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GENERAL INTRODUCTION

The enigma of unexplained subfertility; whom to treat & how to treat? 
Subfertility is the failure to achieve a pregnancy after regular unprotected 
intercourse for 12 months. As many as one in six couples will encounter 
reproductive problems and millions of children have been born worldwide 
through medically assisted reproduction. This involves techniques such as 
ovulation induction, ovarian stimulation, artificial reproductive techniques, 
and intrauterine, intracervical, and intravaginal insemination with semen of 
husband, partner or donor. 
In approximately 60% of the couples a cause of the subfertility can be found, in 
half of these couples the subfertility is due to female factors like anovulation, 
tubal disease, and severe endometriosis and in the other half, it is due to 
severely impaired spermatogenesis. In roughly 30% to 50% of the couples, 
no cause of subfertility can be found (1). These couples are diagnosed with 
unexplained or mild male subfertility (2).
Most couples diagnosed with unexplained or mild male subfertility have good 
chances of conceiving naturally and will thus achieve pregnancy without 
treatment. These chances can be estimated with prediction models. Currently, 
the validated Hunault model is the established standard for predicting natural 
conception (3). 
For couples with unexplained or mild male subfertility, treatment is indicated 
only when the chances of conceiving naturally are estimated to be lower than 
the success rates after treatment. 
Guidelines generally recommend that the least invasive interventions at lower 
costs are offered first, before moving on to more invasive technologies at 
higher costs (4,5). For this reason, intrauterine insemination with or without 
ovarian stimulation has been for a long time, and often still is, recommended as 
the first line treatment for these couples. The American Society of Reproductive 
Medicine (ASRM) guidelines recommend six cycles of intrauterine insemination 
for couples with unexplained and mild male subfertility, even though there is 
limited evidence for this (5). 
The most recent guidelines published by the National Institute for Health 
and Care Excellence (NICE) recommend that intrauterine insemination is not 
performed in couples with unexplained or mild male subfertility (6). Instead, 
in vitro fertilization is recommended after a prolonged period of expectant 
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management of two years. In theory, in vitro fertilisation may overcome any 
subtle biological deficits that could affect natural conception. Based upon 
this presumed biological effect, in vitro fertilisation has increasingly been 
offered to couples with unexplained subfertility, but evidence supporting its 
effectiveness is scarce. (5–7) 
Coinciding with the increased implementation of intrauterine insemination 
with ovarian stimulation and in vitro fertilization with the transfer of multiple 
embryos, the prevalence of multiple pregnancies in most Western European 
and Northern American countries has increased. In the United States the twin 
rate has doubled since 1971 (8,9). The European In Vitro Fertilisation Monitoring 
Programme in 2004 reported almost 100.000 intrauterine insemination cycles 
from 19 countries leading to over 12.000 births, with a multiple birth rate of 
13% (Andersen et al., 2008). In 2000 almost 400.000 in vitro fertilisation cycles 
were performed in the United States and Europe (10–12). Pregnancy rates 
reported in couples with unexplained subfertility after in vitro fertilisation vary 
between 20% and 40% per cycle with multiple pregnancy rates up to 30% 
depending on female age and the number of embryo’s transferred (13). In 2001 
approximately 40% and 66% of the embryo transfers after in vitro fertilisation 
procedures in Europe and the United States respectively were of three or more 
embryos, and multiple pregnancy rates after IVF-DET were about 25% (14). 
Women carrying multiple pregnancies have an increased risk of numerous 
ante- and postpartum complications, such as pregnancy-related diabetes and 
pre-eclampsia (15,16). The topmost risk for the child after a twin pregnancy is 
preterm birth with an incidence approaching 50% (17). Prematurely delivered 
neonates are susceptible to respiratory distress syndrome, bronchopulmonary 
dysplasia, intraventricular bleeding and pneumonia (18,19). Additionally, 
the prevalence of growth restriction (42 to 57%) is much higher in children 
delivered from multiple pregnancies (20). Overall, these tribulations lead 
to high morbidity and mortality rates (21,22). Admission costs to neonatal 
intensive care units are high and lead to a doubling or quadrupling of costs 
per child born (23–25). In addition, the long-term costs owing to handicaps like 
spastic cerebral palsy are substantial (17). 
Multiple pregnancies after intrauterine insemination or in vitro fertilisation 
are increasingly regarded as an adverse treatment outcome that should be 
minimised. One of the options to reduce multiple pregnancy rates is single 
embryo transfer. After elective single embryo transfer, cumulative pregnancy 
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rates of over 35% have been reported, with multiple pregnancy rates of around 
2-3% (26–29).  
An alternative approach to in vitro fertilisation with single embryo transfer 
is modified natural cycle in vitro fertilisation which essentially resembles in 
vitro fertilisation in its original form. Modified natural cycle in vitro fertilisation 
consists of ultrasound monitoring of follicle development and aspirating the 
one preovulatory follicle or occasionally two follicles. After fertilisation one 
embryo is transferred. Cumulative clinical pregnancy rates have been reported 
of 37% after six cycles with very low multiple pregnancy rates around 1% (30–
32).
In summary, currently there is meagre evidence to support the use of medically 
assisted reproduction for couples with unexplained or mild male subfertility, 
but all these interventions are being performed globally and on a large scale. 
This, and the negative side effects of rising rates of multiple pregnancies are 
increasingly unacceptable. 

Background of the thesis 
In this thesis we focus on two critical decision moments for couples with 
unexplained and mild male subfertility, and thereby build on more than a 
decade of clinical research in our department (33–37).
The first decision we focussed on, is whether a subfertile couple with unexplained 
or mild male subfertility should be recommended to start treatment. Couples 
as well as doctors are keen to initiate treatment; couples have been trying to 
achieve a pregnancy by themselves for so long and doctors are trained to help. 
But when chances of natural conception are at least as high as success rates 
after treatment, treating these couples is not helping them. 
To guide the decision between treatment and expectant management, 
the synthesis model of Hunault is currently the standard prediction model 
to provide estimations of natural conception chances for a couple (3,38). 
It was developed in 2004 by combining the data of three models (39–41). 
The Hunault model includes five factors: female age, duration of subfertility, 
primary or secondary female subfertility, sperm motility, and referral by a 
general practitioner or a gynaecologist. This model was based on cohort 
studies performed in the seventies and since then characteristics of the 
subfertile population have changed and new tests have been introduced 
into the fertility work up (42–44). As it was unclear whether the Hunault 
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model was still appropriate for the current subfertile population or whether 
it needed an update, we felt that new or redefined predictors like basal FSH 
and BMI, had to be further investigated.
Not only were we interested in updating the Hunault model, we also 
hypothesized that we could increase the applicability of the model. 
Theoretically, couples with unfavourable chances are likely to benefit more 
from treatment than those with relatively good chances, but whether the 
prognosis of natural conception is indeed associated with the effectiveness of 
a treatment was unclear. Therefore, we intended to explore this association. In 
case the Hunault model predicts unfavourable chances of natural conception 
for a couple, treatment is indicated. Thus the second decision we focused on 
was which treatment option would be preferable for couples with unexplained 
or mild male subfertility. Such a decision involves multiple dimensions; first 
and foremost effectiveness and safety, but costs and treatment compliance 
also play a role. When we started the studies in this thesis, Dutch guidelines 
recommended intrauterine insemination for couples with unfavourable 
chances of natural conception. Other guidelines did not use chances for 
natural conception as a treatment selection marker, but did recommend 
intrauterine insemination with or without ovarian stimulation for couples with 
unexplained subfertility as well. The available evidence for the effectiveness 
of uterine insemination to support these recommendations was meagre, and 
regarding the safety aspect, all guidelines emphasized multiple pregnancies as 
main adverse effect (5,6). 
To reduce the risks of multiple pregnancies, alternative treatments to 
intrauterine insemination with ovarian stimulation were proposed. As the 
number of embryo’s transferred after in vitro fertilisation can easily be reduced, 
this seemed a potential alternative (45,46). A second apparent alternative to 
intrauterine insemination would be in vitro fertilisation in a modified natural 
cycle, where only the oocyte that develops naturally is used. It was unclear 
whether either of these alternatives could reduce the number of multiple 
pregnancies compared to intrauterine insemination with ovarian stimulation, 
while maintaining the pregnancy rates. Proper evidence to compare in vitro 
fertilisation with single embryo transfer or in in vitro fertilisation in a modified 
natural cycle, with intrauterine insemination with ovarian stimulation in terms 
of effectiveness and safety was lacking, and a randomised controlled trial was 
warranted. 
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Next to efficacy and safety, treatment costs play an increasingly large role 
in clinical decision making (47–49). The comparisons of the costs of the two 
in vitro fertilization modalities and intrauterine insemination had not been 
performed, and we planned to explore this. 
When weighing treatment options, cumulative success rates per completed 
treatment are the most clinically relevant outcome of interest of all types 
of medically assisted reproduction. Adherence to the initiated treatment 
determines success to a large extent. Thus dropouts are considered an adverse 
treatment outcome. Results from cohort studies found dropout rates after in 
vitro fertilisation of 20-60% and after intrauterine insemination of almost 30%, 
but these rates have never been compared in a head to head comparison as we 
intended to do (31,50,51).
Finally, despite efforts to reduce multiple pregnancy rates after medically 
assisted reproduction, we thought that it is not realistic to expect that they can 
be completely prevented within years to come and therefore better knowledge 
on maternal and neonatal outcomes in twins after MAR would be helpful in 
steering away from these interventions or would be reassuring and as such 
would improve counselling. So far, it was established that singletons after in 
vitro fertilisation have worse perinatal outcomes than naturally conceived 
singletons, but whether twins conceived after medically assisted reproduction 
are prone to more risks than naturally conceived twins remained a moot point 
(52–57).

Aims of the thesis
This thesis studies two critical decisions that clinicians have to make when 
guiding a couple diagnosed with unexplained or mild male subfertility. 
First, we aim to investigate whom to treat. To do so, first, we intend to improve 
our ability to accurately predict natural conception chances for couples with 
unexplained or mild male subfertility by adding additional predictors to the 
established Hunault model. Afterwards, we will explore the relationship 
between predicted natural conception chances and treatment effectiveness. 
Second, we aim to determine how to treat. To do so, we will evaluate three 
treatment options i.e. in vitro fertilisation with single embryo transfer, in vitro 
fertilisation in a modified natural cycle and intrauterine insemination with 
ovarian stimulation for couples with unexplained or mild male subfertility 
regarding effectiveness, safety, costs and treatment compliance. Finally we 
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aim to investigate if there are differences in maternal or perinatal outcomes 
between couples who have conceived twins after natural conception and who 
have conceived after medically assisted reproduction.  

OUTLINE OF THE THESIS 

Chapter 2 presents the results of a comparison between the established 
prediction model of Hunault and a revised prediction model with additional 
predictors applicable for a broader population. The revised prediction model 
was constructed using prospectively collected data from an existing cohort of 
5,184 couples and was compared with the established prediction model in the 
population that the Hunault model was validated upon.  
Chapter 3 reports on the results of an individual patient data analysis 
investigating the association between the prognostic profile of subfertile 
couples and their treatment outcome after expectant management, 
intrauterine insemination with or without ovarian stimulation, and in vitro 
fertilisation. We acquired data from 8 randomised controlled trials including 
2250 couples. We performed an individual-patient data analysis of published 
randomised controlled trials comparing intrauterine insemination or in vitro 
fertilization with expectant management for couples with mild male or 
unexplained subfertility. We invited the authors of published randomised trials 
comparing expectant management, intracervical insemination, intra-uterine 
insemination with or without ovarian stimulation and in vitro fertilization to 
share their data. In all datasets we calculated natural conception chances for 
each couple, using the Hunault model.
Chapter 4 presents the results of a randomised controlled non-inferiority trial 
comparing in vitro fertilisation with single embryo transfer and subsequent 
cryocycles or in vitro fertilisation in the modified natural cycle compared 
to intrauterine insemination as a first line treatment in 602 couples with 
unexplained subfertility and an unfavourable prognosis on natural conception. 
The main outcome measure was the birth of a healthy child resulting from a 
singleton pregnancy conceived within 12 months after randomisation.
Chapter 5 reports on the results of a cost-effectiveness analysis of the 
randomised controlled non-inferiority trial presented in chapter 4. For each 
of the three strategies we calculated the mean costs and effectiveness. 
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Incremental cost-effectiveness ratios were calculated for IVF-SET compared to 
intrauterine insemination with ovarian stimulation and for in vitro fertilisation 
in the modified natural cycle compared to intrauterine insemination with 
ovarian stimulation.
Chapter 6 reports on dropout rates in the same trial. We defined couples as 
dropout if they had not completed their allocated three cycles of IVF-SET, 
including frozen thawed cycles or their allocated six cycles of IVF-MNC or IUI-
OS. We classified reasons for dropping out into two main categories; “following 
medical advice”, which included poor response to treatment, poor semen 
quality and other medical reasons  and in “patient initiated” dropouts which 
included emotional or physical burden of treatment, lack of confidence in the 
allocated treatment, relational problems, moving house and other reasons. 
The risk of dropping out was assessed by calculating relative risks with 95% 
confidence intervals. To account for time we also calculated the hazard ratios 
and formally compared these over time using Kaplan-Meier plots, considering 
dropout as an event, while time to dropout was censored in case of ongoing 
pregnancy. 
Chapter 7 Reports on the result of a registry study comparing the maternal 
and perinatal outcomes after medically assisted reproduction and after natural 
conception, with strict control for parity and zygosity. 6,964 women were 
recorded who delivered an opposite sex twin. Of these, 470 women delivered 
an opposite sex twin pregnancy after ovulation induction, 511 after intrauterine 
insemination with ovarian stimulation, 2,437 after in vitro fertilisation/ 
intracytoplasmic sperm injection, and 3,276 women had twins after natural 
conception.
Chapter 8 Presents the summary of this thesis and provides suggestions for 
future research.
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