 121 in 

the Martini Hospital. Informed consent was obtained from all participants. The study protocol was 

reviewed and approved by the Medical Ethics Committee for Research Projects of both participating 

hospitals. 

Eligible patients 
n = 732 

Included patients 
n = 569 

No wish to participate 
n = 136 

Excluded secondarily 
n = 54 

Actual participants 
n = 474 

Not asked to participate 
n = 27 

Pregnant before participation  
n = 32 

Not returned after inclusion 
n = 9 

Figure 1. Flowchart of eligible patients
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Study protocol 

After inclusion, patients visited the outpatient clinic in the early follicular phase of the menstrual 

cycle (cycle day 2, 3 or 4). Transvaginal ultrasound was performed to measure size and number of the 

antral follicles as well as the volume of both ovaries. Peripheral blood was drawn to measure levels 

of basal FSH (bFSH) and basal inhibin B (bInhB). Subsequently, patients took 100 mg clomiphene 

citrate on cycle day 5–9. One week after the fi rst visit, the transvaginal ultrasound was repeated 

and blood samples were drawn again to measure stimulated FSH and stimulated inhibin B levels 

(respectively, sFSH and sInhB in the CCCT). The result of the CCCT was defi ned as bFSH + sFSH. 

Transvaginal ultrasound measurements 

The volume of each ovary was determined by measuring the three perpendicular diameters and 

applying the formula for the volume of an ellipsoid: (L x W x D x π) / 6; the volumes of both ovaries 

were added for the total ovarian volume186;189. All follicles of 2–10 mm were counted and measured in 

two dimensions. The mean of these measurements was taken to be the follicle size. The numbers of 

follicles from both ovaries were added for the total AFC. All transvaginal ultrasound measurements 

were performed by four skilled gynaecologists using a 7.5 MHz vaginal probe on an Aloka SSD-1700 

US machine. Several studies demonstrate that the intra-observer and inter-observer reproducibility 

of antral follicle measurements is adequate191-193. Intra-observer and inter-observer coeffi  cients were 

not determined in this study. 

Hormone assays 

For measurements of concentrations of FSH and inhibin B, serum was stored at -20°C until processing. 

Serum FSH levels were measured by fl uorimmunometric determination on the AutoDelfi a (Wallac/ 

Perkin Elmer, Turku, Finland). For FSH, the inter-assay coeffi  cient of variation was 3.7%, the sensitivity 

<0.05 IU/l. The lower limit of detection was 0.03 IU/l. The standard of the FSH assay was calibrated 

against the World Health Organization Second International Reference Preparation for human FSH 

(78/549). Inhibin B concentrations were assayed with an enzyme-linked immunosorbent assay from 

Serotec (Kidlington, Oxford, UK). The inter-assay coeffi  cient of variation for inhibin B was 11% and 

the sensitivity was <10 pg/ml. The lower limit of detection was 5 pg/ml. 

Statistical analysis 

Data were analysed with the Statistical Package for Social Sciences (SPSS 12.0 Inc., Chicago, IL, USA). 

Patient characteristics and results of the ORTs are presented as median values with 10th–90th percentiles 

or as numbers with percentages. The correlation between the various parameters is expressed as 

Spearman’s correlation coeffi  cient (r). Regression analysis was used to study the infl uence of age and 

various sizes of antral follicles on the endocrine variables. Statistical signifi cance was considered to be 

reached at a P-value <0.05.
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RESULTS 

The study population consisted of 474 women. Patient characteristics are shown in Table 1. At the 

time of the CCCT median female age was 32.5 years, median duration of subfertility was over 2 years 

and about two-third of the women had a primary subfertility. Most couples were diagnosed with 

unexplained subfertility (51.3%) or male factor (44.9%). In Table 2, the results of the various ORTs 

are shown. 

n = 474

Age (years) 
Duration of subfertility (months) 
Primary subfertility
Cycle length (days)
Semen analysis (TMC, x106)
Diagnostic category of subfertility
    Unexplained 
    Male factor 
    Cervical factor

32.5 (26.6-38.8) 
26.5 (16.8-50.4) 
324 (68.4 %)
28 (25-32)
34.5 (4.0-175.6) 

243 (51.3 %)
213 (44.9 %)
18 (3.8 %)

Values are median (10th – 90th percentiles) or numbers (%); TMC = total motile count (volume x concentration x 
motility)

Table 1. Patient characteristics

        Median (10th - 90th percentiles)   n

Antral follicle count (n)
Total ovarian volume (cm3)
Basal inhibin B (ng/l)
Stimulated inhibin B (ng/l)
Basal FSH (IU/l) (bFSH)
CCCT (bFSH+sFSH) (IU/l)

12
   10.6
   89.0
 226.0
      6.6
   13.2

(5 - 24)
(6.0 - 18.3)

(37.7 - 140.0)
(104.0 - 414.4)

(4.6 - 10.6)
(9.1 - 21.8)

399
388
466
462
465
460

FSH = follicle stimulating hormone; CCCT = clomiphene citrate challenge test; sFSH = stimulated FSH

Table 2. Outcome of the ovarian reserve tests

The various endocrine ORTs were not determined at one exact point in the cycle, but within a 

period of three cycle days. We analysed the diff erences between the results of the tests performed 

on cycle days 2, 3 and 4 and found two signifi cant diff erences. Basal InhB values on cycle day 2 

were signifi cantly lower than bInhB values on cycle days 3 and 4 (P-value =0.001). It is known that 

serum levels of inhibin B rise in the early follicular phase up to a peak level around cycle day 5 or 6 194. 

Therefore, it is not surprising that inhibin B levels on cycle day 2 are lower than on cycle days 3 and 

4. We then analysed the correlation between the results of the endocrine ORTs in groups per cycle 

day with age, AFC, follicle size and with each other. The correlation coeffi  cients within the groups 

per cycle day were comparable to those in the total group, also for bInhB. We therefore analysed the 

group as a whole despite the diff erences mentioned. 
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Table 3 shows a correlation matrix of the ORTs and age. Age is signifi cantly negatively correlated with AFC 

(r = -0.298; P < 0.01) and total ovarian volume (r = -0.183; P < 0.01) and positively correlated with bFSH (r 

= 0.201; P < 0.01) and CCCT (r = 0.219; P < 0.01). Age is not signifi cantly related to bInhB and sInhB in the 

CCCT. AFC is signifi cantly correlated with all ORTs performed.

Age AFC TOV bInhB sInhB bFSH

Antral follicle count (AFC)
Total ovarian volume (TOV)
Basal inhibin B (bInhB)
Stimulated inhB (sInhB)
Basal FSH (bFSH)
CCCT (bFSH+sFSH)

- .298**
- .183**
- .007
- .020
 .201**
 .219**

 .486**
 .142**
 .200**
- .288**
- .296**

 .139**
 .182**
- .332**
- .305**

 .291**
- .103*
- .138**

- .135**
- .188** (.871**)

* P-value <0.05, ** P-value <0.01 
FSH = follicle stimulating hormone; CCCT = clomiphene citrate challenge test; sFSH = stimulated FSH

Table 3. Correlation matrix of age and ovarian reserve tests (Spearman’s coeffi  cients)

To answer the question of which size of antral follicles is most closely associated with age, the 

number of antral follicles was correlated with age for each size separately. The number of follicles 

measuring 2, 3, 4, 5 and 6 mm all declined with age, whereas the number of follicles measuring 7 

mm or more did not (data not shown). These results were combined to two categories, i.e. small 

antral follicles (2–6 mm) and larger antral follicles (7–10 mm). Figure 2 shows that total AFC and 

the number of small follicles decline with age, whereas the number of larger follicles remains quite 

constant with increasing age up to 45 years. The curves of AFC and number of small antral follicles 

versus age mimic each other; they are not linear but show a steeper decline when female age 

reaches the second half of the fourth decade. Non-linear spline regression analysis was used to 

detect transition points between the horizontal part and the steeper part of the curve for follicles 

2–6 mm in size. However, no statistically signifi cant change in slope was found, neither for true nor 

for log transformed values. 

In view of the fi ndings in Fig. 2, the correlation between the same two categories of small and larger 

antral follicles and the endocrine ORTs and age was explored (Table 4). The number of small antral 

follicles (2–6 mm) is signifi cantly correlated with all endocrine ORTs. The larger follicles (7–10 mm) 

correlate only with total ovarian volume and bInhB. 

Since age is related to number and size of the antral follicles as well as the outcome of various 

ORTs, regression analysis was performed to determine which size of antral follicles is most closely 

correlated with the outcome of endocrine ORTs, independent of age. In Table 5, the results of the 

regression analysis are shown, depicting the non-standardized correlation coeffi  cient B and its 95% 

confi dence interval (CI) for each individual variable. The total number of small antral follicles (2–6 

mm) is signifi cantly related to all endocrine ORTs, whereas the number of larger follicles (7–10 mm) 
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Figure 2.  Relation of total antral follicle count, number of small (2-6 mm) and larger (7-10 mm) antral follicles with 
female age (in years) (n = 399) 

� Number of small follicles (2–6 mm)
� Number of larger follicles (7–10 mm)
−∙−∙ Relation of total antral follicle count (2–10 mm) and age
······ Relation of number of small follicles (2–6 mm) and age
 Relation of number of larger follicles (7–10 mm) and age

Total number of small follicles 
(2-6 mm)

Total number of larger follicles 
(7-10 mm)

Age
Total ovarian volume
Basal inhibin B 
Stimulated inhibin B 
Basal FSH (bFSH)
CCCT (bFSH + sFSH)

- .304**
 .418**
 .112*
 .184**
- .280**
- .310**

 .005
 .316**
 .151**
 .051
- .029
 .010

* P-value <0.05, ** P-value <0.01
FSH = follicle stimulating hormone; CCCT = clomiphene citrate challenge test; sFSH = stimulated FSH

Table 4.  Correlations of small (2-6 mm) and larger (7-10 mm) antral follicles with age and  ovarian 
reserve tests (Spearman’s coeffi  cients)
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is only signifi cantly related to bInhB. Repeated analyses with single 1 mm follicle size categories 

as independent variables instead of grouped categories confi rmed the infl uence of smaller size 

follicles, but this could not be narrowed to a specifi c size category (data not shown). 

Since both age and number of small antral follicles are signifi cantly correlated with bFSH and 

CCCT (Table 5), standardized correlation coeffi  cients (ß) were computed to compare the strength 

of these correlations (not shown in table). The relation of the number of small antral follicles with 

bFSH is slightly stronger than the relation of age with bFSH (respectively ß = -0.209 and ß = 0.188). 

Similarly, the number of small antral follicles is slightly more strongly related to the CCCT than age 

(respectively ß = -0.217 and ß = 0.198). 

DISCUSSION 

This study demonstrates that the number of small antral follicles (2–6 mm) declines with age, 

whereas the number of larger follicles (7–10 mm) remains nearly constant. Irrespective of female 

age, the number of small antral follicles is strongly correlated with the outcome of various basal 

and dynamic endocrine ORTs, whereas the number of larger antral follicles is not. The relations with 

both female age and endocrine ORTs suggest that the number of small antral follicles represents the 

functional ovarian reserve. 

The number of antral follicles as seen on ultrasound is assumed to depend on the size of the primordial 

follicle pool from which they are recruited. This phenomenon has been described in rodents by Krohn195 

Basal FSH
(n = 395)
95% CI

CCCT
(n = 391)
95% CI

B Lower Upper P B Lower Upper P

Age
2-6 mm
7-10 mm

 0.128
-0.088
-0.121

 0.061
-0.130
-0.287

 0.196
-0.047

 0.045

<0.001
<0.001

NS

 0.297
-0.201
-0.175

 0.149
-0.293
-0.540

 0.446
-0.110

 0.191

<0.001
<0.001

NS

Basal inhibin B
(n = 395)
95% CI

Stimulated inhibin B
(n = 391)
95% CI

B Lower Upper P B Lower Upper P

Age
2-6 mm
7-10mm

0.170
0.799
2.957

-0.732
 0.242
 0.733

1.071
1.356
5.181

NS
0.005
0.009

3.403
5.780
3.729

-0.292
 3.497

-5.388

7.098
8.064

12.846

NS
<0.001

NS

FSH = follicle stimulating hormone; CCCT = clomiphene citrate challenge test; CI = confi dence interval

Table 5. Regression analysis of small (2-6 mm) and larger (7-10 mm) antral follicles, age and endocrine 
ovarian reserve tests.
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and Krarup et al.196: the more primordial follicles are available, the more follicles will grow. In humans, this 

may explain why the AFC is an adequate ORT. Research in various fertile and IVF-treated populations 

demonstrates a close correlation of AFC with age105;106;188;189. In our subfertile population, the number of 

follicles measuring 2 up to 6 mm all decline with age; the number of larger follicles (7–10 mm) per woman 

is low and remains relatively constant with age. In line with our results, Scheff er et al.189 described in a fertile 

population a steeper yearly decline in the number of small antral follicles (2–5 mm) than for larger follicles 

(6–10 mm). 

As a result of our fi ndings, the fi tted curve of the number of small follicles versus age mimics the 

fi tted curve of the total AFC versus age. The pattern of decline of follicle number and AFC with 

age has been studied extensively. From autopsy studies of ovarian tissue a model of follicle 

disappearance from birth to menopause was obtained, showing a biphasic pattern with a steeper 

decline of follicles after the age of 37.5 years21. Scheff er et al.189 found the same pattern of decline 

of AFC with age, assessed by ultra sound in a proven fertile population. Thus, AFC was considered 

to be a refl ection of the total follicle pool. The biphasic pattern of the decline of follicles has been 

debated strongly, among others by Leidy et al.197. They state that the biphasic pattern is an artefact 

of the statistical methods used. Reuss et al.106 and Ng et al.184 did not fi nd a biphasic pattern either 

in the decline of AFC with age in diff er ent populations. Broekmans et al.104 reanalysed the data from 

the earlier study of their group as described above189 and proposed a linear decline of antral follicles 

with age. Our data show a decline of total AFC with age with a steeper decline starting in the years 

preceding the age of 40. However, spline regression did not reveal a statistically signifi cant change 

in slope. These results subscribe to the fi ndings of Tufan et al.198 that there is no single point after 

which the decline in follicles increases, but that indeed there is a general trend of an accelerating 

decline of follicles when female age reaches the second half of the fourth decade. The shape of the 

curve may partly explain why the correlation coeffi  cient of AFC with age in the fertile population of 

Scheff er et al.185 (r = 0.68) is higher than in our population (r = 0.298). Since median age in their group 

is 38.0 years, many participants are represented in the steeper part of the curve. Since correlation 

assumes a linear relation between two variables, it is expected that the correlation coeffi  cient 

in the group of Scheff er is higher than in our younger population (median age of 32.5 years), 

because of the diff erence in age distribution. Moreover, the fi ndings of Kline et al.199 show that the 

correlation of AFC and age is stronger with advancing age. This may be explained by the fact that 

the reproducibility of the AFC declines when higher follicle counts are observed193, which is more 

often the case in younger women. However, a stronger correlation of AFC and age with advancing 

age might also be a biological phenomenon. 

Our data show that the smaller antral follicles (2–6 mm) correlate not only with age, but also 

independently correlate with the results of the various endocrine ORTs. Age and the endocrine ORTs 

used are no gold standard for ovarian reserve. However, since the various tests used in our study 

are all - independently of each other - related to the number of small follicles, we believe that our 
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data support the conclusion that the number of small follicles represents the ovarian reserve. The 

larger follicles only correlate with ovarian volume, which is biologically plausible, and bInhB. The 

relation of bInhB with both small and larger antral follicles corresponds with the fact that inhibin B 

is produced by pre-antral and antral follicles, with concentrations in the follicular fl uid rising with 

the size of the follicle from 4 up to 13 mm190;200. The fact that the number of larger follicles does not 

relate to age and most ORTs may be explained by the limited variation in number of larger follicles 

per woman, precluding statistical relations with any parameter. The lack of a clear correlation with 

ovarian reserve may also be explained biologically, if the larger follicles represent follicles on their 

way to dominance. The process of selection of the dominant follicle may well be independent of the 

size of the antral follicle pool it is chosen from. This may be true especially for our study population, 

since the participants were selected on having an ovulatory cycle, proven by sonographic cycle 

analysis and suffi  cient midluteal progesterone. Women with cycle disturbances caused by a 

profound diminished ovarian reserve were excluded from our study beforehand. Selection of the 

dominant follicle is assumed to take place between cycle days 1 and 5201 or between cycle days 3 

and 10192. This variation in moment of selection may explain why in 31% of the (ovulatory) women 

no larger follicle was seen when the AFC was performed (cycle days 2–4). 

Our data suggest that, when performing an AFC, follicles up to 6 instead of 10 mm should be counted. 

It is unlikely that this will considerably change the clinical accuracy of the AFC, since total AFC (2–10 

mm) is mainly defi ned by the number of small antral follicles (2–6 mm). The AFC of 2–6 mm may be 

especially useful for research purposes or when a clinical cut-off  point is used, e.g. when the start of 

treatment depends on a minimum number of follicles available.

All endocrine variables are more strongly associated with the number of small antral follicles than 

with age. This fi nding corresponds to the biological function of the antral follicles: the granulosa 

cells of the antral follicle pool produce E2 and inhibin B and, via feedback mechanisms, indirectly 

determine pituitary FSH secretion. 

A promising new endocrine marker for ovarian reserve, AMH, was unfortunately not measured in 

our study. It has been described that AMH is closely related to both female age and AFC85;86;93 and 

that AMH is especially secreted by smaller follicles88;90. These fi ndings subscribe to our hypothesis 

that the smaller antral follicles actually represent the functional ovarian reserve. 

A notable additional fi nding in our subfertile population concerns bFSH and CCCT. In line with other 

studies, bFSH and CCCT correlate with both female age and AFC81;82;184;185. Interestingly, there is no 

substantial diff erence in the correlations of bFSH and CCCT with female age (respectively, r = 0.201 

and r = 0.219). Similarly, the correlations of bFSH and CCCT with AFC are comparable (respectively r 

= -0.288 and r = -0.296). These results suggest that the CCCT has no additional value as an ORT over 

bFSH alone. This issue has been addressed in several clinical studies examining the value of CCCT 

compared with bFSH in predicting ovarian response to hyperstimulation or pregnancy chances, 

spontaneously or after IVF treatment. Some studies state that the CCCT does provide extra clinical 
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information over bFSH alone202-204, but other studies cannot confi rm these fi ndings205-208. In a future 

evaluation, we will assess the predictive value of these tests for the occurrence of spontaneous and 

assisted reproduction technique-related pregnancy in our study population of subfertile ovulatory 

women. It is known that both bFSH and CCCT can vary substantially per cycle in the same woman83;84, 

which might hamper the interpretation of these tests. 

In conclusion, the results of our study suggest that, independent of age, the number of small antral 

follicles measuring 2–6 mm represents the functional quantitative ovarian reserve. Therefore, we 

propose that if an AFC is performed, only follicles sized 2–6 mm could be counted and used for 

the interpretation of the outcome of endocrine ORTs. Furthermore, our data suggest that bFSH 

might have the same clinical value as CCCT, since there is no substantial diff erence between their 

correlations with, respectively, female age and AFC. Only clinical use of these tests can confi rm or 

reject this assumption. Research in diff erent populations, e.g. fertile women or women indicated for 

IVF, is needed to assess whether our results are valid outside our population of subfertile ovulatory 

women. 
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ABSTRACT

Background: The predictive value of ovarian reserve tests (ORTs) for spontaneous pregnancy is 

unclear. Our study aimed to determine whether ORTs have added value to previously identifi ed 

prognostic factors for spontaneous pregnancy in subfertile ovulatory couples.

Methods: A prospective cohort study was performed on 474 subfertile ovulatory couples in two 

hospitals in Groningen, The Netherlands. The ORTs performed were: antral follicle count (AFC), 

follicle-stimulating hormone (FSH) and inhibin B (basal levels and after stimulation with clomiphene 

citrate), and the clomiphene citrate challenge test. For each couple the probability of spontaneous 

pregnancy was retrospectively calculated using the validated Hunault prediction model, which 

includes the main known prognostic factors for spontaneous pregnancy. Outcome measure was 

time to spontaneous pregnancy resulting in a live birth.

Results: When added to the Hunault model, only basal FSH and AFC signifi cantly improved the 

prediction of spontaneous pregnancy (P-values of 0.05 and 0.04). Absolute changes in predicted 

probabilities after adding basal FSH or AFC were small: the predicted probability of spontaneous 

pregnancy shifted ≥10% in only 3.8% and 7.9% of the couples, respectively. 

Conclusion: Although basal FSH and AFC signifi cantly improved the validated prediction model for 

spontaneous pregnancy, clinical relevance of this fi nding is limited. We recommend that none of the 

ORTs studied should be used routinely in the subfertility evaluation of ovulatory couples to predict 

spontaneous pregnancy chances. 



43

3

The pre dictive value of ovarian reserve tests for spontaneous pregnancy

INTRODUCTION

In Western societies, the widespread availability of contraception and the altered social position of 

women have led to a rapid increase in mean age at which couples try to conceive their fi rst child. The 

chance to conceive, however, decreases with female age. The trend to postpone parenthood has led 

to an increase in the number of couples experiencing subfertility8. After medical evaluation of their 

fertility problem, couples are either advised to pursue the possibility of spontaneous conception or 

start treatment. To support a well-informed decision, spontaneous pregnancy chances for couples 

are estimated using prediction models consisting of previously identifi ed prognostic factors, such 

as female age, duration of subfertility, and sperm motility209-212. If a couple has a high probability 

of spontaneous conception, treatment does not enhance their pregnancy chances and can be 

regarded as an unnecessary burden for the couple. In contrast, if a couple has a low probability of 

spontaneous conception, delay of treatment is unfavourable, especially in cases of advanced female 

age. Recently, one of the prediction models for spontaneous pregnancy, referred to as the Hunault 

model, has been externally validated in a large population213. 

The process of reproductive ageing is attributed to a decrease in quantity and quality of the ovarian 

follicle pool8. Amongst women of the same age reproductive potential may vary considerably104. To 

assess the individual ovarian reserve, several ovarian reserve tests (ORTs) have been developed, which 

provide a quantitative measure of the ovarian reserve. Most ORTs are baseline or dynamic endocrine 

parameters, such as the basal level of follicle-stimulating hormone (FSH) or the clomiphene citrate 

challenge test (CCCT). The second group of widely used ORTs consists of sonographic tests, such as 

the antral follicle count (AFC). The value of ORTs has been evaluated mainly in women undergoing 

in vitro fertilization (IVF) treatment. ORTs have, for a long time, been thought to predict both 

ovarian response to hyperstimulation and IVF-related pregnancy. However, recent meta-analyses 

in IVF-treated populations only show a moderate predictive value of ORTs for ovarian response 

and virtually no relation with pregnancy rate72;134. Less is known about the value of ORTs for the 

prediction of pregnancy in the general subfertile population. Although ORTs are frequently used in 

the basal fertility work-up of the subfertile couple, only a few studies are available on the subject, 

with confl icting results135-138. The value of ORTs as part of the evaluation of the subfertile couple is 

thus unclear. If ORTs indeed have a predictive value for spontaneous pregnancy, it is of interest to 

know whether they have signifi cant added value to previously identifi ed prognostic factors.

In view of the ongoing debate on the value of ORTs in the management of the subfertile couple, 

we performed a prospective cohort study in a subfertile ovulatory population. This exploratory 

study was aimed to answer the question of whether ORTs are predictive for the occurrence of 

spontaneous pregnancy and whether they have added value to previously identifi ed prognostic 

factors for spontaneous pregnancy. For this purpose we used the validated Hunault prediction 

model in our analysis.
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MATERIALS AND METHODS

Study population

From December 1999 to July 2003, patients were recruited at the tertiary fertility centre of the 

University Medical Center Groningen and the fertility centre of the Martini Hospital, a teaching 

hospital, in Groningen, the Netherlands. Patients were asked to participate after basal subfertility 

evaluation had been completed. This evaluation included assessment of ovulation by sonographic 

cycle analysis and measurement of mid-luteal progesterone, semen analysis, post-coital test and 

hysterosalpingography. The inclusion criteria for study participation were (1) subfertility for at least 

12 months, (2) a regular ovulatory cycle with mid-luteal progesterone of > 30 nmol/l and a mean 

cycle length between 21 and 42 days, (3) at least one patent tube at hysterosalpingography and/or 

laparoscopy, (4) semen analysis with a total motile count >1 x 106 and (5) no sexual disorder leading 

to a coitus frequency of less than once a month. After basal subfertility evaluation, diagnostic 

laparoscopy was performed if tubal pathology was suspected clinically (e.g. a history of pelvic 

infl ammatory disease), after an abnormal result of hysterosalpingography and before starting 

treatment with intra-uterine insemination. Laparoscopy was performed after patients were asked 

to participate in the study; if two-sided tubal pathology was detected, patients were excluded 

secondarily. Informed consent was obtained from all participants. The study protocol was reviewed 

and approved by the Institutional Research Boards of both participating hospitals. 

Ovarian reserve tests

We chose to perform ORTs from each category, i.e. basal and dynamic endocrine and sonographic. 

We decided to perform basal FSH and the CCCT since the study of Scott et al.135 demonstrated a 

predictive value of these tests for pregnancy.  We decided not to add other dynamic tests to reduce 

the burden for the patients and keep the protocol as short as possible, in order to increase inclusion 

rates and prevent drop-out. Inhibin B was described by Hofmann et al.214 as the physiologic basis 

of the CCCT and was therefore added to our protocol. Since anti-Müllerian hormone was not such 

a recognized ORT at the start of the study in 1999 as it is now, we did not perform this test and 

unfortunately no serum was stored. In contrast, the AFC had already been described as ORT, among 

others by Scheff er et al.189. In this study, the total ovarian volume showed only a moderate relation 

with female age and therefore seemed less suitable as an ORT compared with the AFC.

Study protocol

After inclusion, patients visited the out-patient clinic in the early follicular phase of the menstrual 

cycle (cycle day 2, 3 or 4). Transvaginal ultrasound was performed by one of four skilled 

gynaecologists using a 7.5 MHz vaginal probe on an Aloka SSD-1700 US machine. Follicles were 

counted and measured in two dimensions. The mean of these measurements was taken to be the 

follicle size. The numbers of follicles sized 2-6 mm from both ovaries were added for the total AFC215. 
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Peripheral blood was drawn to measure basal levels of FSH and inhibin B. Subsequently, patients 

self-administered 100 mg clomiphene citrate on cycle days 5-9. One week after the fi rst visit, blood 

samples were drawn again to measure stimulated FSH and inhibin B levels. The result of the CCCT 

was defi ned as the sum of the values for basal and stimulated FSH. 

Hormone assays 

For measurements of concentrations of FSH and inhibin B serum was stored at -20�C until processing. 

Serum FSH levels were measured by fl uorimmunometric determination on the AutoDelfi a (Wallac/ 

Perkin Elmer, Turku, Finland). For FSH the inter-assay coeffi  cient of variation was 3.7%, the sensitivity 

<0.05 IU/l. The lower limit of detection was 0.03 IU/l. The standard of the FSH assay was calibrated 

against the WHO Second International Reference Preparation for human FSH (78/549). Inhibin B 

concentrations were assayed with Enzyme Immunoassay (ELISA) from Serotec (Kidlington, Oxford, 

UK). The inter-assay coeffi  cient of variation for inhibin B was 11% and the sensitivity was <10 pg/ml. 

The lower limit of detection was 5 pg/ml. 

Follow up

After completion of the basal subfertility evaluation, expectant management or treatment was 

proposed to each couple. The advice was based on duration of subfertility and the estimated 

chances for spontaneous conception according to the prediction model routinely used in both 

clinics at the time of study210. Couples were advised to start treatment if the estimated chance to 

conceive was below 30% or duration of subfertility exceeded three years (two years in the case 

of female age ≥ 37 years). Couples that were primarily advised expectant management and did 

not conceive spontaneously were also off ered treatment as soon as they met these criteria. The 

kind of treatment off ered to the couples with a low chance of spontaneous conception depended 

on the type of subfertility. Patients were off ered treatment by intra-uterine insemination with 

stimulation in the case of unexplained subfertility and mild male factor, intra-uterine insemination 

without stimulation in the case of cervical factor and in vitro fertilisation or intracytoplasmic sperm 

injection in the case of severe male factor. Treatment was not generally available for women over 

the age of 40. For all couples, data regarding spontaneous pregnancies and start of treatment were 

recorded. Information was obtained from medical fi les and from questionnaires completed by 

the participating couples. Couples were excluded secondarily if they did not meet the inclusion 

criteria any longer. The main reason for secondary exclusion was two-sided tubal pathology on 

laparoscopy because of adhesions and/or severe endometriosis, despite one or two patent tubes 

on hysterosalpingography. 

For all couples, including those who were advised to start therapy, follow-up started on the day of 

the fi rst ORT. The study endpoint was a spontaneous, treatment-independent pregnancy resulting 

in a live birth. The fi rst day of the last menstrual cycle was recorded as the endpoint of time to 

pregnancy. For couples who achieved a spontaneous pregnancy but miscarried, follow-up was 
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continued. For the couples that did not achieve an ongoing spontaneous pregnancy, follow-up 

ended when treatment was started. Since there were hardly any waiting lists for therapy, this implies 

that duration of follow-up was often short for couples that were advised treatment. Follow-up also 

ended when couples started contraceptives or ended their relationship. Couples that never started 

treatment were sent a questionnaire to complete data. Last date of follow-up was 1 November 2006.

Prognostic model of Hunault

To assess the additional value of the ORTs to previously identifi ed prognostic factors for spontaneous 

pregnancy, we used the prognostic model of Hunault211;213. This model was developed to predict the 

chance of spontaneous pregnancy within 1 year leading to a live birth. It includes the factors female 

age, duration of subfertility, type of subfertility (primary or secondary), sperm motility and referral 

status (referred by general practitioner or gynaecologist). Two versions of the model have been 

developed, one with the result of the post-coital test as prognostic factor and one without the post-

coital test212.  In our study population the post-coital test had a signifi cant additional value to the 

Hunault model for the prediction of spontaneous pregnancy (P-value = 0.026). We therefore used 

the version of the model including the post-coital test in our analysis except in those calculations 

where the value of the post-coital test itself to the model was assessed. Comparison of predicted 

and actual spontaneous pregnancy rates showed a reasonable predictive value of this model in our 

study population (c-statistic 0.67, 95% confi dence interval 0.61-0.73)216. 

Statistical analysis

The present study is an exploratory study; no formal power analysis was performed. To analyse the 

relation between the various ORTs and spontaneous pregnancy, we used Cox regression analysis. 

Time to pregnancy was calculated for those achieving an ongoing pregnancy resulting in a live birth. 

Couples who did not achieve this outcome were censored at the time that treatment was started 

or when follow-up ended, whichever came fi rst. The functional relationship between each ORT and 

the hazard function for spontaneous pregnancy was explored by fi tting smoothing splines217. More 

precisely, we fi tted models which included each ORT separately as a p-spline function with fi ve 

degrees of freedom. This was done with and without the Hunault score. The statistical signifi cance 

of each ORT was initially assessed by likelihood ratio tests performed at a 10% level. On signifi cance, 

we explored the possibility of replacing the p-spline by a simple quadratic or a piecewise linear 

function. 

The predictive value of each ORT for the chance of spontaneous pregnancy was assessed in a 

univariate analysis and in a multivariate model together with the Hunault score. We calculated the 

individual probabilities of spontaneous pregnancy using diff erent models in order to compare them. 

The calculations were performed for a model with the Hunault score only (‘customised’ Hunault 

model) and for models including the Hunault score and the ORTs that showed an additional value 

in the multivariate analysis. The clinical implications of the addition of an ORT to the Hunault model 
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were assessed by calculating the number of couples for which the probability shifted 10% or more 

(for instance from 15% to 25% or vice versa). Second, we calculated the number of couples that 

would change from a probability of ≥30% to <30% or vice versa. This threshold value is used in both 

participating clinics: expectant management is advised to couples with an estimated chance for 

spontaneous conception within the coming year of at least 30%; below 30%, couples are advised 

to start treatment218. Subsequently, the observed pregnancy rates of these couples were calculated 

using Kaplan-Meier analysis. Data were analysed with SPSS 14.0 (SPSS Inc., Chicago, IL, USA) and 

S-plus 7.0 (MathSoft Inc., Seattle, WA, USA).  

Eligible patients  
n = 732 

Included patients  
n = 569 

 

Assessed patients 
n = 474 

Follow-up status after one year  n  

Spontaneous conception leading to a live birth 75  
Start of treatment 116  
No ongoing pregnancy or treatment 257  
End of follow-up within one year 26  

-up 9  
 7  

 7  
 3  

 

No consent to participate 
(n = 136) 

 
(n = 27) 

Excluded secondarily  
(n = 54) 

Pregnant before first ovarian  
reserve test ( n = 32) 

 

-up before first ovarian reserve 
test ( n = 9) 

 

Figure 1. Flowchart of eligible patients.
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RESULTS 

In total, 474 patients were entered in the cohort follow-up (see Figure 1); 353 in the University 

Medical Center Groningen and 121 in the Martini Hospital. The end-point of spontaneous conception 

within 1 year resulting in a live birth was achieved by 75 couples (15.8%). Using the Kaplan-Meier 

analysis, the spontaneous ongoing pregnancy rate after one year was 21.7% (standard error 2.4%). 

Characteristics of the study population and outcome of the ORTs are shown in Table 1. Included in 

the study were 27 women (5.7%) who were over 40 years of age and 7 women (1.5%) who had a 

cycle length between 35 and 42 days. AFC was inadvertently not performed in 75 couples (15.8%); 

patient characteristics in the group with AFC did not diff er from the group without AFC. Likewise, in 

28 couples no post-coital test was performed (5.9%).

Median
(* number)

10th–90 th percentiles
(* %)

n

Patient characteristics
Age (years) 32.5 26.6 - 38.8 474
Duration of subfertility (months) 26.5 16.8 - 50.4 474
Duration of follow-up (days) 203 48 - 657 474
Primary subfertility* 324 68.4 % 473
Mean cycle length (days) 28 25 - 32 461
Semen analysis (TMC, x106) 34.5 4.0 - 175.6 474
Diagnostic category of subfertility* 474
����Unexplained 243 51.3 %
    Male factor 213 44.9 %
    Cervical factor 18 3.8 %

Outcome of ovarian reserve tests
Antral follicle count (n) 10 4 - 23 399
Basal FSH (IU/l) 6.6 4.6 - 10.6 465
Stimulated FSH (IU/l) 6.6 4.0 - 11.0 466
CCCT (basal + stimulated FSH) (IU/l) 13.2 9.1 - 21.8 460
Basal inhibin B (ng/l) 89.0 37.7 - 140.0 466
Stimulated inhibin B (ng/l) 226.0 104.0 - 414.4 462

TMC = total motile count (volume x concentration x motility); FSH = follicle stimulating hormone;
CCCT = clomiphene citrate challenge test

Table 1. Patient characteristics and outcome of the ovarian reserve tests

The univariate Cox regression analysis showed that none of the ORTs had a signifi cant predictive 

value for time to spontaneous pregnancy (Table 2). Only basal FSH showed a borderline signifi cant 

predictive value (P-value = 0.051). Subsequently, each ORT was added to the Hunault regression 

model. Basal FSH (P-value = 0.092), CCCT (P-value = 0.040) and AFC (P-value = 0.064) were selected for 

further analysis. The relations of basal FSH, CCCT and AFC with the hazard function for spontaneous 
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Ovarian reserve test Univariate analysis Additional value to the Hunault model

P-value Model form P-value
Basal FSH (bFSH) 0.051 Smoothing splines 0.092

Quadratic 0.047
Stimulated FSH (sFSH) 0.936 Smoothing splines 0.165
CCCT (bFSH + sFSH) 0.455 Smoothing splines 0.040
Antral follicle count 0.144 Smoothing splines 0.064

Linear (node = 12) 0.037
Basal inhibin B 0.321 Smoothing splines 0.592
Stimulated inhibin B 0.147 Smoothing splines 0.393

P-values of likelihood ratio test; FSH= follicle stimulating hormone; CCCT = clomiphene citrate challenge test

Table 2. Relation of ovarian reserve tests and time to spontaneous pregnancy resulting in a live birth 
 Univariate analysis and additional value of each ovarian reserve test to the Hunault model

Figure 2. Graphical relation of basal FSH, CCCT 
and AFC with time to spontaneous pregnancy. 

Relation of basal values of FSH (in IU/l) (a), CCCT 
(in IU/l) (b) and AFC (c) with the log hazard ratio 
for time to spontaneous pregnancy resulting in a 
live birth.
FSH = follicle-stimulating hormone, 
CCCT = clomiphene citrate challenge test, 
AFC = antral follicle count.

pregnancy are shown in Figures 2a-c.  For stimulated FSH, basal and stimulated inhibin B, P-values 

were >0.10; hence they were not analysed further (Table 2). As suggested by Figure 2a, the relation 

between basal FSH and the hazard function for spontaneous pregnancy was best described by 

a quadratic polynomial, graphically depicted as a parabola with an optimum around basal FSH 

= 8 IU/l. Both above and below this value spontaneous pregnancy chances diminished. We also 

explored model variants that ignored the infl uence of the lower FSH-values, but such models did 

not fi t to the data. The relation between AFC and the hazard function for spontaneous pregnancy 

(Figure 2c) was best described by a piecewise linear regression model with one knot at AFC=12; 
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both above and beneath this value, spontaneous pregnancy chances declined. Further exploration 

ignoring the infl uence of higher AFC-values did not result in identifi cation of a simplifi ed model that 

was statistically signifi cant. For the CCCT the functional relationship with spontaneous pregnancy 

could not be described in a clinically meaningful manner (Figure 2b). Simplifi ed models assuming 

an optimum score of the CCCT did not add signifi cantly to the Hunault model. Therefore, this test 

was not included in subsequent analyses. If AFC and basal FSH were simultaneously added to the 

Hunault model, the additional value of basal FSH was no longer signifi cant, implying that AFC was 

a stronger independent predictor than basal FSH. The analyses were also performed using the 

Hunault model without the post-coital test and showed similar results.

The probabilities for spontaneous pregnancy calculated with the Hunault model and with the 

Hunault model including basal FSH or AFC are presented in Figures 3a and 3b. The numbers of 

couples for which the probability would alter 10% or more after the addition of either basal FSH 

or AFC to the model are shown in Table 3. The probabilities calculated with the Hunault model 

including and excluding the post-coital test are added for comparison. Also the numbers of couples 

for which clinical management would change (i.e. a change in probability from ≥30% to <30% or 

vice versa) if either basal FSH or AFC were added to the Hunault model are shown in Table 3, as are 

their observed pregnancy rates. 

Figure 3. Relation between the predicted probabilities for spontaneous pregnancy based on the Hunault model 
before and after the addition of basal FSH or antral follicle count.

Probabilities (in %) for each couple of spontaneous pregnancy within 1 year resulting in a live birth based on the 
Hunault model and the Hunault model including basal levels of FSH (a) or AFC (b). 
FSH = follicle-stimulating hormone, AFC = antral follicle count.
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Added variable to 
the Hunault model

Shift in 
probability of 
10% or more

Shift in probability from
≥ 30% to < 30%
New advice: start treatment 

Shift in probability from
< 30% to ≥ 30%
New advice: expectant management

No. of 
couples (%)

No. of 
couples (%)

Observed 
pregnancy 
rate (95% CI)

No. of 
couples (%)

Observed 
pregnancy 
rate (95% CI)

Basal FSH 14 (3.8%) 20 (5.4%) 50% (26 – 74) 20 (5.4%) 23% (3 – 44)

Antral follicle count 29 (7.9%) 21 (5.7%) 37% (12 – 62) 29 (7.9%) 26% (9 – 42)

Post-coital test 52 (14.2%) 12 (3.3%)  0% (0 – 46) 35 (9.5%) 49% (30 – 68)

The probability of spontaneous pregnancy for each couple using the Hunault model is compared with their 
probability calculated with the Hunault model including basal FSH or antral follicle count. The fi rst column shows 
the number of couples for which the probability of spontaneous pregnancy shifts 10% or more after addition 
of basal FSH or antral follicle count to the Hunault model. The second and third column show the number of 
couples for which the shift in probability would cause a change in advice on their subfertility management and 
show their actual observed pregnancy rates. The eff ect of the post-coital test as addition to the Hunault model 
is added for comparison.  

For this table only those couples were taken into account in which the results of all variables of the Hunault 
model, basal FSH, antral follicle count and post-coital test were available (N = 367).
CI = confi dence interval; FSH = follicle stimulating hormone.

Table 3. Clinical impact of the addition of basal FSH or antral follicle count to the Hunault model

DISCUSSION

In our subfertile ovulatory population, basal FSH and AFC show a statistically signifi cant added value 

to the validated Hunault prediction model, a model consisting of previously identifi ed prognostic 

factors for spontaneous pregnancy. Stimulated FSH, CCCT, basal and stimulated inhibin B have no 

value for the prediction of spontaneous pregnancy. 

The relations of basal FSH and AFC with spontaneous pregnancy chances show a symmetric pattern 

with an optimum value above and below which pregnancy chances decrease (Figures 2a and 2c). 

These relations seem to describe two clinical phenomena. One leg of the curve depicts decreased 

pregnancy chances for values representing diminished ovarian reserve. The other leg of the curve 

however, shows decreased pregnancy chances for low values of basal FSH or high values of AFC, 

representing an abundance of antral follicles. Although our population was selected after ovulation 

detection, possibly intermittent occurrence of anovulatory cycles, such as that seen in patients with 

polycystic ovaries, or subclinical hormonal disturbances may cause diminished pregnancy rates in 

these groups. This phenomenon is at least partly responsible for the fact that basal FSH and AFC add 

signifi cantly to the Hunault model, since simplifi ed models including only the eff ect of high FSH or 

low AFC values are statistically not signifi cant. 



52

Chapter 3

The main goal of the Hunault model is to discriminate between couples with a good and poor 

prognosis; the accuracy of the calculated probabilities for spontaneous pregnancy is determined by 

the limitations of the model. The change in probability after the addition of one of the ORTs should 

be interpreted in this light. If basal FSH or AFC are added to the Hunault model, the probability 

shifts by 10% or more for only 3.8% and 7.9% of the couples, respectively, and this shift will not be 

accurate in all of these couples.

Another way to assess the impact of the addition of an ORT to the model is to calculate the number 

of couples that would receive a diff erent advice regarding subfertility management (i.e. a shift in 

probability from <30% to ≥30% and vice versa); for basal FSH, this is 10.8% and for AFC, 13.6% of 

the couples. These numbers include couples with only a limited shift in probability from just below 

to little over 30%. The change in subfertility management is clinically relevant only if pregnancy 

chances are indeed better predicted for these couples, and they are more often assigned to the 

right treatment group. However, numbers are too small to demonstrate this, as is shown by the wide 

confi dence intervals. More importantly, our data do not indicate that the addition of an ORT to the 

Hunault model identifi es a substantial new group of couples with a low probability for spontaneous 

pregnancy that would otherwise have been unjustly advised expectant management. 

We chose the post-coital test to compare the eff ect of the ORTs as addition to the Hunault model. 

The position of the post-coital test in the Hunault model is subject of debate, since the additional 

predictive value of this test has not been demonstrated unambiguously136. Compared with the 

ORTs, the eff ect of the addition of the post-coital test to the Hunault model is more substantial: in 

14.2% of the couples, the probabilities shift by ≥10%, compared with 3.8% and 7.9% for basal FSH 

and AFC, respectively.

Limitations

In our study, the results of the ORTs were known to doctors and patients. It cannot be excluded that 

the type of management advised or carried out was infl uenced by the results of the ORTs, despite 

the clear criteria as described in the Materials and Methods section. On the other hand, of the 93 

women with basal and/or stimulated FSH ≥ 10 IU/l, only seven (7.5%) started therapy sooner than 

would have been justifi ed according to the criteria mentioned. Furthermore, the results of most 

ORTs may vary per cycle in the same woman, especially basal FSH and the CCCT75;84;205. In our study 

the ORTs were only performed once per participant. It is not known whether repeating these tests 

would enhance their predictive value for spontaneous pregnancy. 

We cannot exclude the possibility that our data underestimate the importance of the ORTs caused 

by an insuffi  cient sample size. However, the comparison with the eff ect of the post-coital test makes 

it rather unlikely. The sample size was large enough to detect a statistically signifi cant eff ect of the 

post-coital test of a size similar to other studies. In other words, if the eff ect of (one of ) the ORTs 

would be close to that of the post-coital test, we would have detected it. 
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Comparison with other studies

Scott et al.82;135 evaluated basal FSH and the CCCT both prospectively and retrospectively in general 

subfertile populations of ovulatory and non-ovulatory women. They found that elevated basal and 

stimulated FSH values predicted low conception chances, spontaneous and treatment-related, 

if they exceeded a cut-off  level determined in their own population. In contrast to Scott et al. we 

found some predictive value for basal, but none for stimulated FSH. Moreover, basal FSH only had 

predictive value if also low values were taken into account. One explanation for their diff erent 

fi ndings is the fact that they included women with irregular or absent menstrual cycles, who had 

possibly already entered menopausal transition or were climacteric. In our ovulatory population, 

we found no evidence that stimulated FSH or the complete CCCT (basal + stimulated FSH) have 

additional value over basal FSH alone. A small nested case-control study by Van Montfrans et al.137 

showed no predictive value of basal FSH for spontaneous or treatment-related pregnancy using an 

arbitrary cut-off  level for basal FSH. The prospective cohort study of Van Rooij et al.138 showed no 

linear relation between basal FSH, basal inhibin B, AFC, anti-Müllerian hormone and spontaneous 

pregnancy chances. They do not report on the existence of a non-linear relationship. Since 

most participants in their study started fertility treatment, the actual follow-up period in which 

spontaneous pregnancy chances could be assessed was short. A recent prospective study by Van 

der Steeg et al.136 evaluated the use of basal FSH in 3519 subfertile ovulatory couples. They found a 

graphical relation between basal FSH values and time to spontaneous pregnancy, with an ‘optimum’ 

for basal FSH at 8 IU/l, comparable to our fi ndings. Van der Steeg et al. used a simplifi ed model 

describing no eff ect of lower basal FSH values, but a statistically signifi cant linear increase in time to 

pregnancy with basal FSH values from 8 IU/l and up. The clinical relevance was limited: only 3.0% of 

their study population would change from the advice for expectant management to therapy or vice 

versa after addition of basal FSH to the Hunault model. In our population only the complete range 

of basal FSH levels showed a statistically signifi cant predictive value, demonstrating the infl uence 

of basal FSH levels below 8 IU/l in our cohort. Possible explanations for these diff erent fi ndings are 

diff erences between size and characteristics of the study populations or the use of nine diff erent 

FSH-assays in the study of Van der Steeg et al. 

Clinical implications

Our data do not support the routine use of ORTs in the basal subfertility evaluation of ovulatory 

couples for the prediction of spontaneous pregnancy chances. Clinical relevance of the addition 

of either basal FSH or AFC to the Hunault model is limited, especially when compared to the 

additional value of the post-coital test. In particular, we found no evidence that the addition of an 

ORT identifi es a new group of couples with low pregnancy chances that would otherwise have been 

labelled incorrectly as candidates for expectant management. The lack of a clinically meaningful 

relation of either stimulated FSH or the full CCCT with spontaneous pregnancy chances in our 

ovulatory population is remarkable, showing that these tests have no value over basal FSH alone. 
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Caution is needed when extrapolating our results to other populations. For instance, in populations 

of women of advanced age, the predictive value of ORTs could be diff erent because of the expected 

higher prevalence of diminished ovarian reserve. Furthermore, our results cannot be readily applied 

to non-ovulatory women because of the diff erent underlying pathology, such as polycystic ovarian 

syndrome or a climacteric cycle pattern.

Conclusions

Basal FSH and AFC have a statistically signifi cant additional value to a validated prognostic model 

for spontaneous pregnancy. However, the clinical relevance of the addition of either of these tests 

is limited. Stimulated FSH, CCCT, basal and stimulated inhibin B off er no extra information on 

spontaneous pregnancy chances. We conclude that the ORTs tested in this study have no substantial 

added value to previously identifi ed prognostic factors for spontaneous pregnancy, as refl ected in 

the validated Hunault model. These results suggest that the ORTs evaluated should not be used 

routinely in the basal subfertility evaluation of ovulatory couples to predict spontaneous pregnancy 

chances.
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ABSTRACT

Background: The increase in miscarriage rate with female age is attributed to a decline in oocyte 

quality. This age-related decrease of oocyte quality is accompanied by a decrease in oocyte quantity. 

Assessment of the number of oocytes by ovarian reserve tests (ORTs) may therefore also represent 

their quality. The objective of our study was to assess the predictive value of ORTs for miscarriage in 

subfertile women.

Methods: Subanalysis within a prospective cohort study of 474 subfertile ovulatory couples in two 

hospitals in Groningen, the Netherlands. The ORTs performed were: antral follicle count, basal and 

stimulated levels of follicle stimulating hormone (FSH) and inhibin B and the clomiphene citrate 

challenge test (CCCT). Couples that achieved an ongoing pregnancy (N=233) were compared with 

couples experiencing miscarriage (N=72) on results of the ORTs and patient characteristics.

Results: In univariate analysis, the outcome of the ORTs did not diff er between both groups. Logistic 

regression analysis including patient characteristics such as female age did not reveal an association 

between any of the ORTs and miscarriage either.

Conclusion: Neither antral follicle count, basal and stimulated levels of FSH and inhibin B nor the 

CCCT have a statistically signifi cant predictive value for miscarriage in subfertile ovulatory women. 
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INTRODUCTION

The chance for a woman to have a live birth declines as her age increases. This is partly due to a 

diminished chance to conceive, but mainly caused by an increased chance of (very early) pregnancy 

loss41. This process of female reproductive ageing is attributed to a decrease in both oocyte quantity, 

eventually resulting in menopause, and oocyte quality8. The main acknowledged manifestation 

of decreased quality is the occurrence of chromosomal abnormalities in the oocyte, leading to 

aneuploidy in the conceptus, which has been established as the reason of pregnancy loss in 35-75% 

of all cases7;120;219. 

The quality of a woman’s oocytes cannot be assessed clinically, but the quantity of the remaining 

follicle pool can be estimated by so-called ovarian reserve tests (ORTs). Various studies have 

suggested that the quantitative ovarian reserve is predictive for the chance to miscarry. An elevated 

level of basal follicle stimulating hormone (FSH), low level of anti-Müllerian hormone (AMH) and low 

antral follicle count (AFC) have been described to be related to increased miscarriage rates147-149. Also, 

a high incidence of decreased ovarian reserve has been found among women with unexplained 

recurrent pregnancy loss220;221. In line with these fi ndings are publications suggesting a relation 

between decreased ovarian reserve and chromosomal abnormalities in the conceptus155;157;161;164. 

The studies describing an association between quantitative ovarian reserve and miscarriage 

or chromosomal abnormalities are challenged by a number of comparable studies that do not 

demonstrate such a relation146;150;151;159;162;163;222. Furthermore, most of the studies on this topic are 

of retrospective design or include small numbers of subjects. We decided to address the issue in 

a large prospective cohort study of subfertile ovulatory women to answer the question whether 

ovarian reserve tests have independent predictive value for the chance to miscarry. 

MATERIALS AND METHODS

The present study is part of a prospective cohort study, originally designed to assess the predictive 

value of ovarian reserve tests for spontaneous pregnancy in an ovulatory subfertile population223. 

Study population

From December 1999 to July 2003 patients were recruited at the tertiary fertility centre of the 

University Medical Center Groningen and the fertility centre of the Martini Hospital, a teaching 

hospital, in Groningen, the Netherlands. Patients were asked to participate after routine subfertility 

evaluation had been completed. This evaluation included assessment of ovulation by sonographic 

cycle analysis and measurement of midluteal progesterone, semen analysis, post-coital test and 

hysterosalpingography. The inclusion criteria for study participation were 1) subfertility for at least 

12 months, 2) a regular ovulatory cycle with midluteal progesterone of > 30 nmol/l and a mean cycle 
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length between 21 and 42 days, 3) at least one patent tube at hysterosalpingography, 4) semen 

analysis with a total motile count > 1 x 106 and 5) no sexual disorder leading to a coitus frequency of 

less than once a month. After basal subfertility evaluation a diagnostic laparoscopy was performed 

if tubal pathology was suspected clinically (e.g. a history of pelvic infl ammatory disease), after 

an abnormal result of hysterosalpingography and before starting treatment with intra-uterine 

insemination. Laparoscopy was performed after patients were asked to participate; if two-sided 

tubal pathology was detected, patients were excluded secondarily. Informed consent was obtained 

from all participants. The study protocol was reviewed and approved by the Institutional Research 

Boards of both participating hospitals. 

Study protocol

After inclusion patients visited the outpatient clinic in the early follicular phase of the menstrual cycle 

(cycle day 2, 3 or 4). Transvaginal ultrasound was performed by one of four skilled gynaecologists 

using a 7.5 MHz vaginal probe on an Aloka SSD-1700 US machine. Follicles were counted and 

measured in two dimensions. The mean of these measurements was taken to be the follicle size. The 

numbers of follicles sized 2-6 mm from both ovaries were added for the total antral follicle count 

(AFC)215. Peripheral blood was drawn to measure basal levels of FSH and inhibin B. Subsequently, 

patients self-administered 100 mg clomiphene citrate on cycle day 5 to 9. One week after the fi rst 

visit blood samples were drawn again to measure stimulated FSH and inhibin B levels. The result 

of the clomiphene citrate challenge test (CCCT) was defi ned as the sum of the values for basal and 

stimulated FSH. 

Hormone assays 

For measurements of concentrations of FSH and inhibin B serum was stored at -20�C until processing. 

Serum FSH levels were measured by fl uorimmunometric determination on the AutoDelfi a (Wallac/

Perkin Elmer, Turku, Finland). For FSH the inter-assay coeffi  cient of variation was 3.7%, the sensitivity 

<0.05 IU/l. The lower limit of detection was 0.03 IU/l. The standard of the FSH assay was calibrated 

against the WHO Second International Reference Preparation for human FSH (78/549). Inhibin B 

concentrations were assayed with Enzyme Immunoassay (ELISA) from Serotec (Kidlington, Oxford, 

UK). The inter-assay coeffi  cient of variation for inhibin B was 11% and the sensitivity was <10 pg/ml. 

The lower limit of detection was 5 pg/ml. 

Follow up

After completion of the basal subfertility evaluation, expectant management or treatment was 

proposed to each couple. The advice was based on duration of subfertility and the estimated 

chances for spontaneous conception according to the prediction model routinely used in both 

clinics at the time of study210. Couples were advised to start treatment if the estimated chance to 

conceive was below 30% or duration of subfertility exceeded three years (two years in case of female 
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age ≥ 37 years). Couples that were primarily advised expectant management and did not conceive 

spontaneously were also off ered treatment as soon as they met these criteria. The kind of treatment 

off ered to the couples with a low chance of spontaneous conception depended on the type of 

subfertility. Patients were off ered treatment by intra-uterine insemination (IUI) with stimulation in 

case of unexplained subfertility and mild male factor and IUI without stimulation in case of cervical 

factor up to a maximum of six cycles. If IUI-treatment failed, couples were off ered in vitro fertilisation 

(IVF) treatment, generally up to a maximum of three cycles because of the reimbursement policy 

of the medical insurance companies. If semen quality was insuffi  cient for IUI, couples were advised 

treatment with IVF or intracytoplasmic sperm injection (ICSI). Treatment was not generally available 

for women over the age of 40. 

Follow-up started on the day of the fi rst ORT. Data on pregnancies and treatment were recorded. 

Information was obtained from medical fi les and from questionnaires completed by the participating 

couples. Couples were followed until a pregnancy leading to a live-birth was achieved, either after 

spontaneous conception or after treatment. For the non-pregnant couples follow-up ended after 

fertility treatment was fully completed. Couples that never started treatment or withdrew from 

treatment received a questionnaire to complete data. Follow-up also ended when couples started 

contraceptives or ended their relationship. Last date of follow-up was November 1st 2006. All couples 

that achieved a pregnancy during the follow-up period were identifi ed. For each couple only the 

fi rst pregnancy during follow-up was taken into account. Ongoing pregnancies and miscarriages 

were selected for analysis. An ongoing pregnancy was defi ned as a viable intra-uterine pregnancy of 

at least 16 weeks gestation. A miscarriage was defi ned as a pregnancy loss between 4 and 16 weeks 

amenorrhoea, with the exception of confi rmed extra-uterine pregnancies or artifi cially terminated 

pregnancies. Time to pregnancy was defi ned as the period between the fi rst ORT and the fi rst day of 

the last menstrual cycle. Assisted conception was defi ned as conception after treatment with IVF or 

ICSI as opposed to spontaneous conception or conception after intra-uterine insemination. Female 

age and duration of subfertility were scored at the fi rst day of the last menstrual cycle. For the other 

characteristics values at the time of the fi rst ORT were used when applicable.

Statistical analysis

To analyse the relation between ORTs and pregnancy outcome, we performed univariate and 

multivariate analyses. The univariate analyses compared the miscarriage group to the ongoing 

pregnancy group with respect to ORTs and patient characteristics, including subfertility features. 

For this we used the Chi-square test, Mann-Whitney U test and Student’s t-test when applicable. The 

multivariate analysis included logistic regression with miscarriage status as the outcome and the 

ORTs and patient characteristics as predictors. To explore the nature of the relation with miscarriage 

of each of the continuous predictors we used basic spline functions224. In this way the possibility of 

a linear and non-linear relationship of each of the variables and miscarriage was assessed, including 



60

Chapter 4

the presence of cut-off  points above or below which miscarriage rates changed.The eff ect of the 

variables was described as odds ratios (OR) with 95% confi dence intervals (CI). A P-value less than or 

equal to 0.05 was considered statistically signifi cant. Data were analysed with SPSS 14.0 (SPSS Inc., 

Chicago, IL, USA) and S-plus 7.0 (MathSoft Inc., Seattle, WA, USA).  

RESULTS

From the 474 couples included in the prospective cohort study, 320 (67.5%) conceived during 

follow-up (Figure 1). Of these, 305 pregnant couples were selected for analysis, of which 233 had 

an ongoing pregnancy and 72 experienced miscarriage. Figure 1 also presents the reasons for 

exclusion. The grounds for artifi cial termination were once congenital abnormalities of a foetus 

with normal karyotype and once personal reasons. The group of 15 excluded couples did not diff er 

from the selected 305 couples with respect to patient characteristics and results of the ORTs (data 

Figure 1. Flowchart of eligible patients
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not shown). Of the 305 selected couples 132 (43%) conceived spontaneously, 94 (31%) after IUI, 36 

(12%) after IVF and 43 (14%) after ICSI. Of the 132 couples that conceived spontaneously, 37 (28%) 

had already started therapy and conceived in between treatment cycles or after discontinuing 

treatment. Of the 154 non-pregnant couples, 19 were lost to follow-up, 14 ended their relationship 

and 13 started contraceptives during the study period. Median follow-up for the 154 non-pregnant 

couples was 24.8 months (10th-90th percentiles 2.7 – 46.9 months).

Table I presents a univariate comparison of patient characteristics and results of the ORTs of the 

groups with ongoing pregnancy and miscarriage. The miscarriage group was older and had more 

Ongoing pregnancy
N = 233

Miscarriage
N = 72

Median
(*no)

10th-90th percentile
(* %)

Median
(*no)

10th-90th percentile
(* %)

P-value

Patient characteristics

Age (years) 32.4 27.0 – 38.1 34.2 28.0 – 39.6 <0.01

Body mass index (kg/m2) 22.8 19.4 – 30.1 22.9 19.5 – 33.2 0.82

Smoking habit* 61 28.4% 16 27.1% 0.85

Duration of subfertility (years) 3.3 1.9 – 5.8 3.4 1.9 – 5.4 0.51

Primary subfertility* 162 69.5% 52 72.2% 0.79

Previous miscarriage* 35 15.1% 14 19.4% 0.35

Mean cycle length (days) 28 26 – 33 28 25 – 32 0.52

Semen analysis (TMC, x106) 38.6 4.1 – 179.8 33.6 4.1 – 205.0 0.85

Diagnostic category of subfertility* 0.76

    Unexplained 125 53.6% 35 48.6%

    Male factor 99 42.2% 34 47.2%

�   Cervical factor 9 3.9% 3 4.2%

Time to pregnancy (months) 8.8 1.2 – 28.4 10.6 0.8 – 34.4 0.22

Conception after ART* 52 22.3% 27 37.5% 0.01

Results of ovarian reserve tests

Antral follicle count (n) 11 5 – 23 11 5 – 22 0.86

Basal FSH (IU/l) (bFSH) 6.3 4.5 – 9.6 6.3 4.6 – 10.1 0.71

Stimulated FSH (IU/l) (sFSH) 6.2 3.9 – 10.7 6.5 4.2 – 9.7 0.56

CCCT (bFSH+sFSH) (IU/l) 12.9 9.0 – 19.6 12.8 9.1 – 19.6 0.71

Basal inhibin B (ng/l) 89.0 40.1 – 144.9 79.0 30.0 – 132.0 0.14

Stimulated inhibin B (ng/l) 230.0 98.0 – 144.9 238.5 113.2 – 416.8 0.98

TMC = total motile count, ART = assisted reproductive technology (including in vitro fertilisation and intracytoplasmic 
sperm injection), FSH = follicle stimulating hormone, CCCT = clomiphene citrate challenge test

Table I. Patient characteristics and results of ovarian reserve tests according to pregnancy outcome
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often conceived through ART. Logistic regression with splines revealed a statistically signifi cant non-

linear association of BMI with miscarriage which could be simplifi ed to a piecewise linear relation: 

up to a BMI of 32 no change in miscarriage rate was observed, but from a BMI of 32 onwards the 

probability of miscarriage increased. For none of the ORTs a relation with miscarriage could be 

demonstrated, both in analyses with and without a correction for possible confounders. The best 

fi tting model included female age (OR per year 1.06; 95% CI 0.99 -1.14), assisted conception (OR yes 

to no 1.95; 95% CI 1.02 - 3.75) and BMI above 32 (OR per kg/m2 1.57; 95% CI 1.12 - 2.21). The c-statistic 

(area under the receiver-operator curve) for this model was 0.65. 

DISCUSSION

The present study shows that basal and stimulated FSH, the clomiphene citrate challenge test, basal 

and stimulated inhibin B and antral follicle count have no statistically signifi cant predictive value for 

the chance to miscarry in a population of subfertile ovulatory women.

This fi nding is surprising as a decreased quantitative ovarian reserve is considered to be a refl ection 

of advanced ovarian ageing and ovarian ageing is clearly associated with an increased rate of foetal 

aneuploidy and miscarriage. A possible explanation may be that ORTs basically relate to the number 

of remaining oocytes and that their quantity is unrelated to their quality. Oocyte quality might 

predominantly be determined by biological damage accumulated over time and would thus not 

be related to the number of oocytes left, but mainly to female age57;61. This hypothesis is compatible 

with recent publications demonstrating that female age does predict pregnancy chances, both 

spontaneous and after assisted conception, but ORTs don’t72;134;136;138. Also, young women who 

respond poorly to ovarian hyperstimulation during IVF treatment appear to have clearly better 

prospects than their older counterparts140;225. Alternatively, it has been hypothesized that a biological 

relation between quantity and quality of oocytes does exist. The so-called production-line theory 

states that the germ cells produced earliest during foetal life are the least prone to non-disjunction. 

These oocytes are selected for ovulation fi rst, leaving the oocytes of lesser quality for later years57;69. 

The reason that ORTs do not predict miscarriage could hence be that these tests do not accurately 

refl ect oocyte quantity. For instance, an elevated FSH-level may indeed be due to a decreased 

number of follicles, but also to a range of other causes including the presence of heterophylic 

antibodies or FSH-receptor polymorphisms76;77;226. Especially when the relation between oocyte 

quantity and quality is subtle, inaccurate estimation of quantitative ovarian reserve might obscure 

this relation. Finally, the aetiology of miscarriage is known to be diverse. If any, ovarian reserve is 

only one of many contributing factors.

Another possible explanation for the absence of a relation between ovarian reserve and the chance 

to miscarry in our population is that the relation between oocyte quantity and quality does exist, 
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but only at the very end of the reproductive period, when ovarian reserve is severely diminished. 

For that reason we also analysed the extremes in our population separately, but in this manner we 

did not fi nd an indication for a relation between ORTs and miscarriage either. For example, 5% of 

our population had a basal FSH-level of ≥12 IU/l (n = 15); four of these women (27%) miscarried 

compared to 23% in the population with FSH <12 IU/l (P= 0.73). However, women with a severely 

decreased ovarian reserve were not likely to be included in our study population, since they often 

have irregular and anovulatory cycles, which was an exclusion criterion in our study. In general, we 

cannot exclude the possibility that the relation between ovarian reserve and miscarriage does exist, 

but was not discovered in our subfertile study population, since diff erences between the various 

ORT values may have been too small. 

Our fi ndings that miscarriage rates are increased with higher BMI and after conception through ART 

have been described before227;228. Furthermore, we found no eff ect of male factor on miscarriage 

rate, which minimises the possibility that a relation between ovarian reserve and miscarriage was 

obscured by the inclusion of couples with male factor subfertility. Next to analysing a relation 

between total motile semen count and miscarriage, we assessed the semen parameters volume, 

concentration, percentage motile sperm and percentage sperm of normal morphology and found 

no linear or non-linear relation with these factors and miscarriage either (not in table). However, 

since one of the inclusion criteria of our study was a total motile semen count of at least one million, 

our results do not exclude the possibility that a very low semen quality actually does infl uence 

miscarriage risk. 

Limitations

The present study is part of a prospective cohort study, which was originally designed to assess 

the predictive value of ORTs for the chance of spontaneous pregnancy; no power analysis was 

performed223. However, three acknowledged predictive factors for miscarriage were identifi ed in 

our study (female age, BMI and assisted conception), which minimises the chance that a major 

relation between ORTs and miscarriage was missed. Yet, the size of our study population might have 

been too small to detect a more subtle relation between ORTs and miscarriage. To indicate the size 

of the eff ect of the ORTs on miscarriage risk we chose the example of basal FSH. In order to be able 

to provide confi dence intervals (CI), we dichotomised basal FSH and included it in the best fi tting 

model (consisting of age, BMI and conception with or without ART). For example, using FSH=8 IU/l 

as cut-off  point, the eff ect was OR 1.03 with a 95% CI of 0.48 - 2.2 and P-value=0.95. Please note that 

our analysis of the relation between the ORTs and miscarriage was more refi ned than shown in this 

example as we explored the possible linear and non-linear nature of the relationship as well.

The results of most ORTs may vary per cycle in the same woman, especially basal FSH and the 

CCCT74;75;84;205. In our study all ORTs were only performed once per participant. It is not known whether 

repeating these tests would enhance their predictive value for miscarriage in subfertile populations. 
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However, in a prospective study among fertile women, Van Montfrans and colleagues151 could not 

show a relation between repeatedly measured basal FSH and chance to miscarry.

In our study we did not measure anti-Müllerian hormone (AMH), nowadays a promising ORT93;229. 

Since AMH was not such an acknowledged ORT at the start of the study in 1999, we did not perform 

this test and unfortunately no serum was stored.

Finally, it has been demonstrated that the shorter the duration of pregnancy before miscarriage, 

the higher the probability that the loss is caused by aneuploidy51;119;122. We defi ned miscarriage as 

pregnancy loss between 4 and 16 weeks, which is a wide defi nition, including late pregnancy loss. 

In addition, we cannot exclude that we missed several very early pregnancy losses since couples 

did not routinely perform a pregnancy test every month. Early biochemical pregnancy loss was 

most likely to be detected in patients receiving ART, since it is usual (though not obligatory) in our 

IVF clinic to perform a pregnancy test after each ART cycle. This might partly explain the predictive 

value of assisted conception for miscarriage in our population.

Comparison with other studies

Three small retrospective studies suggest a relation between ORTs and miscarriage. Levi and 

colleagues found 20 miscarriages among 28 pregnant women with highly elevated basal FSH levels, 

a signifi cantly increased miscarriage rate (71%) compared to a large control group with normal FSH 

levels149. Levi et al. included all subfertile women that visited their clinic, also women with irregular 

cycles who had possibly already entered menopausal transition. Elter and colleagues compared 

28 women that miscarried with 34 women that delivered a healthy baby after ICSI treatment. AFC 

proved to have predictive value for miscarriage, while female age, basal FSH and estradiol values did 

not147. Most interestingly, Lekamge and colleagues demonstrated a signifi cantly higher miscarriage 

rate amongst IVF-treated women with low levels of anti-Müllerian hormone (AMH) (5/17, 29.4%) 

compared to women with high AMH-levels (6/36, 16.7%)148. These results are of special interest since 

their study population was not at risk for severely decreased ovarian reserve: among their inclusion 

criteria were a basal FSH level <10 IU/l and a proven ovulatory cycle. The fi ndings of Lekamge et al. 

have not yet been confi rmed or rejected in other studies. 

Among the publications supporting our fi ndings is a prospective study of Van Montfrans and 

colleagues performed in women over 30 years of age without a history of subfertility, pursuing a 

spontaneous pregnancy151. 41 of the 86 pregnant women (48%) had a miscarriage, including very 

early pregnancy loss. No relation between miscarriage and basal FSH level was found. Luna et al. 

performed a retrospective study within an IVF population. Miscarriage rate in the group with elevated 

basal FSH levels was 22.9% (11/48), similar to the controls with normal FSH (19.3%, 226/1169)150. 

Abdalla and Thum also retrospectively evaluated miscarriage rates in an IVF population, selecting 

the outcome of the fi rst IVF cycle, and found no diff erences between various groups divided by 

three diff erent cut-off  levels for basal FSH146. 
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Clinical implications

The relation between oocyte quantity and oocyte quality is widely discussed, but not agreed on 

(yet). Therefore caution is required when using ORTs and interpreting  ‘abnormal’ results. The present 

study shows that ORTs have no predictive value for miscarriage in a subfertile ovulatory population. 

AMH might prove an exception but was not evaluated in our study. The results of our study are in 

line with studies showing no predictive value of ORTs for spontaneous and assisted conception in 

subfertile populations. Since the ORTs evaluated in this study have no apparent predictive value 

for both the chance to conceive and pregnancy outcome, we recommend not using them in the 

general subfertile ovulatory population, not only to avoid unnecessary testing itself, but also to 

prevent unsupported interpretation of their results.
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ABSTRACT

The increase in miscarriage rate with advancing female age is attributed to a decline in oocyte 

quality. A poor response to ovarian hyperstimulation is often an expression of a decrease in oocyte 

quantity. Although oocyte quality and quantity both decrease as a result of ovarian ageing, it is 

unclear whether these two processes are related to each other. To investigate the relation between 

oocyte quantity and quality, miscarriage rates were compared between IVF-treated women with 

a poor and normal response, respectively. Data were studied from a retrospective nationwide 

cohort of Dutch women undergoing IVF treatment from 1983-1995. Women achieving an ongoing 

pregnancy after their fi rst complete IVF cycle (N=1468) were compared with those experiencing 

miscarriage (N=357) with respect to their ovarian response. Logistic regression analysis showed a 

statistically signifi cant association between poor response (<4 retrieved oocytes) and miscarriage 

(P=0.001). Due to interaction, this association became stronger with increasing female age. Among 

women <36 years, miscarriage rates between poor and normal responders did not diff er, whereas 

among women ≥36 years poor responders had a statistically signifi cant increased miscarriage rate 

compared with normal responders (P=0.001). These results support the hypothesis of a relationship 

between quantitative ovarian reserve and oocyte quality. 
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INTRODUCTION

The process of female reproductive ageing is attributed to a decline in both the quantity and the 

quality of the remaining oocytes8. The age-related decrease in oocyte number, which eventually 

leads to menopause, has been recorded and quantifi ed in various histological studies15;19;22;174. Years 

before menopause, fertility is already severely impaired: the chance to conceive gradually declines, 

whereas the chance of a chromosomally abnormal conception and miscarriage increases117. This 

phenomenon is attributed to a decrease in oocyte quality, most notably the increasing occurrence 

of aneuploidy in the oocyte7;230;231. Clinically, the size of the remaining oocyte pool can be estimated 

by endocrine and sonographic ovarian reserve tests or by ovarian response to hyperstimulation 

during IVF treatment. No clinical non-invasive tests are available to assess oocyte quality.

The nature of the relationship between oocyte quantity and oocyte quality as the two components 

determining reproductive capacity is as yet unclear53;232. On the one hand, follicle loss and quality 

loss could progress independently of each other. The number of follicles present in the ovaries at 

any moment is most likely determined by the size of the endowed fetal follicle pool and the atresia 

rate of these follicles. Oocyte quality may be determined by biological damage accumulating over 

the course of the years. This hypothesis is supported by the fact that after correction for female 

age, ovarian reserve tests have no evident additional predictive value for either the chance to 

conceive or the chance of miscarriage, both in general subfertile populations and in IVF-treated 

patients72;134;136;138;146;150;151;223;233. On the other hand, various hypotheses do support a possible 

relationship between oocyte quality and quantity. It has been postulated that oocyte quality is 

mainly determined during fetal life; subsequently the best oocytes are selected for ovulation 

fi rst, leaving the oocytes of lesser quality for later years62;69. The ‘limited pool hypothesis’ states 

that the process of oocyte selection might become impaired if the number of oocytes to select 

from is decreased63. Furthermore, as the number of follicles declines, the endocrine environment 

of the remaining oocytes may hypothetically harm their quality, for example by increased levels 

of FSH64;65. In support of a direct relationship between oocyte quantity and quality is the fact that 

a poor response in IVF treatment is predictive of low pregnancy chances, independent of female 

age112;139;140;234. In line with these fi ndings one would expect a relationship between poor response 

and increased miscarriage rates, but data on this subject are scarce152-154.

Examination of the association between poor response (as marker of oocyte quantity) and 

miscarriage (as marker of oocyte quality) is hampered by the fact that poor responders have low 

pregnancy chances; as a result a large IVF population is needed. Therefore this issue was addressed 

in a nationwide retrospective cohort of Dutch IVF patients. The aim of the study was to evaluate 

whether women who conceive after a poor response at their fi rst complete IVF cycle have an 

increased risk of miscarriage. 
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MATERIALS AND METHODS

Study design 

The present study is part of the so-called OMEGA project, a large retrospective cohort study in the 

Netherlands, originally designed to assess the eff ects of ovarian stimulation in IVF treatment on 

the risk of hormone-related cancers. The study population, study procedures and data collection 

methods have been described in detail elsewhere109;235. In brief, all subfertile women starting at least 

one IVF cycle in the Netherlands between 1 January, 1983 (the national start of IVF treatment) and 

1 January, 1995 were included in the cohort (N=19,840). An extensive questionnaire on risk factors 

was sent to all women who could be traced, including detailed questions on reproductive history 

and lifestyle (response rate of 73%). In addition, trained research assistants retrieved data on medical 

and reproductive history, subfertility characteristics and course and outcome of treatment from the 

medical fi les. Due to limited project funding data collection could only be completed for 75% of 

all women who gave permission to do so. Cases with non-conventional fi rst IVF cycles (N=894), i.e. 

gamete or zygote intra-Fallopian transfer, intracytoplasmic sperm injection and oocyte or embryo-

donated cycles, and cases without detailed information on the fi rst IVF cycle (N=589), were excluded. 

Complete data from both questionnaire and medical fi le were available for 8,457 women144. The 

OMEGA database was considered to be suitable for the present research question despite the fact 

that IVF practice has changed considerably since its inception. Although medication protocols and 

laboratory procedures have improved, poor response remains one of the chief challenges in today’s 

reproductive medicine236.

Selection for analysis

For the present analysis the 8,457 women with complete data on their fi rst conventional IVF 

treatment were identifi ed (see Figure 1). Cycles with complicated oocyte retrievals were excluded, 

since the oocyte yield at retrieval was not representative of the actual number of oocytes available. 

Complicated oocyte retrievals included prematurely terminated follicle aspirations, mainly due 

to excessive pain, and ovulation during the oocyte retrieval. In 810 cases the fi rst IVF cycle was 

cancelled before oocyte retrieval. Excluding these cases would cause selection bias, since the main 

reasons for cycle cancellation were anticipated poor response and hyper-response. Therefore, in 

all cases of cycle cancellation the consecutive IVF cycle –if performed- was selected for analysis, 

provided this second cycle included an uncomplicated oocyte retrieval. Pregnancies documented 

in the questionnaires were compared to the outcome of IVF treatment as retrieved from the medical 

fi les. If confl icting results emerged, the medical fi le was checked again; in unresolved cases the 

outcome of the IVF treatment was considered unknown. The women whose fi rst complete IVF cycle 

ended in either a miscarriage (N=357) or ongoing pregnancy (N=1468) were selected for analysis. 
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Defi nitions

A poor response was defi ned as an oocyte yield at oocyte retrieval of ≤ 3 oocytes; a normal response 

was defi ned as an oocyte yield of 4 oocytes or more. This frequently used cut-off  value was chosen, 

since previous analyses of the relationship between poor response and oocyte quantity showed 

that women with an oocyte yield of less than 4 oocytes during IVF treatment have an increased 

Uncomplicated oocyte retrieval 
N = 7608 

 
-Poor response (N=1154) 
-Normal response (N=6395) 
-Response unknown (N=59) 

Selected for analysis 
N =1825 

 
Ongoing pregnancies (>16 weeks) N=1468 
Miscarriages (? 16 weeks) N = 357  

 

Complicated  
oocyte retrieval 

N = 39 

Cancellation before oocyte retrieval 
N = 810 

 
- Anticipated poor response (N=423) 
- Anticipated OHSS** (N=121)  
- LH -surge or ovulation (N=105) 
- Other medical reason (N=95) 
- Non-medical reason (N=36) 
- Unknown (N=30) 

Start of second IVF cycle  
N = 694 

Outcome first IVF cycle  
 
No pregnancy (N=5758) 
 
Pregnancy (N=1781) 
 -Ongoing (>16 weeks) (N=1382) 
 -Miscarriage (≤16 weeks) (N=335)  
 -Ectopic (N=56)  
 -Terminated (N=8)* 
 
Unknown outcome (N=69) 

Start of first IVF cycle  
N = 8457 

 
No second IVF cycle  

N = 116 

 

Complicated  
oocyte retrieval 

N = 6  

 

Cancellation before 
oocyte retrieval 

N = 137 

Outcome second IVF cycle 
 

No pregnancy (N=434) 
 
Pregnancy (N=116) 
 -Ongoing (>16 weeks) (N=86) 
 -Miscarriage (≤16 weeks) (N=22)  
 -Ectopic (N=7)  
 -Terminated (N=1)* 
 
Unknown outcome (N=1) 

 

Uncomplicated oocyte retrieval 
N = 551  

 
-Poor response (N=151) 
-Normal response (N=396) 
-Response unknown (N=4) 

 

≤

Figure 1. Flow chart of eligible patients 
*Reasons for artifi cial termination of pregnancy: trisomy 21 (N=4) and triploidy (N=1) detected with prenatal 
diagnosis, congenital malformations on ultrasound with normal karyotype (N=3), and reason unknown (N=1); 
OHSS = ovarian hyperstimulation syndrome.
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risk of early menopause109;110. Moreover, clinically a minimum of four oocytes is needed to have an 

average of two embryos available for transfer, given a mean fertilization rate of 50-60% in IVF237. In 

the present analysis, in all cases at least one oocyte was retrieved, since only women who conceived 

after IVF were eligible. 

Miscarriage was defi ned as pregnancy loss between 4 and 16 weeks of pregnancy, with the exception 

of confi rmed extra-uterine pregnancies or artifi cially terminated pregnancies. Multiple gestations 

that partially ended before and partially after 16 weeks were regarded as ongoing pregnancies. 

Karyotype of miscarriage tissue was not available.

Ongoing pregnancy was defi ned as a viable intra-uterine pregnancy of at least 16 weeks gestation. 

Of the 1468 ongoing pregnancies analyzed, 1406 (96%) resulted in a live birth. The main reason for 

not achieving a live birth in this group was immature birth due to multiple pregnancy.

For patient characteristics, such as female age and smoking habit, values were documented at the 

start of IVF treatment. Smoking was defi ned as smoking at least one cigarette a day for at least one 

year.

Statistical analysis

To assess the association between (poor) response and miscarriage, women achieving an ongoing 

pregnancy after their fi rst complete IVF cycle were compared with those experiencing miscarriage 

with respect to their ovarian response. In addition, potential confounders including female age 

and other patient characteristics were compared between the groups with ongoing pregnancy 

and miscarriage and between the groups with poor and normal response, respectively. For these 

univariate analyses chi-squared test, Mann-Whitney U test and Student’s T-test were used when 

applicable. Logistic regression analysis was used to calculate the odds ratio (OR) for miscarriage 

associated with poor response. Potential confounders were evaluated by adding each potential 

confounder separately into the logistic model. If this resulted in a change in OR of 10% or more, 

the confounder was included in the model238. This process was repeated until no other confounders 

were identifi ed. The presence of interaction between ovarian response and other potential risk 

factors for miscarriage was assessed using product terms. Potential confounders included all 

patient characteristics available, except the variables regarding previous pregnancies. It is well 

known that women with a history of miscarriage have an increased risk to miscarry again239. Since it 

was postulated that poor responders have an increased chance to miscarry based on lower oocyte 

quality, this also aff ects the chance of having experienced previous miscarriage and, conversely, 

previous ongoing pregnancy. Correction for these presumed confounders would underestimate 

the true relation between poor response and miscarriage. In addition to the assessment of the 

relationship between poor response and miscarriage, the relationship between number of retrieved 

oocytes (as a continuous variable and in categories) and miscarriage was examined using the same 

statistical approach. A P-value <0.05 was considered statistically signifi cant. Data were analysed 

with Statistical Package for Social Sciences (SPSS) 14.0 (SPSS Inc., Chicago, IL, USA).
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RESULTS

Table 1 shows the diff erences between the women with ongoing pregnancy and miscarriage. 

Poor response was strongly associated with miscarriage (P=0.001). In addition, higher female age, 

smoking, primary subfertility, previous miscarriage, longer duration of subfertility and the number 

of ampoules of medication used were statistically signifi cantly associated with miscarriage (P<0.001, 

P=0.01, P=0.03, P<0.01, P=0.04 and P<0.001 respectively). 

Ongoing pregnancy
Total N = 1468

Miscarriage
Total N = 357

Data 
available

N

No. (%) or median* 
(10th -90th percentile)

Data 
available

N

No. (%) or median*
(10th -90th percentile)

P-value

Poor response 1455 96 (6.6%) 350 41 (11.7%) 0.001a

Age (years)* 1464 32.4 (27.4 – 37.1) 356 33.4 (28.0 – 38.4) <0.001 b

Body mass index (kg/m2)* 1428 21.7 (18.9 – 26.2) 341 21.6 (19.1 – 26.0) NSc

Smoking 1452 529 (36.4%) 354 155 (43.8%) 0.01 a

Primary subfertility 1446 959 (66.3%) 332 199 (59.9%) 0.03 a

Miscarriage before fi rst IVF 1415 182 (12.9%) 323 62 (19.2%) <0.01 a

Ongoing pregnancy 
before fi rst IVF

1415 264 (18.7%) 323 67 (20.7%) NS a

Duration of subfertility 
(years)*

1277 4.5 (2.3 – 8.7) 311 4.8 (2.6 – 9.4) 0.04 c

Main cause of subfertility 1315 323 NS a

�   Tubal factor 506 (38.5%) 136 (42.1%)

�   Male factor 324 (24.6%) 66 (20.4%)

�   Unknown origin 370 (28.1%) 86 (26.6%)

�   Other 115 (8.7%) 35 (10.8%)

DES-exposure in utero 1318 33 (2.5%) 319 10 (3.1%) NS a

Ovarian surgery before 
start of IVF

1468 135 (9.2%) 357 44 (12.3%) NS a

Use of clomiphene citrate 1468 46 (3.1%) 357 14 (3.9%) NS a

Total no. of ampoules HMG 
or rFSH*d

1235 21 (14 – 33) 302 24 (15 – 36) <0.001c

Number of transferred 
embryos*

1468 3 (2 – 4) 357 3 (2 – 4) NS c

Number of multiple births 1468 418 (28.5%) - - -

a. Chi-square test; b. Student’s T-test; c. Mann-Whitney U test; d. For this calculation women using clomiphene citrate 
were excluded. DES = diethylstilbestrol; HMG = human menopausal gonadotrophin; NS = not statistically signifi cant; 
rFSH = recombinant FSH

Table 1. Patient characteristics according to pregnancy outcome after fi rst complete IVF cycle
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The diff erences between the women with poor and normal response are shown in Table 2. The 

number of retrieved oocytes was unknown for 20 women. Among the poor responders 29.9% 

miscarried, compared with 18.5% of the normal responders. Higher female age, higher body mass 

index, primary subfertility, longer duration of subfertility and both prior miscarriage and ongoing 

pregnancy all had a statistically signifi cant association with poor response (P<0.001, P=0.01, P=0.02, 

P=0.03, P=0.02 and P=0.04 respectively). Furthermore, in normal responders more embryos were 

transferred and a higher proportion of ongoing pregnancies led to the birth of a multiple compared 

with poor responders (both P<0.001).

Poor response
Total N = 137

Normal response
Total N = 1668

Data 
available

N

No. (%) or median* 
(10th -90th percentile)

Data 
available

N

No. (%) or median*
(10th -90th percentile)

P-value

Miscarriage 137 41 (29.9%) 1668 309 (18.5%) 0.001a

Age (years)* 137 34.2 (27.8 – 39.1) 1668 32.4 (27.6 – 37.1) <0.001 b

Body mass index (kg/m2)* 133 22.1 (19.5 – 29.2) 1616 21.6 (18.9 – 26.0) 0.01c

Smoking 135 58 (43.0%) 1653 616 (37.3%) NS a

Primary subfertility 132 74 (56.1%) 1629 1077 (66.1%) 0.02 a

Miscarriage before fi rst IVF 132 27 (20.5%) 1591 211 (13.3%) 0.02 a

Ongoing pregnancy before 
fi rst IVF

132 34 (25.8%) 1591 292 (18.4%) 0.04 a

Duration of subfertility 
(years)*

110 5.3 (2.5 – 10.6) 1467 4.5 (2.4 – 8.6) 0.03 c

Main cause of subfertility 124 1501 NS a

   Tubal factor 50 (40.3%) 584 (38.9%)

�  Male factor 26 (21.0%) 363 (24.2%)

�  Unknown origin 33 (26.6%) 421 (28.0%)

�  Other 15 (12.1%) 133 (8.9%)

DES-exposure in utero 117 3 (2.7%) 1501 40 (2.7%) NS a

Ovarian surgery before 
start IVF

137 18 (13.1%) 1668 159 (9.5%) NS a

Use of clomiphene citrate 137 6 (4.4%) 1668 52 (3.1%) NS a

Total no. of ampoules HMG 
or rFSH*d

104 23 (14 – 42) 1430 22 (14 – 33) NSc

Number of transferred 
embryos*

137 2 (1 – 3) 1668 3 (2 – 4) <0.001 c

Number of multiple birthse 96 11 (11.5%) 1359 402 (29.6%) <0.001a

a. Chi-square test; b. Student’s T-test; c. Mann-Whitney U test; d. For this calculation women using clomiphene citrate 
were excluded; e. Proportion of multiple pregnancies / ongoing pregnancies. DES = diethylstilbestrol; HMG = human 
menopausal gonadotrophin; NS = not statistically signifi cant; rFSH = recombinant FSH

Table 2. Patient characteristics according to ovarian response after fi rst complete IVF cycle
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Logistic regression analysis showed an OR for miscarriage associated with poor response of 1.9 

(95% confi dence interval 1.3-2.8; P-value = 0.001). None of the potential confounders changed the 

OR more than 10%, although female age was very close (9.6% change in OR, from 1.88 to 1.70). 

In addition, an interaction was found between female age and poor response: the association of 

poor response with miscarriage became stronger with increasing female age. The other potential 

confounders did not interact with the type of response. Table 3 shows the ORs for miscarriage 

associated with poor response in diff erent age categories; within these diff erent age categories 

female age was not identifi ed as a confounder. To illustrate the interaction between poor response 

and female age, miscarriage rates were calculated according to age category and ovarian response 

(Figure 2). For women below 36 years of age, miscarriage rates between poor and normal responders 

did not diff er [20% (17 of 86) vs. 17% (237 of 1380)] while among women of 36 years and older poor 

responders had a statistically signifi cant increased miscarriage rate compared to their peers with 

normal response [47% (24 of 51) vs. 25% (72 of 288);P=0.001]. 

The OR for miscarriage associated with the number of oocytes as a continuous variable was 0.98 (95% 

confi dence interval 0.96-1.0), implying that for each extra oocyte retrieved, the risk of miscarriage 

decreased by 2%. Next, the number of oocytes was divided into categories. The categories of one 

and two oocytes were combined, since in only ten women one oocyte was harvested. Table 4 shows 

the ORs for miscarriage associated with the diff erent oocyte number categories. A statistically 

signifi cant trend of increasing miscarriage risk with a lower category of oocyte number (P-value= 

0.004). None of the potential confounders, including female age, aff ected the ORs substantially and 

no interaction was found between any of the potential confounders and oocyte number. 

Table 3. Odds ratios for miscarriage associated with poor response according to age category

N (%) Odds ratio 95% CI P-value

≤ 30 years  640 (35.5%) 0.9 0.3 – 2.4 NS

31-35 years  826 (45.8%) 1.4 0.7 – 2.7 NS

≥ 36 years  339 (18.8%) 2.7 1.5 – 4.9 0.002

All ages  1805 (100%) 1.9 1.3 – 2.8 0.001

CI = confi dence interval; NS = not statistically signifi cant

Table 4. Odds ratios for miscarriage associated with number of retrieved oocytes

N (%) Odds ratio 95% CI P-value

1-2 oocytes 52 (2.9%) 2.6 1.4 - 4.6 0.001

3 oocytes 85 (4.7%) 1.6 0.9 - 2.6 NS

4 oocytes 121 (6.7%) 1.2 0.7 - 1.8 NS

≥ 5 oocytes (reference) 1547 (85.7%) 1 - -

Chi-square test showed a statistically signifi cant trend of increasing miscarriage risk with a lower category of 
oocyte number (P-value= 0.004)
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In total, 254 (13.9%) of the 1825 cycles analysed, were started before 1990. When these cycles were 

excluded from the analyses, similar results were found. Likewise, similar results were found when 

women treated with clomiphene citrate were excluded.

DISCUSSION

This study shows that poor responders to IVF treatment have an increased risk of miscarriage with 

increasing female age compared with normal responders. Also, the risk of miscarriage increases 

with a lower number of retrieved oocytes. These results support the hypothesis that oocyte quantity 

and oocyte quality are indeed related. 

The association between poor response and oocyte quantity has already been demonstrated by the 

increased risk of early menopause for poor responders to IVF treatment109;110. The number of oocytes 

collected per oocyte retrieval shows substantial intraindividual variation across IVF cycles. Thus, a 

poor response does not always refl ect decreased oocyte quantity but may also be due to chance 

or under dosing of medication. Since the incidence of reduced ovarian reserve increases with 

female age, the chance that a poor response indeed refl ects decreased oocyte quantity is higher 

in older women. The fi nding in the present study that the association between poor response and 

miscarriage becomes stronger with increasing female age is in line with this phenomenon. The same 

is true for the fact that young poor responders appear to have better chances of a live birth than 

their older counterparts139;140;225. An additional explanation for the fact that young poor responders 

have better prospects is that biological damage accumulated over time may harm oocyte quality. 

This phenomenon may include direct eff ects on the oocyte itself such as oxidative stress, as well 
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Figure 2. Miscarriage rates according to age category and ovarian response
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as ageing processes in its surroundings, resulting in defective microcirculation or granulosa cell 

function61;63;67;68. Following this line of reasoning, oocyte quality is determined both by the number 

of oocytes left and female age.  

The present study demonstrates that the lower the number of oocytes retrieved, the stronger 

the association with miscarriage (Table 4). Within the group of poor responders (≤ 3 oocytes) the 

same tendency was found, although numbers were too small to reveal signifi cant diff erences: in 

women with an oocyte yield of one or two oocytes the OR for miscarriage was 2.6 (95% CI 1.4 – 4.6) 

compared to an OR of 1.6 (95% CI 0.9 – 2.6) in the group with three oocytes. 

The number of ampoules of medication used (either human menopausal gonadotrophin 

or recombinant FSH) was higher in the miscarriage group than in the women with ongoing 

pregnancies. This diff erence decreased after correction for female age, but was still statistically 

signifi cant (P=0.004). Possibly, a higher medication dose harms oocyte quality or negatively 

infl uences implantation environment. However, absolute diff erences in the number of ampoules 

were small. 

Poor responders did not use more ampoules of medication than normal responders and the 

association between medication dose and miscarriage was not infl uenced by the number of oocytes 

retrieved. This fi nding was expected, since only fi rst complete IVF cycles were assessed; treatment 

protocol adjustments usually result from the outcome of previous cycles. 

Since the 1980s and 1990s, the period when the study cohort underwent treatment, stimulation 

protocols and oocyte retrieval techniques have improved considerably. It can be assumed that in 

our study population a proportion of the women had a low response due to imperfect treatment 

(according to present knowledge) and would nowadays be normal responders. It is remarkable 

that despite the assumed presence of these ‘accidental’ poor responders statistically signifi cant 

relationships were found, probably facilitated by the cohort size. Despite all improvements, to 

date ‘true’ poor responders still have low chances in IVF treatment240. As is stated by Tarlatzis and 

colleagues in their review of management of poor responders, ‘the ideal stimulation protocol still 

remains a challenge as the diminished oocyte cohort and oocyte quality cannot be reversed within 

the limits of our present capabilities’236. Even the wide scale application of ICSI has not proved to be 

a solution this far241. Poor response is one of the chief challenges in today’s reproductive medicine, 

showing that despite the age of the cohort, the results are of current interest. 

The fact that poor responders have an increased risk of miscarriage in our study may also be 

explained by the lack of embryo selection in poor responders. Generally, in normal responders 

multiple embryos are available and the morphologically best-looking embryos are selected for 

transfer. In poor responders, embryo selection is usually not possible since the number of embryos 

available is too low. Even if the proportion of good quality oocytes and thus good quality embryos 

is the same in poor and normal responders, the absolute number of good quality embryos available 
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will be lower in poor responders. Embryos of lesser quality will thus be transferred more often, 

possibly leading to an increased miscarriage rate. This explanation is supported by Winter and 

colleagues, who performed a large retrospective study on risk factors for miscarriage after assisted 

reproductive technology154. They found that women with a non-elective embryo transfer had an 

increased risk of miscarriage compared with their peers with an elective embryo transfer, also after 

correction for female age and ovarian response. In line with these fi ndings from an infertile study 

population, in fertile couples recurrent miscarriage has also been associated with an inadequate 

selection mechanism allowing abnormal embryos to implant more easily242.

Another possible explanation for the increased miscarriage rate in poor responders is the fact that 

they are less prone to multiple pregnancies. Generally, in multiple gestations the chance that the 

whole pregnancy is lost is smaller than in singleton pregnancies. In the present study data on early 

ultrasound measurement were not available; therefore multiple gestations that eventually resulted 

in the birth of a singleton were counted as an ongoing pregnancy. Moreover, it has been shown that 

pregnancy loss per gestational sac is lower in double than in single implantations243;244. Lambers 

and colleagues hypothesize that this may be explained by an optimal implantation environment 

and/or interaction between the fetuses, but may also result from higher embryo quality in twin 

pregnancies in terms of genetic and developmental potential. The fact that poor responders have a 

lower chance of (twin) pregnancy and an increased risk of miscarriage would than be explained by 

the same phenomenon. In the present study, no relationship was found between the numbers of 

embryos transferred and miscarriage rate, not in the total study population nor within the groups of 

poor responders and normal responders separately. 

Next to the study of Winter and colleagues, two other large retrospective studies found no 

association between poor response and miscarriage152;153. In both studies a poor response was 

defi ned as an oocyte yield of 4 oocytes or less, whereas the defi nition of 3 oocytes or less was 

used in this study. This diff erence in defi nitions may account for our diff erent fi ndings, since in the 

present study women with 4 retrieved oocytes had no increased risk of miscarriage compared with 

the women with 5 retrieved oocytes or more. Including this category of 4 retrieved oocytes in the 

poor response group may blur the association between poor response and miscarriage. In addition, 

Kumbak and colleagues only selected pregnancies for their analysis if a gestational sac had been 

identifi ed by transvaginal ultrasound examination, performed 3-4 weeks after embryo transfer. 

This means that early pregnancy losses before ultrasound examination were not included. It has 

been demonstrated that the shorter the duration of pregnancy before miscarriage, the larger the 

chance that the loss is caused by aneuploidy51;119;122. Since aneuploidy is the main acknowledged 

manifestation of decreased oocyte quality, excluding (very) early pregnancy losses may lead to 

underestimation of the relationship between oocyte quantity and quality.

Karyotype of miscarriage tissue to confi rm aneuploidy as the cause of the pregnancy loss was not 
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available in our study. Nasseri et al. did assess the fetal karyotype of women with a miscarriage 

and found increased levels of FSH and/or oestradiol in women with an aneuploid fetal karyotype 

compared with women with a euploid foetal karyotype (161). However, Massie et al. and Havryliuk 

et al. could not confi rm these fi ndings162;163.

A number of studies assessed the relationship between ovarian reserve tests, such as FSH and 

antral follicle count (AFC), and miscarriage in IVF and non-IVF populations. Three small retrospective 

studies showed an increased miscarriage rate among women with abnormal test results, but these 

fi ndings could not be confi rmed in a number of other studies, including two with prospective 

design146-151;233. The reason that ovarian reserve tests apparently have no evident predictive value for 

miscarriage could be that these tests do not refl ect oocyte quantity accurately enough. For instance, 

raised FSH concentrations may originate from a variety of causes apart from decreased ovarian 

reserve and AFC is thought to overestimate quantitative ovarian reserve in older women, since a 

larger proportion of the remaining follicle pool is recruited for development with age19;76;77;107;226. On 

this subject the study of Sabatini et al. is of interest245. They found that increased FSH concentrations 

have predictive value for live birth in an IVF population, but only in women over 35 years of age. 

Possibly this is caused by the fact that in women of advanced age increased FSH concentrations are 

more likely to represent diminished ovarian reserve, whereas in younger women other causes are 

more likely. The oocyte yield after ovarian hyperstimulation may be the (dynamic) ovarian reserve 

test that most accurately approaches the true ovarian reserve. 

In conclusion, the present study demonstrates that poor responders, specifi cally above the age of 

35 years, have an increased chance of miscarriage compared with their peers with normal response. 

This is in line with the fi ndings that poor responders have decreased pregnancy chances after IVF 

treatment. Women in their late thirties and early forties with a poor response in IVF treatment 

should not only be informed about their low pregnancy chances, but also about their increased risk 

of miscarriage.
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ABSTRACT 

Background: The increased risk of a trisomic pregnancy with a woman’s age arises from an increased 

rate of meiotic non-disjunction in the oocytes. It has been hypothesized that the increase of meiotic 

errors is related to the decreasing number of oocytes with age. Our aim was to assess the relation 

between trisomic pregnancy and three parameters of oocyte quantity. 

Methods: In a Dutch nationwide database on in vitro fertilization (IVF) treatment from 1983 

to1995, we identifi ed 28 women with a trisomic pregnancy conceived via or within one year from 

IVF treatment. We selected fi ve age-matched controls with a healthy child for each trisomy case. 

We performed a case-control study to examine whether trisomy cases more often had a history 

of ovarian surgery and a lower response to ovarian hyperstimulation than controls. Subsequently, 

cases and controls were followed to compare the incidence of signs of menopause at the end of the 

study period as self-reported by questionnaire. 

Results: Logistic regression analysis showed an association between trisomic pregnancy and a 

history of ovarian surgery [odds ratio (OR) 3.3; 95% confi dence interval (CI) 1.0-10.5; P=0.04] and 

between trisomic pregnancy and retrieval of ≤4 oocytes during IVF treatment (OR 4.0; 95% CI 1.4-

11.5; P=0.01). The adjusted OR for signs of menopause associated with trisomic pregnancy was 5.7 

(95% CI 1.1-29.9; P=0.04).

Conclusion: Our results suggest that IVF-treated women with a reduced ovarian follicle pool are 

at increased risk of a trisomic pregnancy, independent of their age. Our fi ndings support the 

hypothesis that follicle pool size and not chronological age determines a woman’s trisomy risk. 

Since a questionnaire was used, we cannot fully exclude the possibility of selection bias in this study.
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INTRODUCTION

The increased risk of a trisomic pregnancy with a woman’s age arises from an increased rate of 

meiotic non-disjunction in the oocytes57;119. It has been hypothesized that this increase of meiotic 

errors is related to the decreasing number of oocytes with age63;69;165;232;246. Selection of oocytes may 

become impaired when less oocytes are available (limited pool hypothesis) or physiological changes 

accompanying follicle loss, such as the increase in follicle stimulating hormone, may aff ect oocyte 

integrity63-65;232. The quantitative size of the ovarian follicle pool is inversely related to age, but shows 

substantial variation among peers8. This inter-individual variation of follicle pool size is refl ected in 

the wide age range for the onset of menopause, the event that indicates imminent depletion of 

the follicle pool230. In addition to ageing, iatrogenic intervention, such as ovarian surgery, may also 

reduce the follicle pool. The size of the follicle pool during the fertile period can be estimated by so-

called ovarian reserve tests, i.e. hormonal or sonographic tests, such as follicle stimulating hormone 

(FSH), anti-Müllerian hormone or antral follicle count72;247. The number of follicles that develop in 

response to ovarian hyperstimulation during in vitro fertilization (IVF) treatment can be regarded as 

a dynamic ovarian reserve test72. 

If indeed the eff ect of maternal age on trisomy risk is explained by the decrease in follicle number, 

one would expect to fi nd an association between the above parameters of oocyte quantity and 

trisomy risk, independent of female age. We addressed this issue in a Dutch nationwide cohort of 

women undergoing IVF treatment. We hypothesized that the risk of a trisomic pregnancy is elevated 

in women with a reduced size of the ovarian follicle pool, independent of their age. Therefore, we 

performed a case-control study to examine whether women with a trisomic pregnancy more often 

had a history of ovarian surgery and a lower response to ovarian hyperstimulation. Subsequently, 

we followed these women to assess whether the trisomy cases had more often reached menopausal 

transition or menopause at the end of the study period than the controls. 

MATERIAL AND METHODS

The present study is part of the OMEGA project, a large retrospective cohort study in the Netherlands 

originally designed to assess the eff ects of ovarian hyperstimulation in IVF treatment on the risk 

of hormone-related cancers. The study population, study procedures and data collection methods 

have been described in detail elsewhere109;235. In brief, all subfertile women starting at least one IVF 

cycle in the Netherlands between 1 January 1983 (the national start of IVF treatment) and 1 January 

1995 were retrospectively included in the cohort (N=19,840). The institutional review boards from 

all the participating IVF centres approved the study protocol. From 1997-1999 questionnaires on risk 

factors were sent to all women who could be traced, including detailed questions on reproductive 

history, lifestyle and health problems in their children (response rate of 71%). In a form attached to 
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the questionnaire, women could give their permission to search their medical fi les. Trained research 

assistants retrieved data on medical and reproductive history, subfertility characteristics and course 

and outcome of treatment from the medical fi les of the women who had given written permission 

to do so. Owing to limited project funding data collection could only be completed for 75% of these 

women. The women with missing medical fi le data did not represent a subgroup with fi les or data 

that were for any reason especially hard to retrieve; data collection was completed per participating 

IVF clinic before moving on to the next clinic and therefore from some clinics no data were collected 

at all. 

We used a case-control design to assess the association between ovarian surgery and ovarian 

response to IVF treatment and trisomic pregnancy. Cases were women with a trisomic pregnancy; 

controls were women with a live birth without a trisomy. Subsequently, we followed these women 

to examine whether cases with a trisomic pregnancy had an increased risk of natural menopause 

or menopausal transition at the end of the study period compared with controls. We searched for 

cases of trisomic pregnancy in the complete OMEGA database. In data from both medical fi les and 

questionnaires, we assessed the variables reporting pregnancy outcome, including open fi elds with 

comments on pregnancies and health problems in children. We selected all women with comments 

possibly related to trisomic pregnancy and all those with an induced abortion or stillbirth for which 

no explanation was recorded. For all selected women who had given their written permission to do 

so, we searched the original medical records to see if a trisomic pregnancy had been documented; 

in total 215 medical fi les were searched. Trisomic pregnancies, confi rmed by karyotype, were 

selected for analysis if the pregnancy resulted from IVF treatment or was naturally conceived 

within a year before or after IVF treatment. We decided beforehand to include naturally conceived 

trisomic pregnancies in order to maximize our sample size. We chose an (arbitrary) cut-off  of one 

year, assuming that the ovarian response at the nearest IVF treatment would be representative for 

the ovarian status at the time of conception within one year. Sex chromosomal aneuploidies were 

excluded. In total, we identifi ed 28 cases of trisomic pregnancy fulfi lling our criteria. Next to non-

disjunction in the oocyte, in a minority of cases (<10%) trisomies may be caused by an unbalanced 

trans location or may be of paternal origin126. We did not confi rm the origin of the trisomic 

pregnancies in this study and no information on the karyotype of the couples was available. None 

of the women contributed more than one case of trisomic pregnancy.

For each trisomy case we selected fi ve individually matched controls who did not have a trisomic 

pregnancy from the same database. The controls were women who conceived via IVF treatment or 

within a year before or after IVF treatment and had a live birth. They were matched for age at the 

time of IVF treatment, mode of conception, period of IVF treatment, and fertility centre. The IVF 

cycle resulting in the trisomic or control pregnancy or, in the case of natural conception, the IVF 

cycle nearest to the conception of the trisomic or control pregnancy is hereafter referred to as the 
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‘index IVF cycle’. For cases and controls we retrieved subfertility and lifestyle characteristics from 

questionnaire and medical fi le data. Data on ovarian surgery were compared with the data from 

the Dutch nationwide network and registry of histo- and cytopathology (PALGA) for confi rmation, 

where possible. Ovarian surgery was recorded only if performed before the start of the index IVF 

cycle. Ovarian response during the index IVF cycle was defi ned as the number of oocytes retrieved at 

follicle aspiration. A poor response was defi ned as an oocyte yield of 0-3 oocytes. In previous studies 

employing this frequently used cut-off  value, it was shown that women with a poor response have 

an increased risk of early menopause109;110;248. Age was defi ned as the woman’s age at the start of the 

index IVF cycle. For body mass index and smoking habits we used the self-reported values in the 

questionnaire. Total medication dose was defi ned as the total number of ampoules of recombinant 

FSH or human menopausal gonadotrophin used in the index IVF cycle. We had to replace 12 of the 

original controls, since 11 controls had an unknown response to the index IVF cycle and one control 

reported a post-partum death without explanation and had not given permission to search the 

medical fi le. 

For the second analysis, we studied data from the questionnaire on the length and regularity of the 

menstrual cycle at the fi rst visit to the fertility clinic and at the moment of fi lling in the questionnaire. 

The median time between the index IVF cycle and fi lling in the questionnaire was 4.1 years (range 0.6-

11.9 years). We selected the women who reported a regular cycle (i.e. next cycle predictable within 

4 days) with a cycle length of 21-35 days at their fi rst visit to the fertility clinic. Next, we determined 

their menopausal status at the time of the questionnaire. Natural menopause was defi ned as 

the spontaneous absence of vaginal bleeding for at least one year, except if due to pregnancy or 

breastfeeding. Menopausal transition was defi ned as a change in cycle pattern to an irregular cycle 

(i.e. next cycle not predictable within 4 days) and/or a change in cycle length to <21 or >35 days. 

Those whose last menstruation dated 3-11 months before completion of the questionnaire were also 

regarded as being in menopausal transition (if not pregnant or breastfeeding). The use of hormonal 

replacement therapy (HRT) was considered as a sign of menopause, as its use in the Netherlands is 

generally restricted to women after menopause249. Women with natural menopause, menopausal 

transition and use of HRT were combined into one category having ‘signs of menopause’, whereas 

those reporting a regular cycle between 21 and 35 days at the time of the questionnaire were 

considered pre-menopausal. Women using oral contraceptives at the time of the questionnaire were 

excluded from analysis, as were women with a history of hysterectomy or chemo- or radiotherapy. 

The original matching between cases and controls was not taken into account for the analysis on 

menopausal status. Cases and controls were independently selected for this analysis if their data 

were complete and they met our inclusion criteria. 

We used multivariate conditional logistic regression analysis to calculate the odds ratios (ORs) for 

trisomic pregnancy associated with a history of ovarian surgery and response to IVF treatment. We 
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analysed the variable ovarian response in three diff erent ways, i.e. linear, ordinal and dichotomous, 

in order to be able to identify both a possible linear or non-linear relation. Response to IVF treatment 

was divided into three categories (tertiles); smaller categories could result in inaccurate estimates 

due to limited sample size. Ovarian response was dichotomized into poor response yes or no. Values 

for smoking habits, body mass index and total medication dose were not known for all cases and 

controls. If a value for a case was missing, the case and its matched controls were removed from the 

analysis. If a value for a control was missing, it was assigned the value of the respective case; thus the 

control concerned did not contribute to the risk estimate250. Each potential confounder was added 

separately to the logistic model. If this resulted in a change in OR of 10% or more, the confounder 

was included in the model238. This process was repeated until no other confounders were identifi ed. 

Second, we used unconditional logistic regression analysis to examine whether women with a 

trisomic pregnancy more often showed signs of menopause at the time of fi lling in the questionnaire 

at the end of the study period than controls. This analysis may be regarded as a follow-up study of 

the case-control cohort, defi ned by clear eligibility criteria. Matching is not relevant in this kind of 

analysis and was not taken into account. We calculated the OR for signs of menopause associated 

with trisomic pregnancy and evaluated potential confounders as described above. A history of 

ovarian surgery and response to IVF treatment were not regarded as potential confounders, because 

both parameters are related to age at menopause109;110;114. Since we hypothesized that women with 

a history of ovarian surgery or a low response to IVF treatment have an increased risk of trisomic 

pregnancy, correction for these variables would lead to underestimating the true relation between 

trisomic pregnancy and signs of menopause. A P-value <0.05 was considered statistically signifi cant. 

Data were analysed with SPSS 14.0 (SPSS Inc., Chicago, IL, USA) and EGRET 2.0.31 (Cytel Software, 

Cambridge, MA, USA). 

RESULTS

In total we identifi ed 28 cases of trisomic pregnancy conceived via or within one year before or after 

IVF treatment. For each case, fi ve controls were selected (N=140). Median age of the cases at the 

time of the index IVF cycle was 37.9 years. Among the trisomic pregnancies were 24 cases of trisomy 

21, three cases of trisomy 18 and one case of trisomy 13. In eight cases the pregnancy resulted 

in a live birth (all trisomy 21), in two cases a stillbirth was reported and 18 trisomic pregnancies 

were terminated after prenatal diagnosis. In four cases the fetus with trisomy was one of dizygotic 

twins. In 26 cases the trisomic pregnancy followed IVF treatment, whereas two trisomic pregnancies 

resulted from spontaneous conception.

Parameters of oocyte quantity, subfertility and lifestyle characteristics of cases and controls and the 

ORs for trisomic pregnancy are shown in Table I. Details on ovarian surgery are given in Table II. The OR 

for trisomic pregnancy associated with a history of ovarian surgery was 3.3 [95% confi dence interval 
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N Casesa

N = 28
Median (10th-90th 
perc.) or no. (%)

Controlsa

N = 140
Median (10th-90th 
perc.) or no. (%)

OR for
trisomic 

pregnancy 
(95% CI)b

P-value

Parameters of oocyte quantity
History of ovarian surgery before 
IVF cycle 

168

�   Yes 5 (17.9%) 7 (5.7%) 3.3 (1.0 – 10.5) 0.04
�   No 23 (82.1%) 133 (94.3%) 1.0 (reference) -
Total number of oocytes retrieved 
in IVF cycle

168 6.5 (2 – 19) 8 (4 – 18) 1.0 (0.9 – 1.0) 0.32

Number of retrieved oocytes in 
categories 

168

�  1-4 9 (32.2%) 17 (12.1%) 3.7 (1.2 – 11.7) 0.03
�  5-8 8 (28.6%) 57 (40.7%) 0.9 (0.3 – 2.3) 0.76
�  ≥ 9 11 (39.3%) 66 (47.1%) 1.0 (reference)
Poor response in IVF cycle 168
�  Yes (≤ 3 oocytes) 4 (14.3%) 9 (6.4%) 2.7 (0.7 – 10.7) 0.15
�  No (≥ 4 oocytes) 24 (85.7%) 131 (93.6%) 1.0 (reference) -

Subfertility and lifestyle characteristics
Age (in years) 168 37.9 (31.2 – 40.1) 37.8 (31.1 – 40.0) Not applicable -
Smoking at time of IVF treatment 136
�  Yes 10 (40.0%) 32 (28.8%) 1.5 (0.5 – 3.9)c 0.45
�  No 15 (60.0%) 79 (71.2%) 1.0 (reference)
Body mass index 139
�  ≤ 25 kg/m2 19 (76.0%) 81 (71.1%) 1.0 (reference)
�  > 25 kg/m2 6 (24.0%) 33 (28.9%) 0.6 (0.2 – 1.6)c 0.31
Multiple pregnancy 168
�  Yes 4 (14.3%) 22 (15.7%) 0.9 (0.3 – 2.8) 0.85
�  No 24 (85.7%) 118 (84.3%) 1.0 (reference)
Total no. of ampoules HMG or rFSHd 153 27 (17.5 – 40.5) 24 (15 – 40) 1.0 (0.9 – 1.1)c 0.77

Table I. Odds ratios (ORs) of trisomic pregnancy associated with parameters of oocyte quantity, subferti-
lity and lifestyle characteristics

a. Cases and controls were matched for age at the time of IVF treatment, mode of conception, period of IVF treatment, and 
fertility centre. 
b. The odds ratios shown are crude odds ratios. No confounders of the associations between trisomic pregnancy 
and the various parameters of oocyte quantity were identifi ed: adding the variables body mass index, smoking 
habits, total medication dose, and multiple pregnancy to the regression model did not materially aff ect the ORs. 
c. For these analyses values of 3 (smoking and body mass index) or 4 cases (medication dose) were unknown; 
these cases and their matched controls were excluded. Values were unknown for 18 (smoking), 19 (body mass 
index) and 7 (medication dose) of the remaining controls and substituted by the values of the cases they were 
matched to. 
d. HMG = human menopausal gonadotrophin, rFSH = recombinant follicle-stimulating hormone. 

(CI) 1.0-10.5; P=0.04]. Adding the variables body mass index, smoking habits, total medication dose 

and multiple pregnancy to the regression model did not materially aff ect the OR. 

The OR for trisomic pregnancy associated with ≤ 4 retrieved oocytes was 4.0 (95% CI 1.4-11.5; P=0.01; 

reference category ≥ 5 oocytes). The OR for trisomic pregnancy associated with poor response (≤ 

3 retrieved oocytes) was 2.7 (95% CI 0.7-10.7; P=0.15). Adding the potential confounders did not 

substantially change the ORs for trisomic pregnancy associated with oocyte number.
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Figure 1 shows the fl owchart of cases and controls suitable for analysis of menopausal status. Of the 

original 168 women, 72 met our criteria. The proportion of cases with complete data on menopausal 

status (12 of 28; 43%) was the same as the proportion of controls available for this analysis (60 of 

140; 43%). Median age at the time of fi lling in the questionnaire was 42.4 years (range 33.3-51.4 

years). Of the nine women with signs of menopause, four were cases (33%) and fi ve controls (8.3%). 

The unadjusted OR for signs of menopause associated with trisomic pregnancy was 5.5 (95% CI 1.2-

24.9; P=0.03). Age and smoking habits at the time of completing the questionnaire were identifi ed 

as confounders. The adjusted OR for signs of menopause associated with trisomic pregnancy was 

5.7 (95% CI 1.1-29.9; P=0.04).

All analyses were repeated using the 12 original controls that had been replaced and showed 

comparable results. Similarly, the exclusion of the two naturally conceived cases and their controls 

did not materially aff ect the odds ratios; if excluded from the analysis, the OR for trisomic pregnancy 

associated with ovarian surgery was 2.6 (95% CI 0.8-9.0; P=0.13), the OR for trisomic pregnancy 

associated with ≤ 4 retrieved oocytes was 4.9 (95% CI 1.6-15.2; P<0.01) and the adjusted OR for signs 

of menopause associated with trisomic pregnancy was 8.6 (95% CI 1.4-52.4, P=0.02). 

Type of ovarian surgery Reason for ovarian surgery Age at surgery
(in years)

Trisomy
cases
(N=5)

Unilateral adnexal extirpation Functional cyst 30.0

Unilateral adnexal extirpation Unknown 23.1

Unilateral ovariectomy Benign cystic teratoma 18.4

Cystectomy Endometrioma 34.6

Cystectomy Unknown 25.5

Controls
(N=8)

Unilateral adnexal extirpation Tubal-ovarian abscess 29.1

Unilateral adnexal extirpation Adhesions 36.2

Unilateral ovariectomy Adnexal torsion 33.8

Cystectomy Functional cyst 28.9

Cystectomy Functional cyst 36.3

Cystectomy Functional cyst 32.0

Cystectomy Corpus luteum cyst 34.1

Wedge resection Polycystic ovarian syndrome 21.9

Table II. Characteristics of ovarian surgery
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DISCUSSION

The results of our study point to a relation between trisomic pregnancy and reduced follicle pool 

size, independent of a woman’s age. Trisomy cases more often had a history of ovarian surgery and 

low ovarian response to IVF treatment and more often showed signs of menopause at follow-up 

than controls.

The phenomenon of female reproductive ageing is attributed to a decline in both the quantity 

and the quality of the remaining oocytes7;8. The decrease in oocyte quantity eventually leads to 

menopause; the decrease in oocyte quality is refl ected in the age-related increase in meiotic errors. 

Loss of oocyte quantity and quality could progress independently of each other. The number of 

follicles present in the ovaries at any time is most likely determined by the original size of the fetal 

follicle pool and the rate of atresia of this pool. Oocyte quality may be determined by biological 

damage accumulating over time. However, some theories do suggest a relation between oocyte 

quantity and quality. The ‘limited pool hypothesis’ states that the process of oocyte selection might 

become impaired if the number of oocytes to select from is decreased232. Furthermore, as the 

number of follicles declines, the endocrine and paracrine environment of the remaining oocytes 

N=168
28 trisomy cases

140 controls

N=27 No questionnaire available
N=18 Data on cycle at first visit to
 fertility clinic incomplete
N=25  Irregular cycle at first visit or
 cycle length <21 or >35 days

N=7 Data on cycle at time of
 questionnaire incomplete
N=9 Pregnant or breastfeeding at
 time of questionnaire
N=9 Use of oral contraceptives at
 time of questionnaire
N=1 Status after hysterectomy

N=98
Regular cycle at first visit to fertility clinic

with cycle length between 21-35 days

N=72
Data on menstrual cycle at time of

questionnaire complete

N=63
Pre-menopausal

Regular cycle with cycle
length between 21-35 days

N=9
Signs of menopause

N=5 Irregular cycle
N=4 Use of hormonal
 replacement therapy

Figure 1. Flow chart of patients eligible for analysis of menopausal status
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may hypothetically harm their quality, for example, by increased levels of FSH64;65;232. Our fi ndings 

suggest a relation between follicle pool size and trisomy risk, independent of a woman’s age, and 

thus support a relation between oocyte quantity and quality. The fact that all three parameters, i.e. 

ovarian surgery, oocyte number retrieved in IVF treatment and signs of menopause, point towards 

an increased trisomy risk with reduced follicle pool size is remarkable, as is the fact that, despite the 

small numbers involved, several associations reached statistical signifi cance. 

In this study, a low oocyte yield of ≤ 4 oocytes was statistically signifi cantly associated with an 

increased risk of a trisomic pregnancy. Interestingly, we did not fi nd a linear association between 

trisomic pregnancy and number of retrieved oocytes when this was analysed as a continuous 

variable, nor when it was categorized in tertiles (≤ 4, 5-8 and 9 oocytes, respectively). This non-linear 

relation is not unexpected. For instance, the relation between female age and aneuploidy rate is not 

linear either, nor is the relation between age and follicle pool size21;22;50;51. 

Interpretation of the results could be challenged by the limitations of the parameters of oocyte 

quantity used. We identifi ed a history of ovarian surgery, an iatrogenic depletion of the follicle pool, 

as a risk factor for trisomic pregnancy. We cannot rule out the possibility that the ovarian pathology 

leading to the surgery accounted for the decrease in oocyte quality, though the indications for 

ovarian surgery show a wide variation. 

Second, an oocyte yield of ≤ 4 oocytes and an oocyte yield of ≤ 3 oocytes at IVF treatment were both 

associated with an increased risk of a trisomic pregnancy, but for ≤ 3 oocytes this association was 

not statistically signifi cant, probably due to the small numbers involved. We considered the OMEGA 

database to be suitable for this research question despite the fact that medication protocols and 

laboratory procedures have developed considerably since its inception. No actual improvement of 

the outcome of IVF treatment in low responders has been shown as a result of these changes240;251;252, 

and poor response remains one of the chief challenges in today’s reproductive medicine.

For our third parameter of oocyte quantity, signs of menopause, we included women with a change 

in cycle pattern suggesting menopausal transition and women using HRT. We decided beforehand 

not only to include women that actually reached menopause, since the median time between fi lling 

in the questionnaire (from which the data on menopausal status were obtained) and the IVF cycle 

studied was only 4.1 years. We did not expect a suffi  cient number of women to be postmenopausal 

in this short period of time to allow any meaningful analysis: several years before menopause occurs, 

fertility is already severely impaired, whereas these women actually conceived after the index IVF 

cycle. However, it turned out that none of the eligible cases and controls had in fact reached natural 

menopause, which may be regarded as the ultimate parameter for oocyte quantity. The proportion 

of subjects in our analysis of menopausal status was only 43% of the total study population. In this 

analysis the original matching of cases and controls was not taken into account. 

We cannot exclude the possibility that the 71% response rate to the questionnaire may have led to 
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selection bias. Trisomic and control pregnancies that were not reported in the questionnaire and 

not mentioned in the medical fi le data (e.g. from the non-represented clinics) were missed in the 

present study. The question is whether women with a trisomic pregnancy and reduced follicle pool 

size were less or more likely to respond than women with a control pregnancy and reduced follicle 

pool size. We assume this is not the case since we cannot think of a plausible reason why, but cannot 

rule out the possibility of selection bias.

Finally, with 28 cases the number of subjects in our matched case-control study was limited, 

despite the nationwide database of IVF patients available. Fertility is already impaired years before 

menopause is reached and poor responders in IVF treatment are known to have low pregnancy 

chances140. If a low number of remaining oocytes is indeed related to an increased trisomy risk, 

larger samples will be hard to obtain. 

The relation between trisomic pregnancy and parameters of oocyte quantity has been studied 

previously. Freeman et al. performed a case-control study and found, in line with our results, that 

women with a child with trisomy 21 signifi cantly more often had a history of ovarian surgery or 

congenital absence of an ovary compared with controls (7 of 189 cases versus 1 of 329 controls)164. The 

fi ndings also correspond to the mouse studies of Brook et al., which showed an increased incidence 

of aneuploid embryos in ageing mice after unilateral ovariectomy165. Kline et al. compared 111 

women with a spontaneous miscarriage with a trisomic karyotype with 226 women with a healthy 

live birth and 157 women with a chromosomally normal pregnancy loss. Compared with the other 

two groups, the women with a history of trisomic pregnancy entered menopause approximately 1 

year earlier (0.96 years, 95% CI -0.18 to 2.10)155. Bartmann et al. found that 104 mothers of a child 

with Down syndrome entered menopause 0.7 years earlier than 121 control mothers with a healthy 

child156. In both studies the diff erence in menopausal age between cases and controls was not 

statistically signifi cant. To our knowledge the relation between ovarian response to IVF treatment 

and trisomy risk has not been studied before. 

Well-known parameters for oocyte quantity that were not available in the present study are 

endocrine and sonographic ovarian reserve tests. Van Montfrans et al. found that mothers of a child 

with trisomy 21 (N=118) had signifi cantly higher levels of FSH and lower levels of inhibin B than age-

matched controls (N=102)157;158. Kline et al. did not fi nd statistical diff erences in antral follicle count, 

FSH or inhibin B levels between women with a spontaneous miscarriage of a trisomic pregnancy 

(N=54) compared with women with a spontaneous miscarriage due to other causes (N=45) or with 

a live birth (N=65)159. Nasseri et al. karyotyped miscarriage tissue and found higher FSH and/or 

estradiol levels in women with an aneuploid spontaneous abortion (N=44) than in women with a 

euploid spontaneous miscarriage (N=34)161. Anti-Müllerian hormone (AMH) is now considered the 

most promising marker of follicle pool size93;229, but one study comparing AMH-levels in samples 

from a prenatal screening program found no statistically signifi cant diff erence between 25 women 

with a Down syndrome pregnancy compared with 125 matched controls160. 
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In conclusion, despite the absence of general consensus, our results point to a relation between 

trisomic pregnancy and a reduced size of the ovarian follicle pool, independent of a woman’s age. 

Our fi ndings support a relation between oocyte quantity and quality and indicate that the size of 

the follicle pool and not chronological age may determine a woman’s trisomy risk. Since we used 

three diff erent parameters of oocyte quantity that all support this relation, this is unlikely to be an 

accidental fi nding. However, since a questionnaire was used, we cannot fully exclude the possibility 

of selection bias. Moreover, results from studies performed in an IVF population cannot simply be 

extrapolated into the general population. The risk of a trisomic pregnancy for IVF patients may not 

be comparable to that in the general population, for instance, the eff ect of embryo selection on 

trisomic risk is unclear. Our results need confi rmation in another IVF cohort, before the clinical use of 

parameters of oocyte quantity for the assessment of trisomy risk can be considered in IVF patients. 

Acknowledgements

The authors are indebted to all the women participating in the OMEGA project and owe special 

thanks to Dr H. Klip for her eff orts in initiating this cohort. We are grateful to the research assistants 

who initially abstracted extensive data from the medical fi les in all participating clinics. We thank 

the members of the OMEGA project and the medical registry staff  and physicians of these clinics for 

providing the opportunity for the data collection and searches performed for this analysis. We thank 

Jackie Senior for carefully reading the manuscript.

The OMEGA project was supported by grants from the Health Research and Development Council 

and the Ministry of Health, The Netherlands.



Chapter 7

Ovarian  reserve and the morphology of preimplantation 
embryos of women of advanced reproductive age

M.L. Haadsma, A. Hoek, J.C. Korevaar, J. van Echten-Arends, F.H. de Jong, A.P.N. Themmen, M.J. Heineman, 
S. Repping, S. Mastenbroek 

Submitted



94

Chapter 7

ABSTRACT

Background: Female reproductive ageing is characterised by a decrease in the quantity and 

quality of a woman’s oocytes. The nature of the relation between oocyte quantity and quality is still 

unclear. To address this issue, we assessed the predictive value of fi ve ovarian reserve parameters, 

representing oocyte quantity, for embryo morphology, which represents oocyte quality.

Methods: Prospective cohort of women aged 35-41 years undergoing their fi rst IVF treatment in four 

Dutch clinics. Antral follicle count (AFC), anti-Müllerian hormone (AMH), follicle stimulating hormone, 

inhibin B, and the number of retrieved oocytes were assessed as ovarian reserve parameters. The 

main outcome measure was a morphological top quality embryo on day 3 of development.

Results: We included 294 women in this analysis. None of the ovarian reserve parameters had 

statistically signifi cant predictive value for the chance that an oocyte would develop into a top 

quality embryo. The number of retrieved oocytes was strongly related with the chance that a patient 

had at least one top embryo. Additionally, women with high AFC and AMH levels had at least one 

top embryo signifi cantly more often than women with low AFC or AMH levels.

Conclusions: Our fi ndings indicate that ovarian reserve is not correlated with embryo quality. 

Women with higher ovarian reserve do signifi cantly more often have at least one top quality 

embryo, but this is simply due to the fact that they generate more oocytes in an IVF cycle.
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INTRODUCTION 

Female reproductive ageing is characterised by a decrease in both the quantity and quality 

of a woman’s oocytes7;8;231. The decline in oocyte quantity ultimately leads to menopause, the 

reproductive event representing depletion of the ovarian follicle pool230. Among women of the 

same age, ovarian reserve may vary considerably, a phenomenon refl ected in the wide age range 

for the onset of menopause104. To assess the ovarian reserve, several ovarian reserve tests (ORTs) 

have been developed. Most ORTs are endocrine parameters, such as anti-Müllerian hormone (AMH), 

follicle stimulating hormone (FSH) and inhibin B, or sonographic tests, such as antral follicle count 

(AFC). The number of follicles that develop in response to ovarian hyperstimulation during in vitro 

fertilisation (IVF) treatment can be regarded as a dynamic ovarian reserve test72. 

Years before menopause, fertility is already severely impaired: the chance to conceive gradually 

declines, while the chance of a chromosomally abnormal conception and miscarriage increases117. 

This phenomenon is attributed to a decrease in oocyte quality7;230;231. Compared to oocyte quantity, 

oocyte quality is a less solid characteristic and as such more diffi  cult to assess clinically. Since the 

oocyte is a key player in early embryo development127, embryo morphology may be used as a 

marker for oocyte quality. 

The nature of the relation between oocyte quantity and oocyte quality as the two components 

determining reproductive capacity is still unclear53;232. Women with a diminished ovarian reserve are 

suggested to have reduced oocyte quality compared to their peers with normal ovarian reserve8. To 

address this issue, we studied the relation between fi ve ovarian reserve parameters, representing 

oocyte quantity, and embryo morphology, representing oocyte quality, in a cohort of women aged 

35-41 years undergoing IVF treatment. We aimed to determine whether parameters of ovarian 

reserve have a predictive value for the embryo morphology. 

MATERIAL AND METHODS

Study design

All women participating in this study were enrolled in a randomised controlled trial evaluating the 

effi  cacy of preimplantation genetic screening (PGS). Details on the study design and outcome can 

be found elsewhere253. 

Briefl y, women aged 35 to 41 years, starting their fi rst IVF treatment in one of four Dutch clinics 

(Academic Medical Center, Onze Lieve Vrouwe Gasthuis in Amsterdam, University Medical Center 

Groningen and Medical Center Leeuwarden, all in the Netherlands) were eligible for the study. After 

providing written informed consent, the women were randomly assigned to undergo three IVF cycles 

either with of without PGS. For the present analysis we used data on embryo morphology scored on 

day three after follicle aspiration, just before biopsy (if applicable); all participants, whether assigned 

to PGS or not, underwent the same treatment up to that moment and were included in our study. 
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The study protocol was approved by the institutional review boards of all participating clinics and 

by the Central Committee on Research Involving Human Subjects in the Netherlands. 

Ovarian reserve tests

The AFC of the participants agreeing to undergo ORTs was assessed in the early follicular phase of 

a natural cycle preceding treatment (cycle days 2-4). AFC was defi ned as the sum of antral follicles 

present in both ovaries measuring 2-10 mm on transvaginal ultrasound. Women with ovarian cysts 

were excluded. On the same day serum samples were drawn and stored at -20°C. After closure of 

the trial, serum levels of AMH, inhibin B and FSH were determined. AMH concentrations were 

measured using an in-house double-antibody enzyme-linked immunosorbent assay (ELISA), with 

intra- and interassay coeffi  cients of variance of <5% and <10% respectively254. Dimeric inhibin 

B concentrations were assessed using an immunoenzymometric assay obtained from Serotec 

(Oxford, UK). Intra- and interassay coeffi  cients of variance were less than 7% and 14%, respectively. 

FSH concentrations were determined with an electrochemiluminescence immunoassay using 

the Elecsys 2010 automated multi-analyser (Roche Diagnostics Nederland BV, Almere, the 

Netherlands). Intra- and interassay coeffi  cients of variance were <3% and <5% respectively.

Treatment was not postponed to perform these ovarian reserve tests. If the patient preferred to start 

treatment as soon as possible and logistics allowed this, no natural cycle was awaited to perform 

the ovarian reserve tests.

Treatment protocol

The stimulation protocol included ovarian down-regulation with a gonadotropin-releasing hormone 

agonist (triptorelin; Decapeptyl®, Ferring, Hoofddorp, the Netherlands) starting in the mid-luteal 

phase. Ovarian hyperstimulation was conducted with recombinant FSH (rFSH) (follitropin; Gonal-F®, 

Merck-Serono International S.A., Geneva, Switzerland) starting on cycle day 5, at an initial dose of 

150 IU. During the stimulation phase this dose was adjusted if appropriate. Follicular aspiration was 

performed 36 hours after ovulation induction with 10,000 U of human chorionic gonadotropin 

(Pregnyl®, Organon, Oss, the Netherlands). The oocytes were inseminated with 10,000 progressively 

motile spermatozoa (IVF) or injected with a single spermatozoon (intracytoplasmic sperm injection, 

ICSI) approximately 4 hours after follicular aspiration. Treatment protocols were the same for all 

participants up to the third day after follicle aspiration. 

Embryo morphology

For the present analysis we used data on embryo morphology scored on day 3 after follicle aspiration, 

but before biopsy (if applicable). Embryos were assessed for number and regularity of blastomeres, 

percentage of fragmentation and presence of multinucleated blastomeres. Embryos were given a 

score of 1 to 4 depending on the regularity of blastomeres, percentage of fragmentation and the 
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presence of multi-nucleated blastomeres; the highest score represented the best morphological 

features128. An embryo was considered a top embryo if the product of the number of blastomeres 

and the embryo score, i.e. the cumulative embryo score, exceeded 23; for instance an eight cell 

embryo with less than 20% fragmentation (score 3) had a cumulative embryo score of 24255. For each 

participant we only used data from the fi rst IVF cycle that resulted in follicle aspiration.

Statistics

We analysed the question whether parameters of ovarian reserve have a predictive value for embryo 

morphology on an oocyte and a patient level. We assessed the predictive value of parameters of 

ovarian reserve for (1) the chance that an oocyte will develop into a top embryo and (2) the chance 

that a patient has at least one top embryo on day 3 after follicle aspiration. We chose the outcome 

measure of top embryo as a refl ection of embryo morphology to enable dichotomous analysis 

of the data. We chose the outcome measure ‘at least one top embryo’ instead of the number of 

top embryos per woman, since the distribution of this variable was too skewed. We analysed fi ve 

parameters of ovarian reserve, i.e. AMH, FSH, inhibin B, AFC and the number of oocytes retrieved at 

follicle aspiration. Only patients with at least one retrieved oocyte at their fi rst follicle aspiration and 

with results of at least one ovarian reserve test were used for the analyses. 

We performed generalised estimating equations (GEE) to calculate the OR for an oocyte to develop 

into a top embryo; GEE takes the correlation between oocytes from the same patient into account. 

Next, we performed logistic regression analysis to calculate the OR for a patient having at least 

one top embryo on day 3 after follicle aspiration. In both analyses we calculated crude ORs and 

ORs adjusted for female age and total dose of rFSH (in IU), to correct for a possible infl uence of 

these values. Data were analysed with SPSS 16.0 (SPSS Inc., Chicago, IL, USA). A P-value < 0.05 was 

considered statistically signifi cant.

RESULTS

In total, 408 patients were included of which 395 proceeded to follicle aspiration. One or more 

oocytes were retrieved at the fi rst follicle aspiration in 388 patients. For 294 of them (75.8%), we 

had the results of at least one ovarian reserve test; these 294 women were included in the present 

analysis. 

Women without ovarian reserve test results did not diff er signifi cantly from women with ovarian 

reserve test results for age, number of oocytes retrieved or number and proportion of top embryos 

(data not shown). Median total rFSH dose was lower in the women without ovarian reserve test 

results (2100 vs 2400 IU, P<0.01). However, the range of total rFSH dose used by the women without 

ovarian reserve test results fell within the range of total rFSH dose used in the study population.
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In the study population the parameters of ovarian reserve related to each other as expected. The 

number of retrieved oocytes was statistically signifi cantly correlated to AMH (r = 0.59), AFC (r = 0.36), 

FSH (r = -0.33) and inhibin B (r = 0.24) (P-values all <0.001). 

Table I shows the basic characteristics of the study population. In total, 2386 oocytes were retrieved, 

of which 1568 fertilised (66.5%) and 295 developed into top embryos (12.4%). Table II shows the ORs 

of the fi ve ovarian reserve parameters for the chance that an oocyte will develop into a top embryo. 

We found no signifi cant relation between the ovarian reserve parameters and the chance of an 

oocyte developing into a top embryo. 

Table III shows the predictive value of the parameters of ovarian reserve for the chance that a patient 

will have at least one top embryo on the third day after follicle aspiration. Patients in the highest 

N Median
or number*

10th-90th percentiles
or percentage*

Patient characteristics

Age at oocyte retrieval (years) 294 38.0 35.8-40.2

Smoking 284 59 20.8%

Body mass index (kg/m2) 255 23.5 20.2-29.7

Main cause of infertility 294

�  Tubal 59 20.1%

�  Male 105 35.7%

�  Unknown 101 34.4%

�  Other 29 9.9%

Ovarian reserve tests

Anti-Müllerian hormone (μg/l) 284 1.21 0.31-3.47

Follicle stimulating hormone (IU/l) 285 8.27 5.44-14.32

Inhibine B (ng/l) 284 95 36-163

Antral follicle count 273 12 5-21

Number of retrieved oocytes 294 7 2-15

Treatment characteristics

Total dose recombinant FSH (IU) 294 2400 1500-4594

Duration of stimulation (days) 294 13 10-17

Mode of fertilisation 294

�  In vitro fertilisation 208 70.7%

�  Intracytoplasmic sperm injection 86 29.3%

At least one top embryo available 294 146 49.7%

Median number of top embryos 294 0 0-3

* For continuous variables median and 10th to 90th percentiles are presented; for categorical variables number and 
percentage are presented.

Table I. Patient and treatment characteristics
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quartile of AMH (>2.22 μg/l) had a signifi cantly higher chance of having at least one top embryo 

compared to patients in the lowest AMH quartile (<0.54 μg/l). After adjustment for rFSH dosage and 

age, this diff erence remained signifi cant (OR 2.51, 95% CI 1.22-5.17). For AFC we found comparable 

results: patients in the highest quartile of AFC (>15) had a signifi cantly higher chance of having at 

least one top embryo compared to patients in the lowest AFC quartile (<9), even after adjustment 

for rFSH dosage and age (OR 2.79, 95% CI 1.33-5.88). The number of retrieved oocytes was strongly 

Unadjusted OR OR adjusted for rFSH*
dose and age

N** OR 95% CI P-value OR 95% CI P-value
Anti-Müllerian hormone (μg/l) 2323
�  < 0.54 1.00 Ref - 1.00 Ref -
�  0.54 - 1.21 0.58 0.34 -1.00 0.05 0.57 0.33-0.98 0.04
�  1.22 - 2.22 1.02 0.61-1.69 0.94 0.98 0.59-1.63 0.95
�  > 2.22 0.82 0.51-1.32 0.41 0.77 0.47-1.27 0.31
Follicle stimulating hormone (IU/l) 2330
�  < 6.86 1.00 Ref - 1.00 Ref -
�  6.86 - 8.27 0.80 0.51-1.27 0.35 0.81 0.51-1.28 0.36
�  8.28 - 10.36 0.89 0.57-1.40 0.62 0.90 0.57-1.41 0.63
�  >10.36 0.82 0.47-1.41 0.46 0.85 0.47-1.53 0.59
Inhibin B (ng/l) 2323
�  < 67 1.00 Ref - 1.00 Ref -
�  67 - 94 1.23 0.75-2.02 0.42 1.22 0.74-2.02 0.43
�  95 – 130 1.28 0.79-2.06 0.32 1.26 0.78-2.03 0.35
�  >130 1.33 0.82-2.14 0.25 1.30 0.80-2.12 0.30
Antral follicle count 2219
�  < 9 1.00 Ref - 1.00 Ref -
�  9-12 0.68 0.39-1.17 0.16 0.67 0.39-1.16 0.15
�  13-15 0.94 0.57-1.54 0.80 0.91 0.55-1.53 0.73
�  >15 1.27 0.77-2.10 0.35 1.24 0.74-2.07 0.42
Number of retrieved oocytes 2386
�  < 5 1.00 Ref - 1.00 Ref -
�  5-7 0.88 0.50-1.54 0.64 0.86 0.49-1.51 0.60
�  8-11 0.69 0.41-1.17 0.17 0.65 0.39-1.09 0.11
�  >11 0.77 0.47-1.29 0.32 0.73 0.44-1.21 0.22
Age at oocyte retrieval (years) 2386
�  < 36.7 1.00 Ref -
�  36.8 - 37.9 0.89 0.54-1.47 0.65
�  38.0 – 39.4 0.84 0.53-1.33 0.46
�  > 39.4 1.01 0.65-1.58 0.96
Total dose of recombinant FSH (IU) 2386
�  < 1800 1.00 Ref -
�  1800-2374 1.43 0.90-2.25 0.13
�  2375-3300 1.37 0.88-2.14 0.16
�  > 3300 0.90 0.54-1.48 0.67

*rFSH = recombinant follicle stimulating hormone; ** N = number of oocytes. In these analyses the correlation 
between oocytes from the same patient was taken into account. The number of patients was equal to the 
number of patients described in Tables I and III.

Table II. Odds ratios for an oocyte to develop into a top embryo

�
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related to the chance of having at least one top embryo. Compared with the lowest quartile (<5 

oocytes), women in the three higher quartiles had a signifi cantly higher chance of having at least 

one top embryo. For the second quartile (5-7) the adjusted OR was 2.05 (95% CI 1.05-3.97), for the 

third quartile (8-11) it was 2.78 (1.40-5.52), and for the highest quartile (>11) it was 5.09 (2.43-10.63). 

DISCUSSION

In our study population of women of advanced reproductive age, ovarian reserve parameters 

had no signifi cant predictive value for the chance that an individual oocyte would develop into a 

morphologically top quality embryo. Higher values of anti-Müllerian hormone, antral follicle count 

and especially the number of retrieved oocytes did have predictive value for the chance that a 

patient would have at least one top embryo available for transfer, even after correction for female 

age and medication dose. 

The ovarian reserve of a woman at any moment in her fertile life span mainly depends on the 

number of follicles she is born with and the rate of atresia of those follicles throughout life 22. 

Based on studies that show a large agreement between the ages at menopause of mothers and 

daughters, it is assumed that genetic factors determine the size of the foetal follicle pool and its 

atresia rate31;33;35. Independent of the age-related decrease in follicle numbers, the increased rate of 

miscarriage and trisomic pregnancies with age may be caused by biological damage to the oocytes 

accumulating over the years57;61;67. The older a woman gets, the longer the exposure time and the 

larger the chance that individual oocytes become damaged. Other theories state that the processes 

of decreasing oocyte quantity and quality are in fact related. Physiological changes accompanying 

the depletion of the ovaries, such as an increase in FSH levels or impairment in ovarian blood 

fl ow, may hypothetically harm the residual oocytes64;65;68. Alternatively, the simple fact that fewer 

oocytes are present over the years may result in the selection of oocytes of lesser quality; if the 

absolute number of oocytes is limited, it is readily conceivable that in some cycles there may be no 

good quality oocytes available to choose from63;232. This latter hypothesis is in agreement with our 

fi ndings. The chance of having at least one top quality embryo decreased linearly with declining 

oocyte numbers. The fact that higher levels of AMH and AFC were also related to the availability of at 

least one top embryo is explained by the fact that AMH and AFC are positively related to the ovarian 

response in IVF treatment. 

Studies assessing the relation between oocyte quantity and quality are hampered by the lack 

of straightforward tests that can measure these entities directly. Determining the ‘true’ ovarian 

reserve by counting all follicles present in the ovaries is only possible by elaborate histological 

study following surgery. Ovarian reserve tests estimating oocyte quantity can be used in clinical 

practice, but have well-described drawbacks. For instance, FSH and inhibin B levels fl uctuate within 
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and between menstrual cycles, and increased FSH levels have more causes than decreased ovarian 

reserve alone75-77;194. AFC supposedly overestimates the total number of follicles in women with 

reduced ovarian reserve as a relatively larger proportion of follicles is recruited monthly19;107. AMH 

is the most promising ovarian reserve test with steady values throughout the natural cycle and an 

age-related decrease in longitudinal studies93;96;97;256. Both AMH and AFC are related to the ovarian 

response in IVF treatment111. The number of retrieved oocytes in conventional IVF has convincingly 

been shown to be related to the size of the remaining follicle pool; women with a poor ovarian 

response in IVF treatment are at increased risk of early menopausal transition and menopause109;110. 

However, the exact number of oocytes retrieved from the same woman during consecutive IVF cycles 

varies considerably. Taking into account the shortcomings of the parameters of ovarian reserve, we 

cannot exclude the possibility that we may have missed a subtle relation between ovarian reserve 

and embryo morphology in our study. 

An important advantage of our study was our population of women of 35-41 years of age, since the 

incidence of decreased ovarian reserve is higher in women of advanced reproductive age compared 

to the general IVF population. For instance, table III shows that one quarter of the participants had 

less than fi ve retrieved oocytes at follicle aspiration, which is a high number of low responders 

compared to the younger IVF population152. If a relation between ovarian reserve and embryo 

quality does exist, this is the proper population to fi nd it in. 

Compared to oocyte quantity, oocyte quality is a less well-defi ned term and as such even harder to 

estimate correctly. The oocyte has a key role in early embryo development, since the genome of the 

embryo is not activated before day 3 (the day of our morphological assessment) and development 

up to that point largely depends on proteins and RNA stored in the oocyte127. Therefore it seems 

reasonable to use embryo morphology as a refl ection of oocyte quality128. 

Another parameter suggested to refl ect oocyte quality is embryonic aneuploidy, since miscarriage 

rates and the incidence of children born with chromosomal abnormalities increase with age7;119. 

However, recent studies have shown that the chromosomal analysis of a single cell from a cleavage 

stage embryo does not refl ect the rest of the embryo. Because of this phenomenon, known as 

chromosomal mosaicism131;132;257, in our view blastomere biopsy and analysis are not a suitable 

parameter for representing oocyte quality. 

Ongoing pregnancy chances can be viewed as the main clinical parameter for oocyte quality, since 

diminished oocyte quality is held responsible for the lower pregnancy chances and increased 

miscarriage rates with age. However, systematic reviews show that ovarian reserve tests, such as 

FSH and AFC, have no clear predictive value for ongoing pregnancy after IVF72;134, whereas the 

number of oocytes retrieved in conventional IVF treatment has  been shown to be related to 

ongoing pregnancy chances. Women with a poor ovarian response to hyperstimulation have lower 

pregnancy chances than their peers with a normal response140;258. We found that AMH and AFC, but 

especially the number of retrieved oocytes were predictive for the chance of having at least one top 
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Unadjusted OR OR adjusted for 
rFSH* dose and age

N OR 95% CI P-value OR 95% CI P-value
Anti-Müllerian hormone (μg/l) 284
�  < 0.54 1.00 Ref - 1.00 Ref -
�  0.54 - 1.21 0.93 0.48-1.83 0.84 0.90 0.45-1.79 0.76
�  1.22 - 2.22 1.91 0.98-3.72 0.06 1.75 0.88-3.47 0.11
�  > 2.22 2.73 1.39-5.37 <0.01 2.51 1.22-5.17 0.01

Follicle stimulating hormone (IU/l) 285
�  < 6.86 1.00 Ref - 1.00 Ref -
�  6.86 - 8.27 1.03 0.53-1.98 0.94 1.05 0.54-2.03 0.89
�  8.28 - 10.36 1.26 0.65-2.44 0.50 1.31 0.67-2.57 0.43
�  >10.36 0.53 0.27-1.04 0.06 0.63 0.31-1.28 0.20
Inhibin B (ng/l) 284
�  < 67 1.00 Ref - 1.00 Ref -
�  67 - 94 1.06 0.55-2.05 0.87 1.02 0.52-1.99 0.95
�  95 - 130 1.49 0.77-2.88 0.24 1.33 0.68-2.61 0.41
�  >130 1.40 0.73-2.72 0.31 1.22 0.62-2.40 0.57
Antral follicle count 273
�  < 9 1.00 Ref - 1.00 Ref -
�  9-12 0.98 0.49-1.95 0.95 0.90 0.45-1.82 0.78
�  13-15 1.54 0.80-2.98 0.20 1.31 0.65-2.65 0.45
�  >15 3.15 1.54-6.44 <0.01 2.79 1.33-5.88 <0.01
Number of retrieved oocytes 294
�  < 5 1.00 Ref - 1.00 Ref -
�  5-7 2.10 1.09-4.05 0.03 2.05 1.05-3.97 0.03
�  8-11 2.90 1.50-5.62 <0.01 2.78 1.40-5.52 <0.01
�  >11 5.53 2.69-11.34 <0.01 5.09 2.43-10.63 <0.01
Age at oocyte retrieval (years) 294
�  < 36.7 1.00 Ref -
�  36.8 - 37.9 0.79 0.41-1.54 0.49
�  38.0 - 39.4 1.08 0.57-2.06 0.82
�  > 39.4 0.97 0.51-1.85 0.93
Total dose of recombinant FSH (IU) 294
�  < 1800 1.00 Ref -
�  1800-2374 1.19 0.61-2.34 0.61
�  2375-3300 1.36 0.71-2.62 0.35
�  > 3300      0.60 0.31-1.16 0.13

*rFSH = recombinant follicle stimulating hormone

Table III. Odds ratios of a patient having at least one top embryo

embryo available for transfer. Since our study shows that the chance that an oocyte will develop into 

a top quality embryo does not diff er between women with a normal or decreased ovarian reserve, 

the absolute number of top embryos solely depends on the number of oocytes retrieved. A woman 

with a poor response due to decreased ovarian reserve will have similar chances of having a top 

embryo as a woman with a ‘coincidental’ poor response, for instance due to relative underdosing 

of rFSH. This is in line with studies showing that all poor responders have low pregnancy chances 

regardless of whether they were expected or unexpected poor responders. The diff erence between 
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‘true’ poor responders and ‘coincidental’ poor responders lies in their perspectives: the chance that a 

‘true’ poor responder has another poor response with the associated low pregnancy chances in the 

next cycle is high compared to the ‘coincidental’ poor responder’s chance112;139;152. 

The relation between ovarian reserve and embryo morphology has been studied before148;166-169. 

None of these previous studies, however, combined a prospective design, large study population, 

use of multiple distinctive parameters of ovarian reserve, or the analysis of the relation at both oocyte 

and patient level. Our fi ndings are in accordance with previous studies on the subject by Lekamge 

et al., Ebner et al. and Lie Fong et al.148;166;167. They showed that, in conventional IVF treatment, AMH 

does not predict embryo morphology at oocyte level. De Sutter et al. found no diff erence in the 

proportion of embryos of good morphological quality between women with a low number of 

retrieved oocytes in conventional IVF (<5) compared to normal responders152. Silberstein et al. found 

that AMH, but not FSH, was associated with the morphological qualities of the embryos transferred; 

this is in line with our fi nding that the chance of having at least one morphologically top embryo is 

increased in women with higher AMH levels169. Smeenk et al. found no predictive value of various 

ovarian reserve tests for the morphology of transferred embryos168. However, a possible relation 

could well have been missed due to the size of their study population (N=80). Both Smeenk et al. 

and Silberstein et al. did not comment on the proportion of morphological top embryos in the total 

oocyte yield and the predictive value of the number of retrieved oocytes in embryo morphology. 

In conclusion, our study shows that parameters of ovarian reserve had no predictive value for the 

chance that an oocyte would develop into a top quality embryo. The higher the values of AMH, 

AFC and especially the number of oocytes retrieved, the higher the chance that at least one top 

embryo would be available for transfer. Our study indicates that the proportion of top embryos in 

conventional IVF treatment is not related to a woman’s ovarian reserve, but the absolute number is.
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Summary and general discussion

The primary aim of this research was to determine whether a woman’s remaining number of oocytes 

is related to the quality of those oocytes. To examine this relation, we studied associations between 

clinical parameters of oocyte quantity and oocyte quality. Secondly, if a clinical relation between 

oocyte quantity and quality was demonstrated, we aimed to add to the identifi cation of possible 

predictors for (future) fertility and trisomy risk. This chapter provides an overview of the main results 

of the studies conducted for this thesis and a discussion in which is refl ected on the two aims of the 

thesis, the possibilities for future research, and the current trend to postpone childbearing.

1. Summary of the fi ndings 

Chapter 2 describes a study assessing the relations between age and several endocrine and 

sonographic ovarian reserve tests in a prospective cohort of 474 subfertile ovulatory women. 

Specifi cally, we analysed which sizes of antral follicles were most closely correlated with age and the 

outcome of endocrine ovarian reserve tests. We found that the number of small antral follicles (2-6 

mm) declined with age; the number of larger follicles (7-10 mm) remained constant. Independent 

of age, the number of small follicles was statistically signifi cantly related to all the endocrine ovarian 

reserve tests used, including basal levels of follicle stimulating hormone (FSH) and inhibin B, the 

clomiphene citrate challenge test (CCCT), and inhibin B levels after stimulation with clomiphene 

citrate (P<0.001, except basal inhibin B P=0.005). The number of larger follicles was only statistically 

signifi cantly related to basal inhibin B levels (P=0.009). 

Chapter 3 aimed to determine whether ovarian reserve tests have predictive value for spontaneous 

pregnancy. Specifi cally, we assessed the added value of several ovarian reserve tests to previously 

identifi ed prognostic factors for spontaneous pregnancy in subfertile ovulatory couples. In 

a prospective cohort (described in Chapter 2) of 474 couples we determined antral follicle 

count (AFC), FSH, inhibin B (basal levels and after stimulation with clomiphene citrate) and the 

clomiphene citrate challenge test. For each couple, the probability of a spontaneous pregnancy 

was retrospectively calculated using the validated Hunault prediction model, which includes the 

main known prognostic factors for spontaneous pregnancy. Our outcome measure was time to 

spontaneous pregnancy resulting in a live birth. When added to the Hunault model, only basal FSH 

and AFC signifi cantly improved the prediction of spontaneous pregnancy (P-values 0.05 and 0.04). 

However, absolute changes in predicted probabilities after adding basal FSH or AFC were small: the 

predicted probability of spontaneous pregnancy shifted ≥10% in only 3.8% and 7.9% of the couples, 

implying that the clinical relevance of adding these tests is limited. 

Chapter 4 contains a sub analysis within the prospective cohort of subfertile ovulatory couples 

used in the previous two chapters. The objective of this study was to assess the predictive value of 

several ovarian reserve tests for miscarriage. Couples that achieved an ongoing pregnancy (N=233) 

were compared with couples experiencing miscarriage (N=72) on results of the ovarian reserve 
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tests and patient characteristics. None of the ovarian reserve tests evaluated, including AFC, FSH, 

inhibin B (basal levels and after stimulation with clomiphene citrate) and the clomiphene citrate 

challenge test, had a statistically signifi cant predictive value for the occurrence of miscarriage in this 

population of subfertile ovulatory women.

Chapter 5 describes a study in a nationwide retrospective cohort of Dutch women undergoing IVF 

treatment. The aim of the study was to assess whether women who conceived after a poor response 

to hyperstimulation (defi ned as an oocyte yield <4 oocytes) had an increased risk of miscarriage. 

Women who achieved an ongoing pregnancy after their fi rst completed IVF cycle (N=1468) were 

compared with those who experienced a miscarriage (N=357) with respect to their ovarian response. 

Logistic regression analysis showed an odds ratio for miscarriage associated with poor response of 

1.9 (95% confi dence interval 1.3-2.8; P= 0.001). Due to interaction, this association became stronger 

with increasing female age. Among women younger than 36 years of age, miscarriage rates between 

poor and normal responders did not diff er (20% vs. 17%; P=0.54), whereas among women of 36 

years and older, poor responders had a statistically signifi cant increased miscarriage rate compared 

to their peers with normal response (47% vs. 25%; P=0.001). 

Chapter 6 aimed to assess the relation between trisomic pregnancy and three parameters of oocyte 

quantity. In the same nationwide cohort described in Chapter 5, we identifi ed 28 women with a 

trisomic pregnancy conceived via, or within one year of, IVF treatment. We performed a case-control 

study to examine whether trisomy cases more often had a history of ovarian surgery and a lower 

response to ovarian hyperstimulation than age-matched controls. Subsequently, cases and controls 

were followed to compare the incidence of signs of menopause at the end of the study period as 

self-reported by questionnaire. Logistic regression analysis showed an association between trisomic 

pregnancy and a history of ovarian surgery (odds ratio (OR) 3.3; 95% confi dence interval (CI) 1.0-

10.5; P=0.04) and between trisomic pregnancy and retrieval of ≤4 oocytes during IVF treatment 

(OR 4.0; 95% CI 1.4-11.5; P=0.01). The adjusted OR for signs of menopause associated with trisomic 

pregnancy was 5.7 (95% CI 1.1-29.9; P=0.04).

Chapter 7 describes a prospective cohort study of 294 women aged 35-41 years undergoing their 

fi rst IVF treatment. The aim of the study was to assess the predictive value of fi ve ovarian reserve 

parameters, i.e. FSH, inhibin B, anti-Müllerian hormone (AMH), AFC and the number of retrieved 

oocytes, for embryo morphology. Our main outcome measure was a morphologically top quality 

embryo on day 3 of development. None of the ovarian reserve parameters had statistically 

signifi cant predictive value for the chance that an oocyte would develop into a morpho logically top 

quality embryo. The number of retrieved oocytes was strongly related with the chance of a patient 

having at least one top embryo. In addition, women with high AFC and AMH levels had one or more 

top embryos signifi cantly more often than women with low AFC or AMH levels.
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2. Refl ections on the clinical relation between oocyte quantity and quality

Our results show that several ovarian reserve tests, including FSH, inhibin B, CCCT and AFC, have no 

substantial predictive value for natural conception resulting in a live birth (Chapter 3) or miscarriage 

(Chapter 4) in a subfertile ovulatory population. This is in line with fi ndings from meta-analyses, 

that demonstrate no predictive value of these ovarian reserve tests for ongoing pregnancy after IVF 

treatment72;134. These fi ndings suggest that oocyte quantity and quality are not related to each other. 

In contrast to the ovarian reserve tests, the number of oocytes retrieved in IVF cycles with ovarian 

hyperstimulation has been shown to have predictive value for ongoing pregnancy: a poor response 

is highly predictive of low pregnancy chances112;139;140. In addition, the work reported in this thesis 

demonstrates that a low number of retrieved oocytes in IVF treatment is related to miscarriage 

(Chapter 5) and trisomic pregnancy (Chapter 6). These results suggest there is a relation between 

oocyte quantity and quality. The fi ndings that a history of ovarian surgery and signs of menopause 

are related to trisomic pregnancy (Chapter 6) further support a relation between oocyte quantity 

and quality. 

Thus, ovarian reserve tests do not clearly predict oocyte quality, whereas the ovarian response to 

hyperstimulation does. These observations might be explained by the nature of the ovarian reserve 

tests. As described in the Introduction (§3.2), the ovaries are capable of long maintaining a regular 

ovulatory cycle, even when both the number and the quality of the oocytes are already falling. 

The results from the endocrine ovarian reserve tests studied in this thesis are closely related to the 

number of small antral follicles (Chapter 2)88;90. Biologically, the results of these tests represent the 

quantity of functional granulosa cell tissue. Endocrine ovarian reserve tests may therefore represent 

granulosa cell function rather than the number of remaining oocytes. In line with this assumption 

is the fact that the only study that actually compared the results of endocrine ovarian reserve tests 

with the fi ndings at histological study of the ovaries failed to demonstrate a statistically signifi cant 

relation between the number of counted follicles and basal FSH, CCCT and a second dynamic 

ovarian reserve test, the GnRH agonist stimulation test102.

In addition, the antral follicle count supposedly overestimates the total number of follicles in women 

with a reduced ovarian reserve, as a relatively larger proportion of follicles is recruited monthly19;107. 

As the size of the total follicle pool is reduced, the proportion of visible growing follicles increases. 

In contrast to the ovarian reserve tests, for the ovarian response to IVF treatment actual oocytes 

are counted. The ovarian response to hyperstimulation may be the ‘dynamic ovarian reserve test’ 

that approaches the true ovarian reserve best. Since the fi ndings supporting a relation between 

oocyte quantity and quality in this thesis come from studies performed in IVF populations, caution 

is required when interpreting the results since IVF patients are unlikely to represent women of 

reproductive age in general.

After adjusting for the oocyte yield in IVF treatment, female age still plays an important role in 

predicting oocyte quality. Younger poor responders have better ongoing pregnancy chances than 
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their older counterparts139;140. This thesis shows a clear interaction of age with the relation between 

poor response and miscarriage: the predictive value of poor response for miscarriage increases with 

increasing female age (Chapter 5). These observations support the assumption that – next to oocyte 

quantity – age plays a vital role in determining the oocyte quality. 

It is also noteworthy that women with a poor response due to their decreased ovarian reserve and 

their peers with a ‘coincidental’ poor response have comparably low pregnancy chances in the 

IVF cycle that the oocytes are retrieved from112;139. The diff erences lie in their prospects: women 

with decreased ovarian reserve are more likely to have another poor response and thus again low 

pregnancy chances in following IVF cycles. In line with these fi ndings, the thesis demonstrates that 

the proportion of morphologically top quality embryos in IVF treatment is not aff ected by a woman’s 

ovarian reserve. This implies that, independent of the ovarian reserve, the number of top embryos 

is simply determined by the number of oocytes retrieved in that particular cycle (Chapter 7). The 

observations that a poor response to hyperstimulation is predictive of low pregnancy chances 

and a low number of top quality embryos, independent of whether the poor response is due to 

a decreased ovarian reserve or not, supports the hypothesis that the chance that a good quality 

oocyte is available decreases if there are fewer oocytes to choose from.

In conclusion, ovarian reserve tests have no substantial predictive value for oocyte quality, but 

the ovarian response to hyperstimulation has. A low response to hyper stimulation is predictive of 

low oocyte quality, independent of whether the low response is due to decreased ovarian reserve 

or not. In addition to the oocyte yield, the woman’s age plays an important role in predicting her 

oocyte quality. 

3. Refl ections on possible predictors for (future) fertility and trisomy risk

The studies reported in this thesis did not reveal possible predictors for (future) fertility and trisomy 

risk that are generally applicable. Ovarian reserve tests, including FSH, inhibin B, CCCT and AFC, 

have not shown substantial predictive value for ongoing pregnancy in subfertile (this thesis) 

or IVF-treated populations72;134. Further evaluation of the use of these tests for the prediction of 

future fertility is therefore not advocated. The predictive value of ovarian reserve tests for the risk 

of a trisomic pregnancy was not assessed in the current thesis. The few studies performed on this 

subject, as described in the Introduction (§5.3), show confl icting results. Future research is needed 

to reveal whether ovarian reserve tests have predictive value for the risk of trisomic pregnancy or 

not; an example of how this can be done is described below in §4.4.

In this thesis, an increased miscarriage rate was demonstrated in women with a poor response 

to ovarian hyperstimulation in IVF treatment, which is in line with the known association of 

poor response and lower ongoing pregnancy chances112;139;140. This implies that the ovarian 
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response may be a useful predictor for future fertility. In a prospective cohort of 222 IVF-treated 

women, Hendriks et al. showed that a model including female age and the oocyte yield in the 

fi rst IVF cycle, had statistically signifi cant predictive value for ongoing pregnancy chances in 

two following IVF cycles139. In addition, poor responders were classifi ed as ‘expected’ (signs of 

decreased ovarian reserve) and ‘unexpected’ (no signs of decreased ovarian reserve) based 

on the results of three ovarian reserve tests (FSH, inhibin B and AFC). Adding the type of poor 

response further refi ned the model: unexpected poor responders had similar future pregnancy 

chances compared to their peers with a normal response, whereas expected poor responders 

had poor prospects of pregnancy, even more so if they were of advanced reproductive age. 

Two other studies demonstrated comparable results using FSH112 or CCCT259 to identify the type 

of poor response. The model proposed by Hendriks et al. has not yet been validated in a larger 

cohort.

A history of ovarian surgery and low response to IVF treatment (<5 oocytes) were associated with an 

increased risk of a trisomic pregnancy (Chapter 5). In line with our fi ndings, one small case-control 

study also demonstrated that women with a child with trisomy 21 had a history of ovarian surgery 

or congenital absence of an ovary signifi cantly more often than controls164. The relation between 

ovarian response to hyperstimulation in IVF treatment and trisomic risk has not been studied before. 

Our fi ndings suggest that a history of ovarian surgery and the response to IVF treatment may add 

to the risk estimate of having a trisomic pregnancy, although these factors are only of relevance for 

a small part of the population of reproductive women. Confi rmation of our fi ndings is needed and 

the exact change in risk of trisomic pregnancy should be determined before these variables can be 

applied in clinical practice (see also §4.3). 

4. Future research

The aim of this thesis was to determine whether a woman’s remaining number of oocytes is related 

to their quality and if so, to add to the identifi cation of possible predictors for (future) fertility and 

trisomy risk. In future work addressing these questions, animal studies and basic laboratory research 

on oocytes and embryos will play a vital role in elucidating the various processes of ovarian ageing. 

But also for the clinician, there are still many other issues for further research on this subject: several 

possibilities are given below. Outside the scope of this thesis, but obviously of profound interest, 

is the fact that increasing knowledge about reproductive ageing processes may eventually lead to 

tools for conserving fertility.

4.1 End of fertility and age at natural menopause

The fundamental question in clinical research on the relation between oocyte quantity and quality 

is whether the interval between the end of fertility and the onset of menopause in a woman is 

fi xed or not. This issue can only be studied in populations not using contraceptives, such as isolated 
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populations or strictly religious groups, which are self-evidently hard to approach. Demographers 

with access to these populations could collect data on childbirth and menopause in a longitudinal 

study design. Another option would be to retrospectively collect data on menopause and age of 

last childbirth in all women of, for instance, 60 years or older. The latter approach is, however, prone 

to reporting bias. 

4.2 Genes and the onset of natural menopause 

Genome-wide association studies are being conducted to unravel the genetics of age at menopause. 

In these studies the phenotype of the participants is of crucial importance. This is true not only for 

the timing of menopause itself, which is complicated by the use of oral contraceptives and hormonal 

replacement therapy, for instance, but also for confounding factors such as smoking. If, indeed, age 

at menopause and the end of fertility are related, the ‘genetic menopausal profi le’ of a woman could 

have predictive value for her future fertility. Ideally, this genetic profi le would be integrated into a 

fertility prediction model including several prognostic factors. Women with a likely early reduction 

in fertility might adjust their views on family planning and decide not to postpone motherhood. 

However, the development and especially the validation of such a model will be complex.

4.3 Confi rmation of the observed association of ovarian response in IVF treatment and a history of 

ovarian surgery with the risk of trisomic pregnancy

The fi ndings from this thesis suggest that the response to IVF treatment and a history of ovarian 

surgery may add to the risk estimate of having a trisomic pregnancy. Our results need confi rmation 

in a diff erent, and preferably larger, IVF cohort. In collaboration with a Danish research group we 

are currently exploring the options for this. The extensive and high quality medical registries in the 

Nordic countries may provide the opportunity to link response to IVF treatment and previous ovarian 

surgery to the outcome of pregnancy on a larger scale. If our initial observations are confi rmed, the 

second step would be to determine the exact change in risk of trisomic pregnancy for both ovarian 

response (IVF population) and a history of ovarian surgery (IVF population and general population). 

Since a recognised trisomic pregnancy is a relatively infrequent event, prospective studies on the 

relation between ovarian reserve and trisomic pregnancy are time consuming. In the north of 

the Netherlands, data from all women undergoing ultrasound examination any time during their 

pregnancy are now registered. At present, the possibility of adding information on previous ovarian 

surgery to this registry is being explored; in this manner we would, in due course, be able to assess 

the relation between a history of ovarian surgery and the outcome of pregnancy in the general 

fertile population.

4.4 Complementary studies on the relation between ovarian reserve and the risk of trisomic pregnancy

If a reduced ovarian reserve does in fact increase the risk of a trisomic pregnancy, the addition of 

a generally applicable measure for ovarian reserve may refi ne the risk estimate, which is currently 
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based on age and, if performed, on serum screening and measurement of nuchal translucency in 

the fi rst trimester of pregnancy. Compared to other ovarian reserve tests, AMH seems to refl ect the 

gradual decrease in ovarian reserve with age best, including in the general fertile population (see 

also Introduction, §3.2 and Figure 9)91-95. One case-control study showed no statistically signifi cant 

relation between AMH serum levels in the fi rst trimester of pregnancy and trisomy 21 in the 

foetus (N=25 cases), but with such a small sample size, a more subtle relation of AMH and trisomic 

pregnancy could have been missed160. We are currently working on a larger case-control study to 

assess the relation between AMH serum levels in the fi rst trimester and trisomic pregnancy.

A diff erent approach for studying the relation between ovarian reserve and trisomic pregnancy is to 

assess the relation between trisomic pregnancy and future age at menopause. Two studies on this 

subject demonstrated a non-signifi cant decrease in age at menopause in women with a history of 

trisomic pregnancy compared to controls155;156 (see also Introduction, §5.3). To further elucidate this 

issue we are currently involved in a follow-up study of mothers of a child with Down syndrome and 

controls, initiated by researchers at the Division of Reproductive Medicine, Vrije Universiteit Medical 

Center, Amsterdam. 

4.5 The infl uence of ovarian surgery on reproductive lifespan

Iatrogenic loss of ovarian reserve due to ovarian surgery cannot readily be compared with age-

related loss of ovarian reserve. Remarkably, the relation between ovarian surgery and age at 

menopause has hardly ever been studied. Our group aims to assess the chances of IVF-related 

ongoing pregnancy, miscarriage and early menopause in women with a history of ovarian surgery 

and in controls, using the OMEGA database described in Chapters 5 and 6. 

5. Refl ections on the postponement of childbearing

The increased age of childbearing in Western societies is the main reason for the current interest 

in the phenomenon of female reproductive ageing. Dutch women have a mean age at the birth of 

the fi rst child of 29.4 years, which gives them the questionable honour of being among the world 

leaders in this respect5. A report by the Dutch Council for Public Health and Health Care in 2007 

described the main reported reasons for the postponement of childbearing260. Before starting a 

family, both men and women stated they wanted to have completed their education, started and 

preferably secured their careers, exploited their freedom, achieved a fi nancially stable situation and 

have adequate housing. Not having a stable partner during the years of optimal fertility is also a 

major reason to postpone parenthood: for most men and women a stable relationship is the basis 

for starting a family. Diff erences between men’s and women’s views also play a vital role: when 

women are ready to start a family it takes them, on average, one to two years to convince their 

partners. Although many women proclaim that an equal division between both partners in the 

care for their children is ideal, in the Netherlands women still generally play the major role in the 
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children’s upbringing and work fewer hours outside the home. This prospect of ‘taking a step back’ 

deters them from early motherhood. Moreover, having children after the age of 30 seems to have 

clear advantages for the mother’s social and fi nancial position.

The report further states that the government and the medical branch have an important role in 

educating the public, both men and women, on the risks associated with postponing childbearing 260. 

The awareness of the possible consequences of such a delay is already increasing, although many 

people do not realise that the increased risks apply from age 30 years onwards. An essential role 

for the government lies in simplifying the combination of work and childcare for both men and 

women, especially since mothers in the Netherlands work fewer hours than most of their European 

counterparts. Measures to help combine having a career and a family could slightly infl uence 

the maternal age at childbirth, but are also vital in the light of the general ageing population. 

The younger generations will have to provide for an extensive number of elderly people and the 

government will need the women of reproductive age both to have children and a substantial job 

outside the home.

Not having a partner during the reproductive years is one of the most under-exposed reasons for 

involuntary childlessness; this may be true for both men and women. The Academic Medical Center 

in Amsterdam recently off ered single women around the age of 35 years the opportunity to freeze 

some tens of oocytes in order to possibly preserve their fertility options. A public debate has now 

been started on this subject. 

The good news is that the trend to postpone parenthood and the decreasing number of children 

born per woman in the most developed countries seems to have reached a halt261. In the Netherlands, 

the average maternal age of 29.4 years at the birth of the fi rst child has been the same for the past 

5 years5. And fortunately, most couples who want to start a family at or after this age do succeed in 

doing so. To only illustrate worst-case scenarios would thus be an exaggeration. But having said this, 

the suff ering of those couples on the wrong side of the line should not to be underestimated. Being 

dependent on fertility treatment is burdensome; involuntary childlessness is a private disaster. If 

women with a likely early reduction in fertility could be identifi ed and warned in good time, this 

may be regarded as a substantial benefi t of knowledge on reproductive ageing.



References



116

References



117

References

1. United Nations. Populations and women. Report number ST/ESA/SER.R/130. New York, USA: United 
Nations, 1996.   

2. Leridon H. Demographic eff ects of the introduction of steroid contraception in developed countries. Hum 
Reprod Update 2006;12:603-16.

3. Billari F, Liefbroer AC, Philipov D. The postponement of childbearing in Europe: driving forces and 
implications. In: Vienna Yearbook of Population Research 2006. Vienna, Austria: Vienna Institute of 
Demography, 2006, 1-17. 

4. Bryant J. Theories of fertility decline and the evidence from development indicators. Population and 
Development Review 2007;33:101.

5. Dutch National Institute for Statistics. Website: statline.cbs.nl.  

6. Van Agtmaal-Wobma E, Van Huis M. De relatie tussen vruchtbaarheid en opleidingsniveau van de vrouw. 
Bevolkingstrends 2008;2:32-41.   

7. Baird DT, Collins J, Egozcue J, Evers LH, Gianaroli L, Leridon H, et al. Fertility and ageing. Hum Reprod 
Update 2005;11:261-76.

8. Te Velde ER, Pearson PL. The variability of female reproductive ageing. Hum Reprod Update 2002;8:141-54.

9. Lutz W, O’Neill BC, Scherbov S. Demographics. Europe’s population at a turning point. Science 
2003;299:1991-2.

10. Wilson C. Fertility below replacement level. Science 2004;304:207-8.

11. Berkowitz GS, Skovron ML, Lapinski RH, Berkowitz RL. Delayed childbearing and the outcome of pregnancy. 
New Engl J Med 1990;322:659-64.

12. Cleary-Goldman J, Malone FD, Vidaver M, Ball RH, Nyberg DA, Comstock CH, et al. Impact of maternal age 
on obstetric outcome. Obstet Gynecol 2005;105:983-90.

13. Joseph KS, Allen AC, Dodds L, Turner LA, Scott H, Liston R. The perinatal eff ects of delayed childbearing. 
Obstet Gynecol 2005;105:1410-8.

14. Kuhnert B, Nieschlag E. Reproductive functions of the ageing male. Hum Reprod Update 2004;10:327-39.

15. Block E. Quantitative morphological investigations of the follicular system in women; variations at diff erent 
ages. Acta Anat (Basel) 1952;14:108-23.

16. Peters H. Migration of gonocytes into mammalian gonad and their Diff erentiation. Philosophical 
Transactions of the Royal Society of London Series B-Biological Sciences 1970;259:91.

17. Johnson J, Canning J, Kaneko T, Pru JK, Tilly JL. Germline stem cells and follicular renewal in the postnatal 
mammalian ovary. Nature 2004;430:1062.

18. Baker TG. A quantitative and cytological study of germ cells in human ovaries. Proc R Soc Lond B Biol Sci 
1963;158:417-33.

19. Gougeon A, Ecochard R, Thalabard JC. Age-related changes of the population of human ovarian follicles: 
increase in the disappearance rate of non-growing and early-growing follicles in aging women. Biol 
Reprod 1994;50:653-63.

20. Markstrom E, Svensson EC, Shao R, Svanberg B, Billig H. Survival factors regulating ovarian apoptosis - 
dependence on follicle diff erentiation. Reproduction 2002;123:23-30.

21. Faddy MJ, Gosden RG, Gougeon A, Richardson SJ, Nelson JF. Accelerated disappearance of ovarian follicles 
in mid-life: implications for forecasting menopause. Hum Reprod 1992;7:1342-6.

22. Hansen KR, Knowlton NS, Thyer AC, Charleston JS, Soules MR, Klein NA. A new model of reproductive aging: 
the decline in ovarian non-growing follicle number from birth to menopause. Hum Reprod 2008;23:699-
708.

23. Faddy MJ, Gosden RG. A model conforming the decline in follicle numbers to the age of menopause in 
women. Hum Reprod 1996;11:1484-6.



118

References

24. Richardson SJ, Senikas V, Nelson JF. Follicular depletion during the menopausal transition - Evidence for 
accelerated loss and ultimate exhaustion. J Clin Endocr Metab 1987;65:1231-7.

25. Bengtsson C, Lindquist O, Redvall L. Menstrual status and menopausal age of middle-aged Swedish 
women - A population study of women in Göteborg 1968-69 and 1974-75. Acta Obstet Gynecol Scand 
1981;60:269-75.

26. Hagstad A, Johansson S, Wilhelmsson C, Janson PO. Gynaecology of middle-aged women--menstrual and 
reproductive histories. Maturitas 1985;7:99-113.

27. Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T, Fahey M, et al. European prospective investigation into cancer 
and nutrition (EPIC): study populations and data collection. Public Health Nutrition 2002;5:1113-24.

28. Van Noord PAH, Dubas JS, Dorland M, Boersma H, Te Velde E. Age at natural menopause in a population-
based screening cohort: The role of menarche, fecundity, and lifestyle factors. Fertil Steril 1997;68:95-102.

29. De Bruin JP, Bovenhuis H, Van Noord PA, Pearson PL, Van Arendonk JA, Te Velde ER, et al. The role of genetic 
factors in age at natural menopause. Hum Reprod 2001;16:2014-8.

30. Murabito JM, Yang Q, Fox C, Wilson PW, Cupples LA. Heritability of age at natural menopause in the 
Framingham Heart Study. J Clin Endocrinol Metab 2005;90:3427-30.

31. Van Asselt KM, Kok HS, Pearson PL, Dubas JS, Peeters PH, Te Velde ER, et al. Heritability of menopausal age 
in mothers and daughters. Fertil Steril 2004;82:1348-51.

32. He C, Kraft P, Chen C, Buring JE, Pare G, Hankinson SE, et al. Genome-wide association studies identify loci 
associated with age at menarche and age at natural menopause. Nat Genet 2009, epub ahead of print.

33. Kok HS, Van Asselt KM, Van der Schouw YT, Peeters PH, Wijmenga C. Genetic studies to identify genes 
underlying menopausal age. Hum Reprod Update 2005;11:483-93.

34. Murabito JM, Yang Q, Fox CS, Cupples LA. Genome-wide linkage analysis to age at natural menopause in a 
community-based sample: the Framingham Heart Study. Fertil Steril 2005;84:1674-9.

35. Stolk L, Zhai G, Van Meurs JB, Verbiest MM, Visser JA, Estrada K, et al. Loci at chromosomes 13, 19 and 20 
infl uence age at natural menopause. Nat Genet 2009, epub ahead of print.

36. Cohen LE. Cancer treatment and the ovary: the eff ects of chemotherapy and radiation. Ann N Y Acad Sci 
2008;1135:123-5.

37. De Bruin ML, Van Dulmen-Den Broeder E, Van den Berg MH, Lambalk CB. Fertility in female childhood 
cancer survivors. Endocr Dev 2009;15:135-58.

38. Kato I, Toniolo P, Akhmedkhanov A, Koenig KL, Shore R, Zeleniuch-Jacquotte A. Prospective study of factors 
infl uencing the onset of natural menopause. J Clin Epidemiol 1998;51:1271-6.

39. Kinney A, Kline J, Levin B. Alcohol, caff eine and smoking in relation to age at menopause. Maturitas 
2006;54:27-38.

40. Bouchard G. Family Reproduction in New Rural-Areas - Outline of A North-American Model. Canadian 
Historical Review 1994;75:475-510.

41. O’Connor KA, Holman DJ, Wood JW. Declining fecundity and ovarian ageing in natural fertility populations. 
Maturitas 1998;30:127-36.

42. Abma JC, Chandra A, Mosher WD, Peterson LS, Piccinino LJ. Fertility, family planning, and women’s health: 
new data from the 1995 National Survey of Family Growth. Vital Health Stat 1997;23:1-114.

43. Treloar AE, Boynton RE, Behn BG, Brown BW. Variation of the human menstrual cycle through reproductive 
life. Int J Fertil 1967;12:77-126.

44. Schwartz D, Mayaux MJ. Female fecundity as a function of age: results of artifi cial insemination in 2193 
nulliparous women with azoospermic husbands. Federation CECOS. N Engl J Med 1982;306:404-6.

45. Van Noord-Zaadstra BM, Looman CW, Alsbach H, Habbema JD, Te Velde ER, Karbaat J. Delaying childbearing: 
eff ect of age on fecundity and outcome of pregnancy. BMJ 1991;302:1361-5.



119

References

46. Centers for Disease Control and Prevention. Assisted Reproductive Technology Success Rates: National 
Summary and Fertility Clinic Reports. Website: http://apps.nccd.cdc.gov/ART.

47. National Institute for Health and Clinical Excellence. Fertility assessment and treatment for people with 
fertility problems.  London, UK: NICE, 2004. 

48. Nyboe Andersen A, Goossens V, Bhattacharya S, Ferraretti AP, Kupka MS, De Mouzon J, et al. Assisted 
reproductive technology and intrauterine inseminations in Europe, 2005: results generated from European 
registers by ESHRE. The European IVF Monitoring Programme (EIM), for the European Society of Human 
Reproduction and Embryology (ESHRE). Hum Reprod 2009;24:1267-87.

49. Templeton A, Morris JK, Parslow W. Factors that aff ect outcome of in-vitro fertilisation treatment. Lancet 
1996;348:1402-6.

50. Hassold T, Chiu D. Maternal age-specifi c rates of numerical chromosome abnormalities with special 
reference to trisomy. Hum Genet 1985;70:11-7.

51. Hassold T, Hunt P. To err (meiotically) is human: the genesis of human aneuploidy. Nat Rev Genet 
2001;2:280-91.

52. Battaglia DE, Goodwin P, Klein NA, Soules MR. Infl uence of maternal age on meiotic spindle assembly in oocytes 
from naturally cycling women. Hum Reprod 1996;11:2217-22.

53. Hunt PA, Hassold TJ. Human female meiosis: what makes a good egg go bad? Trends Genet 2008;24:86-93.

54. Kuliev A, Cieslak J, Verlinsky Y. Frequency and distribution of chromosome abnormalities in human oocytes. 
Cytogenet Genome Res 2005;111:193-8.

55. Pellestor F, Anahory T, Hamamah S. Eff ect of maternal age on the frequency of cytogenetic abnormalities 
in human oocytes. Cytogenet Genome Res 2005;111:206-12.

56. Delhanty JD. Mechanisms of aneuploidy induction in human oogenesis and early embryogenesis. 
Cytogenet Genome Res 2005;111:237-44.

57. Eichenlaub-Ritter U. Genetics of oocyte ageing. Maturitas 1998;30:143-69.

58. Allen EG, Freeman SB, Druschel C, Hobbs CA, O’Leary LA, Romitti PA, et al. Maternal age and risk for trisomy 
21 assessed by the origin of chromosome nondisjunction: a report from the Atlanta and National Down 
Syndrome Projects. Hum Genet 2009;125:41-52.

59. Lamb NE, Sherman SL, Hassold TJ. Eff ect of meiotic recombination on the production of aneuploid gametes 
in humans. Cytogenet Genome Res 2005;111:250-5.

60. Sherman SL, Petersen MB, Freeman SB, Hersey J, Pettay D, Taft L, et al. Non-disjunction of chromosome 21 in 
maternal meiosis I: evidence for a maternal age-dependent mechanism involving reduced recombination. 
Hum Mol Genet 1994;3:1529-35. 

61. Tarin JJ. Aetiology of age-associated aneuploidy: a mechanism based on the ‘free radical theory of ageing’. 
Hum Reprod 1995;10:1563-5.

62. Volarcik K, Sheean L, Goldfarb J, Woods L, Abdul-Karim FW, Hunt P. The meiotic competence of in-vitro 
matured human oocytes is infl uenced by donor age: evidence that folliculogenesis is compromised in the 
reproductively aged ovary. Hum Reprod 1998;13:154-60.

63. Warburton D. The eff ect of maternal age on the frequency of trisomy: change in meiosis or in utero 
selection? Prog Clin Biol Res 1989;311:165-81.

64. Dursun P, Gultekin M, Yuce K, Ayhan A. What is the underlying aneuploidy associated cause of with 
increasing maternal age? Is it associated with elevated levels of gonadotropins? Medical Hypotheses 
2005;66:143-7.

65. McTavish KJ, Jimenez M, Walters KA, Spaliviero J, Groome NP, Themmen AP, et al. Rising follicle-stimulating 
hormone levels with age accelerate female reproductive failure. Endocrinology 2007;148:4432-9.



120

References

66. Roberts R, Iatropoulou A, Ciantar D, Stark J, Becker DL, Franks S, et al. Follicle-stimulating hormone aff ects 
metaphase I chromosome alignment and increases aneuploidy in mouse oocytes matured in vitro. Biol 
Reprod 2005;72:107-18.

67. Gaulden ME. Maternal age eff ect: the enigma of Down syndrome and other trisomic conditions. Mutat Res 
1992;296:69-88.

68. Van Blerkom J, Antczak M, Schrader R. The developmental potential of the human oocyte is related to the 
dissolved oxygen content of follicular fl uid: association with vascular endothelial growth factor levels and 
perifollicular blood fl ow characteristics. Hum Reprod 1997;12:1047-55.

69. Henderson SA, Edwards RG. Chiasma frequency and maternal age in mammals. Nature 1968;218:22-8.

70. Soules MR, Sherman S, Parrott E, Rebar R, Santoro N, Utian W, et al. Executive summary: Stages of 
Reproductive Aging Workshop (STRAW). Fertil Steril 2001;76:874-8.

71. Den Tonkelaar I, Te Velde ER, Looman CW. Menstrual cycle length preceding menopause in relation to age 
at menopause. Maturitas 1998;29:115-23.

72. Broekmans FJ, Kwee J, Hendriks DJ, Mol BW, Lambalk CB. A systematic review of tests predicting ovarian 
reserve and IVF outcome. Hum Reprod Update 2006;12:685-718.

73. Bukman A, Heineman MJ. Ovarian reserve testing and the use of prognostic models in patients with 
subfertility. Hum Reprod Update 2001;7:581-90.

74. De Koning CH, McDonnell J, Themmen AP, De Jong FH, Homburg R, Lambalk CB. The endocrine and 
follicular growth dynamics throughout the menstrual cycle in women with consistently or variably 
elevated early follicular phase FSH compared with controls. Hum Reprod 2008;23:1416-23.

75. Scott RT Jr, Hofmann GE, Oehninger S, Muasher SJ. Intercycle variability of day 3 follicle-stimulating 
hormone levels and its eff ect on stimulation quality in in vitro fertilization. Fertil Steril 1990;54:297-302.

76. De Koning CH, Popp-Snijders C, Martens F, Lambalk CB. Falsely elevated follicle-stimulating hormone 
levels in women with regular menstrual cycles due to interference in immunoradiometric assay. J Assist 
Reprod Genet 2000;17:457-9.

77. De Koning CH, Benjamins T, Harms P, Homburg R, Van Montfrans JM, Gromoll J, et al. The distribution of 
FSH receptor isoforms is related to basal FSH levels in subfertile women with normal menstrual cycles. 
Hum Reprod 2006;21:443-6.

78. Schipper I, De Jong FH, Fauser BC. Lack of correlation between maximum early follicular phase serum 
follicle stimulating hormone concentrations and menstrual cycle characteristics in women under the age 
of 35 years. Hum Reprod 1998;13:1442-8.

79. Van Zonneveld P, Scheff er GJ, Broekmans FJ, Te Velde ER. Hormones and reproductive aging. Maturitas 
2001;38:83-91.

80. Burger HG, Hale GE, Robertson DM, Dennerstein L. A review of hormonal changes during the menopausal 
transition: focus on fi ndings from the Melbourne Women’s Midlife Health Project. Hum Reprod Update 
2007;13:559-65.

81. Nader S, Berkowitz AS. Use of the hormonal response to clomiphene citrate as an endocrinological 
indicator of ovarian ageing. Hum Reprod 1991;6:931-3.

82. Scott RT, Leonardi MR, Hofmann GE, Illions EH, Neal GS, Navot D. A prospective evaluation of clomiphene 
citrate challenge test screening of the general infertility population. Obstet Gynecol 1993;82:539-44.

83. Hannoun A, Abu MA, Awwad J, Kaspar H, Khalil A. Clomiphene citrate challenge test: cycle to cycle 
variability of cycle day 10 follicle stimulating hormone level. Clin Exp Obstet Gynecol 1998;25:155-6.

84. Kwee J, Schats R, McDonnell J, Lambalk CB, Schoemaker J. Intercycle variability of ovarian reserve tests: 
results of a prospective randomized study. Hum Reprod 2004;19:590-5.

85. De Vet A, Laven JS, De Jong FH, Themmen AP, Fauser BC. Anti-Müllerian hormone serum levels: a putative 
marker for ovarian aging. Fertil Steril 2002;77:357-62.



121

References

86. Fanchin R, Schonauer LM, Righini C, Guibourdenche J, Frydman R, Taieb J. Serum anti-Müllerian hormone 
is more strongly related to ovarian follicular status than serum inhibin B, estradiol, FSH and LH on day 3. 
Hum Reprod 2003;18:323-7.

87. Durlinger AL, Gruijters MJ, Kramer P, Karels B, Kumar TR, Matzuk MM, et al. Anti-Müllerian hormone 
attenuates the eff ects of FSH on follicle development in the mouse ovary. Endocrinology 2001;142:4891-9.

88. Fanchin R, Louafi  N, Mendez Lozano DH, Frydman N, Frydman R, Taieb J. Per-follicle measurements 
indicate that anti-Müllerian hormone secretion is modulated by the extent of follicular development and 
luteinization and may refl ect qualitatively the ovarian follicular status. Fertil Steril 2005;84:167-73.

89. Gruijters MJ, Visser JA, Durlinger AL, Themmen AP. Anti-Müllerian hormone and its role in ovarian function. 
Mol Cell Endocrinol 2003;211:85-90.

90. Weenen C, Laven JS, Von Bergh AR, Cranfi eld M, Groome NP, Visser JA, et al. Anti-Müllerian hormone 
expression pattern in the human ovary: potential implications for initial and cyclic follicle recruitment. Mol 
Hum Reprod 2004;102:77-83.

91. La Marca A, De Leo V, Giulini S, Orvieto R, Malmusi S, Giannella L, et al. Anti-Müllerian hormone in 
premenopausal women and after spontaneous or surgically induced menopause. J Soc Gynecol Investig 
2005;12:545-8.

92. Lee MM, Donahoe PK, Hasegawa T, Silverman B, Crist GB, Best S, et al. Müllerian inhibiting substance in 
humans: normal levels from infancy to adulthood. J Clin Endocrinol Metab 1996;81:571-6.

93. Van Rooij IA, Broekmans FJ, Scheff er GJ, Looman CW, Habbema JD, De Jong FH, et al. Serum anti-Müllerian 
hormone levels best refl ect the reproductive decline with age in normal women with proven fertility: a 
longitudinal study. Fertil Steril 2005;83:979-87.

94. Van Rooij I, Den Tonkelaar I, Broekmans FJ, Looman CW, Scheff er GJ, De Jong FH, et al. Anti-Müllerian 
hormone is a promising predictor for the occurrence of the menopausal transition. Menopause 
2004;11:601-6.

95. Van Disseldorp J, Faddy MJ, Themmen AP, De Jong FH, Peeters PH, Van der Schouw YT, et al. Relationship of 
serum anti-Müllerian hormone concentration to age at menopause. J Clin Endocrinol Metab 2008;93:2129-
34.

96. Hehenkamp WJ, Looman CW, Themmen AP, De Jong FH, Te Velde ER, Broekmans FJ. Anti-Müllerian 
hormone levels in the spontaneous menstrual cycle do not show substantial fl uctuation. J Clin Endocrinol 
Metab 2006;91:4057-63.

97. La Marca A, Stabile G, Artenisio AC, Volpe A. Serum anti-Müllerian hormone throughout the human 
menstrual cycle. Hum Reprod 2006;21:3103-7.

98. Hale GE, Zhao X, Hughes CL, Burger HG, Robertson DM, Fraser IS. Endocrine features of menstrual cycles 
in middle and late reproductive age and the menopausal transition classifi ed according to the Staging of 
Reproductive Aging Workshop (STRAW) staging system. J Clin Endocrinol Metab 2007;92:3060-7.

99. Hurwitz JM, Santoro N. Inhibins, activins, and follistatin in the aging female and male. Semin Reprod Med 
2004;22:209-17.

100. Miro F, Parker SW, Aspinall LJ, Coley J, Perry PW, Ellis JE. Sequential classifi cation of endocrine stages during 
reproductive aging in women: the FREEDOM study. Menopause 2005;12:281-90.

101. Sowers MR, Eyvazzadeh AD, McConnell D, Yosef M, Jannausch ML, Zhang D, et al. Anti-Müllerian hormone 
and inhibin B in the defi nition of ovarian aging and the menopause transition. J Clin Endocrinol Metab 
2008;93:3478-83.

102. Gülekli B, Bulbul Y, Onvural A, Yorukoglu K, Posaci C, Demir N, et al. Accuracy of ovarian reserve tests. Hum 
Reprod 1999;14:2822-6.

103. Gougeon A, Chainy GB. Morphometric studies of small follicles in ovaries of women at diff erent ages. J 
Reprod Fertil 1987;81:433-42.



122

References

104. Broekmans FJ, Faddy MJ, Scheff er G, Te Velde ER. Antral follicle counts are related to age at natural fertility 
loss and age at menopause. Menopause 2004;11:607-14.

105. Muttukrishna S, McGarrigle H, Wakim R, Khadum I, Ranieri DM, Serhal P. Antral follicle count, anti-müllerian 
hormone and inhibin B: predictors of ovarian response in assisted reproductive technology? BJOG 
2005;112:1384-90.

106. Ruess ML, Kline J, Santos R, Levin B, Timor-Tritsch I. Age and the ovarian follicle pool assessed with 
transvaginal ultrasonography. Am J Obstet Gynecol 1996;174:624-7.

107. Gougeon A. Regulation of ovarian follicular development in primates: facts and hypotheses. Endocr Rev 
1996;17:121-55.

108. De Boer EJ, Den Tonkelaar I, Burger CW, Looman CW, Van Leeuwen FE, Te Velde ER. The number of retrieved 
oocytes does not decrease during consecutive gonadotrophin-stimulated IVF cycles. Hum Reprod 
2004;19:899-904.

109. De Boer EJ, Den Tonkelaar I, Te Velde ER, Burger CW, Van Leeuwen FE. Increased risk of early menopausal 
transition and natural menopause after poor response at fi rst IVF treatment. Hum Reprod 2003;18:1544-
52.

110. Lawson R, El-Toukhy T, Kassab A, Taylor A, Braude P, Parsons J, et al. Poor response to ovulation induction 
is a stronger predictor of early menopause than elevated basal FSH: a life table analysis. Hum Reprod 
2003;18:527-33.

111. Broer SL, Mol BW, Hendriks D, Broekmans FJ. The role of anti-Müllerian hormone in prediction of outcome 
after IVF: comparison with the antral follicle count. Fertil Steril 2009;91:705-14.

112. Klinkert ER, Broekmans FJ, Looman CW, Te Velde ER. A poor response in the fi rst in vitro fertilization cycle is 
not necessarily related to a poor prognosis in subsequent cycles. Fertil Steril 2004;81:1247-53.

113. Lass A. The fertility potential of women with a single ovary. Human Reprod Update 1999;5:546-50.

114. Melica F, Chiodi S, Cristoforoni PM, Ravera GB. Reductive surgery and ovarian function in the human--
can reductive ovarian surgery in reproductive age negatively infl uence fertility and age at onset of 
menopause? Int J Fertil Menopausal Stud 1995;40:79-85.

115. El-Nemr A, Al-Shawaf T, Sabatini L, Wilson C, Lower AM, Grudzinskas JG. Eff ect of smoking on ovarian 
reserve and ovarian stimulation in in-vitro fertilization and embryo transfer. Hum Reprod 1998;13:2192-8.

116. Zenzes MT. Smoking and reproduction: gene damage to human gametes and embryos. Hum Reprod 
Update 2000;6:122-31.

117. Nybo Andersen AM, Wohlfahrt J, Christens P, Olsen J, Melbye M. Maternal age and fetal loss: population 
based register linkage study. BMJ 2000;320:1708-12.

118. Ferro J, Martinez MC, Lara C, Pellicer A, Remohi J, Serra V. Improved accuracy of hysteroembryoscopic 
biopsies for karyotyping early missed abortions. Fertil Steril 2003;80:1260-4.

119. Hassold T, Abruzzo M, Adkins K, Griffi  n D, Merrill M, Millie E, et al. Human aneuploidy: incidence, origin, and 
etiology. Environ Mol Mutagen 1996;28:167-75.

120. Ljunger E, Cnattingius S, Lundin C, Anneren G. Chromosomal anomalies in fi rst-trimester miscarriages. 
Acta Obstet Gynecol Scand 2005;84:1103-7.

121. Philipp T, Philipp K, Reiner A, Beer F, Kalousek DK. Embryoscopic and cytogenetic analysis of 233 missed 
abortions: factors involved in the pathogenesis of developmental defects of early failed pregnancies. Hum 
Reprod 2003;18:1724-32.

122. Boue A, Boue J, Gropp A. Cytogenetics of Pregnancy Wastage. Advances in Human Genetics 1985;14:1-57.

123. Snijders RJ, Holzgreve W, Cuckle H, Nicolaides KH. Maternal age-specifi c risks for trisomies at 9-14 weeks’ 
gestation. Prenat Diagn 1994;14:543-52.

124. Snijders RJ, Sebire NJ, Nicolaides KH. Maternal age and gestational age-specifi c risk for chromosomal 
defects. Fetal Diagn Ther 1995;10:356-67.



123

References

125. Sherman SL, Allen EG, Bean LH, Freeman SB. Epidemiology of Down syndrome. Ment Retard Dev Disabil 
Res Rev 2007;13:221-7.

126. Freeman SB, Allen EG, Oxford-Wright CL, Tinker SW, Druschel C, Hobbs CA, et al. The National Down 
Syndrome Project: design and implementation. Public Health Rep 2007;122:62-72.

127. Braude P, Bolton V, Moore S. Human gene expression fi rst occurs between the four- and eight-cell stages of 
preimplantation development. Nature 1988;332:459-61.

128. Puissant F, Van Rysselberge M, Barlow P, Deweze J, Leroy F. Embryo scoring as a prognostic tool in IVF 
treatment. Hum Reprod 1987;2:705-8.

129. Gianaroli L, Magli MC, Ferraretti AP, Fortini D, Tabanelli C, Gergolet M. Gonadal activity and chromosomal 
constitution of in vitro generated embryos. Mol Cell Endocrinol 2000;161:111-6.

130. Munne S, Lee A, Rosenwaks Z, Grifo J, Cohen J. Diagnosis of major chromosome aneuploidies in human 
preimplantation embryos. Hum Reprod 1993;8:2185-91.

131. Baart EB, Martini E, Van den Berg I, Macklon NS, Galjaard RJ, Fauser BC, et al. Preimplantation genetic 
screening reveals a high incidence of aneuploidy and mosaicism in embryos from young women 
undergoing IVF. Hum Reprod 2006;21:223-33.

132. Coonen E, Derhaag JG, Dumoulin JC, Van Wissen LC, Bras M, Janssen M, et al. Anaphase lagging mainly 
explains chromosomal mosaicism in human preimplantation embryos. Hum Reprod 2004;19:316-24.

133. Kok HS, Van Asselt KM, Van der Schouw YT, Grobbee DE, Te Velde ER, Pearson PL, et al. Subfertility refl ects 
accelerated ovarian ageing. Hum Reprod 2003;18:644-8.

134. Maheshwari A, Fowler P, Bhattacharya S. Assessment of ovarian reserve-should we perform tests of ovarian 
reserve routinely? Hum Reprod 2006;21:2729-35.

135. Scott RT, Opsahl MS, Leonardi MR, Neall GS, Illions EH, Navot D. Life table analysis of pregnancy rates in a 
general infertility population relative to ovarian reserve and patient age. Hum Reprod 1995;10:1706-10.

136. Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Broekmans FJ, et al. Predictive value 
and clinical impact of basal follicle-stimulating hormone in subfertile, ovulatory women. J Clin Endocrinol 
Metab 2007;92:2163-8.

137. Van Montfrans JM, Hoek A, Van Hooff  MH, De Koning CH, Tonch N, Lambalk CB. Predictive value of basal 
follicle-stimulating hormone concentrations in a general subfertility population. Fertil Steril 2000;74:97-
103.

138. Van Rooij I, Broekmans FJ, Hunault CC, Scheff er GJ, Eijkemans MJ, De Jong FH, et al. Use of ovarian reserve 
tests for the prediction of ongoing pregnancy in couples with unexplained or mild male infertility. Reprod 
Biomed Online 2006;12:182-90.

139. Hendriks DJ, Te Velde ER, Looman CW, Bancsi LF, Broekmans FJ. Expected poor ovarian response in 
predicting cumulative pregnancy rates: a powerful tool. Reprod Biomed Online 2008;17:727-36.

140. Saldeen P, Kallen K, Sundstrom P. The probability of successful IVF outcome after poor ovarian response. 
Acta Obstet Gynecol Scand 2007;86:457-61.

141. Augood C, Duckitt K, Templeton AA. Smoking and female infertility: a systematic review and meta-analysis. 
Hum Reprod 1998;13:1532-9.

142. Hassan MAM, Killick SR. Negative lifestyle is associated with a signifi cant reduction in fecundity. Fertil Steril 
2004;81:384-92.

143. Homan GF, Davies M, Norman RJ. The impact of lifestyle factors on reproductive performance in the general 
population and those undergoing infertility treatment: a review. Hum Reprod Update 2007;13:209-23.

144. Lintsen AM, Pasker-De Jong PC, De Boer EJ, Burger CW, Jansen CA, Braat DD, et al. Eff ects of subfertility 
cause, smoking and body weight on the success rate of IVF. Hum Reprod 2005;20:1867-75.

145. Waylen AL, Metwally M, Jones GL, Wilkinson AJ, Ledger WL. Eff ects of cigarette smoking upon clinical 
outcomes of assisted reproduction: a meta-analysis. Hum Reprod Update 2009;15:31-44.



124

References

146. Abdalla H, Thum MY. An elevated basal FSH refl ects a quantitative rather than qualitative decline of the 
ovarian reserve. Hum Reprod 2004;19:893-8.

147. Elter K, Kavak ZN, Gokaslan H, Pekin T. Antral follicle assessment after down-regulation may be a useful 
tool for predicting pregnancy loss in in vitro fertilization pregnancies. Gynecol Endocrinol 2005;21:33-7.

148. Lekamge DN, Barry M, Kolo M, Lane M, Gilchrist RB, Tremellen KP. Anti-Müllerian hormone as a predictor of 
IVF outcome. Reprod Biomed Online 2007;14:602-10.

149. Levi AJ, Raynault MF, Bergh PA, Drews MR, Miller BT, Scott RT Jr. Reproductive outcome in patients with 
diminished ovarian reserve. Fertil Steril 2001;76:666-9.

150. Luna M, Grunfeld L, Mukherjee T, Sandler B, Copperman AB. Moderately elevated levels of basal follicle-
stimulating hormone in young patients predict low ovarian response, but should not be used to disqualify 
patients from attempting in vitro fertilization. Fertil Steril 2007;87:782-7.

151. Van Montfrans JM, Van Hooff  MH, Huirne JA, Tanahatoe SJ, Sadrezadeh S, Martens F, et al. Basal FSH 
concentrations as a marker of ovarian ageing are not related to pregnancy outcome in a general population 
of women over 30 years. Hum Reprod 2004;19:430-4.

152. De Sutter P, Dhont M. Poor response after hormonal stimulation for in vitro fertilization is not related to 
ovarian aging. Fertil Steril 2003;79:1294-8.

153. Kumbak B, Ulug U, Erzik B, Akbas H, Bahceci M. Early clinical pregnancy loss rate in poor responder patients 
does not change compared to age-matched normo responders. Fertil Steril 2009;91:106-9.

154. Winter E, Wang J, Davies MJ, Norman R. Early pregnancy loss following assisted reproductive technology 
treatment. Hum Reprod 2002;17:3220-3.

155. Kline J, Kinney A, Levin B, Warburton D. Trisomic pregnancy and earlier age at menopause. Am J Hum 
Genet 2000;67:395-404.

156. Bartmann AK, Araujo FM, Iannetta O, Paneto JC, Martelli L, Ramos ES. Down syndrome and precocious 
menopause. J Assist Reprod Genet 2005;22:129-31.

157. Van Montfrans JM, Dorland M, Oosterhuis GJ, Van Vugt JM, Rekers-Mombarg LT, Lambalk CB. Increased 
concentrations of follicle-stimulating hormone in mothers of children with Down’s syndrome. Lancet 
1999;353:1853-4.

158. Van Montfrans JM, Van Hooff  MH, Martens F, Lambalk CB. Basal FSH, estradiol and inhibin B concentrations 
in women with a previous Down’s syndrome aff ected pregnancy. Hum Reprod 2002;17:44-7.

159. Kline J, Kinney A, Reuss ML, Kelly A, Levin B, Ferin M, et al. Trisomic pregnancy and the oocyte pool. Hum 
Reprod 2004;19:1633-43.

160. Seifer DB, MacLaughlin DT, Cuckle HS. Serum müllerian-inhibiting substance in Down’s syndrome 
pregnancies. Hum Reprod 2007;22:1017-20.

161. Nasseri A, Mukherjee T, Grifo JA, Noyes N, Krey L, Copperman AB. Elevated day 3 serum follicle stimulating 
hormone and/or estradiol may predict fetal aneuploidy. Fertil Steril 1999;71:715-8.

162. Havryliuk Y, Dragisic KG, Rosenwaks Z, Spandorfer S. Baseline serum FSH levels in poor prognostic IVF 
patients: do abnormal levels predict fetal aneuploidy? Fertil Steril 2006;86:S21.

163. Massie JA, Burney RO, Milki AA, Westphal LM, Lathi RB. Basal follicle-stimulating hormone as a predictor of 
fetal aneuploidy. Fertil Steril 2008;90:2351-5.

164. Freeman SB, Yang Q, Allran K, Taft LF, Sherman SL. Women with a reduced ovarian complement may have 
an increased risk for a child with Down syndrome. Am J Hum Genet 2000;66:1680-3.

165. Brook JD, Gosden RG, Chandley AC. Maternal ageing and aneuploid embryos-evidence from the mouse 
that biological and not chronological age is the important infl uence. Hum Genet 1984;66:41-5.

166. Ebner T, Sommergruber M, Moser M, Shebl O, Schreier-Lechner E, Tews G. Basal level of anti-Müllerian 
hormone is associated with oocyte quality in stimulated cycles. Hum Reprod 2006;21:2022-6.



125

References

167. Lie Fong S, Baart EB, Martini E, Schipper I, Visser JA, Themmen AP, et al. Anti-Müllerian hormone: a marker 
for oocyte quantity, oocyte quality and embryo quality? Reprod Biomed Online 2008;16:664-70.

168. Smeenk JM, Sweep FC, Zielhuis GA, Kremer JA, Thomas CM, Braat DD. Anti-Müllerian hormone predicts 
ovarian responsiveness, but not embryo quality or pregnancy, after in vitro fertilization or intracyoplasmic 
sperm injection. Fertil Steril 2007;87:223-6.

169. Silberstein T, MacLaughlin DT, Shai I, Trimarchi JR, Lambert-Messerlian G, Seifer DB, et al. Müllerian inhibiting 
substance levels at the time of HCG administration in IVF cycles predict both ovarian reserve and embryo 
morphology. Hum Reprod 2006;21:159-63.

170. Devreker F, Pogonici E, De Martelaer V, Revelard P, Van den Bergh M, Englert Y. Selection of good embryos 
for transfer depends on embryo cohort size: implications for the ‘mild ovarian stimulation’ debate. Hum 
Reprod 1999;14:3002-8.

171. Gruber I, Just A, Birner M, Losch A. Eff ect of a woman’s smoking status on oocyte, zygote, and day 3 pre-
embryo quality in in vitro fertilization and embryo transfer program. Fertil Steril 2008;90:1249-52.

172. Neal MS, Hughes EG, Holloway AC, Foster WG. Sidestream smoking is equally as damaging as mainstream 
smoking on IVF outcomes. Hum Reprod 2005;20:2531-5.

173. Wright KP, Trimarchi JR, Allsworth J, Keefe D. The eff ect of female tobacco smoking on IVF outcomes. Hum 
Reprod 2006;21:2930-4.

174. Gosden RG, Faddy MJ. Ovarian aging, follicular depletion, and steroidogenesis. Exp Gerontol 1994;29:265-
74.

175. Scott RT Jr., Hofmann GE. Prognostic assessment of ovarian reserve. Fertil Steril 1995;63:1-11.

176. Te Velde ER, Scheff er GJ, Dorland M, Broekmans FJ, Van Kooij RJ. Age-dependent changes in serum FSH 
levels. In: Fauser BCJM, Coelingh Bennink HJT, Evers JLH, editors. FSH Action and Intraovarian Regulation. 
London, UK: Parthenon, 1997:145–155.

177. Evers JL, Slaats P, Land JA, Dumoulin JC, Dunselman GA. Elevated levels of basal estradiol-17β predict 
poor response in patients with normal basal levels of follicle-stimulating hormone undergoing in vitro 
fertilization. Fertil Steril 1998;69:1010-4.

178. Licciardi FL, Liu HC, Rosenwaks Z. Day 3 estradiol serum concentrations as prognosticators of ovarian 
stimulation response and pregnancy outcome in patients undergoing in vitro fertilization. Fertil Steril 
1995;64:991-4.

179. Soules MR, Battaglia DE, Klein NA. Inhibin and reproductive aging in women. Maturitas 1998;30:193-204.

180. Welt CK, McNicholl DJ, Taylor AE, Hall JE. Female reproductive aging is marked by decreased secretion of 
dimeric inhibin. J Clin Endocrinol Metab 1999;84:105-11.

181. Fanchin R, De Ziegler D, Olivennes F, Taieb J, Dzik A, Frydman R. Exogenous follicle stimulating hormone 
ovarian reserve test (EFORT): a simple and reliable screening test for detecting ‘poor responders’ in in-vitro 
fertilization. Hum Reprod 1994;9:1607-11.

182. Ranieri DM, Quinn F, Makhlouf A, Khadum I, Ghutmi W, McGarrigle H, et al. Simultaneous evaluation of 
basal follicle-stimulating hormone and 17β-estradiol response to gonadotropin-releasing hormone 
analogue stimulation: an improved predictor of ovarian reserve. Fertil Steril 1998;70:227-33.

183. Winslow KL, Toner JP, Brzyski RG, Oehninger SC, Acosta AA, Muasher SJ. The gonadotropin-releasing 
hormone agonist stimulation test-a sensitive predictor of performance in the fl are-up in vitro fertilization 
cycle. Fertil Steril 1991;56:711-7.

184. Ng EH, Yeung WS, Fong DY, Ho PC. Eff ects of age on hormonal and ultrasound markers of ovarian reserve 
in Chinese women with proven fertility. Hum Reprod 2003;18:2169-74.

185. Scheff er GJ, Broekmans FJ, Looman CW, Blankenstein M, Fauser BC, De Jong FH, et al. The number of antral 
follicles in normal women with proven fertility is the best refl ection of reproductive age. Hum Reprod 
2003;18:700-6.



126

References

186. Syrop CH, Willhoite A, Van Voorhis BJ. Ovarian volume: a novel outcome predictor for assisted reproduction. 
Fertil Steril 1995;64:1167-71.

187. Wallace WH, Kelsey TW. Ovarian reserve and reproductive age may be determined from measurement of 
ovarian volume by transvaginal sonography. Hum Reprod 2004;19:1612-7.

188. Chang MY, Chiang CH, Hsieh TT, Soong YK, Hsu KH. Use of the antral follicle count to predict the outcome 
of assisted reproductive technologies. Fertil Steril 1998;69:505-10.

189. Scheff er GJ, Broekmans FJ, Dorland M, Habbema JD, Looman CW, Te Velde ER. Antral follicle counts by 
transvaginal ultrasonography are related to age in women with proven natural fertility. Fertil Steril 
1999;72:845-51.

190. Magoffi  n DA, Jakimiuk AJ. Inhibin A, inhibin B and activin A in the follicular fl uid of regularly cycling 
women. Hum Reprod 1997;12:1714-9.

191. Jayaprakasan K, Walker KF, Clewes JS, Johnson IR, Raine-Fenning NJ. The interobserver reliability of off -
line antral follicle counts made from stored three-dimensional ultrasound data: a comparative study of 
diff erent measurement techniques. Ultrasound Obstet Gynecol 2007;29:335-41.

192. Pache TD, Wladimiroff  JW, De Jong FH, Hop WC, Fauser BC. Growth patterns of nondominant ovarian 
follicles during the normal menstrual cycle. Fertil Steril 1990;54:638-42.

193. Scheff er GJ, Broekmans FJ, Bancsi LF, Habbema JD, Looman CW, Te Velde ER. Quantitative transvaginal 
two- and three-dimensional sonography of the ovaries: reproducibility of antral follicle counts. Ultrasound 
Obstet Gynecol 2002;20:270-5.

194. Groome NP, Illingworth PJ, O’Brien M, Pai R, Rodger FE, Mather JP, et al. Measurement of dimeric inhibin B 
throughout the human menstrual cycle. J Clin Endocrinol Metab 1996;81:1401-5.

195. Krohn PL. Factors infl uencing the number of oocytes in the ovary. Arch Anat Microsc Morphol Exp 
1967;56:151-9.

196. Krarup T, Pedersen T, Faber M. Regulation of oocyte growth in the mouse ovary. Nature 1969;224:187-8.

197. Leidy LE, Godfrey LR, Sutherland MR. Is follicular atresia biphasic? Fertil Steril 1998;70:851-9.

198. Tufan E, Elter K, Durmusoglu F. Assessment of reproductive ageing patterns by hormonal and 
ultrasonographic ovarian reserve tests. Hum Reprod 2004;19:2484-9.

199. Kline J, Kinney A, Kelly A, Reuss ML, Levin B. Predictors of antral follicle count during the reproductive years. 
Hum Reprod 2005;20:2179-89.

200. Welt CK, Schneyer AL. Diff erential regulation of inhibin B and inhibin A by follicle-stimulating hormone 
and local growth factors in human granulosa cells from small antral follicles. J Clin Endocrinol Metab 
2001;86:330-6.

201. Gougeon A, Lefevre B. Evolution of the diameters of the largest healthy and atretic follicles during the 
human menstrual cycle. J Reprod Fertil 1983;69:497-502.

202. Navot D, Rosenwaks Z, Margalioth EJ. Prognostic assessment of female fecundity. Lancet 1987;2:645-7.

203. Ng EH, Chan CC, Tang OS, Ho PC. Antral follicle count and FSH concentration after clomiphene citrate 
challenge test in the prediction of ovarian response during IVF treatment. Hum Reprod 2005;20:1647-54.

204. Tanbo T, Dale PO, Lunde O, Norman N, Abyholm T. Prediction of response to controlled ovarian 
hyperstimulation: a comparison of basal and clomiphene citrate-stimulated follicle-stimulating hormone 
levels. Fertil Steril 1992;57:819-24.

205. Hendriks DJ, Broekmans FJ, Bancsi LF, De Jong FH, Looman CW, Te Velde ER. Repeated clomiphene citrate 
challenge testing in the prediction of outcome in IVF: a comparison with basal markers for ovarian reserve. 
Hum Reprod 2005;20:163-9.

206. Jain T, Soules MR, Collins JA. Comparison of basal follicle-stimulating hormone versus the clomiphene 
citrate challenge test for ovarian reserve screening. Fertil Steril 2004;82:180-5.



127

References

207. Kwee J, Elting MW, Schats R, Bezemer PD, Lambalk CB, Schoemaker J. Comparison of endocrine tests with 
respect to their predictive value on the outcome of ovarian hyperstimulation in IVF treatment: results of a 
prospective randomized study. Hum Reprod 2003;18:1422-7.

208. Van der Stege JG, Van der Linden PJ. Useful predictors of ovarian stimulation response in women 
undergoing in vitro fertilization. Gynecol Obstet Invest 2001;52:43-6.

209. Collins JA, Burrows EA, Wilan AR. The prognosis for live birth among untreated infertile couples. Fertil Steril 
1995;64:22-8.

210. Eimers JM, Te Velde ER, Gerritse R, Vogelzang ET, Looman CW, Habbema JD. The prediction of the chance 
to conceive in subfertile couples. Fertil Steril 1994;61:44-52.

211. Hunault CC, Habbema JD, Eijkemans MJ, Collins JA, Evers JL, Te Velde ER. Two new prediction rules for 
spontaneous pregnancy leading to live birth among subfertile couples, based on the synthesis of three 
previous models. Hum Reprod 2004;19:2019-26.

212. Hunault CC, Laven JS, Van Rooij IA, Eijkemans MJ, Te Velde ER, Habbema JD. Prospective validation of two 
models predicting pregnancy leading to live birth among untreated subfertile couples. Hum Reprod 
2005;20:1636-41.

213. Van der Steeg JW, Steures P, Eijkemans MJ, Habbema JD, Hompes PG, Broekmans FJ, et al. Pregnancy is 
predictable: a large-scale prospective external validation of the prediction of spontaneous pregnancy in 
subfertile couples. Hum Reprod 2007;22:536-42.

214. Hofmann GE, Danforth DR, Seifer DB. Inhibin B: the physiologic basis of the clomiphene citrate challenge 
test for ovarian reserve screening. Fertil Steril 1998;69:474-7.

215. Haadsma ML, Bukman A, Groen H, Roeloff zen EM, Groenewoud ER, Heineman MJ, et al. The number of 
small antral follicles (2-6 mm) determines the outcome of endocrine ovarian reserve tests in a subfertile 
population. Hum Reprod 2007;22:1925-31.

216. Harrell FE Jr., Lee KL, Mark DB. Multivariable prognostic models: issues in developing models, evaluating 
assumptions and adequacy, and measuring and reducing errors. Stat Med 1996;15:361-87.

217. Thernau TM, Grambsch PM. Modelling survival data. New York, USA: Springer, 2000.

218. Steures P, Van der Steeg JW, Hompes PG, Habbema JD, Eijkemans MJ, Broekmans FJ, et al. Intrauterine 
insemination with controlled ovarian hyperstimulation versus expectant management for couples with 
unexplained subfertility and an intermediate prognosis: a randomised clinical trial. Lancet 2006;368:216-
21.

219. Rai R, Regan L. Recurrent miscarriage. Lancet 2006;368:601-11.

220. Gurbuz B, Yalti S, Ozden S, Ficicioglu C. High basal estradiol level and FSH/LH ratio in unexplained recurrent 
pregnancy loss. Arch Gynecol Obstet 2004;270:37-9.

221. Trout SW, Seifer DB. Do women with unexplained recurrent pregnancy loss have higher day 3 serum FSH 
and estradiol values? Fertil Steril 2000;74:335-7.

222. Hofmann GE, Khoury J, Thie J. Recurrent pregnancy loss and diminished ovarian reserve. Fertil Steril 
2000;74:1192-5.

223. Haadsma ML, Groen H, Fidler V, Bukman A, Roeloff zen EM, Groenewoud ER, et al. The predictive value 
of ovarian reserve tests for spontaneous pregnancy in subfertile ovulatory women. Hum Reprod 
2008;23:1800-7.

224. Harrel FE. Regression modeling strategies. New York, USA: Springer, 2001.

225. Hanoch J, Lavy Y, Holzer H, Hurwitz A, Simon A, Revel A, et al. Young low responders protected from 
untoward eff ects of reduced ovarian response. Fertil Steril 1998;69:1001-4.

226. Lambalk CB, De Koning CH. Interpretation of elevated FSH in the regular menstrual cycle. Maturitas 
1998;30:215-20.



128

References

227. Metwally M, Ong KJ, Ledger WL, Li TC. Does high body mass index increase the risk of miscarriage after 
spontaneous and assisted conception? A meta-analysis of the evidence. Fertil Steril 2008;90:714-26.

228. Wang JX, Norman RJ, Wilcox AJ. Incidence of spontaneous abortion among pregnancies produced by 
assisted reproductive technology. Hum Reprod 2004;19:272-7.

229. Visser JA, De Jong FH, Laven JS, Themmen AP. Anti-Müllerian hormone: a new marker for ovarian function. 
Reproduction 2006;131:1-9.

230. Te Velde ER, Dorland M, Broekmans FJ. Age at menopause as a marker of reproductive ageing. Maturitas 
1998;30:119-25.

231. Nikolaou D, Templeton A. Early ovarian ageing. Eur J Obstet Gynecol Reprod Biol 2004;113:126-33.

232. Warburton D. Biological aging and the etiology of aneuploidy. Cytogenet Genome Res 2005;111:266-72.

233. Haadsma ML, Groen H, Fidler V, Seinen LH, Broekmans FJ, Heineman MJ, et al. The predictive value of ovarian 
reserve tests for miscarriage in a population of subfertile ovulatory women. Hum Reprod 2009;24:546-52.

234. Zhen XM, Qiao J, Li R, Wang LN, Liu P. The clinical analysis of poor ovarian response in in-vitro-fertilization 
embryo-transfer among Chinese couples. J Assist Reprod Genet 2008;25:17-22.

235. Klip H, Van Leeuwen FE, Schats R, Burger CW. Risk of benign gynaecological diseases and hormonal 
disorders according to responsiveness to ovarian stimulation in IVF: a follow-up study of 8714 women. 
Hum Reprod 2003;18:1951-8.

236. Tarlatzis BC, Zepiridis L, Grimbizis G, Bontis J. Clinical management of low ovarian response to stimulation 
for IVF: a systematic review. Hum Reprod Update 2003;9:61-76.

237. Bancsi LF, Broekmans FJ, Looman CW, Habbema JD, Te Velde ER. Impact of repeated antral follicle counts on 
the prediction of poor ovarian response in women undergoing in vitro fertilization. Fertil Steril 2004;81:35-
41.

238. Rothman KJ, Greenland S. Introduction to stratifi ed analysis. In: Rothman KJ, Greenland S, editors. Modern 
Epidemiology. Philadelphia, USA: Lippincott-Raven, 1998, 256-8. 

239. Brigham SA, Conlon C, Farquharson RG. A longitudinal study of pregnancy outcome following idiopathic 
recurrent miscarriage. Hum Reprod 1999;14:2868-71.

240. Shanbhag S, Aucott L, Bhattacharya S, Hamilton MA, McTavish AR. Interventions for ‘poor responders’ to 
controlled ovarian hyperstimulation (COH) in in-vitro fertilisation (IVF). Cochrane Database Syst Rev 2007: 
CD004379.

241. Moreno C, Ruiz A, Simon C, Pellicer A, Remohi J. Intracytoplasmic sperm injection as a routine indication in 
low responder patients. Hum Reprod 1998;13:2126-9.

242. Quenby S, Vince G, Farquharson R, Aplin J. Recurrent miscarriage: a defect in nature’s quality control? Hum 
Reprod 2002;17:1959-63.

243. Tummers P, De Sutter P, Dhont M. Risk of spontaneous abortion in singleton and twin pregnancies after 
IVF/ICSI. Hum Reprod 2003;18:1720-3.

244. Lambers MJ, Mager E, Goutbeek J, McDonnell J, Homburg R, Schats R, et al. Factors determining early 
pregnancy loss in singleton and multiple implantations. Hum Reprod 2007;22:275-9.

245. Sabatini L, Zosmer A, Hennessy EM, Tozer A, Al Shawaf T. Relevance of basal serum FSH to IVF outcome 
varies with patient age. Reprod Biomed Online 2008;17:10-9.

246. Zheng CJ, Byers B. Oocyte selection: a new model for the maternal-age dependence of Down syndrome. 
Hum Genet 1992;90:1-6.

247. Broekmans FJ, Scheff er GJ, Bancsi LF, Dorland M, Blankenstein MA, Te Velde ER. Ovarian reserve tests in 
infertility practice and normal fertile women. Maturitas 1998;30:205-14.

248. De Boer EJ, Den Tonkelaar I, Te Velde ER, Burger CW, Klip H, Van Leeuwen FE. A low number of retrieved 
oocytes at in vitro fertilization treatment is predictive of early menopause. Fertil Steril 2002;77:978-85.



129

References

249. De Jong-Van den Berg LT, Faber A, Van den Berg PB. HRT use in 2001 and 2004 in The Netherlands-a world 
of diff erence. Maturitas 2006;54:193-7.

250. Rookus MA, Van Leeuwen FE. Oral contraceptives and risk of breast cancer in women aged 20-54 years. 
Netherlands Oral Contraceptives and Breast Cancer Study Group. Lancet 1994;344:844-51.

251. Loutradis D, Drakakis P, Milingos S, Stefanidis K, Michalas S. Alternative approaches in the management of 
poor response in controlled ovarian hyperstimulation (COH). Ann N Y Acad Sci 2003;997:112-9.

252. Ubaldi FM, Rienzi L, Ferrero S, Baroni E, Sapienza F, Cobellis L, et al. Management of poor responders in IVF. 
Reprod Biomed Online 2005;10:235-46.

253. Mastenbroek S, Twisk M, Echten-Arends J, Sikkema-Raddatz B, Korevaar JC, Verhoeve HR, et al. In vitro 
fertilization with preimplantation genetic screening. N Engl J Med 2007;357:9-17.

254. Kevenaar ME, Meerasahib MF, Kramer P, Van de Lang-Born BM, De Jong FH, Groome NP, et al. Serum 
anti-müllerian hormone levels refl ect the size of the primordial follicle pool in mice. Endocrinology 
2006;147:3228-34.

255. Steer CV, Mills CL, Tan SL, Campbell S, Edwards RG. The cumulative embryo score: a predictive embryo 
scoring technique to select the optimal number of embryos to transfer in an in-vitro fertilization and 
embryo transfer programme. Hum Reprod 1992;7:117-9.

256. Cook CL, Siow Y, Taylor S, Fallat ME. Serum müllerian-inhibiting substance levels during normal menstrual 
cycles. Fertil Steril 2000;73:859-61.

257. Staessen C, Platteau P, Van Assche E, Michiels A, Tournaye H, Camus M, et al. Comparison of blastocyst 
transfer with or without preimplantation genetic diagnosis for aneuploidy screening in couples with 
advanced maternal age: a prospective randomized controlled trial. Hum Reprod 2004;19:2849-58.

258. Ulug U, Ben Shlomo I, Turan E, Erden HF, Akman MA, Bahceci M. Conception rates following assisted 
reproduction in poor responder patients: a retrospective study in 300 consecutive cycles. Reprod Biomed 
Online 2003;6:439-43.

259. Tanbo T, Abyholm T, Bjoro T, Dale PO. Ovarian stimulation in previous failures from in-vitro fertilization: 
distinction of two groups of poor responders. Hum Reprod 1990;5:811-5.

260. Raad voor de Volksgezondheid en Zorg. Uitstel van ouderschap: medisch of maatschappelijk probleem?  
Den Haag, The Netherlands: Raad voor de Volksgezondheid en Zorg, 2007. 

261. Myrskyla M, Kohler H, Billari FC. Advances in development reverse fertility declines. Nature 2009;460:741-3.



130



List of co-authors



132

Co-authors



133

Co-authors

K. Bouman, MD

Department of Genetics

University Medical Center Groningen

F.J.M. Broekmans, MD PhD

Department of Reproductive Medicine and Gynaecology

University Medical Center Utrecht

A. Bukman, MD

Department of Obstetrics and Gynaecology

Meander Medical Center, Amersfoort

C.W. Burger, MD PhD

Department of Obstetrics & Gynaecology

Erasmus University Medical Center, Rotterdam

J. van Echten-Arends, PhD

Department of Obstetrics & Gynaecology

University Medical Center Groningen

V. Fidler, PhD

Department of Epidemiology

University Medical Center Groningen

H. Groen, MD PhD

Department of Epidemiology

University Medical Center Groningen 

E.R. Groenewoud, MD

Department of Obstetrics and Gynaecology

Isala Clinics, Zwolle

M.J. Heineman, MD PhD

Center for Reproductive Medicine

Academic Medical Center, Amsterdam

A. Hoek, MD PhD

Department of Obstetrics & Gynaecology

University Medical Center Groningen



134

Co-authors

F.H. de Jong, PhD

Department of Internal Medicine

Erasmus University Medical Center, Rotterdam

J.C. Korevaar, PhD

Department of Clinical Epidemiology and Biostatistics

Academic Medical Center, Amsterdam

C.B. Lambalk, MD PhD

Department of Obstetrics & Gynaecology

Vrije Universiteit Medical Center, Amsterdam

F.E. van Leeuwen, PhD

Department of Epidemiology

Netherlands Cancer Institute, Amsterdam

S. Mastenbroek, MSc 

Center for Reproductive Medicine

Academic Medical Center, Amsterdam

T.M. Mooij, MSc

Department of Epidemiology

Netherlands Cancer Institute, Amsterdam

S. Repping, PhD

Center for Reproductive Medicine

Academic Medical Center, Amsterdam

E.M.A. Roeloff zen, MD

Department of Radiotherapy

University Medical Center Utrecht

L.H.M. Seinen, MD

Department of Obstetrics & Gynaecology

Gelderse Vallei Hospital, Ede

A.P.N. Themmen, PhD

Department of Internal Medicine

Erasmus University Medical Center, Rotterdam



135

Co-authors

The OMEGA project group includes: 

R.S.G.M. Bots (St Elisabeth Hospital Tilburg)

D.D.M. Braat, J.A.M. Kremer, W.N.P. Willemsen (Radboud University Nijmegen Medical Centre) 

P.A. van Dop (Catharina Hospital Eindhoven)

B.J. Cohlen (Isala Clinics Zwolle)

J.L.H. Evers (Academic Hospital Maastricht)

F.M. Helmerhorst, N. Naaktgeboren (Leiden University Medical Center)

C.A.M. Jansen (Diaconessenhuis Voorburg)

J.S.E. Laven (Erasmus Medical Center Rotterdam)

N.S. Macklon (University Medical Center Utrecht)

R. Schats (Vrije Universiteit Medical Center Amsterdam)

A.H.M. Simons (University Medical Center Groningen)

F. van der Veen (Academic Medical Center Amsterdam)



136



Nederlandse samenvatting



138138

 Nederlandse samenvatting



139139

Nederlandse samenvatting

Uitstel van ouderschap

De positie van de vrouw in de westerse maatschappij is de laatste tientallen jaren fundamenteel 

veranderd. Vrouwen zijn hoger opgeleid dan vroeger en werken vaker buitenshuis. De introductie 

van ‘de pil’ in de jaren zestig heeft een sleutelrol gespeeld in de emancipatie van vrouwen: seksualiteit 

en voortplanting waren niet langer vanzelfsprekend aan elkaar gekoppeld en moederschap werd 

een keuze. Twee belangrijke consequenties van deze veranderingen zijn een bewuste daling in het 

aantal kinderen per gezin en uitstel van ouderschap. In Nederland is de gemiddelde leeftijd waarop 

vrouwen voor het eerst moeder worden gestegen van ruim 24 jaar in de jaren zeventig tot ruim 

29 jaar nu. Maar de trend om het moederschap uit te stellen heeft een prijs. Naarmate de leeftijd 

van de vrouw stijgt, wordt de maandelijkse kans op een zwangerschap kleiner en wordt de kans 

op een miskraam groter. Dit fenomeen wordt ‘reproductieve veroudering’ genoemd. Het eff ect van 

een hogere leeftijd van de vader op de voortplanting is zeer klein ten opzichte van het eff ect van 

een hogere leeftijd van de moeder. Er wordt aangenomen dat de trend om het moederschap uit te 

stellen leidt tot een toename van vruchtbaarheidsproblemen, ongewenste kinderloosheid of een 

kleiner gezin dan gewenst. 

Reproductieve veroudering bij de vrouw 

Reproductieve veroudering bij de vrouw wordt veroorzaakt door een afname van het aantal eicellen 

en een afname van de kwaliteit van de eicellen. In tegenstelling tot mannen, die in de loop van 

hun leven steeds nieuwe zaadcellen aanmaken, worden vrouwen geboren met de totale voorraad 

eicellen voor de rest van hun leven. Het aantal eicellen dat een vrouw heeft neemt in de loop van 

de jaren gestaag af. Als er vrijwel geen eicellen meer over zijn, komt de vrouw in de overgang 

(menopauze). De leeftijd waarop een vrouw in de overgang komt is gemiddeld 51 jaar, maar varieert 

per vrouw. Sommige vrouwen komen pas na hun 60e in de overgang; waarschijnlijk zijn zij geboren 

met een grotere voorraad eicellen of nam de voorraad langzamer af. Bij andere vrouwen is de 

voorraad eicellen juist sneller op; zij komen vroeger in de overgang, soms al voor het 40e jaar.

Het is vanzelfsprekend dat een vrouw niet meer zwanger kan worden als ze geen eicellen meer over 

heeft. Maar al jaren voordat de vrouw in de overgang komt, is haar vruchtbaarheid afgenomen. 

Vanaf de leeftijd van gemiddeld 31 jaar daalt de vruchtbaarheid van de vrouw geleidelijk en 

in samenlevingen waarin geen anticonceptie wordt gebruikt is de gemiddelde leeftijd waarop 

vrouwen uiteindelijk hun laatste kind krijgen 41 jaar. Het einde van de vruchtbaarheid van een 

vrouw ligt daarmee gemiddeld 10 jaar voor het moment van menopauze. De genoemde leeftijden 

zijn gemiddelden: bij sommige vrouwen treedt het eind van de vruchtbaarheid eerder of later op. 

Het is niet bekend of vrouwen die op latere leeftijd nog kinderen kunnen krijgen ook op latere 

leeftijd in de overgang komen en andersom. 
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De kans dat een vrouw zwanger wordt neemt dus af met de leeftijd, maar de kans op een miskraam 

neemt juist toe. Dit wordt veroorzaakt door een toename van het aantal zwangerschappen van een 

vrucht met een afwijkend aantal chromosomen (de dragers van ons erfelijk materiaal). In de meeste 

gevallen eindigt een dergelijke zwangerschap in een miskraam, maar soms ook in de geboorte van 

een kind. Het bekendste voorbeeld hiervan is downsyndroom. Bij personen met downsyndroom is 

drie keer in plaats van twee keer het chromosoom 21 aanwezig (trisomie 21). Met het stijgen van 

de leeftijd van de vrouw neemt de kans op een kind met downsyndroom of andere trisomie toe.

De daling van de kans op zwangerschap en de toename van het aantal chromosomaal afwijkende 

zwangerschappen wordt toegeschreven aan een afname van de kwaliteit van de eicellen. Zo worden 

met het stijgen van de leeftijd meer fouten gemaakt bij de deling van de eicellen (meiotische non-

disjunctie), waardoor eicellen ontstaan met een chromosoom te veel of te weinig.

De relatie tussen eicelkwantiteit en eicelkwaliteit

Het is niet duidelijk of de afname van de hoeveelheid eicellen van een vrouw (de eicelkwantiteit) 

gerelateerd is aan de afname van de eicelkwaliteit. Als eicelkwantiteit geassocieerd is met 

eicelkwaliteit, dan kan een schatting van het aantal eicellen van een vrouw wellicht haar 

vruchtbaarheid en haar kans op een kind met een trisomie voorspellen. Dit is relevant omdat de 

hoeveelheid eicellen sterk kan verschillen tussen vrouwen van dezelfde leeftijd. Het is niet goed 

mogelijk om eicelkwantiteit en –kwaliteit bij een vrouw rechtstreeks te meten. Om deze relatie 

te bestuderen kunnen wel afgeleiden van eicelkwantiteit en –kwaliteit worden gebruikt, die 

beschikbaar zijn in de dagelijkse klinische praktijk.

 

De best beschikbare maat voor eicelkwantiteit is de menopauze; dit is het moment dat er vrijwel 

geen eicellen meer over zijn, maar deze maat is vanzelfsprekend alleen achteraf te gebruiken. Voor 

het schatten van de eicelkwantiteit bij vrouwen in de vruchtbare leeftijd zijn ‘ovariële reservetesten’ 

ontwikkeld. Dit zijn hormoonwaarden in het bloed of echoscopische testen van de eierstokken, die 

een schatting geven van de totale eicelvoorraad (‘reserve’) aan de hand van de mate van activiteit 

van de eierstokken (ovaria). Een derde maat is de reactie van de eierstokken op hormoonstimulatie 

bij IVF-behandeling: hoe groter de voorraad eicellen in de eierstok, des te meer eicellen rijpen uit 

bij hormoonstimulatie. Ten slotte kan een daling van de eicelkwantiteit worden veroorzaakt door 

medisch ingrijpen, bijvoorbeeld door een operatie, waarbij (een deel van) een eierstok wordt 

verwijderd. Wel of geen eierstokoperatie kan daarmee ook worden gezien als een maat voor de 

eicelvoorraad.

Afgeleiden van eicelkwaliteit zijn de geboorte van een (chromosomaal normaal) kind, het optreden 

van een miskraam, het optreden van een trisomie-zwangerschap en de kwaliteit van embryo’s, die 

te beoordelen is bij IVF-behandeling.
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Doel van dit proefschrift

In de medische literatuur is er geen overeenstemming of eicelkwantiteit en eicelkwaliteit wel of 

niet aan elkaar gerelateerd zijn. Het doel van dit proefschrift was om te beoordelen of een relatie 

tussen eicelkwantiteit en –kwaliteit bestaat en zo ja, of afgeleiden van eicelkwantiteit kunnen 

worden gebruikt als voorspellers voor (toekomstige) vruchtbaarheid en de kans op een trisomie 

zwangerschap. 

Hoofdstuk 2

Dit hoofdstuk geeft achtergrondinformatie over de relatie tussen verschillende ovariële reserve-

testen onderling. In een groep van 474 vooraf geselecteerde paren met vruchtbaarheidsproblemen 

werden meerdere hormoonbepalingen en een antrale follikeltelling uitgevoerd. Bij deze laatste 

test wordt met een inwendige echo bij de vrouw beoordeeld hoeveel eiblaasjes (eicellen omgeven 

door vocht) zichtbaar zijn in de eierstokken. We vonden dat het aantal kleinere eiblaasjes (antrale 

follikels) van 2-6 mm afnam met de leeftijd, maar het aantal grotere antrale follikels (van 7-10 mm) 

niet. Los van de leeftijd was het aantal kleine antrale follikels ook gerelateerd aan alle hormonale 

ovariële reservetesten die we hadden uitgevoerd, te weten het follikel stimulerend hormoon (FSH), 

inhibine B en de clomifeen citraat belastingstest. Het aantal grotere follikels was alleen gerelateerd 

aan de hoogte van inhibine B. Deze uitkomsten suggereren dat antrale follikels van 2-6 mm de 

eicelvoorraad het beste weergeven.

Hoofdstuk 3

In dit hoofdstuk hebben we binnen dezelfde groep van 474 paren met vruchtbaarheidsproblemen 

beoordeeld of de ovariële reservetesten, zoals hierboven omschreven, een voorspellende waarde 

hebben voor de kans op een spontane zwangerschap, leidend tot de geboorte van een levend 

kind. Er zijn al meerdere factoren bekend, die een voorspellende waarde hebben voor de kans 

op spontane zwangerschap, zoals de leeftijd van de vrouw en de kwaliteit van het zaad. Als de 

uitkomst van de ovariële reservetesten werd toegevoegd aan deze bekende factoren, dan hadden 

FSH en de antrale follikeltelling statistisch gezien een toegevoegde waarde: de kans op een 

zwangerschap werd iets beter voorspeld. Echter, voor veruit de meeste paren bleef de voorspelde 

kans op zwangerschap vrijwel gelijk. Dit betekent dat toevoeging van ovariële reservetesten aan de 

bekende voorspellende factoren voor spontane zwangerschap in de praktijk maar weinig waarde 

heeft.

Hoofdstuk 4

Het doel van hoofdstuk 4 was te beoordelen of ovariële reservetesten een voorspellende 

waarde hebben voor de kans op een miskraam. Hiervoor selecteerden we uit de paren met 

vruchtbaarheidsproblemen, zoals beschreven in hoofdstuk 2 en 3, alle paren die een doorgaande 

zwangerschap hadden (233 paren) en vergeleken hen met de paren die een miskraam kregen (72 
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paren). De resultaten van de ovariële reservetesten, dezelfde als uitgevoerd in hoofdstuk 2 en 3, 

verschilden niet tussen de paren met en zonder miskraam. Deze resultaten suggereren dat ovariële 

reservetesten geen voorspellende waarde hebben voor de kans op een miskraam.

Hoofdstuk 5

In dit hoofdstuk maakten wij gebruik van een database met gegevens van alle vrouwen die zich 

tussen 1983 en 1995 hadden aangemeld bij één van de IVF-klinieken in Nederland. In tegenstelling 

tot de vorige studie zijn deze gegevens achteraf verzameld, doorgaans nadat de vrouwen hun 

behandeling hadden voltooid. Het doel van deze studie was te beoordelen of vrouwen die 

zwanger worden na een lage eicelopbrengst bij IVF-behandeling een grotere kans hebben op een 

miskraam dan hun leeftijdsgenoten met een normale eicelopbrengst. Hiervoor vergeleken wij alle 

vrouwen met een doorgaande zwangerschap na hun eerste IVF-behandeling (1468 vrouwen) met 

alle vrouwen die een miskraam hadden na hun eerste IVF-behandeling (357 vrouwen). Vrouwen 

met een lage eicelopbrengst (minder dan 4 verkregen eicellen) hadden twee keer zoveel kans op 

een miskraam dan vrouwen met een normale eicelopbrengst. Hoe ouder de vrouw was, des te 

duidelijker werd dit verband tussen een lage eicelopbrengst en een miskraam. 

Hoofdstuk 6

In dezelfde nationale database als beschreven in hoofdstuk 5 hebben we een studie uitgevoerd om 

te bepalen of vrouwen met een trisomie zwangerschap vaker tekenen hadden van een beperkte 

eicelvoorraad. Hiervoor gebruikten we drie afgeleiden: een eierstokoperatie in het verleden, 

een lage eicelopbrengst bij IVF-behandeling en op jongere leeftijd al tekenen van de overgang. 

In de database vonden we 28 vrouwen met een trisomie zwangerschap en vergeleken hen met 

vrouwen van dezelfde leeftijd met een levendgeboren kind zonder trisomie. De vrouwen met 

een trisomie zwangerschap hadden vaker een eierstokoperatie gehad en hadden vaker een lage 

eicelopbrengst bij IVF-behandeling dan de vrouwen zonder trisomie zwangerschap. Aan het einde 

van de studieperiode hadden vrouwen met een trisomie zwangerschap vaker verschijnselen van 

de overgang.

Hoofdstuk 7

In dit hoofdstuk wordt een studie beschreven, uitgevoerd bij 294 vooraf geselecteerde vrouwen 

van 35 tot 41 jaar die hun eerste IVF-behandeling ondergingen. Het doel van de studie was te 

beoordelen of de eicelvoorraad van een vrouw gerelateerd is aan de kwaliteit van de embryo’s bij IVF-

behandeling. Als afgeleiden van de eicelvoorraad gebruikten we hormonale ovariële reservetesten 

(FSH, inhibine B en antimüllers hormoon), de antrale follikeltelling en de eicelopbrengst bij IVF-

behandeling. De groei van een embryo kan onder de microscoop worden gevolgd. Een embryo dat 

zich volgens microscopische beoordeling perfect ontwikkelde, beschouwden wij als een kwalitatief 

‘topembryo’. De afgeleiden van de eicelvoorraad waren niet gerelateerd aan het percentage 
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topembryo’s per vrouw. Daarom was de kans dat een vrouw tenminste één topembryo had hoger 

naarmate de eicelopbrengst bij IVF hoger was. Ook vrouwen met een hoge antrale follikeltelling of 

hoge waarde van het antimüllers hormoon hadden vaker tenminste één topembryo.

Interpretatie van de resultaten

Het doel van dit proefschrift was om te beoordelen of er een relatie tussen eicelkwantiteit en –

kwaliteit bestaat en zo ja, of afgeleiden van eicelkwantiteit kunnen worden gebruikt als voorspellers 

voor (toekomstige) vruchtbaarheid en de kans op een trisomie zwangerschap.

Onze resultaten laten zien dat verschillende hormonale en echoscopische ovariële reservetesten 

geen duidelijk voorspellende waarde hebben voor de kans op een spontane zwangerschap of een 

miskraam bij paren met vruchtbaarheidsproblemen. In de medische literatuur zijn overzichtsstudies 

beschikbaar, die aangeven dat deze testen ook geen voorspellende waarde hebben voor de kans op 

een doorgaande zwangerschap na IVF-behandeling. Deze resultaten suggereren dat er geen relatie 

is tussen eicelkwantiteit en eicelkwaliteit. 

In tegenstelling tot de ovariële reservetesten heeft volgens de medische literatuur de eicelopbrengst 

bij IVF-behandeling wel een voorspellende waarde voor de kans op zwangerschap na IVF. Uit dit 

proefschrift blijkt dat de eicelopbrengst bij IVF-behandeling ook voorspellende waarde heeft voor 

de kans op een miskraam en een trisomie zwangerschap. Deze resultaten suggereren dat er juist 

wel een relatie is tussen eicelkwantiteit en eicelkwaliteit. Mogelijk is het zo dat ovariële reserve-

testen de totale eicelvoorraad bij een vrouw toch minder goed weergeven dan de eicelopbrengst 

bij IVF. De bevinding dat een eierstokoperatie in het verleden en het vroeg optreden van tekenen 

van de overgang ook zijn geassocieerd met trisomie zwangerschap wijst ook op het bestaan van 

een relatie tussen eicelkwantiteit en eicelkwaliteit.

Hoofdstuk 5 laat zien dat de associatie tussen een lage eicelopbrengst bij IVF en de kans op een 

miskraam sterker wordt naarmate de vrouw ouder is. In de medische literatuur is er een vergelijkbaar 

voorbeeld beschikbaar: vrouwen met een lagere eicelopbrengst worden minder vaak zwanger na 

IVF, maar dit eff ect wordt sterker naarmate de vrouw ouder is. Deze bevindingen suggereren dat niet 

alleen eicelkwantiteit, maar ook leeftijd een belangrijke rol speelt bij het bepalen van eicelkwaliteit. 

Uit het laatste hoofdstuk blijkt dat het percentage eicellen dat per vrouw uitgroeit tot een topembryo 

bij IVF-behandeling los staat van de eicelvoorraad van de vrouw. Dit betekent dat hoe meer eicellen 

beschikbaar zijn bij IVF-behandeling, des te groter is de kans dat er ten minste één eicel uitgroeit tot 

een kwalitatief topembryo. De kans dat er een goede eicel beschikbaar is, lijkt dus lager te worden 

als er minder eicellen zijn om uit te kiezen.

Samenvattend hebben ovariële reservetesten geen duidelijk voorspellende waarde voor 

eicelkwaliteit, maar de eicelopbrengst bij IVF-behandeling heeft dat wel. Los van eicelkwantiteit 
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speelt leeftijd een belangrijke rol bij het bepalen van eicelkwaliteit.

Dit proefschrift heeft geen algemeen bruikbare voorspellers voor (toekomstige) vruchtbaarheid 

en de kans op een trisomie zwangerschap aangetoond. De eicelopbrengst na IVF-behandeling 

heeft voorspellende waarde voor de kans op een doorgaande zwangerschap en een trisomie 

zwangerschap, maar is alleen bruikbaar voor vrouwen die IVF-behandeling ondergaan. Hetzelfde 

geldt voor een verleden van een eierstokoperatie: wellicht is er dan een hogere kans op een trisomie 

zwangerschap, maar dit is alleen relevant voor een beperkt aantal vrouwen.

Ten slotte

Er is nog veel onderzoek mogelijk naar de relatie tussen eicelkwantiteit en –kwaliteit. In hoofdstuk 

8 staat een aantal voorstellen beschreven voor aanvullend klinisch onderzoek. Als we het proces 

van reproductieve veroudering bij de vrouw uiteindelijk goed begrijpen en kunnen voorspellen, 

dan kunnen die vrouwen die al jong verminderd vruchtbaar zijn op tijd worden herkend en 

gewaarschuwd. Om deze reden alleen al is verder onderzoek naar reproductieve veroudering 

waardevol en noodzakelijk.
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Dankwoord

Dit proefschrift was nooit tot stand gekomen zonder de hulp van velen, binnen en buiten de muren van 

het ziekenhuis. Klinisch onderzoek staat of valt met de vrijwillige medewerking van proefpersonen. 

Mijn dank gaat daarom in de allereerste plaats uit naar alle paren met vruchtbaarheidsproblemen 

die belangeloos hebben meegewerkt aan de studies die staan beschreven in dit proefschrift.

Veel dank ben ik ook verschuldigd aan alle mensen die de afgelopen jaren tijdens mijn promotietraject 

om mij heen hebben gestaan. Een dankwoord van een paar bladzijden doet bij voorbaat al geen 

recht aan alle mensen die, direct of indirect, een bijdrage hebben geleverd aan dit proefschrift. Toch 

wil ik een poging wagen en enkele mensen persoonlijk noemen.

Dr. A. Hoek, gynaecoloog Voortplantingsgeneeskunde in het UMCG en mijn eerste co-promotor. 

Beste Annemiek, ik heb veel geluk gehad met jou als begeleider. Je stond open voor nieuwe ideeën 

en hebt me de vrijheid gegeven die bij me paste, maar altijd met een vinger aan de pols. Je liet 

merken dat je je verantwoordelijk voelde voor mij, niet alleen voor mijn promotie, maar ook voor 

mijn toekomst daarna, zelfs al weken mijn plannen uiteindelijk af van het pad van de gynaecologie. 

Mijn waardering voor jou is de afgelopen jaren alleen maar gegroeid. Ik heb veel van je geleerd en 

ben blij dat dit proefschrift niet ons laatste gezamenlijke project zal zijn. 

Dr. H. Groen, arts-epidemioloog op de afdeling Epidemiologie van het UMCG en mijn tweede co-

promotor. Beste Henk, met jou zette ik de eerste stappen in de wereld van de statistiek. Toen ik 

eenmaal een beetje zelf kon lopen, was je altijd bereid mijn analyses te controleren. Minstens zo 

waardevol was dat je voor die zaken die buiten je eigen expertiseterrein lagen, gericht de weg naar 

anderen kon wijzen. Dank voor je hulp!

Prof.dr. M.J. Heineman, hoofd van de afdeling Obstetrie en Gynaecologie van het AMC en mijn 

promotor. Beste Maas Jan, een promotor letterlijk op afstand, maar beschikbaar als het nodig was. 

Vaak begon ik mijn dag met een brede glimlach als mijn computer opstartte met een bemoedigende 

email van jouw hand, verstuurd voor dag en dauw. Met je gevoel voor communicatie en politiek, je 

geduld en organisatietalent en je vermogen om mensen te motiveren ben je een voorbeeld voor 

mij.

 

De leescommissie, bestaande uit prof.dr. J.L.H. Evers, prof.dr. N.J. Leschot en prof.dr. R.P. Stolk. Hartelijk 

dank voor het beoordelen van dit proefschrift.

Prof.dr. C.B. Lambalk en dr. F.J.M. Broekmans, gynaecologen Voortplantingsgeneeskunde in het VUMC 

en het UMCU en experts op het gebied van reproductieve veroudering bij de vrouw. Beste Nils en 

Frank, iedere onderzoeker heeft een klankbord nodig. Dank dat jullie bereid waren zo actief met mij 

mee te denken. Hopelijk niet voor het laatst, de ideeën voor verder onderzoek zijn nog lang niet op! 
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Dr. V. Fidler, universitair hoofddocent Medische Statistiek op de afdeling Epidemiologie van het 

UMCG. Beste Vaclav, dank voor je onmisbare hulp bij ingewikkelde analyses en je uitgebreide, 

geduldige uitleg. 

Prof.dr. F.E. van Leeuwen en drs. T.M. Mooij van de afdeling Epidemiologie van het Nederlands Kanker 

Instituut. 

Beste Floor, na elke telefonische vergadering met jou kon ik weer wekenlang vooruit. Je bent 

aanstekelijk enthousiast en hebt aan een half woord genoeg om het geheel te kunnen overzien. Ik 

heb het zeer gewaardeerd dat je in je overvolle schema toch steeds weer wat tijd wist vrij te maken 

voor onze projecten. 

Beste Thea, zonder jou had ik nooit de weg gevonden in de omvangrijke OMEGA-database. Dank 

voor al je opgestuurde bestanden, uitleg, hulp bij de statistiek en bovenal de prettige samenwerking.

Er liggen nog een paar mooie nieuwe OMEGA-projecten op de plank…

Prof.dr. C.W. Burger, stuurgroepleden van de OMEGA-project groep en medewerkers van IVF-afdelingen 

in heel Nederland. Hartelijk dank dat ik gebruik mocht maken van de data uit de OMEGA-database 

en dat ik overal in Nederland welkom was voor een nieuwe zoektocht in dossiers, die vaak uit oude 

archieven speciaal voor mij waren opgediept. 

Het PGS-team, met name drs. S. Mastenbroek, prof.dr. S. Repping, dr. J.C. Korevaar en dr. J. van Echten-

Arends. Beste Sebastiaan, Sjoerd, Joke en Jannie, bedankt voor de fi jne Amsterdams-Groningse 

samenwerking, voor jullie hulp en onmisbare expertise. En Jannie, speciaal ook bedankt voor je 

betrokkenheid bij het beloop van mijn onderzoek en loopbaan. Ik hoop dat onze (wetenschappelijke) 

paden elkaar nog eens kruisen. 

Arien Bukman, Ellen Roeloff zen en Eva Groenewoud. Hartelijk dank dat ik mocht bouwen op jullie 

fundament van de database met ovariële reserve testen.

Prof.dr. F.H. de Jong en prof.dr.ir. A.P.N. Themmen. Bij jullie laboratorium in Rotterdam mocht ik een 

paar honderd monsters afl everen. Dank voor het faciliteren van de hormoonbepalingen uit het 

zevende hoofdstuk van dit proefschrift.

 

K. Bouman, klinisch geneticus in het UMCG en mede-auteur. Beste Katelijne, het afronden van dit 

proefschrift geeft ruimte voor nieuwe onderzoeksideeën. Ik ben ontzettend blij dat je mijn mentor 

wilt zijn bij het uitzetten van mijn vervolgplannen. 

Jackie Senior, editor van de afdeling Genetica van het UMCG. Dank voor het fatsoeneren van mijn 

Engels in meer dan de helft van dit proefschrift! 
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De studenten die mij hebben geholpen bij dit proefschrift of bij één van de andere studies, die niet 

in dit boekje zijn opgenomen. Laura Seinen, Wendy Nijhuis, Susanne Kiewiet, Wieteke Elzinga en 

sinds kort Maaike van der Heide en Elizabeth van der Stroom. Jullie hulp was en is van grote waarde! 

Joris Nijssen, student geschiedenis met wie ik jaren geleden mijn eerste onderzoeksproject als arts-

assistent begon. Het blijft onwerkelijk en onrechtvaardig dat jij door je vroegtijdig overlijden niet 

de kans hebt gekregen alles uit het leven te halen wat er in zit. Dank voor de veel te korte maar 

waardevolle vriendschap.

Collega-onderzoekers van de onderzoekskamer. Met z’n allen in hetzelfde schuitje, dat schept een 

band. Dank voor alle betrokkenheid en gezelligheid! Speciaal dank ik Roelie van Rossum, voor je 

moederlijke zorgen over alle onderzoekers op onze kamer. 

De collega-onderzoekers van de afdeling Ontwikkelingsneurologie onder leiding van prof.dr. Mijna 

Hadders-Algra wil ik danken voor de prettige samenwerking. Ik ben blij dat ik de kans heb gekregen 

te participeren in de waardevolle follow-up studie van kinderen geboren na IVF-behandeling.

Collega’s van de afdeling Voortplantingsgeneeskunde van het UMCG. Alle secretaresses, artsen, 

verpleegkundigen, analisten en embryologen wil ik bedanken voor de jarenlange goede 

samenwerking. Beste Elma, Rita en Karin, fi jne collega’s en geweldige administratieve krachten. Ik 

heb jullie zorgzame betrokkenheid, hulp en gezelligheid altijd erg gewaardeerd. Mijn mede IVF-

artsen Edith, Marianka, Ellen, Diana, Christian, Jolanda en verpleegkundigen Gerry, Harry, Ineke, 

Karin en Annie, dank voor jullie inzet voor alle verschillende studies, maar bovenal dank voor het 

teamwork! Arnold Simons, hoofd van de IVF-afdeling, jouw bevlogenheid voor individuele zorg 

(inclusief het ‘fi ngerspitzengefühl’) leidde vaak tot hoge stapels op je bureau, maar patiënten 

komen niet voor niets van ver om door jou te worden behandeld. 

Prof.dr. Jolande Land, tijdens mijn promotietraject nam je de leiding over van de afdeling 

Voortplantingsgeneeskunde. Dank voor je inzet bij het fi nancieren en afbakenen van onderzoekstijd 

voor mij en voor het belangeloos meelezen van stukken. 

Collega’s van de afdeling Klinische Genetica van het UMCG. Alle artsen, consulenten en secretaresses, 

heel erg bedankt voor de prettige samenwerking. Ik voel me bij jullie op mijn plek en ben dankbaar 

voor alle kansen die mij op onze afdeling worden geboden. 

Vrienden en familie. Het leven is pas de moeite waard als anderen je omringen. 

Lieve vrienden vanaf de wieg, school, studie, studentenhuis, Zuid-Afrika, co-schappen, UMCG en 

alles daaromheen: dank jullie wel! 

Speciaal dank ik Christine van Gend, voor je hechte vriendschap. Lieve Chris, inmiddels heb je de 

leiding overgenomen van jouw praktijk in het échte hoge noorden en dat verbaast me niets. Ik ben 

ontzettend trots op je en dankbaar voor je vriendschap en je luisterend oor, dat altijd dichtbij is, ook 

al woon je nu zo ver weg. 
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Mijn paranimfen, Mirjam Heijstra en Karin Middelburg. Wat ben ik blij dat jullie vandaag naast me 

willen staan. 

Lieve Mirjam, dierbare vriendin vanaf de schoolbanken. Wat heb ik veel aan je adviezen en steun 

gehad, zeker ook tijdens de laatste fase van mijn proefschrift. Dank voor je warme vriendschap en 

voor wie je bent. Die kleine Thomas boft maar met zo’n fantastische mama!

Lieve Karin, partner in crime. Wat hebben we eindeloos gepraat over het wel en wee van promotie 

onderzoek, toekomstplannen en het leven. Samen op congres, samen doodzenuwachtig voor onze 

eerste internationale presentaties, samen aan de borrel. Jouw opleiding voert je naar Amsterdam, 

maar je promotie is straks in Groningen en ik zal dan trots naast je staan. We hebben het toch maar 

gefl ikt.

Mijn schoonfamilie. Lieve René en Ans, schoonouders, Marlous en Ellen, schoonzussen, Frank en 

Wilko, mede ‘kouwe kant’, Daan en Bas, onze neefj es, en oma Seff elaar. Vanaf het begin af aan heb 

ik me welkom gevoeld in Twente en kom nu al meer dan twaalf jaar lang graag over de vloer. Dank 

voor jullie hartelijkheid en warmte. 

Lieve Peter en Annemarie, mijn grote broer en schoonzus. Kleine grote Ruben, Minke en Jelmer, ik 

ben jullie trotse tante, vanaf het bijzondere moment dat jullie het levenslicht zagen. 

Lieve papa en mama, jullie hebben mij een veilig thuis gegeven. Dank voor jullie onvoorwaardelijke 

steun, jullie zorgen en praktische hulp in (proefschrift-) nood. Jullie hebben mij altijd aangemoedigd 

het beste uit mijzelf te halen. Daarom draag ik mijn boekje graag aan jullie op. 

En dan mijn lieve Ard…Jij was, bent en blijft mijn reden om elke dag weer thuis te komen. Jij helpt 

me er telkens weer aan te herinneren dat er meer is dan werk alleen. Samen met jou is het leven nóg 

meer de moeite waard. 
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Over de auteur

Maaike Haadsma werd op 18 januari 1978 geboren in Haren. In Groningen bezocht zij het Willem 

Lodewijk Gymnasium, waar zij in 1996 haar diploma haalde (cum laude). Aansluitend studeerde 

zij Geneeskunde aan de RijksUniversiteit Groningen. Tijdens haar studie verbleef zij voor haar 

wetenschappelijke stage in Bloemfontein, Zuid Afrika. In december 2002 werd het arts-examen 

behaald. Achtereenvolgens werkte zij als arts-assistent voor de snijdende specialismen in 

ziekenhuis De Tjongerschans in Heerenveen en als arts-assistent obstetrie in het Universitair 

Medisch Centrum Groningen. Eind 2004 werd zij fertiliteitsarts en onderzoeker op de afdeling 

Voortplantingsgeneeskunde van hetzelfde ziekenhuis. Daar werd in 2006 gestart met het promotie-

onderzoek dat tot dit proefschrift heeft geleid. Vanaf april 2008 is zij werkzaam op de afdeling 

Genetica van het UMCG, waar zij op 1 januari 2010 is begonnen met de opleiding tot klinisch 

geneticus (opleider dr. J.C. Oosterwijk).
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