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SUMMARY 

In Reproductive Medicine, when guiding couples with subfertility, the crucial 
questions are whom to treat, when to treat and how to treat. Couples with 
double-sided tubal blockage, severely impaired semen quality or ovulation 
disorders, all need treatment to overcome these evident barriers for conception 
(1). Yet for 30% to 50% of subfertile couples all test results of the fertility work-
up are within the normal range, or show a slightly impaired semen analysis, 
and these couples are diagnosed with unexplained or mild male subfertility 
(2). These are essentially “diagnoses per exclusionem”. They are ambivalent 
for a couple to receive, since they basically indicate that we do not know why 
pregnancy is not achieved (3). 
Traditionally, intrauterine insemination with ovarian stimulation has been 
the first line treatment for subfertile couples with unexplained or mild 
male subfertility, as it is not invasive and relatively inexpensive. Intrauterine 
insemination has been a longstanding treatment, but it’s effectiveness was 
only studied scientifically in a randomised controlled trial published in the 
Lancet as late as 1984 (4). In this cross-over trial 35 couples were randomised 
into three groups; natural intercourse timed with basal body temperature, 
natural intercourse timed with luteinizing hormone (LH) surge or intrauterine 
insemination timed after LH surge. Since the trial was small, the effectiveness of 
intrauterine insemination could not be proven. Still, from then on, intrauterine 
insemination was widely implemented, and it is now the most extensively used 
fertility enhancing treatment in the world. In hindsight, it was implemented 
overenthusiastically and even now only few studies have compared 
intrauterine insemination with or without ovarian stimulation to regular 
unprotected intercourse, thus its effectiveness has until today not been proven 
(5-7). This has not prevented European and American guidelines from issuing 
recommendations on the use of intrauterine insemination. The American 
Society for Reproductive Medicine (ASRM) guidelines concluded that there 
is a significant but small effect of intrauterine insemination, and recommend 
short-term use of intrauterine insemination with ovarian stimulation for 
unexplained subfertility as a first line treatment (8). The most recent NICE 
(National Institute for Health and Care Excellence) guidelines concluded that 
there was no evidence of a difference between intrauterine insemination with 
or without ovarian stimulation and sexual intercourse,  and recommended that 
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intrauterine insemination should not be offered in any situation (1). They both 
agree that more studies into the effectiveness of intrauterine insemination are 
warranted. 
In vitro fertilisation with single embryo transfer is also widely accepted as a first 
or second line treatment, but also here there is no robust evidence to support 
in vitro fertilisation as a first or second line treatment (9). The same is true for 
all kind of variants of in vitro fertilisation, like in vitro fertilisation with minimal 
ovarian stimulation, such as in vitro fertilisation in the modified natural cycle. 
In light of this relative lack of evidence of effective treatments for couples with 
unexplained or mild male subfertility, this thesis focuses on the two pragmatic 
decisions that clinicians face when guiding such a couple. The first decision to 
be made is whether and when couples should be recommended treatment 
over expectant management. The second decision involves determining what 
treatment to offer. 
To explore the first decision, we investigated whether we could improve our 
ability to accurately predict chances of natural conception for couples with 
unexplained or mild male subfertility by adding predictors to the established 
standard model for natural conception (the Hunault model). Subsequently we 
explored the relationship between predicted chances of natural conception 
and the effectiveness of various treatments. 
To study the second decision we compared intrauterine insemination with 
ovarian stimulation, in vitro fertilisation with single embryo transfer and in vitro 
fertilisation in a modified natural cycle regarding effectiveness, safety, costs 
and treatment compliance. We randomised eligible couples with unexplained 
or mild male subfertility to in vitro fertilisation with single embryo transfer, 
in vitro fertilisation in a modified natural cycle and intrauterine insemination 
with ovarian stimulation, and chose a healthy child as our primary outcome. 
Secondary outcomes included ongoing pregnancy rates, costs and multiple 
pregnancy rates. Multiple pregnancies are a concern in terms of safety as they 
are associated with maternal morbidity, neonatal morbidity and mortality. 
Finally, we aimed to investigate whether multiple pregnancies, specifically twin 
pregnancies, conceived after medically assisted reproduction are different in 
maternal  or perinatal outcomes from twin pregnancies conceived after natural 
conception. 
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In chapter 1 we provide a general introduction of this thesis and describe the 
objectives of this thesis. 

In chapter 2 we aimed to assess whether additional predictors can refine the 
existing Hunault model, improve the ability to predict natural conception 
chances for couples with unexplained and mild male subfertility. We also 
wanted to investigate whether we could extend the model’s applicability to 
couples with characteristics previously not included in the construction and 
validation of the Hunualt model. 
Consecutive subfertile couples with unexplained or mild male subfertility 
presenting in fertility clinics in The Netherlands were asked to participate in 
a prospective cohort study. We constructed a multivariable prediction model, 
with the predictive factors of the Hunault model and new potential predictors. 
We coined this model the revised model. The primary outcome, natural 
conception leading to an ongoing pregnancy, was observed in 1,053 women 
(21%) of the 5,184 included couples. All predictors of the Hunault model were 
selected into the revised model plus an additional seven. The c-statistic was 
0.71 (95%CI: 0.69 to 0.73) for the revised model compared to 0.59 (95%CI: 0.57 
to 0.61) for the Hunault model, indicating that the revised model had a slightly 
better discriminatory performance than the original model. Also, in terms of 
calibration, the revised model seemed to concur better with the observed 
pregnancy rates compared to the Hunault model. After prospective validation 
the revised model could be useful in daily practice for counselling subfertile 
couples. 

In chapter 3 we intended to explore the association between the predicted 
natural conception chances for a couple and the effectiveness of treatment. 
We performed an individual patient data analysis and acquired data from 8 
published trials including 2550 couples, of which almost 60% were treatment-
naïve, that were randomised between expectant management, intrauterine 
insemination with or without ovarian stimulation or in vitro fertilisation. 
In three studies the more invasive treatment strategies appeared less effective 
in couples with favourable chances of natural conception, but the difference 
did not reach statistical significance (p-values for interaction in each study 
0.71, 0.31 and 0.19). In one study intrauterine insemination and intracervical 
insemination with ovarian stimulation led to higher pregnancy rates than the 
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same treatments without ovarian stimulation, irrespective of prognosis, but at 
the expense of high twinning rates of 23 and 30% . 
In two studies the more invasive treatment strategies appeared more effective 
in couples with a favourable prognosis, but this difference also did not reach 
statistical significance (p-value for interaction 0.38 and 0.68 respectively). 
In one study, prognosis was already incorporated in the inclusion criteria, 
and its differential effect on treatment effect was limited. The only study 
that compared expectant management with in vitro fertilisation included 38 
couples and was too small for a precise estimate. The results of our analyses 
demonstrate that the prognosis of natural conception has no large differential 
effects on effectiveness of medically assisted reproduction. 

In chapter 4 we aimed to compare the effectiveness of in vitro fertilisation with 
single embryo transfer or in vitro fertilisation in a modified natural cycle to 
intrauterine insemination with ovarian stimulation in terms of a healthy child. 
We performed a multicentre open-label three arm parallel-group randomised 
controlled non-inferiority trial in 17 centres in the Netherlands. Couples seeking 
fertility treatment after at least 12 months of unprotected intercourse, with the 
female partner between 18 and 38 years, an unfavourable prognosis for natural 
conception and a diagnosis of unexplained or mild male subfertility were 
considered eligible. We randomly allocated them between three cycles of in vitro 
fertilisation with single embryo transfer plus subsequent cryocycles, six cycles 
of in vitro fertilisation in a modified natural cycle and six cycles of intrauterine 
insemination with ovarian stimulation within 12 months after randomisation. 
When designing the trial, double embryo transfer after in vitro fertilisation 
was still common practice. Elective single embryo transfer, i.e. transferring one 
embryo if of good quality, and two if no good quality embryos are available, 
was a relatively new phenomenon of unproven value (73). During the trial, 
the preliminary results from a pilot trial comparing intrauterine insemination 
with ovarian stimulation with in vitro fertilisation and elective single embryo 
transfer demonstrated that the latter was not an effective strategy to prevent 
multiple pregnancies for these couples (74). Thus we amended our protocol to 
include in vitro fertilisation with strict single embryo transfer i.e. single embryo 
transfer irrespective of the quality of the embryo, instead of the elective single 
embryo. 
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Our primary outcome was birth of a healthy child resulting from a singleton 
pregnancy conceived within 12 months after randomisation. Any additional 
treatments during this period were included in the follow-up. Secondary 
outcomes were live birth, clinical pregnancy, ongoing pregnancy, multiple 
pregnancy, time to pregnancy, pregnancy complications, neonatal morbidity 
and mortality. 
Between January 2009 and February 2012, 602 couples were randomly 
assigned, with 201 allocated to in vitro fertilisation with single embryo transfer, 
194 to in vitro fertilisation in a modified natural cycle, and 207 to intrauterine 
insemination with ovarian stimulation. Birth of a healthy child occurred in 104 
couples (52%) allocated to in vitro fertilisation with single embryo transfer, 
83 (43%) allocated to in vitro fertilisation in a modified natural cycle, and 
97 (47%) allocated to intrauterine insemination with ovarian stimulation. 
This corresponds to a risk, relative to intrauterine insemination with ovarian 
stimulation, of 1.10 for in vitro fertilisation with single embryo transfer (95% 
CI; 0.91 to 1.34) and of 0.91 for in vitro fertilisation in a modified natural cycle 
(95% CI; 0.73 to 1.14). These two 95% confidence intervals do not extend below 
the predefined threshold of 0.69 for inferiority. Multiple pregnancy rates per 
ongoing pregnancy were 6% after in vitro fertilisation with single embryo 
transfer, 5% after in vitro fertilisation in a modified natural cycle and 7% after 
intrauterine insemination with ovarian stimulation (one sided p-value=0.52 
for in vitro fertilisation with single embryo transfer compared to intrauterine 
insemination with ovarian stimulation and one sided p-value=0.33 for in vitro 
fertilisation in a modified natural cycle compared to intrauterine insemination 
with ovarian stimulation). The results of our study demonstrate that there 
seems to be no reason to abandon intrauterine insemination with ovarian 
stimulation as a first line treatment of couples with unexplained or mild male 
subfertility and an unfavourable prognosis for natural conception. 
In chapter 5 we report a cost-effectiveness analysis of the trial described in 
chapter 4. We collected data on resource use related to treatment, medication 
and pregnancy from the case report forms. We calculated unit costs from 
various sources. For each of the three strategies we calculated the mean costs 
and effectiveness. Incremental cost-effectiveness ratios (ICER) were calculated 
for in vitro fertilisation with single embryo transfer compared to intrauterine 
insemination with ovarian stimulation and for in vitro fertilisation in the 
modified natural cycle compared to intrauterine insemination with ovarian 
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stimulation. Nonparametric bootstrap resampling was used to investigate the 
effect of uncertainty in our estimates.
Mean costs per couple were €7,187 for in vitro fertilisation with single embryo 
transfer, €8,206 for in vitro fertilisation in the modified natural cycle and 
€5,070 for intrauterine insemination with ovarian stimulation. Compared 
to intrauterine insemination with ovarian stimulation, the costs for in vitro 
fertilisation with single embryo transfer and in vitro fertilisation in the 
modified natural cycle were significantly higher (mean differences €2,117; 
95%CI: €1,544 to €2,657 and € 3,136, 95%CI: €2,519 to € 3,754 respectively).The 
incremental cost-effectiveness ratio for in vitro fertilisation with single embryo 
transfer compared to intrauterine insemination with ovarian stimulation was 
€43,375 for the birth of an additional healthy child. In the comparison of in 
vitro fertilisation in the modified natural cycle to intrauterine insemination 
with ovarian stimulation, the latter was the dominant strategy, i.e. more 
effective at lower costs. Both in vitro fertilisation strategies were significantly 
more expensive when compared to intrauterine insemination with ovarian 
stimulation without being significantly more effective. In our analysis we found 
no evidence in support of offering in vitro fertilisation as a first-line treatment 
in couples with unexplained or mild male subfertility. Thus we recommend that 
intrauterine insemination with ovarian stimulation, being inexpensive and less 
invasive, remains the first-line treatment in couples with unexplained or mild 
male subfertility. 

In chapter 6 we intended to compare dropout rates and the underlying reasons 
in in vitro fertilisation with single embryo transfer, in vitro fertilisation in a 
modified natural cycle and intrauterine insemination with ovarian stimulation. 
We defined couples as dropout if they had not completed their allocated three 
cycles of in vitro fertilisation with single embryo transfer, including frozen 
thawed cycles or their allocated six cycles of in vitro fertilisation in a modified 
natural cycle or intrauterine insemination with ovarian stimulation. 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. Of the couples allocated 
to in vitro fertilisation with single embryo transfer 30 couples (15%) dropped 
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out before completing three cycles compared to 26 couples (13%) allocated to 
intrauterine insemination with ovarian stimulation after 6 cycles (relative risk 
(RR) 1.2 (95% CI;0.73 to 1.9)). Of the couples allocated to in vitro fertilisation 
in a modified natural cycle, 45 (23%) dropped out before completing the six 
treatment cycles compared to the 26 (13%) allocated intrauterine insemination 
with ovarian stimulation (RR of 1.9 (95%CI; 1.2 to 2.9). Most dropouts during 
in vitro fertilisation with single embryo transfer followed after the first cycle, 
dropouts during in vitro fertilisation in a modified natural cycle were evenly 
distributed over cycles, and dropouts during intrauterine insemination with 
ovarian stimulation peaked after the second cycle, and then plateaued. Thirty-
four couples allocated to in vitro fertilisation with single embryo transfer, 16 
couples allocated to in vitro fertilisation in a modified natural cycle and 10 
couples allocated to intrauterine insemination with ovarian stimulation were 
still receiving treatment at the end of our follow-up period because they had 
taken a break earlier. There were no significant differences between dropout 
rates for in vitro fertilisation with single embryo transfer and intrauterine 
insemination with ovarian stimulation over time (log rank test, p=0.98). The 
dropout rates over time were significantly higher for in vitro fertilisation in a 
modified natural cycle compared to intrauterine insemination with ovarian 
stimulation (log rank test, p=0.01). Most dropouts during in vitro fertilisation 
with single embryo transfer and in vitro fertilisation in a modified natural cycle 
were patient initiated, whereas most dropouts during intrauterine insemination 
with ovarian stimulation followed medical advice. As dropout rates were 
highest for couples allocated to in vitro fertilisation in a modified natural cycle 
compared to couples allocated to intrauterine insemination with ovarian 
stimulation and were similar for couples allocated to in vitro fertilisation with 
single embryo transfer, it would seem that in vitro fertilisation in a modified 
natural cycle, is not such a “patient friendly” alternative to in vitro fertilisation 
with single embryo transfer, as has been often suggested. 

In chapter 7 we aimed to compare maternal and perinatal outcomes in 
dizygotic twin pregnancies conceived after medically assisted reproduction 
with outcomes after natural conception in a nationwide registry based 
study. We selected primiparous women who delivered opposite sex twins 
between January 2000 and December 2012 in the Netherlands. We included 
6,694 women with a dizygotic twin pregnancy, 470 after ovulation induction 
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511 after intrauterine insemination with ovarian stimulation 2,437 after in 
vitro fertilisation or intracytoplasmic sperm injection and 3,276 after natural 
conception. 
We used multivariable logistic regression and generalized linear mixed models 
to evaluate differences in outcomes. Maternal outcomes were hypertension, 
pre-eclampsia, preterm delivery, haemorrhage, and delivery mode. Perinatal 
outcomes included small for gestational age (SGA) with birth weight <10th 

percentile, birth weight <1,500 grams, 5-minute Apgar score <7, admission 
to neonatal intensive care unit, congenital anomalies and perinatal mortality. 
We found no statistically significant differences in maternal or perinatal 
outcomes after OI compared to natural conception. Women pregnant after 
in vitro fertilisation or intracytoplasmic sperm injection had a lower risk for 
hypertension (adjusted odds ratio aOR 0.74; 95%CI 0.66 to 0.83) than women 
pregnant after natural conception. After intrauterine insemination with ovarian 
stimulation more children had Apgar scores<7 ((aOR) 1.38; 95% confidence 
interval (CI) 1.05 to1.81) and perinatal mortality rates were higher (aOR 1.56; 
95%CI 1.04 to 2.33) compared to natural conception. We found no differences 
in perinatal outcomes after in vitro fertilisation or intracytoplasmic sperm 
injection compared to natural conception. 
Overall, maternal and perinatal risks other than those due to multiplicity were 
similar for twin pregnancies conceived after medically assisted reproduction 
and after natural conception. The observed higher mortality rate after 
intrauterine insemination with ovarian stimulation is most likely a chance 
finding. Mothers carrying twins conceived after medical assisted reproduction 
are not exposed to increased maternal risks, nor are their children exposed to 
increased perinatal risks, other than those due to multiplicity. 

Implications for practice 
Based upon the results of this thesis we have the following recommendations. 
Our first recommendation is to always calculate the chances of natural 
conception in all couples with unexplained or mild male subfertility. The 
Hunault model remains the established standard as long as the revised 
prediction model has not been externally validated. 
Our second recommendation is to uphold intrauterine insemination as a first 
line treatment for couples with unexplained or mild male subfertility. The 
results of this thesis demonstrate that there is currently no evidence to support 
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aborting intrauterine insemination with ovarian stimulation as first line 
treatment in favour of in vitro fertilisation. In terms of effectiveness, safety, costs 
and treatment compliance in vitro fertilisation with a single embryo transfer 
or in the modified natural cycle, has not been proven to be superior. Ideally, 
intrauterine insemination should have been compared with no treatment 
when it was first introduced. However, as large randomised clinical trials were 
no common ground at the time that intrauterine insemination was introduced, 
it is now accepted by many as the treatment of first choice. Thus intrauterine 
insemination might still be suitable as a first line treatment, and it may prevent 
couples from starting with in vitro fertilisation unnecessarily. 
Thirdly, we recommend to monitor developments on the increasing 
effectiveness of frozen/thawed embryos closely. During the writing of this 
thesis, cumulative pregnancy rates after in vitro fertilisation with single embryo 
transfer were increasing, mostly due to the increasing effectiveness of frozen 
thawed embryos. Pregnancy rates for frozen thawed embryos are now higher 
than those for fresh embryos (Wong et al., 2014). In our cost-effectiveness 
analysis we performed a scenario analysis where cumulative pregnancy rates 
after in vitro fertilisation with a single embryo and subsequent cryocycles 
reaches 75%, and observed a substantial reduction in the incremental cost-
effectiveness ratios (ICER) from 43,375 to 12,091. Also, as in vitro fertilisation 
with a single embryo is increasingly implemented, we know that multiple 
pregnancy rates can be further reduced to under 4% (http://www.nvog.nl//
Sites/Files/0000004608_IVF_cijfers_2014_per_kliniek.pdf ).  
This could imply that in vitro fertilisation with single embryo transfer and 
subsequent frozen thawed embryo transfers in the future may be proven to be 
superior to intrauterine insemination with ovarian stimulation in terms of time 
to pregnancy or healthy children. 

Implications for further research 
Ideally, clinicians should use prediction models when guiding subfertile 
couples in the decision between treatment and expectant management. These 
prediction models need to be validated externally. Although, we performed 
a per-clinic cross-validation in our analysis of the revised model to obtain 
independent predictions, it still has to be validated externally and to be 
compared with the Hunault model in a different population. After validation, 
impact analysis should be performed to compare the correspondence of the 
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calculated chances with observed natural conception chances, and to measure 
its usefulness in a clinical setting. This is a critical step, as the use of a poor-
quality prediction model could have a negative impact on clinical decisions, by 
introducing the illusion of objective improvement over clinical judgment (12). 
Preferably, we would create a model that calculates natural conception 
chances and live birth rates after treatment simultaneously. The possibility to 
estimate any absolute increase in pregnancy chances after treatment would 
allow for individualized rational decision-making. At present, these models 
do not exist. Currently a nationwide digital system (Landelijk Specialistisch 
Fertiliteits Dossier) is implemented containing complete information from all 
patient files during all phases of their treatment programme. These essentially 
are databases for prospective cohorts and could be used to construct such a 
prediction model. 
In such a prediction model, expectant management, intrauterine insemination 
and in vitro fertilisation with single embryo transfer should all be incorporated. 
Whether prolonged expectant management, as suggested by the current NICE 
guidelines, is an alternative first line treatment to intrauterine insemination still 
needs to be explored. Hopefully, the results of a randomised trial comparing 
intrauterine insemination with expectant management currently under way 
will provide evidence on this question (trial registration number: 5599). Also, 
the possibility of better counselling and guidance for couples embarking on 
expectant management should be explored. Preliminary evidence from a 
small case-control study (n=17 cases) and a small randomised controlled trial 
(n=20) suggests that sex counselling may increase these ongoing pregnancy 
rates to 35% (13, 14). To investigate this further, a randomised clinical trial that 
examines whether sex counselling increases ongoing pregnancy rates, and 
simultaneously decreases utilization of medically assisted reproduction, has 
been initiated in the Netherlands (trial registration number 5709). 
It is a ubiquitous pitfall  that pioneers and patients in the process of development 
of new treatments are so excited that these new interventions are implemented 
without proper evidence of effectiveness and safety. Essentially, this implies 
that the principle of “primum non nocere” is ignored. Yet, both as clinicians and 
researchers, we owe it to our patients to adhere to this principle. We should 
treat patients only when adequate evidence of effectiveness and safety has 
been provided, and at least as important, we should shield them from potential 
health risks from unproven laboratory procedures and clinical interventions. 
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If we want to be able to guide subfertile couples with unexplained or mild 
subfertility optimally, we need to retrace our steps, and perform the trials that 
start with the fundamental questions. 
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