
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Unexplained subfertility and its interventions
A reappraisal
Danhof, N.A.

Publication date
2020
Document Version
Final published version
License
Other

Link to publication

Citation for published version (APA):
Danhof, N. A. (2020). Unexplained subfertility and its interventions: A reappraisal. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/unexplained-subfertility-and-its-interventions(e2df030b-5536-42bf-95f4-b96ea81fa0c9).html


䄀  刀 䔀 䄀 倀 倀 刀 䄀 䤀 匀 䄀 䰀

䄀一䐀 䤀吀匀 䤀一吀䔀刀嘀䔀一吀䤀伀一匀

唀一䔀堀倀䰀䄀䤀一䔀䐀
猀甀戀昀攀爀琀椀氀椀琀礀

唀
一

䔀堀倀䰀䄀
䤀一

䔀䐀
 匀唀

䘀䔀刀吀䤀䰀䤀吀夀 䄀
一

䐀
 䤀吀匀 䤀一

吀䔀刀嘀䔀一
吀䤀伀

一
匀㨀 䄀

 刀䔀䄀
倀倀刀䄀

䤀匀䄀
䰀

一
伀

伀
刀 䐀

䄀
一

䠀
伀

䘀





Unexplained subfertility and its interventions; 
a reappraisal

Nora Alexandra Danhof

136602_Noor_Danhof_BNW-def.indd   1136602_Noor_Danhof_BNW-def.indd   1 19-1-2020   16:04:4019-1-2020   16:04:40



Unexplained subfertility and its interventions; a reappraisal

ISBN/EAN: 978-94-6375-777-5

Copyright © 2020 N.A. Danhof

All rights reserved. No part of this thesis may be reproduced, stored or transmitted in 
any way or by any means without the prior permission of the author, or when applicable, 
of the publishers of the scientific papers.

Cover and chapterpage design:  Jasper Kroese 
Layout and design: Eduard Boxem | www.persoonlijkproefschrift.nl. 
Printing: Ridderprint BV | www.ridderprint.nl

Printing of this thesis was supported by Stichting Gynaecologische Endrocrinologie en 
Kunstmatige Humane Voortplanting, the AMC Medical Research BV, ABN Amro Bank, 
and efr-software.com

136602_Noor_Danhof_BNW-def.indd   2136602_Noor_Danhof_BNW-def.indd   2 19-1-2020   16:04:4019-1-2020   16:04:40



Unexplained subfertility and its interventions; 
a reappraisal

ACADEMISCH PROEFSCHRIFT

ter verkrijging van de graad van doctor

aan de Universiteit van Amsterdam

op gezag van de Rector Magnificus

prof. dr. ir. K.I.J. Maex

ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Agnietenkapel

op vrijdag 6 maart 2020, te 10.00 uur

door 

Nora Alexandra Danhof

geboren te Leiden

136602_Noor_Danhof_BNW-def.indd   3136602_Noor_Danhof_BNW-def.indd   3 19-1-2020   16:04:4019-1-2020   16:04:40



PROMOTIECOMMISSIE

Promotores:  Prof. dr. F. van der Veen  AMC-UvA

  Prof. dr. S. Repping  AMC-UvA

Copromotores:  Dr. M.H. Mochtar   AMC-UvA

  Dr. M. van Wely   AMC-UvA

Overige leden:  Prof. dr. M.J.C. Eijkemans  Universiteit Utrecht

  Prof. dr. M. Goddijn  AMC-UvA

  Prof. dr. C.B. Lambalk  Vrije Universiteit Amsterdam

  Prof. dr. J.S.E. Laven  Erasmus Universiteit Rotterdam

  Prof. dr. V. Mijatovic  Vrije Universiteit Amsterdam

 Faculteit der Geneeskunde

136602_Noor_Danhof_BNW-def.indd   4136602_Noor_Danhof_BNW-def.indd   4 19-1-2020   16:04:4019-1-2020   16:04:40



CONTENTS

Chapter 1 General introduction and outline of the thesis 9

Chapter 2 Interventions for unexplained infertility: a systematic review and 
network meta-analysis

Wang R, Danhof NA, Tjon-Kon-Fat RI, Eijkemans MJC, Bossuyt PMM, 
Mochtar MH, van der Veen F, Bhattacharya S, Mol BWJ, van Wely M

Cochrane Database of Systematic Reviews 2019;5:9:CD012692

21

Chapter 3 Follicle stimulating hormone (FSH) versus Clomiphene Citrate 
(CC) in intrauterine insemination for unexplained subfertility: A 
randomized controlled trial

Danhof NA, van Wely M, Repping S, Koks C, Verhoeve HR, de Bruin 
JP, Verberg MFG, van Hooff MHA, Cohlen BJ, van Heteren CF, 
Fleischer K, Gianotten J, van Disseldorp J ,Visser J, Broekmans FJM, 
Mol BWJ, van der Veen F, Mochtar MH, for the SUPER study group

Human Reproduction 2018;33(10):1866-74

81

Chapter 4 Intrauterine insemination for unexplained infertility – a network 
meta-analysis

Danhof NA, Wang R, van Wely M, van der Veen F, Mol BWJ, Mochtar 
MH

Human Reproduction Update 2020;26(1):1-15

99

Chapter 5 FSH or CC in IUI with ovarian stimulation for unexplained 
subfertility: a role for treatment selection markers?

Danhof NA, van Eekelen R, Repping S, Mol BWJ, van der Veen F, van 
Wely M, Mochtar MH, for the SUPER study group

Reproductive BioMedicine Online. 2019;38:938-942

133

Chapter 6 Endometrial thickness as a biomarker for ongoing pregnancy 
in intrauterine insemination for unexplained subfertility: a 
secondary analysis

Danhof NA, van Eekelen R, Repping S, Mol BWJ, van der Veen F, van 
Wely M, Mochtar MH, for the SUPER study group

Accepted for publication in Human Reproduction Open

145

136602_Noor_Danhof_BNW-def.indd   5136602_Noor_Danhof_BNW-def.indd   5 19-1-2020   16:04:4019-1-2020   16:04:40



Chapter 7 Gonadotrophins or clomiphene citrate in couples with 
unexplained infertility undergoing intrauterine insemination: a 
cost-effectiveness analysis

Danhof NA, van Wely M, Repping S, van der Ham DP, Klijn N, Janssen 
CAH, Rijn-van Weert JM, Twisk M, Traas MAF, Pelinck MJ, Perquin 
DAM, Boks DES, Sluijmer A, Mol BWJ, van der Veen F, Mochtar MH, 
for the SUPER study group

Reproductive BioMedicine Online. 2019;19:pii: S1472-6483.30740-0

159

Chapter 8 General discussion 173

Chapter 9 Summary 183

Chapter 10 Samenvatting 189

Appendices

List of coauthors and affiliations 196

Author contributions 198

PhD portfolio 199

List of publications 203

Dankwoord 201

About the author 203

136602_Noor_Danhof_BNW-def.indd   6136602_Noor_Danhof_BNW-def.indd   6 19-1-2020   16:04:4019-1-2020   16:04:40



136602_Noor_Danhof_BNW-def.indd   7136602_Noor_Danhof_BNW-def.indd   7 19-1-2020   16:04:4119-1-2020   16:04:41



136602_Noor_Danhof_BNW-def.indd   8136602_Noor_Danhof_BNW-def.indd   8 19-1-2020   16:04:4419-1-2020   16:04:44



1
General Introduction

136602_Noor_Danhof_BNW-def.indd   9136602_Noor_Danhof_BNW-def.indd   9 19-1-2020   16:04:4519-1-2020   16:04:45



10

Chapter 1

GENERAL INTRODUCTION

Unexplained subfertility, defined as a proven ovulation, normal semen analysis and 
open fallopian tubes occurs in forty to fifty percent of all couples seeking medical help 
because of failure to conceive (Evers, 2002). In the Netherlands, it is estimated that 
about 4800 couples are diagnosed as such annually (CBS; NHG subfertility; Evers, 2002). 
Since the pathophysiological mechanism of “unexplained subfertility” is unknown, 
there is no causal treatment for this condition. By lack of anything better and perhaps 
because they are the tools of the trade, pragmatic treatment options like intrauterine 
insemination (IUI) with ovarian stimulation and in vitro fertilization (IVF) are standard 
clinical practice.

Pharmaceutical drugs which stimulate the ovaries are gonadotrophins, clomiphene 
citrate or Letrozole. Gonadotrophins stimulate the development of immature follicles 
in the ovary directly (https://www.drugbank.ca/drugs/DB00066 2019). Clomiphene 
citrate is a selective estrogen receptor modulator, that inhibits estrogen receptors in 
the hypothalamus, inhibiting negative feedback of estrogen on gonadotropin release, 
leading to up-regulation of the hypothalamic-pituary-gonadal axis (DrugBank > 
Clomifene Archived 2011-06-27 at the Wayback Machine. Updated on April 19, 2011). 
Letrozole is a nonsteroidal, selective aromatase inhibitor and has therefore an anti-
estrogenic effect. Ovarian stimulation carries a risk of multiple pregnancies, which is 
associated with maternal morbidity, neonatal morbidity and neonatal mortality (Calhaz-
Jorge et al., 2017; Ombelet et al 2006). Nevertheless, IUI is commonly combined with 
ovarian stimulation, as it is more effective than unstimulated IUI (Veltman-Verhulst et 
al., 2012).

IVF bypasses several steps in natural conception, such as transport of spermatozoa 
through the cervical canal and transport of the fertilized oocytes through the fallopian 
tubes. IVF is offered to couples with unexplained subfertility, based upon the concept 
that IVF bypasses unknown pathology in the chain of natural conception. In contrast to 
IUI with ovarian stimulation, IVF does not carry an increased risk of multiple pregnancies, 
provided IVF is combined with single embryo transfer (SET) (Practice committee of the 
American Society of Reproductive Medicine. 2012). The disadvantage of IVF is that it 
is more invasive than IUI.

The selection of couples with unexplained subfertility for IUI with ovarian stimulation or 
IVF varies around the world. The Dutch Society of Obstetrics and Gynaecology (NVOG) 
selects couples based on their predicted chances of natural conception. Couples are 
offered fertility treatment after twelve months of trying to conceive, provided their 
chances of natural conception are below 30% in the next twelve months according 
to Hunault prediction model. The Hunault model integrates the variables female age, 
duration of subfertility, whether subfertility is primary or secondary, referral status and 
percentage of motile sperm (Hunault et al 2004). First line treatment is a maximum of 
six cycles of IUI with ovarian stimulation and in case of failure IVF is offered as second 
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line treatment (NVOG 2010). The American Society for Reproductive Medicine does 
advise to consider simple treatment before complex treatment and to start with IUI as 
a first line treatment, before considering IVF. This society does not mention specifically 
when to start and acknowledges the need for evidence on the effectiveness of IUI 
(The Practice Committee of the American Society for Reproductive Medicine., 2006). 
The Royal College of Obstetricians and Gynaecologists states that IUI may be offered 
before IVF, as it is cheaper and less invasive, but has doubts on the success rates (RCOG 
2019, https://www.rcog.org.uk/en/patients/fertility/treatment/iui/). In contrast, the 
NICE guideline recommends to not routinely offer IUI, either with or without ovarian 
stimulation in couples with unexplained subfertility, because of a lack of evidence on 
the effectiveness of IUI, but advises to try and conceive for a total of 24 months and 
then to consider IVF (NICE 2017).

So, all in all, the recommendations of the learned societies are based upon low levels 
of evidence as acknowledged by the societies themselves.

BACKGROUND OF THIS THESIS

In 1998, the first attempt to assess the value of IUI without and with ovarian 
stimulation and IVF in couples with unexplained subfertility was done in a –now classic- 
retrospective analysis comparing cost-effectiveness of these interventions. IUI appeared 
not to be efficacious without some form of ovarian stimulation, and IUI with clomiphene 
citrate appeared to be more cost-effective than IUI with gonadotrophins or IVF. It was, 
based upon this analysis, that the provisional recommendation was made that IUI 
with clomiphene citrate should be tried for several cycles as the initial treatment after 
expectant management (Guzick et al., 1998). Following up on this study, in another 
landmark study, 258 couples with unexplained subfertility were randomly allocated to 
a maximum of six cycles of IUI without ovarian stimulation, six cycles IUI with ovarian 
stimulation with gonadotrophins or six cycles of IVF. IUI treatment was as effective as 
IVF, but ovarian stimulation in IUI did not yield higher pregnancy rates. Based upon this 
RCT, IUI without and with ovarian stimulation seemed to be more cost-effective than 
IVF. In view of the increased multiple pregnancies after IUI with ovarian stimulation, it 
was suggested to perform IUI without ovarian stimulation (Goverde et al., 2000).

At the time we realized that these major studies overlooked the issue of prognosis 
of conception, since this might affect the success rates of interventions. In 2000 the 
Centre of Reproduction Medicine of Academic Medical Centre started a research line on 
unexplained subfertility based on prognosis by addressing three major issues. First, the 
external validity and clinical value of the prediction model of Hunault were evaluated 
and it appeared that the model also performed well in other populations than the one 
in which it was developed and was thus valuable for clinical practice. Following this 
research, the model of Hunault was implemented in the Dutch Society of Obstetrics 

1
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and Gynaecology (NVOG) guideline (Prediction models in reproductive medicine. Jan 
Willem van der Steeg 2008).

Second, to establish which couples with unexplained subfertility would benefit from 
IUI with ovarian stimulation over expectant management, the model of Hunault was 
applied in couples with unexplained subfertility and a calculated intermediate prognosis 
according to Hunault, ie 30%-40% chance of natural conception in the next 12 months. 
Couples with this intermediate prognosis were randomized between IUI with ovarian 
stimulation and expectant management. Of the 127 couples that were assigned to 
IUI with ovarian stimulation, 29 (23%) conceived leading to ongoing pregnancy and 
of the 126 couples that were assigned to expectant management 34 (27%) conceived 
leading to ongoing pregnancy (RR 0.85, 95% CI 0.63 to 1.1) (Intrauterine insemination: 
a reappraisal. Pieternel Steures 2008). Inspired by the data obtained in this trial, a 
three arm parallel group, pragmatic randomised controlled trial was performed in the 
UK to compare the effectiveness of clomiphene citrate and unstimulated intrauterine 
insemination with expectant management for the treatment of unexplained infertility 
among couples at least two years of subfertility. The duration of subfertility was used as 
a proxy for prognosis. Also in this trial the interventions did not offer superior live birth 
rates compared with expectant management (live birth rates: expectant management 
17%, clomiphene citrate 14%, unstimulated IUI 23%, clomiphene citrate compared with 
expectant management, OR 0.79, 95% CI 0.45 to 1.38, unstimulated IUI compared with 
expectant management OR 1.46, 95% CI 0.88 to 2.43) (Bhattacharya et al., 2008).

Third, a prognostic model was developed for the outcome of IUI. Independent predictors 
for the chance of an ongoing pregnancy after IUI with ovarian stimulation were maternal 
age, duration of subfertility, presence of cervical or male factor, presence of one-sided 
tubal pathology, uterine anomalies, endometriosis, use of ovarian stimulation and IUI 
cycle number. In an external validation this model appeared to be able to make a 
good distinction between couples with a good pregnancy chance and those with a 
poor pregnancy chance after IUI with ovarian stimulation (Intrauterine insemination: a 
reappraisal. Pieternel Steures 2008, Intra-uterine insemination fine tuning a treatment. 
Inge Custers 2012). We next focussed on the specific issue of IUI cycle number, as this 
was of predictive value and because a small cohort study (n=685) had shown that the 
clinical pregnancy rate per cycle was significantly lower in the second three cycles 
compared to the first three cycles (Aboulghar et al., 2001). We then performed a 
much larger retrospective multicentre cohort study among 3714 women, in whom the 
mean ongoing pregnancy rate was 5.6% per cycle. The ongoing pregnancy rate in the 
seventh, eighth and ninth cycle were 5.1%, 6.7% and 4.6%, respectively (Intra-uterine 
insemination fine tuning a treatment. Inge Custers 2012).

Based on these data several conclusions were drawn. First, the prediction model of 
natural conception by Hunault is of clinical value. Second, initial expectant management 
for six months is justified in couples with an intermediate prognosis of natural 
conception according to the model of Hunault. Third, couples with a good pregnancy 
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chance can be distinguished from those with a poor pregnancy chance after IUI with 
ovarian stimulation and finally, when couples with unexplained subfertility do start with 
IUI and ovarian stimulation, the recommendation to limit the number of IUI cycles to 
six could well be changed into an extension up to nine cycles, although – obviously- 
pregnancy chances per cycle are the highest in the first three cycles.

In the period 2007-2011 the long-term impact of an initial expectant management 
on pregnancy rates was studied and it appeared that three years after randomization 
between IUI with ovarian stimulation and expectant management, during which the 
recruited couples were managed according to local protocols which included IVF, IUI 
with ovarian stimulation and expectant management, there were no differences in time 
to ongoing pregnancy. The women in the initial expectant management arm underwent 
significantly less IVF cycles and IUI cycles compared to the women in the initial IUI 
with ovarian stimulation arm (Intra-uterine insemination fine tuning a treatment. Inge 
Custers 2012).

It was concluded that IUI with ovarian stimulation was unlikely to be effective, also on 
the long term, in women with unexplained subfertility and an intermediate prognosis on 
natural conception, while IUI obviously generated costs and carried the risk of multiple 
pregnancies.

In the period 2006-2017, as a consequence of the newly acquired insight that IUI with 
ovarian stimulation was not effective in women with unexplained subfertility and 
an intermediate prognosis on natural conception, the research line concentrated on 
couples with unexplained subfertility and a poor prognosis of natural conception. The 
core focus of the research line of the Centre of Reproduction Medicine of Academic 
Medical Centre was therefore not only to investigate the effectiveness of treatment in 
these women, but also to investigate safety, ie the risks of multiple pregnancies. First, 
a systematic review and meta-analysis of twelve cohort studies and two randomized 
controlled trials suggested that ovarian stimulation in IUI should not aim for more than 
two dominant follicles per cycle (Outcome measures in reproductive medicine trials. 
Minouche van Rumste 2013).

Second, in a secondary analysis of individual patient data of randomized controlled trials 
on treatment strategies for couples with unexplained subfertility, the possibility of using 
prognosis of natural conception to select the best treatment strategy for these couples 
was explored. Included treatment strategies were timed intercourse, intracervical 
insemination and IUI - all without or with ovarian stimulation- and IVF. Data from 8 
primary studies were collected, which included 2 550 couples. The results showed that 
the probability of an ongoing pregnancy after treatment tended to be higher in couples 
with a better prognosis of natural conception, but a statistically significant differential 
effect of prognosis of natural conception on treatment efficacy was not found (Tailored 
expectant management in reproductive medicine. Noortje van den Boogaard 2013).

1
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Third, couples with unexplained subfertility and a poor prognosis of natural conception 
according to Hunault were recruited for two multicentre randomized trials to establish 
live birth rates and multiple pregnancy rates comparing IUI with ovarian stimulation 
to IVF-SET (SETI study and INeS study). IVF-SET was not superior to IUI with ovarian 
stimulation in terms of effectiveness, safety and costs (Intra-uterine insemination 
fine tuning a treatment. Inge Custers 2012; The enigma of unexplained subfertility. 
Alexandra Bensdorp; Unexplained subfertility Illuminating the path to treatment 2016. 
Raïssa Tjon-Kon-Fat 2017).

Fourth, a secondary analysis of the SETI study showed that a low total motile sperm 
count tended to lead to higher pregnancy rates after IVF than after IUI with ovarian 
stimulation. This finding was not confirmed in a second secondary analysis of the – 
much larger- INeS study (Unexplained subfertility Illuminating the path to treatment. 
Raïssa Tjon-Kon-Fat 2017).

Based on these studies it was concluded that IUI with ovarian stimulation indeed should 
be the first line treatment for couples with unexplained subfertility and a poor prognosis 
of natural conception and that this intervention should probably aim for not more than 
two follicles per cycle.

In the period 2012-2019 the focus was placed on prognosis and treatment of couples 
with unexplained subfertility with either IUI or IVF in the context of time. The major 
shortcoming of the model of Hunault was that it can only be used at one moment in 
time, explicitly direct after the fertility work up. First, a new dynamic prediction model 
which accounts for the principle of selection over time when calculating prognoses was 
developed and externally validated (Medically assisted reproduction in the context of 
time. Irma Scholten 2015, Prognosis-based management of couples with unexplained 
subfertility. Rik van Eekelen 2019).

Second, in a prospective cohort study, couples with unexplained subfertility after 
expectant management were followed in which a subset of couples started IUI with 
ovarian stimulation at various points in time. There were 800 couples who at least 
had one cycle of IUI with ovarian stimulation within 1.5 years post fertility workup of 
whom 142 couples conceived (ongoing pregnancy rate: 0.50 per couple per year, median 
follow up 4 months). Out of 1096 untreated couples, 386 conceived naturally (ongoing 
pregnancy rate: 0.31 per couple per year, median follow up 7 months) (Prognosis-
based management of couples with unexplained subfertility. Rik van Eekelen 2019). In 
the intervening time, the TUI trial was published, in which couples with unexplained 
subfertility and a poor prognosis of natural conception were randomized between 
IUI with ovarian stimulation and expectant management. This trial showed that IUI 
with ovarian stimulation significantly increased cumulative live birth rates compared 
to expectant management (OR with 95% CIs: 3.4, 1.7–6.8) (Farquhar et al., 2017).

Third, in an observational study pregnancy outcomes were compared between couples 
undergoing IVF (n=40921) obtained from British registry data and couples undergoing 
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expectant management comprised from a prospective nation-wide Dutch cohort 
(n=4875) and a retrospective regional cohort from Scotland (n=975). The adjusted 
chance of conception was 47.9% (95% CI 45.0 to 50.0) after IVF and 26.1% (95% CI 
24.2 to 28.0) after expectant management. The average absolute difference in the 
adjusted one year chance of conception was 21.8% (95% CI 18.3 to 25.3) (Prognosis-
based management of couples with unexplained subfertility. Rik van Eekelen 2019).

There were two conclusions drawn from the research in this period. First, the new 
dynamic prediction model allowed to better investigate the value of both IUI with 
ovarian stimulation and IVF over expectant management in couples with unexplained 
subfertility and a poor prognosis of natural conception, as it takes into account the 
profound effect of time. Second, IUI with ovarian stimulation seemed to be more 
effective than expectant management in couples with unexplained subfertility and a 
poor prognosis of natural conception.

In summary, research on treatment modalities in unexplained subfertility over the last 
two decades has shown that expectant management for at least six months is justified 
in couples with an intermediate prognosis of natural conception. The prediction model 
on natural conception by Hunault has been improved by the development of a dynamic 
prediction model of that is able to give repeated predictions. In couples with a poor 
prognosis of natural conception, IVF-SET is not more cost-effective than IUI with ovarian 
stimulation. Based on cohort studies and one randomized controlled trial, both IUI with 
ovarian stimulation and IVF-SET improve pregnancy rates over expectant management 
in couples who have a poor prognosis of natural conception and the benefit of these 
interventions increases when the prognosis of natural conception declines.

Most data generated by the long standing research line at the Centre for Reproductive 
Medicine of the Academic Medical Centre of Amsterdam on treatment modalities for 
unexplained subfertility have been integrated in the multi-year project of the World 
Health Organization to review the evidence for the establishment of normative guidance 
for the implementation of IUI as a treatment to address fertility problems (Cohlen et 
al., 2018).

This thesis addresses two remaining knowledge gaps.

First, the basic position of most clinical guidelines for the management of unexplained 
subfertility is to recommend starting with the least invasive intervention before moving 
on to interventions that are more invasive, but this is not based on well-founded 
evidence (ASRM 2006; NICE 2017; NVOG 2010; RCOG 2019). To date, several randomized 
controlled trials have investigated the effectiveness and safety of IUI with ovarian 
stimulation, IVF-SET and expectant management, but only in separate head to head 
comparisons. These studies have never been integrated into one analysis to provide 
well-founded recommendations.

1
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Second, safety of IUI with ovarian stimulation is still a clinical challenge. In 2007, a 
randomized controlled trial was performed to compare ovarian stimulation with 
gonadotrophins to ovarian stimulation with clomiphene citrate in IUI for unexplained 
subfertility whereby the number of dominant follicles per cycle was limited through 
withholding insemination when more than three dominant follicles developed. The 
result was a low multiple pregnancy rate (2,2%) without compromising effectiveness 
(28%), but uncertainty remained as this study was underpowered with 138 women 
included (Dankert et al., 2007). Nonetheless, IUI with ovarian stimulation was still 
practiced without considering the number of dominant follicles. In a large RCT among 
900 couples with unexplained subfertility, IUI with gonadotrophins was compared to 
IUI with clomiphene citrate and IUI with Letrozole. IUI with gonadotrophins showed a 
statistically significant increase in live birth rates (32%) compared to clomiphene citrate 
(23%) and Letrozole (19%), but at the cost of 25 twins and six triplets among 301 women 
(10%) undergoing ovarian stimulation with gonadotrophins, while there were 8 twins 
among 300 women (3%) undergoing ovarian stimulation with CC and there were 6 twins 
among 299 women (2%) (Diamond et al., 2015). These high multiple pregnancy rates 
are no longer acceptable in modern infertility treatment.

Although a strategy with adherence to strict cancellation criteria seems the regimen of 
choice, it is unclear which pharmaceutical agent is the most effective and safe, whether 
there are specific women at baseline that benefit from one or the other pharmaceutical 
agent and whether the impact of the pharmaceutical agent on endometrial thickness is 
associated with ongoing pregnancy. It is also unclear how the costs of pharmaceutical 
agents are related to the effectiveness.
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OUTLINE OF THE THESIS

Chapter 2 presents the results of a network meta-analysis on the effectiveness of 
treatment modalities for unexplained subfertility including expectant management 
as well as the active treatment modalities: ovarian stimulation (OS), intrauterine 
insemination (IUI), OS-IUI and in-vitro fertilisation (IVF)/Intracytoplasmic sperm 
injection (ICSI).

Chapter 3 reports the results of a randomised controlled trial comparing gonadotrophins 
to clomiphene citrate in women with unexplained subfertility undergoing IUI of which 
the quintessence is the adherence to strict cancellation criteria.

Chapter 4 presents the results of a network meta-analysis on the effectiveness and 
safety of 4 strategies of IUI for unexplained subfertility, namely IUI with ovarian 
stimulation with gonadotrophins, clomiphene citrate or Letrozole or IUI in a natural 
cycle

Chapter 5 explores whether it is possible to identify women at baseline that would have 
better chances of an ongoing pregnancy with one or the other pharmaceutical agent.

Chapter 6 evaluates the impact of endometrial thickness after ovarian stimulation with 
gonadotrophins or clomiphene citrate in the context of IUI and the association between 
endometrial thickness and the ongoing pregnancy rate.

Chapter 7 presents a cost-effectiveness analysis alongside the randomised controlled 
trial discussed in chapter 3.

Chapter 8 presents a general discussion of this thesis and implications for clinical 
practice and further research.

Chapter 9 presents the summary of all chapters.

Chapter 10 presents the Dutch translation of the summary presented in chapter 9.

1
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ABSTRACT

Background: Clinical management for unexplained infertility includes expectant 
management as well as active treatments, including ovarian stimulation (OS), 
intrauterine insemination (IUI), OS-IUI, and in vitro fertilisation (IVF) with or without 
intracytoplasmic sperm injection (ICSI).

Existing systematic reviews have conducted head-to-head comparisons of these 
interventions using pairwise meta-analyses. As this approach allows only the 
comparison of two interventions at a time and is contingent on the availability of 
appropriate primary evaluative studies, it is difficult to identify the best intervention in 
terms of effectiveness and safety. Network meta-analysis compares multiple treatments 
simultaneously by using both direct and indirect evidence and provides a hierarchy of 
these treatments, which can potentially better inform clinical decision-making.

Objectives: To evaluate the effectiveness and safety of different approaches to clinical 
management (expectant management, OS, IUI, OS-IUI, and IVF/ICSI) in couples with 
unexplained infertility.

Search methods: We performed a systematic review and network meta-analysis of 
relevant randomised controlled trials (RCTs). We searched electronic databases including 
the Cochrane Gynaecology and Fertility Group Specialised Register of Controlled Trials, 
the Cochrane Central Register of Studies Online, MEDLINE, Embase, PsycINFO and 
CINAHL, up to 6 September 2018, as well as reference lists, to identify eligible studies. 
We also searched trial registers for ongoing trials.

Selection criteria: We included RCTs comparing at least two of the following clinical 
management options in couples with unexplained infertility: expectant management, 
OS, IUI, OS-IUI, and IVF (or combined with ICSI).

Data collection and analysis: Two review authors independently screened titles and 
abstracts identified by the search strategy. We obtained the full texts of potentially 
eligible studies to assess eligibility and extracted data using standardised forms. The 
primary effectiveness outcome was a composite of cumulative live birth or ongoing 
pregnancy, and the primary safety outcome was multiple pregnancy. We performed a 
network meta-analysis within a random-effects multi-variate meta-analysis model. We 
presented treatment effects by using odds ratios (ORs) and 95% confidence intervals 
(CIs). For the network meta-analysis, we used Confidence in Network Meta-analysis 
(CINeMA) to evaluate the overall certainty of evidence.

Main results: We included 27 RCTs (4349 couples) in this systematic review and 24 RCTs 
(3983 couples) in a subsequent network meta-analysis. Overall, the certainty of evidence 
was low to moderate: the main limitations were imprecision and/or heterogeneity.

Ten RCTs including 2725 couples reported on live birth. Evidence of differences between 
OS, IUI, OS-IUI, or IVF/ICSI versus expectant management was insufficient (OR 1.01, 
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95% CI 0.51 to 1.98; low-certainty evidence; OR 1.21, 95% CI 0.61 to 2.43; low-certainty 
evidence; OR 1.61, 95% CI 0.88 to 2.94; low-certainty evidence; OR 1.88, 95 CI 0.81 to 
4.38; low-certainty evidence). This suggests that if the chance of live birth following 
expectant management is assumed to be 17%, the chance following OS, IUI, OS-IUI, 
and IVF would be 9% to 28%, 11% to 33%, 15% to 37%, and 14% to 47%, respectively. 
When only including couples with poor prognosis of natural conception (3 trials, 725 
couples) we found OS-IUI and IVF/ICSI increased live birth rate compared to expectant 
management (OR 4.48, 95% CI 2.00 to 10.1; moderate-certainty evidence; OR 4.99, 95 
CI 2.07 to 12.04; moderate-certainty evidence), while there was insufficient evidence 
of a difference between IVF/ICSI and OS-IUI (OR 1.11, 95% CI 0.78 to 1.60; low-certainty 
evidence).

Eleven RCTs including 2564 couples reported on multiple pregnancy. Compared to 
expectant management/IUI, OS (OR 3.07, 95% CI 1.00 to 9.41; low-certainty evidence) 
and OS-IUI (OR 3.34 95% CI 1.09 to 10.29; moderate-certainty evidence) increased the 
odds of multiple pregnancy, and there was insufficient evidence of a difference between 
IVF/ICSI and expectant management/IUI (OR 2.66, 95% CI 0.68 to 10.43; low-certainty 
evidence). These findings suggest that if the chance of multiple pregnancy following 
expectant management or IUI is assumed to be 0.6%, the chance following OS, OS-IUI, 
and IVF/ICSI would be 0.6% to 5.0%, 0.6% to 5.4%, and 0.4% to 5.5%, respectively.

Trial results show insufficient evidence of a difference between IVF/ICSI and OS-IUI for 
moderate/severe ovarian hyperstimulation syndrome (OHSS) (OR 2.50, 95% CI 0.92 to 
6.76; 5 studies; 985 women; moderate-certainty evidence). This suggests that if the 
chance of moderate/severe OHSS following OS-IUI is assumed to be 1.1%, the chance 
following IVF/ICSI would be between 1.0% and 7.2%.

Authors’ conclusions: There is insufficient evidence of differences in live birth between 
expectant management and the other four interventions (OS, IUI, OS-IUI, and IVF/
ICSI). Compared to expectant management/IUI, OS may increase the odds of multiple 
pregnancy, and OS-IUI probably increases the odds of multiple pregnancy. Evidence 
on differences between IVF/ICSI and expectant management for multiple pregnancy is 
insufficient, as is evidence of a difference for moderate or severe OHSS between IVF/
ICSI and OS-IUI.

2
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PLAIN LANGUAGE SUMMARY

Interventions for unexplained infertility: a systematic review and meta-
analysis

Review question
Researchers in Cochrane reviewed the evidence on the effectiveness and safety of 
ovarian stimulation (OS), intrauterine insemination (IUI), OS-IUI, and in vitro fertilisation 
(IVF) with or without intracytoplasmic sperm injection (ICSI) versus expectant 
management in couples with unexplained infertility.

Background
Treatment options for unexplained infertility include expectant management as well 
as active treatments such as ovarian stimulation (OS), intrauterine insemination (IUI), 
OS-IUI, and in vitro fertilisation (IVF) with or without intracytoplasmic sperm injection 
(ICSI). Network meta-analysis synthesises evidence of direct and indirect comparisons 
of interventions and enables researchers to simultaneously assess the effectiveness 
of more than two interventions for the same condition, so that clinicians can use the 
evidence to offer the best treatment. Therefore, we compared all these different 
treatment options by using network meta-analysis, to better inform clinical decision-
making.

Study characteristics
We found 27 randomised controlled trials comparing these treatments with each 
other in a total of 4349 couples with unexplained infertility. The evidence is current to 
September 2018.

Key results
Evidence of differences in live birth between expectant management and the other 
four treatments (OS, IUI, OS-IUI, and IVF/ICSI) was insufficient. If the chance of live 
birth following expectant management is assumed to be 17%, the chance following OS, 
IUI, OS-IUI, and IVF would be 9% to 28%, 11% to 33%, 15% to 37%, and 14% to 47%, 
respectively. Compared to expectant management/IUI, OS may increase the chances of 
multiple pregnancy, and OS-IUI probably increases the chances of multiple pregnancy. 
Evidence showing differences between IVF/ICSI and expectant management for multiple 
pregnancy was insufficient. If the chance of multiple pregnancy following expectant 
management/IUI is assumed to be 1%, the chance following OS, OS-IUI, and IVF/ICSI 
would be 1% to 5%, 1% to 5%, and 0% to 6%, respectively.

Certainty of the evidence
The certainty of evidence overall was low to moderate. The main limitations were 
imprecision (not enough couples have been studied) and heterogeneity (couples in 
existing studies had different clinical characteristics).
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BACKGROUND

Description of the condition
Up to one in eight couples who try to achieve pregnancy fail to do so after 12 months of 
unprotected intercourse (Boivin, et al., 2007, Datta, et al., 2016, Gnoth, 2003). Routine 
fertility investigations comprising semen analysis, assessment of ovulation, and a 
tubal patency test fail to reveal any abnormality in 25% of couples who are said to 
have unexplained infertility (Brandes, et al., 2010, Hull, et al., 1985). In the absence 
of an obvious barrier to conception, many of these couples possess a good chance of 
achieving pregnancy without treatment (Brandes, et al., 2011).

Description of the intervention
Clinical guidelines for the management of unexplained infertility recommend starting 
with the least invasive intervention before moving on to those that are more invasive 
(American Society for Reproductive, 2006, Dutch Society of Obstetrics and Gynaecology, 
2010, National Institute for Health and Care Excellence, 2013). In clinical practice, this 
has led to a wide range of clinical management approaches, ranging from expectant 
management (i.e. sexual intercourse) to timed intercourse, ovarian stimulation (i.e. 
gonadotropins, aromatase inhibitors, or anti-oestrogens), intrauterine insemination 
(IUI) with or without ovarian stimulation, in vitro fertilisation (IVF), and intracytoplasmic 
sperm injection (ICSI).

Expectant management or timed intercourse
Couples have a good chance of achieving pregnancy without treatment. A cumulative 
ongoing pregnancy rate of 27% has been reported after 12 months of unprotected 
intercourse following completion of the fertility investigations (Hunault, et al., 2005, 
van Eekelen, et al., 2017)

Ovarian stimulation (OS)
Anti-oestrogens (e.g. clomiphene), gonadotropins (e.g. urinary or recombinant follicle-
stimulating hormone), and aromatase inhibitors (e.g. letrozole) are the most commonly 
used medications for OS. OS is used to stimulate follicular growth to increase the 
number of mature oocytes available for fertilisation, assuming that this would increase 
the chance of a live birth.

IUI (with or without OS)
IUI is another treatment option for unexplained infertility. It involves placement of 
prepared sperm into the uterine cavity timed around ovulation (Kandavel and Cheong, 
2018). IUI can be done in a natural cycle or in combination with OS. Live birth rates 
of approximately 6% to 10% per cycle have been reported for infertile couples with 
unexplained infertility undergoing IUI with or without ovarian stimulation (Huang, et 
al., 2018).

2
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IVF and ICSI
Conventional IVF refers to the co-incubation of oocytes with sperm in vitro with the 
goal of achieving extracorporeal fertilisation (Zegers-Hochschild, et al., 2017); this was 
first used as a treatment option for tubal infertility (Steptoe and Edwards, 1978). ICSI 
is a procedure in which a single spermatozoon is injected into the oocyte cytoplasm 
(Zegers-Hochschild, et al., 2017); this was first used in couples with severe male factor 
infertility (Palermo, et al., 1992). In the last three decades, the indication for IVF and 
ICSI has expanded to embrace a wider range of couples with infertility, including those 
with unexplained infertility (Kamphuis, et al., 2014).

How the intervention might work
In couples with unexplained infertility, a biological cause for their involuntary 
childlessness has not been detected, and therefore the rationale for each possible 
treatment is based upon assumptions.

The concept behind timed intercourse is to aid couples in having intercourse at the 
best time for fertilisation through the use of cycle monitoring. Ovarian stimulation is 
used to stimulate follicular growth to increase the number of mature oocytes available 
for fertilisation. IUI brings the spermatozoa closer to the oocyte for fertilisation at the 
appropriate time. The combination of OS and IUI combines these effects. IVF bypasses 
the process of transport of spermatozoa. ICSI assists fertilisation in overcoming any 
subtle abnormalities of sperm-oocyte interaction.

Why it is important to do this review
Various reviews have examined interventions for couples with unexplained infertility 
(Athaullah, et al., 2002, Gunn and Bates, 2016, Hughes, et al., 2010, Pandian, et al., 2015, 
Veltman-Verhulst, et al., 2016). These reviews have included head-to-head comparisons 
of two interventions. Given that no large randomised controlled trials (RCTs) have 
compared all these available treatments, it is still uncertain which one is the most 
effective and safe option. Network meta-analysis could synthesise and interpret the 
wider picture of existing evidence by incorporating both direct and indirect evidence 
of different interventions. This approach can also identify gaps in research that need 
to be addressed in the future.

Objectives
To evaluate the effectiveness and safety of different approaches of clinical management 
(expectant management, OS, IUI, OS-IUI, and IVF/ICSI) in couples with unexplained 
infertility.
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METHODS

Criteria for considering studies for this review

Types of studies
All randomised controlled trials (RCTs) comparing the effectiveness and/or safety of 
one of the interventions versus the other intervention. We excluded quasi-randomised 
and non-randomised studies. Cross-over trials were included, but only data from the 
first phase were used.

Types of participants
Couples who had been trying to conceive for at least one year, women having at 
least one patent fallopian tube and an ovulatory cycle, and men having a pre-wash 
total motile sperm count > 3 * 10ˆ6 were eligible. Among women with a diagnosis of 
endometriosis, only those with mild endometriosis (American Fertility Society (AFS) 
criteria I) were included.

Types of interventions

We considered all trials that compared at least two of the following clinical management 
options.

- Expectant management, including timed intercourse.

- OS using gonadotropins, aromatase inhibitors, anti-oestrogens, or their combination.

- IUI without ovarian stimulation.

- OS-IUI.

- IVF with a single embryo transfer, with a double embryo transfer, or combined with 
ICSI.

Expectant management and timed intercourse were combined in the same group if no 
invasive techniques were used. Studies comparing different OS protocols were excluded 
and those comparing OS with different protocols were pooled as one OS group. The 
five proposed interventions were jointly randomisable (i.e. a couple with unexplained 
infertility is theoretically able to be randomised to any of the five interventions). ICSI 
was not considered as a separate intervention, as it is indicated for couples with severe 
male factor infertility or with fertilisation failure in previous IVF cycles. Therefore, ICSI 
was not jointly randomisable with the other interventions and including ICSI will violate 
the transitivity assumption in this network meta-analysis. Moreover, trials including IVF 
as an intervention often also applied ICSI for couples with unexpected low sperm count 
on the day of oocyte retrieval, or with previous IVF failure in a multi-cycle intervention; 
therefore IVF with and without ICSI was considered as the same intervention. Studies 
with an embryo transfer policy allowing transfer of more than two embryos in an 
unselected population were included in the systematic review but were excluded from 
the network meta-analysis to make the transitivity assumption valid. Natural cycle IVF 
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and modified natural cycle IVF were not included, as they are not comparable to other 
IVF protocols.

Types of outcome measures
Primary outcomes

- The primary effectiveness outcome was a composite of cumulative live birth or 
ongoing pregnancy per woman randomised. Live birth was defined as the birth of a 
living child after 24 weeks of gestation. Ongoing pregnancy was defined as at least 
one registered embryonic heartbeat on ultrasound at 12 weeks’ gestation and was 
used in the analysis only when live birth was not reported. Cumulative refers to 
multiple attempts to achieve a live birth (i.e. multiple cycles of treatments). In IVF, 
cumulative refers to fresh embryo transfer followed by frozen embryo transfer cycles 
when applicable

- The primary safety outcome was multiple pregnancy per woman randomised 
(defined as at least two registered embryonic heartbeats on ultrasound)

Secondary outcomes

- Clinical pregnancy per woman randomised (defined as at least one registered 
embryonic heartbeat on ultrasound)

- Moderate/severe ovarian hyperstimulation syndrome (OHSS) per woman randomised 
(defined as moderate abdominal pain, nausea ± vomiting, the presence of ascites on 
ultrasound or clinical ascites, and ovarian size of at least 8 cm) (Mathur, et al., 2005)

Search methods for identification of studies
We searched for all published and unpublished RCTs, without language or date 
restrictions, in consultation with the Cochrane Gynaecology and Fertility Group (CGF) 
Information Specialist.

Electronic searches
We searched the following electronic databases for relevant trials.

- The Cochrane Gynaecology and Fertility Group (CGF) Specialised Register of 
Controlled Trials, searched 6 September 2018 (Procite platform) (Appendix 1).

- The Cochrane Central Register of Studies Online, searched 6 Sptember 2018 (CRSO 
Web platform) (Appendix 2).

- MEDLINE, searched from 1946 to 6 September 2018 (Ovid platform) (Appendix 3).

- Embase, searched from 1980 to 6 September 2018 (Ovid platform) (Appendix 4).

- PsycINFO, searched from 1806 to 6 September 2018 (Ovid platform) (Appendix 5).

- Cumulative Index to Nursing and Allied Health Literature (CINAHL), searched from 
1961 to 6 September 2018 (Ebsco platform) (Appendix 6).
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The MEDLINE search was combined with the Cochrane highly sensitive search 
strategy for identifying randomised trials, which appeared in the Cochrane Handbook 
for Systematic Reviews of Interventions(Version 5.1.0, Chapter 6, 6.4.11). Embase, 
PsycINFO, and CINAHL searches were combined with trial filters developed by the 
Scottish Intercollegiate Guidelines Network (www.sign.ac.uk/methodology/filters.
html#random).

Other electronic sources of trials will include the following.

- Trial registers for ongoing and registered trials.

o www.clinicaltrials.gov (a service of the US National Institutes of Health).

o www.who.int/trialsearch/Default.aspx (the World Health Organization 
International Trials Registry Platform search portal).

- Virtual Health Library Regional Portal (VHL) (bvsalud.org/portal/?lang=en), which 
includes Latin American Caribbean Health Sciences Literature (LILACS).

- PubMed and Google Scholar (for recent trials not yet indexed in the major databases).

Searching other resources
We handsearched the reference lists of relevant trials and systematic reviews retrieved 
by the search and contacted experts in the field to obtain additional data. We also 
handsearched relevant journals and conference abstracts that were not covered in the 
CGFG Register, in liaison with the Information Specialist.

Data collection and analysis

Selection of studies
At least two review authors (from RW, RIT, NAD) independently assessed trial 
eligibility, according to the Criteria for considering studies for this review. We resolved 
disagreements through discussion with another review author (MvW). We drew a 
PRISMA flow diagram to show the results of the search and the numbers of included and 
excluded trials. Reasons for excluding from the (network) meta-analysis any potentially 
eligible studies identified by the search were documented.

Data extraction and management
For all included trials, two review authors (RW, NAD) independently extracted data 
using a data abstraction form and summarised trial characteristics in tables. From 
each included study, two review authors (RW, NAD) extracted baseline characteristics 
of couples, study settings, methods, types of interventions (used dose, type of 
preparation, regimen, co-interventions), and outcomes. We intended to contact the 
study investigators for further data on methods and results, if required.

Assessment of risk of bias in included studies
Two review authors (RW, NAD) independently assessed risk of bias for each eligible 
study by using the Cochrane ‘Risk of bias’ assessment tool (Higgins and Green, 2011), 
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which included six domains: selection (random sequence generation and allocation 
concealment); performance (blinding of participants and personnel); detection (blinding 
of outcome assessors); attrition (incomplete outcome data); reporting (selective 
reporting); and other bias. Disagreements were resolved by discussion with a third 
review author (MvW). We described all judgements fully and presented our conclusions 
in the ‘Risk of bias’ table, which we incorporated into the interpretations of review 
findings by performing sensitivity analyses.

Measures of treatment effect
As all outcomes involved dichotomous data, we used the numbers of events in control 
and intervention groups of each study to calculate Mantel-Haenszel odds ratios (ORs). 
We presented 95% confidence intervals (CIs) for all outcomes. Furthermore, we 
calculated the probability that an intervention was ranked first, second, and so on. 
We displayed this ranking graphically in cumulative rankograms for the primary and 
secondary outcomes using the surface under the cumulative ranking (SUCRA), where 
SUCRA values can range from zero (i.e. the intervention is certain to be the worst) to 
one (i.e. the intervention is certain to be the best) (Salanti, et al., 2011).

Unit of analysis issues
The primary unit of analysis was cumulative rates for each outcome per woman 
randomised. Multiple births were counted as one live birth event. Only first-phase 
data from cross-over trials were included. Trials comparing the same number of cycles/
months of expectant management, OS, IUI, and OS-IUI were included. As one cycle of 
IVF takes longer than the other treatments, studies comparing the same cycles of IVF 
and other treatments were not included in the network meta-analysis but were included 
in the systematic review. Trials comparing IVF and other treatments within the same 
period of time were included in the network meta-analysis.

Dealing with missing data
We analysed the data on an intention-to-treat basis as far as possible (i.e. including all 
randomised participants in the analysis, in the groups to which they were randomised). 
We attempted to obtain missing data from existing Cochrane Reviews or from the 
original trialists. If data could not be obtained, we assumed the missing values as a 
non-event outcome and undertook imputation of individual values only for the primary 
outcome. For other outcomes, we analysed only available data. Any imputation 
undertaken was subjected to sensitivity analysis.

Assessment of heterogeneity
Clinical and methodological heterogeneity

To identify clinical and methodological heterogeneity, we compared descriptive statistics 
for trial and study population characteristics across all eligible trials comparing each pair 
of interventions. Additionally, we considered whether there was sufficient similarity in 
the studied interventions and the characteristics of couples across all included studies 
for inclusion in the network meta-analysis (i.e. the assumption of transitivity in network 
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meta-analyses). We explored the distribution of potential effect modifiers across various 
interventions (i.e. female age, and duration of infertility). In this study, we expected the 
transitivity assumption to hold true assuming the following.

- The nature of the common intervention used for indirect comparisons was consistent 
(e.g. IUI in an RCT comparing IUI with expectant management was the same as IUI 
in an RCT comparing IUI with IVF/ICSI).

- All pairwise comparisons did not differ with respect to the distribution of effect 
modifiers (e.g. design and study characteristics of an RCT comparing IUI vs expectant 
management were similar to those of an RCT comparing IUI vs IVF/ICSI).

Statistical heterogeneity and inconsistency

Within each pairwise comparison, we assessed statistical heterogeneity by using 
the I² statistic. An I² value greater than 50% was taken as an indication of substantial 
heterogeneity (Higgins and Green, 2011).

In the network meta-analysis, we assessed inconsistency in the network through two 
approaches: the design-by-treatment method for global approach (Higgins, et al., 2012), 
and the side-splitting method for local approach (Dias, et al., 2010). The design-by-
treatment interaction model allowed for global statistical testing for the presence of 
inconsistency in the whole network (Higgins, et al., 2012). The local approach identified 
disagreements between direct and indirect comparisons within each comparison within 
closed loops in the network (Dias, et al., 2010).

Assessment of reporting biases
In view of the difficulty of detecting and correcting for publication bias and other 
reporting biases, we aimed to minimise their potential impact by ensuring a 
comprehensive search for eligible studies and by being alert for duplication of data. If 
we included ten or more studies in an analysis, we used a comparison-adjusted funnel 
plot to explore the possibility of small study effects (a tendency for estimates of the 
intervention effect to be more beneficial in smaller studies) (Chaimani, et al., 2013).

Data synthesis
We compared interventions using odds ratios (ORs) with their respective 95% confidence 
intervals (CIs). If more than two studies compared the same treatments, a random-
effects summary OR was calculated in a pairwise meta-analysis.

We conducted a network meta-analysis based on all investigated comparisons 
between treatments, in which the indirect analysis was performed by utilising all 
pathways within the network. An indirect estimate of A versus B can be calculated by 
comparing direct comparisons of A versus C with comparisons of B versus C. In this 
way, the OR for comparing A and B can be calculated using the following principle: 
ln(ORAvsB) = ln(ORAvsC) − ln(ORBvsC). We performed a frequentist network meta-
analysis within a random-effects multi-variate meta-analysis model (White, 2015). 
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We assumed a common estimate for the heterogeneity variance across the different 
comparisons. We used Review Manager (version 5.3, The Cochrane Collaboration) for 
pairwise meta-analyses and Stata software (version 15.1, Statacorp) for network meta-
analyses (Chaimani and Salanti, 2015, White, 2015).

Subgroup analysis and investigation of heterogeneity
If data were available from at least two studies, we conducted subgroup analyses for 
the primary outcomes only to determine the separate evidence within the following 
subgroups.

- Women aged ≦ 38 years versus women aged > 38 years.

- Short duration of infertility (≦ 2 years) versus long duration of infertility (> 2 years).

- IVF/ICSI with single embryo transfer policy and IVF/ICSI with non-single embryo 
transfer policy.

Sensitivity analysis
We conducted sensitivity analyses for live birth/ongoing pregnancy to determine 
whether the conclusions were robust to arbitrary decisions made regarding eligibility 
and analysis. These analyses included consideration of whether the review conclusions 
would have differed if:

- eligibility had been restricted to studies with no domains at high risk of bias;

- alternative imputation strategies had been implemented;

- eligibility had varied by publication type (abstract vs full text); or

- only studies with the outcome live birth had been included.

Overall certainty of the body of evidence: ‘Summary of findings’ table
We presented overall certainty of the body of evidence for the main review outcomes 
for each comparison in ‘Summary of findings’ tables. We evaluated the overall certainty 
of the evidence based on the Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) approach in line with a framework developed by Salanti 
and colleagues in an online tool - Confidence in Network Meta-analysis (CINeMA) 
(CINeMA, 2017, Salanti, et al., 2014). Domains included study limitations (risk of bias), 
inconsistency, imprecision, indirectness, and publication bias. For study limitations, we 
incorporated the contribution of each direct estimate into the overall network estimate 
when making judgements of study limitations. As blinding was not possible due to the 
nature of the interventions, we did not downgrade overall certainty if performance bias 
was the only issue in study limitations. For inconsistency, we evaluated both between-
study heterogeneity and disagreements between direct and indirect evidence (i.e. 
incoherence). We evaluated heterogeneity by considering the agreement of conclusions 
based on confidence and prediction intervals in relation to the clinically important 
effect size, in which the major consideration was whether heterogeneity impacts clinical 
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decisions. If heterogeneity (presented in a prediction interval) impacted decision-
making based on a confidence interval, we downgraded the certainty of evidence. We 
evaluated incoherence by assessing local and global inconsistency. For comparisons 
with local inconsistency, we downgraded the level of certainty in relevant comparisons. 
Judgements about evidence certainty (high, moderate, low, or very low) were justified, 
documented, and incorporated into the reporting of results for each outcome.

RESULTS

Description of studies

Results of the search
The initial electronic database search yielded 2095 articles, with nine additional articles 
identified through handsearches or searches of trial registers. After removing duplicates, 
we screened 1171 studies. Screening of titles and abstracts led to the exclusion of 1111 
irrelevant studies; 60 full-text articles were further assessed for eligibility. Another 23 
studies were further excluded, including five ongoing studies (NCT01992731, 2013, 
NCT02001870, 2013, NCT02461173, 2015, NCT03455426, 2018, NTR5599, 2016). Finally, 
27 studies fulfilled the inclusion criteria as shown in Figure 1 (Agarwal and Mittal, 2004, 
Arcaini, et al., 1996, Arici, et al., 1994, Bensdorp, et al., 2015, Bhattacharya, et al., 2008, 
Crosignani, et al., 1991, Custers, et al., 2011, Deaton, et al., 1990, Elzeiny, et al., 2014, 
Farquhar, et al., 2017, Fisch, et al., 1989, George, et al., 2006, Glazener, et al., 1990, 
Goldman, et al., 2014, Goverde, et al., 2000, Guzick, et al., 1999, Harrison and O’Moore, 
1983, Ho, et al., 1998, Hughes, et al., 2004, Janko, et al., 1998, Karlstrom, et al., 1993, 
Kirby, et al., 1991, Leanza, et al., 2014, Martinez, et al., 1990, Melis, et al., 1995, Nandi, 
et al., 2017, Steures, et al., 2006).

Included studies
Study design and setting

Of the 27 RCTs reporting on 4349 couples included in this systematic review, 21 had 
a parallel design (Agarwal and Mittal, 2004, Arcaini, et al., 1996, Bensdorp, et al., 
2015, Bhattacharya, et al., 2008, Custers, et al., 2011, Elzeiny, et al., 2014, Farquhar, 
et al., 2017, Fisch, et al., 1989, George, et al., 2006, Goldman, et al., 2014, Goverde, 
et al., 2000, Guzick, et al., 1999, Ho, et al., 1998, Hughes, et al., 2004, Janko, et al., 
1998, Karlstrom, et al., 1993, Kirby, et al., 1991, Leanza, et al., 2014, Melis, et al., 1995, 
Nandi, et al., 2017, Steures, et al., 2006), and the other six were cross-over studies 
(Arici, et al., 1994, Crosignani, et al., 1991, Deaton, et al., 1990, Glazener, et al., 1990, 
Harrison and O’Moore, 1983, Martinez, et al., 1990). These studies were conducted in 
a variety of countries, including Netherlands (n = 5) (Bensdorp, et al., 2015, Custers, et 
al., 2011, Goverde, et al., 2000, Martinez, et al., 1990, Steures, et al., 2006), USA (n = 4) 
(Arici, et al., 1994, Deaton, et al., 1990, Goldman, et al., 2014, Guzick, et al., 1999), 
Italy (n = 3) (Arcaini, et al., 1996, Leanza, et al., 2014, Melis, et al., 1995), UK (n = 3) 
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(Bhattacharya, et al., 2008, Glazener, et al., 1990, Nandi, et al., 2017), Australia (n = 2) 
(Elzeiny, et al., 2014, Kirby, et al., 1991), Canada (n = 2) (Fisch, et al., 1989, Hughes, et al., 
2004), India (n = 2) (Agarwal and Mittal, 2004, George, et al., 2006), China (n = 1) (Ho, 
et al., 1998), New Zealand (n = 1) (Farquhar, et al., 2017), Ireland (n = 1) (Harrison and 
O’Moore, 1983), Sweden (n = 1) (Karlstrom, et al., 1993), and Slovakia (n = 1) (Janko, et 
al., 1998). One study was conducted in a multi-country setting in Europe (Crosignani, 
et al., 1991).

Participants

These studies included 4349 couples with unexplained infertility. The mean female age 
across included studies ranged from 32 to 37 years, with most studies reporting a mean 
age younger than 35 years. The median or mean duration of infertility across included 
studies ranged from 23 to 78 months.

Interventions

One four-arm RCT compared expectant management, OS, IUI, and OS-IUI (Martinez, et 
al., 1990). We identified three three-arm RCTs: one compared expectant management, 
OS, and IUI (Bhattacharya, et al., 2008); another compared OS, OS-IUI, and IVF/ICSI 
(Crosignani, et al., 1991); and the third compared IUI, OS-IUI, and IVF/ICSI (Goverde, 
et al., 2000). The other 23 studies were two-arm studies. These studies compared 
OS versus expectant management (Fisch, et al., 1989, George, et al., 2006, Glazener, 
et al., 1990, Harrison and O’Moore, 1983), IUI versus expectant management (Kirby, 
et al., 1991), OS-IUI versus expectant management (Deaton, et al., 1990, Farquhar, et 
al., 2017, Steures, et al., 2006), IVF/ICSI versus expectant management (Hughes, et 
al., 2004), OS-IUI versus OS (Agarwal and Mittal, 2004, Arcaini, et al., 1996, Ho, et al., 
1998, Janko, et al., 1998, Karlstrom, et al., 1993, Melis, et al., 1995), OS-IUI versus IUI 
(Arici, et al., 1994, Guzick, et al., 1999, Leanza, et al., 2014), and IVF/ICSI versus OS-IUI 
(Bensdorp, et al., 2015, Custers, et al., 2011, Elzeiny, et al., 2014, Goldman, et al., 2014, 
Nandi, et al., 2017).

For RCTs comparing OS-IUI, IUI, and OS versus expectant management or each other, 
all compared the same number of cycles of different interventions - one cycle in five 
RCTs (Arici, et al., 1994, Crosignani, et al., 1991, Karlstrom, et al., 1993, Kirby, et al., 
1991, Martinez, et al., 1990), three cycles in seven RCTs (Farquhar, et al., 2017, George, 
et al., 2006, Glazener, et al., 1990, Ho, et al., 1998, Janko, et al., 1998, Leanza, et al., 
2014, Melis, et al., 1995), four cycles in three RCTs (Deaton, et al., 1990, Fisch, et al., 
1989, Guzick, et al., 1999), five cycles in one RCT (Arcaini, et al., 1996), and six cycles in 
five RCTs (Agarwal and Mittal, 2004, Bhattacharya, et al., 2008, Goverde, et al., 2000, 
Harrison and O’Moore, 1983, Steures, et al., 2006).

For RCTs comparing IVF/ICSI with other interventions, (Hughes, et al., 2004) compared 
one cycle of IVF/ICSI versus three cycles of expectant management within 90 
days; (Bensdorp, et al., 2015) compared three cycles of IVF/ICSI versus six cycles of 
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OS-IUI within 12 months; (Custers, et al., 2011) compared one cycle of IVF/ICSI versus 
three cycles of OS-IUI within four months; and (Nandi, et al., 2017) compared one cycle 
of IVF/ICSI versus three cycles of OS-IUI within six months. The other RCTs compared the 
same number of cycles of IVF versus other interventions without time limits: (Crosignani, 
et al., 1991) compared one cycle of IVF/ICSI with one cycle of OS and OS-IUI; (Elzeiny, 
et al., 2014) compared one cycle of IVF/ICSI versus one cycle of OS-IUI; (Goldman, et 
al., 2014) compared two cycles of IVF/ICSI versus two cycles of OS-IUI; and (Goverde, 
et al., 2000) compared six cycles of IVF/ICSI, six cycles of OS-IUI, and six cycles of IUI.

Elective or compulsive single embryo transfer policy was applied in three RCTs 
(Bensdorp, et al., 2015, Custers, et al., 2011, Nandi, et al., 2017). ICSI was used in three 
RCTs, only for couples with fertilisation failure in previous IVF or unexpected low sperm 
count on the day of oocyte retrieval (Bensdorp, et al., 2015, Goldman, et al., 2014, 
Nandi, et al., 2017).

Outcomes

Thirteen RCTs reported live birth (Bensdorp, et al., 2015, Bhattacharya, et al., 2008, 
Custers, et al., 2011, Elzeiny, et al., 2014, Farquhar, et al., 2017, George, et al., 2006, 
Goldman, et al., 2014, Goverde, et al., 2000, Guzick, et al., 1999, Hughes, et al., 2004, 
Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006), and 14 RCTs reported 
multiple pregnancy (Bensdorp, et al., 2015, Bhattacharya, et al., 2008, Custers, et al., 
2011, Deaton, et al., 1990, Elzeiny, et al., 2014, Farquhar, et al., 2017, George, et al., 
2006, Glazener, et al., 1990, Goldman, et al., 2014, Goverde, et al., 2000, Ho, et al., 
1998, Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006). Twenty-six studies 
reported clinical pregnancy (Agarwal and Mittal, 2004, Arcaini, et al., 1996, Arici, et al., 
1994, Bensdorp, et al., 2015, Bhattacharya, et al., 2008, Crosignani, et al., 1991, Custers, 
et al., 2011, Deaton, et al., 1990, Elzeiny, et al., 2014, Farquhar, et al., 2017, Fisch, et 
al., 1989, George, et al., 2006, Glazener, et al., 1990, Goldman, et al., 2014, Guzick, et 
al., 1999, Harrison and O’Moore, 1983, Ho, et al., 1998, Hughes, et al., 2004, Janko, 
et al., 1998, Karlstrom, et al., 1993, Kirby, et al., 1991, Leanza, et al., 2014, Martinez, 
et al., 1990, Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006). Eight studies 
reported moderate/severe OHSS as an outcome (Bensdorp, et al., 2015, Deaton, et al., 
1990, Elzeiny, et al., 2014, Goldman, et al., 2014, Goverde, et al., 2000, Ho, et al., 1998, 
Melis, et al., 1995, Nandi, et al., 2017).
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Figure 1. Study flow diagram.
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Excluded studies
We excluded 18 studies from the review for the following reasons (Figure 1): five were 
non-RCTs (Fujii, et al., 1997, Nulsen, et al., 1993, Prentice, et al., 1995, Tjon-Kon-Fat, 
et al., 2014, Zayed, et al., 1997); nine did not include interventions of interest (Buvat, 
et al., 1993, Chung, et al., 1995, Goldman, et al., 2010, Leanza, et al., 2014, Melis, et 
al., 1987, Murdoch, et al., 1991, Reindollar, et al., 2010, Shokeir, 2006, Soliman, et al., 
1993); three were cross-over studies but the data before cross-over were not available 
(Gregoriou, et al., 1995, Martinez, et al., 1991, Zikopoulos, et al., 1993); and one had an 
irrelevant population (i.e. included women with polycystic ovary syndrome) (Zolghadri, 
et al., 2012).

We identified five ongoing studies from Belgium (NCT01992731, 2013), China 
(NCT03455426, 2018), Egypt (NCT02461173, 2015), France (NCT02001870, 2013), and 
Netherlands (NTR5599, 2016), respectively.

Risk of bias in included studies

Allocation (selection bias)
Sequence generation

As shown in Figure 2 and Figure 3, 12 studies reported adequate methods for random 
sequence generation and therefore were rated as low risk of bias in sequence generation 
(Agarwal and Mittal, 2004, Arici, et al., 1994, Bensdorp, et al., 2015, Bhattacharya, et al., 
2008, Custers, et al., 2011, Elzeiny, et al., 2014, Farquhar, et al., 2017, Fisch, et al., 1989, 
George, et al., 2006, Goverde, et al., 2000, Nandi, et al., 2017, Steures, et al., 2006). 
The other 16 studies did not describe the method used and were rated as unclear risk 
for this domain.

Allocation concealment

Twelve studies described adequate methods for allocation concealment (Bensdorp, et 
al., 2015, Bhattacharya, et al., 2008, Elzeiny, et al., 2014, Farquhar, et al., 2017, Fisch, et 
al., 1989, George, et al., 2006, Goldman, et al., 2014, Goverde, et al., 2000, Hughes, et 
al., 2004, Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006), and the other 16 
studies did not describe methods of allocation concealment and were scored as unclear 
risk of bias for this domain.

Blinding (performance bias and detection bias)
Blinding of participants and personnel (performance bias)

Five studies were rated as low risk of performance bias as placebos were used (Fisch, 
et al., 1989, George, et al., 2006, Glazener, et al., 1990, Harrison and O’Moore, 1983, 
Leanza, et al., 2014). The remaining studies were rated as high risk of performance bias 
as they were not blinded, although blinding was not possible due to the nature of the 
interventions.
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Blinding of outcome assessors (detection bias)

Given that our outcomes of interest were objective outcomes, we considered that 
blinding was unlikely to impact these outcomes. Therefore, all studies were rated as 
low risk of detection bias.

Incomplete outcome data (attrition bias)
Three studies had 19%, 20%, and 21% incomplete outcome data, respectively, and 
therefore were rated as high risk of attrition bias (Agarwal and Mittal, 2004, Arcaini, et 
al., 1996, Deaton, et al., 1990). Thirteen studies had low risk of attrition bias (Bensdorp, 
et al., 2015, Bhattacharya, et al., 2008, Custers, et al., 2011, Farquhar, et al., 2017, 
Glazener, et al., 1990, Goldman, et al., 2014, Guzick, et al., 1999, Harrison and O’Moore, 
1983, Hughes, et al., 2004, Martinez, et al., 1990, Melis, et al., 1995, Nandi, et al., 2017, 
Steures, et al., 2006) and the other 11 studies were scored as unclear risk.

Selective reporting (reporting bias)
Two studies did not report the outcome data for each group separately and were rated 
as high risk of reporting bias (Agarwal and Mittal, 2004, Arcaini, et al., 1996). Twelve 
studies reported both live birth and multiple pregnancy and were rated as low risk of 
reporting bias (Bensdorp, et al., 2015, Bhattacharya, et al., 2008, Custers, et al., 2011, 
Elzeiny, et al., 2014, Farquhar, et al., 2017, George, et al., 2006, Goldman, et al., 2014, 
Goverde, et al., 2000, Hughes, et al., 2004, Melis, et al., 1995, Nandi, et al., 2017, Steures, 
et al., 2006). The other 14 studies were scored as unclear risk.

Other potential sources of bias
There was disagreement on the number of participants in the methods and results 
sections in one study and this was rated as high risk of bias (Glazener, et al., 1990). 
Thirteen studies were scored as low risk of other bias (Agarwal and Mittal, 2004, Arcaini, 
et al., 1996, Bensdorp, et al., 2015, Bhattacharya, et al., 2008, Custers, et al., 2011, 
Elzeiny, et al., 2014, Farquhar, et al., 2017, Goldman, et al., 2014, Goverde, et al., 2000, 
Guzick, et al., 1999, Hughes, et al., 2004, Nandi, et al., 2017, Steures, et al., 2006). The 
other 14 studies were scored as unclear risk.
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Figure 2. Risk of bias graph: review authors’ judgements about each risk of bias item presented 
as percentages across all included studies.
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Figure 3. Risk of bias summary: review authors’ judgements about each risk of bias item for 
each included study.
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Effects of interventions

Network meta-analysis
Based on above-mentioned Unit of analysis issues, two RCTs (Elzeiny, et al., 2014, 
Goldman, et al., 2014) and IVF/ICSI arms in two other RCTs (Crosignani, et al., 1991, 
Goverde, et al., 2000) were excluded from this network meta-analysis, as these RCTs 
compared IVF/ICSI and other interventions in the same number of cycles. We further 
excluded (Hughes, et al., 2004) from this network meta-analysis, as this RCT allowed 
transfer of up to four embryos. The remaining RCTs comparing IVF/ICSI all used single 
embryo transfer policy. Detailed data analyses for these five RCTs that were excluded 
from the network meta-analysis are presented in Analysis 3.1, Analysis 3.2, and Analysis 
3.3. Finally, 24 RCTs reporting on 3983 couples with unexplained infertility were included 
in this network meta-analysis.

We observed high heterogeneity in the pairwise meta-analysis of OS-IUI and expectant 
management (EM) (I² = 91% for live birth). This is likely due to clinical heterogeneity 
among participants in the two included RCTs - (Steures, et al., 2006) included couples 
with intermediate prognosis of natural conception, and (Farquhar, et al., 2017) included 
couples with poor prognosis of natural conception. Both RCTs applied an existing 
prediction model to estimate the prognosis of natural conception (Hunault, et al., 
2004). We included these RCTs in this network meta-analysis to estimate the average 
treatment effect in this comparison, and we downgraded the certainty of evidence 
due to heterogeneity based on criteria described in the methods. To further assess 
robustness of the evidence, we performed two additional post-hoc sensitivity analyses: 
excluding expectant management from the network; and limiting to RCTs including 
couples with poor prognosis of natural conception.

We assessed the transitivity assumption in this network meta-analysis by evaluating two 
potential effect modifiers: age and duration of infertility. The distribution of mean age in 
different studies across different comparisons is presented in Figure 4. The median value 
of mean age across different comparisons is around 32 years. Duration of infertility 
is very unlikely to be normally distributed; therefore reporting the mean seems 
inappropriate and can lead to overestimation of the median value. However, 10 RCTs 
reported mean duration of infertility (Agarwal and Mittal, 2004, Arcaini, et al., 1996, 
Arici, et al., 1994, Deaton, et al., 1990, Fisch, et al., 1989, Goverde, et al., 2000, Guzick, 
et al., 1999, Harrison and O’Moore, 1983, Martinez, et al., 1990, Melis, et al., 1995), 
and seven other RCTs did not report median or mean duration of infertility (Crosignani, 
et al., 1991, George, et al., 2006, Ho, et al., 1998, Janko, et al., 1998, Karlstrom, et al., 
1993, Kirby, et al., 1991, Leanza, et al., 2014). Therefore, it is impossible for us to assess 
the distribution of duration of infertility across different comparisons. However, as 
these five interventions are jointly randomisable for any participant with unexplained 
infertility, we considered the transitivity assumption valid.
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Figure 4. Box plot for the distribution of means of age in different studies across different 
comparisons.

Live birth
Ten studies reported live birth (Bensdorp, et al., 2015, Bhattacharya, et al., 2008, 
Custers, et al., 2011, Farquhar, et al., 2017, George, et al., 2006, Goverde, et al., 2000, 
Guzick, et al., 1999, Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006). These 
RCTs included 2725 couples with unexplained infertility. A network plot for live birth 
is presented in Figure 5. Three RCTs compared IVF/ICSI versus OS-IUI (Bensdorp, et al., 
2015, Custers, et al., 2011, Nandi, et al., 2017); two RCTs compared OS-IUI versus IUI 
(Goverde, et al., 2000, Guzick, et al., 1999); two RCTs compared OS versus expectant 
management (Bhattacharya, et al., 2008, George, et al., 2006); two RCTs compared 
OS-IUI versus expectant management (Farquhar, et al., 2017, Steures, et al., 2006); one 
RCT compared IUI versus expectant management (Bhattacharya, et al., 2008); and one 
RCT compared OS-IUI versus OS (Melis, et al., 1995).
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Figure 5. Network plot for live birth.

Each node represents an intervention, and the size of each node is proportional to the 
number of trials reporting such intervention. The widths of the lines are proportional 
to the numbers of trials comparing each pair of interventions.

The results of the network meta-analysis are shown in Figure 6. They showed insufficient 
evidence of a difference between OS, IUI, OS-IUI, or IVF/ICSI and expectant management 
(odds ratio (OR) 1.01, 95% confidence interval (CI) 0.51 to 1.98; low-certainty evidence; 
OR 1.21, 95% CI 0.61 to 2.43; low-certainty evidence; OR 1.61, 95% CI 0.88 to 2.94; low-
certainty evidence; OR 1.88, 95% CI 0.81 to 4.38; low-certainty evidence). These data 
suggest that if the chance of live birth following expectant management is assumed to 
be 16.6%, the chance following OS, IUI, OS-IUI, and IVF would be 9.2% to 28.2%, 10.8% 
to 32.5%, 14.9% to 36.9%, and 13.9% to 46.5%, respectively.

2
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Figure 6. Network meta-analysis for live birth.

Each diamond represents the estimate summary odds ratio of each comparison; each 
horizontal line represents the confidence interval of each comparison; blue vertical line 
represents line of no effect (odds ratio = 1). Odds ratio greater than 1 favours the first 
intervention; odds ratio less than 1 favours the second intervention.

Evidence of a difference between IUI and OS (OR 1.20, 95% CI 0.57 to 2.52; low-certainty 
evidence), OS-IUI and OS (OR 1.60, 95% CI 0.81 to 3.16; low-certainty evidence), IVF/
ICSI and OS (OR 1.86, 95% CI 0.75 to 4.61; low-certainty evidence), OS-IUI and IUI (OR 
1.33, 95% CI 0.74 to 2.40; low-certainty evidence), IVF/ICSI and IUI (OR 1.55, 95% CI 0.67 
to 3.58; low-certainty evidence), or IVF/ICSI and OS-IUI (OR 1.17, 95% CI 0.64 to 2.12; 
low-certainty evidence) was insufficient. Overall certainty of evidence in all comparisons 
was low due to concerns regarding imprecision and heterogeneity.

Results show no evidence of global inconsistency (P = 0.55) or local inconsistency in 
the network meta-analysis on live birth. The comparison-adjusted funnel plot seems 
symmetrical, implying the absence of small study effects in this network (Figure 7). 
Cumulative rankograms illustrate the probability per rank for each treatment in terms 
of live birth (Figure 8). The SUCRA values for expectant management, OS, IUI, OS-IUI, 
and IVF/ICSI were 23.1%, 24.1%, 43.7%, 74.2%, and 85.0%, respectively. This suggests 
that among all interventions, IVF/ICSI is more likely to result in more live births than the 
other interventions, followed by OS-IUI, IUI, OS, and expectant management.
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Results of pairwise meta-analyses are presented in Analysis 1.1. Overall, results were 
consistent with those in network meta-analysis. As most comparisons included a very 
limited number of studies, wide confidence intervals were observed in all comparisons, 
implying imprecision of the evidence.

Figure 7. Comparison-adjusted funnel plot for live birth.

(A: expectant management; B: OS; C: IUI; D: OS-IUI; E: IVF/ICSI.)

2
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Figure 8. Cumulative rankograms of interventions for live birth.

Each cumulative rankogram illustrates the cumulative probability of each ranking (from 
the best to the worst rank) for each intervention in terms of live birth.

Subgroup analyses

Women ≤ 38 years versus women > 38 years
One RCT did not report details of age in the inclusion criteria or results (George, et al., 
2006), and the other RCTs all reported a mean age < 35 years. As the breakdown data 
for women in different age groups were not available, this subgroup analysis was not 
performed.

Short duration of infertility (≤ 2 years) versus long duration of infertility (> 2 years)
As the breakdown data for women in different age groups were not available, we used 
median duration of infertility in different RCTs for this subgroup analysis. Therefore this 
subgroup analysis should be interpreted with caution, given that it was not based on 
the breakdown data for different groups.

One study did not report details of the duration of infertility in the inclusion criteria or 
the results (George, et al., 2006); therefore we excluded this study from the subgroup 
analysis. Two studies included couples with a median or mean duration of infertility ≤ 
2 years (Nandi, et al., 2017, Steures, et al., 2006). One compared IVF/ICSI versus OS-IUI 
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(Nandi, et al., 2017), and the other compared IVF/ICSI versus expectant management 
(Steures, et al., 2006). Network meta-analysis is presented in Figure 9. Evidence of a 
difference in live birth between OS-IUI or IVF/ICSI and expectant management was 
insufficient (OR 0.82, 95% CI 0.45 to 1.49; OR 1.05, 95% CI 0.46 to 2.43). Seven studies 
reported median duration of infertility > 2 years (Bensdorp, et al., 2015, Bhattacharya, 
et al., 2008, Custers, et al., 2011, Farquhar, et al., 2017, Goverde, et al., 2000, Guzick, 
et al., 1999, Melis, et al., 1995). Network meta-analysis of these studies is presented 
in Figure 10. Effect sizes of IVF/ICSI and OS-IUI versus expectant management were 
larger than those in the main analysis.

IVF/ICSI with single embryo transfer policy and IVF/ICSI with non-single embryo 
transfer policy
As all RCTs including an IVF/ICSI arm applied single embryo transfer policy, this subgroup 
analysis was not performed.

Figure 9. Subgroup analysis for live birth - RCTs with a median duration of infertility ≤ 2 years.

2
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Figure 10. Subgroup analysis for live birth - RCTs with a median duration of infertility >2 years.

Sensitivity analyses

Restricting to RCTs with no domains at high risk of bias
Most RCTs were rated at high risk of performance bias; therefore this analysis was not 
possible.

Excluding participants with missing outcome data
After participants with missing outcome data were excluded, the results of network 
meta-analysis were consistent with the main analysis in all comparisons (Figure 11).

Excluding abstract-only publications
One abstract was excluded from this sensitivity analysis (George, et al., 2006). Results 
of this sensitivity analysis were consistent with those of the main analysis for all 
comparisons (Figure 12).

Including only RCTs with the outcome live birth
All 10 studies reported live birth; therefore this analysis was not performed.

Excluding expectant management from the network
Results of network meta-analysis of the remaining four interventions were consistent 
with results of the main analysis (Figure 13).

Restricting to RCTs including couples with poor prognosis of natural conception
Three RCTs (Bensdorp, et al., 2015, Custers, et al., 2011, Farquhar, et al., 2017) included 
couples with poor prognosis of natural conception based on an existing prediction 
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model (Hunault, et al., 2004). Network meta-analysis (Figure 14) showed that compared 
to expectant management, OS-IUI (OR 4.48, 95% CI 2.00 to 10.1; moderate-certainty 
evidence) or IVF/ICSI (OR 4.99, 95 CI 2.07 to 12.04; moderate-certainty evidence) 
increased the odds of live birth, and there was insufficient evidence of a difference 
between IVF/ICSI and OS-IUI (OR 1.11, 95% CI 0.78 to 1.60; low-certainty evidence). 
This sensitivity analysis showed the clinically important differences of OS-IUI and IVF/
ICSI versus expectant management.

Figure 11. Sensitivity analysis for live birth by exclusion of participants with missing outcome 
data.

2
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Figure 12. Sensitivity analysis for live birth by exclusion of abstract-only publications.

Figure 13. Sensitivity analysis for live birth by excluding RCTs involving expectant management 
from the network
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Figure 14. Sensitivity analysis for live birth by limiting to RCTs on couples with poor prognosis 
of natural conception.

Multiple pregnancy
One study reported 0 events in both groups and was excluded from the analysis 
(Deaton, et al., 1990). Eleven RCTs reporting on 2564 couples were included in the 
network meta-analysis of multiple pregnancy (Bensdorp, et al., 2015, Bhattacharya, et 
al., 2008, Custers, et al., 2011, Farquhar, et al., 2017, George, et al., 2006, Glazener, et 
al., 1990, Goverde, et al., 2000, Ho, et al., 1998, Melis, et al., 1995, Nandi, et al., 2017, 
Steures, et al., 2006). The network plot for multiple pregnancy is presented in Figure 15.

2
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Figure 15. Network plot for multiple pregnancy.

Results of network meta-analysis are shown in Figure 16. Compared to expectant 
management/IUI, OS (OR 3.07, 95% CI 1.00 to 9.41; low-certainty evidence) or OS-IUI 
(OR 3.34, 95% CI 1.09 to 10.29; moderate-certainty evidence) increased the odds of 
multiple pregnancy, and there was insufficient evidence of a difference between IVF/ICSI 
and expectant management/IUI (OR 2.66, 95% CI 0.68 to 10.43; low-certainty evidence). 
These findings suggest that if the chance of multiple pregnancy following expectant 
management or IUI is assumed to be 0.6%, the chance following OS, OS-IUI, and IVF/
ICSI would be 0.6% to 5.0%, 0.6% to 5.4%, and 0.4% to 5.5%, respectively.

These was insufficient evidence of a difference between OS-IUI and OS (OR 1.09, 95% 
CI 0.38 to 3.15; very-low-certainty evidence), IVF/ICSI and OS (OR 0.87, 95% CI 0.23 
to 3.24; low-certainty evidence), or IVF/ICSI and OS-IUI (OR 0.80, 95% CI 0.37 to 1.73; 
low-certainty evidence).
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Figure 16. Network meta-analysis for multiple pregnancy.

There was no evidence of global inconsistency (P = 0.34) or local inconsistency in the 
network meta-analysis on multiple pregnancy. Cumulative rankograms illustrate the 
probability per rank for each treatment in terms of multiple pregnancy (Figure 17). The 
comparison-adjusted funnel plot seems symmetrical, implying the absence of small 
study effects in this network (Figure 18). The SUCRA values for expectant management/
IUI, OS, OS-IUI, and IVF/ICSI were 95.3%, 33.8%, 24.5%, and 46.4%, respectively. This 
suggests that expectant management/IUI was more likely to result in fewer multiple 
pregnancies than other interventions, followed by IVF/ICSI, OS, and OS-IUI.

Results of pairwise meta-analyses (Analysis 1.2) are consistent with those in the network 
meta-analysis.

2
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Figure 17. Cumulative rankograms of interventions for multiple pregnancy.

Figure 18. Comparison-adjusted funnel plot for multiple pregnancy.

(A: expectant management or IUI; B: OS; C: OS-IUI; D: IVF/ICSI.)
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Clinical pregnancy
Twenty-three RCTs reporting on 3792 couples were included in the network meta-
analysis of clinical pregnancy (Agarwal and Mittal, 2004, Arcaini, et al., 1996, Arici, et al., 
1994, Bensdorp, et al., 2015, Bhattacharya, et al., 2008, Crosignani, et al., 1991, Custers, 
et al., 2011, Deaton, et al., 1990, Farquhar, et al., 2017, Fisch, et al., 1989, George, et al., 
2006, Glazener, et al., 1990, Guzick, et al., 1999, Harrison and O’Moore, 1983, Ho, et al., 
1998, Janko, et al., 1998, Karlstrom, et al., 1993, Kirby, et al., 1991, Leanza, et al., 2014, 
Martinez, et al., 1990, Melis, et al., 1995, Nandi, et al., 2017, Steures, et al., 2006). The 
network plot for clinical pregnancy is presented in Figure 19.

Figure 19. Network plot for clinical pregnancy.

Results of the network meta-analysis are shown in Figure 20. Compared to expectant 
management, OS-IUI or IVF/ICSI increased the odds of live birth (OR 2.32, 95% CI 
1.39 to 3.90; low-certainty evidence; OR 3.03, 95% CI 1.32 to 6.94; low-certainty 
evidence). There was insufficient evidence of a difference between OS and expectant 
management (OR 1.64, 95% CI 0.99 to 2.73; very-low-certainty evidence) or between 
IUI and expectant management (OR 1.20, 95% CI 0.61 to 2.36; low-certainty evidence). 
These findings suggest that if the chance of clinical pregnancy following expectant 
management is assumed to be 16.4%, the chance following OS, IUI, OS-IUI, and IVF/

2
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ICSI would be 15.5% to 33.7%, 10.2% to 30.5%, 20.5% to 42.0%, and 19.7% to 56.3%, 
respectively.

Compared to OS, IVF/ICSI increased the odds of clinical pregnancy (OR 1.84, 95% CI 
1.40 to 4.02; low-certainty evidence). There was insufficient evidence of a difference 
between IUI or OS-IUI and expectant management (OR 0.73, 95% CI 0.38 to 1.42; very 
low-certainty evidence; OR 1.41, 95% CI 0.92 to 2.18; very low-certainty evidence). 
Compared to IUI, OS-IUI or IVF/ICSI increased the odds of clinical pregnancy (OR 1.94, 
95% CI 1.05 to 3.57; very low-certainty evidence; OR 2.52, 95% CI 1.04 to 6.16; low-
certainty evidence). Evidence of a difference between IVF/ICSI and OS-IUI for clinical 
pregnancy was insufficient (OR 1.30, 95% CI 0.68 to 2.50; low-certainty evidence).

There was no evidence of global inconsistency (P = 0.23), but local inconsistency was 
detected in the comparison between IUI and OS (P = 0.039). Therefore, the certainty 
of evidence in this comparison was downgraded due to incoherence. Cumulative 
rankograms illustrate the cumulative probability per rank for each treatment in terms of 
clinical pregnancy (Figure 21). The comparison-adjusted funnel plot seems symmetrical, 
implying the absence of small study effects in this network (Figure 22). The SUCRA 
values for expectant management, OS, IUI, OS-IUI, and IVF/ICSI were 7.8%, 48.4%, 
23.3%, 78.8%, and 91.7%, respectively. This suggests that IVF/ICSI was is more likely 
to result in more clinical pregnancies than the other interventions, followed by OS-IUI, 
OS, IUI, and expectant management.

Results of pairwise meta-analyses were consistent with those in the network meta-
analysis (Analysis 1.3).
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Figure 20. Network meta-analysis for clinical pregnancy.

Figure 21. Cumulative rankograms of interventions for clinical pregnancy.

2
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Figure 22. Comparison-adjusted funnel plot for clinical pregnancy.

(A: expectant management; B: OS; C: IUI; D: OS-IUI; E: IVF/ICSI.)

OHSS
Eight studies reported moderate/severe OHSS. Four studies reported zero events in 
both groups (Deaton, et al., 1990, Elzeiny, et al., 2014, Ho, et al., 1998, Melis, et al., 
1995). We did not perform network meta-analysis given the extremely low event rates 
for some interventions.

Five studies compared IVF/ICSI versus OS-IUI (Bensdorp, et al., 2015, Elzeiny, et al., 2014, 
Goldman, et al., 2014, Goverde, et al., 2000, Nandi, et al., 2017). Pooled analysis showed 
insufficient evidence of a difference between IVF/ICSI and OS-IUI (OR 2.50, 95% CI 0.92 
to 6.76; 5 studies; 985 women; moderate-certainty evidence; Figure 23). This suggests 
that if the chance of moderate/severe OHSS following OS-IUI is assumed to be 1.1%, 
the chance following IVF/ICSI would be between 1.0% and 7.2%.
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Figure 23. Forest plot of comparison: 2 Pairwise meta-analysis for OHSS, outcome: 2.5 IVF/ICSI 
vs OS-IUI.

DATA AND ANALYSES

1. Pairwise meta-analyses for live birth, multiple pregnancy, and clinical 
pregnancy

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

1.1 Live birth 10 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 1.1.1 OS vs EM 2 527 Odds Ratio (M-H, Random, 95% CI) 0.80 [0.49, 1.31]

 1.1.2 IUI vs EM 1 386 Odds Ratio (M-H, Random, 95% CI) 1.44 [0.87, 2.40]

 1.1.3 OS-IUI vs EM 2 454 Odds Ratio (M-H, Random, 95% CI) 1.88 [0.36, 9.90]

 1.1.4 IUI vs OS 1 387 Odds Ratio (M-H, Random, 95% CI) 1.85 [1.09, 3.16]

 1.1.5 OS-IUI vs OS 1 184 Odds Ratio (M-H, Random, 95% CI) 0.88 [0.46, 1.67]

 1.1.6 OS-IUI vs IUI 2 636 Odds Ratio (M-H, Random, 95% CI) 1.68 [1.14, 2.49]

 1.1.7 IVF/ICSI vs OS-IUI 3 731 Odds Ratio (M-H, Random, 95% CI) 1.16 [0.85, 1.57]

1.2 Multiple pregnancy 12 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 1.2.1 OS vs EM/IUI 3 934 Odds Ratio (M-H, Random, 95% CI) 2.04 [0.51, 8.24]

 1.2.2 OS-IUI vs EM/IUI 4 676 Odds Ratio (M-H, Random, 95% CI) 5.04 [1.24, 20.49]

 1.2.3 OS-IUI vs OS 2 274 Odds Ratio (M-H, Random, 95% CI) 0.69 [0.12, 3.81]

 1.2.5 IVF/ICSI vs OS-IUI 3 731 Odds Ratio (M-H, Random, 95% CI) 0.80 [0.37, 1.73]

1.3 Clinical pregnancy 23 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 1.3.1 OS vs EM 6 939 Odds Ratio (M-H, Random, 95% CI) 1.31 [0.82, 2.10]

 1.3.2 IUI vs EM 3 528 Odds Ratio (M-H, Random, 95% CI) 1.52 [0.93, 2.47]

 1.3.3 OS-IUI vs EM 4 525 Odds Ratio (M-H, Random, 95% CI) 2.69 [0.96, 7.55]

 1.3.4 IUI vs OS 2 407 Odds Ratio (M-H, Random, 95% CI) 1.69 [1.01, 2.82]

 1.3.5 OS-IUI vs OS 8 763 Odds Ratio (M-H, Random, 95% CI) 1.26 [0.73, 2.18]

 1.3.6 OS-IUI vs IUI 4 579 Odds Ratio (M-H, Random, 95% CI) 2.56 [1.72, 3.80]

 1.3.7 IVF/ICSI vs OS-IUI 3 731 Odds Ratio (M-H, Random, 95% CI) 1.29 [0.95, 1.76]

2
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2. Pairwise meta-analysis for OHSS
Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

2.1 OS-IUI vs EM 1 51 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

2.2 OS-IUI vs OS 2 274 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

2.3 OS-IUI vs IUI 1 171 Odds Ratio (M-H, Fixed, 95% CI) Not estimable

2.4 IVF/ICSI vs IUI 1 173 Odds Ratio (M-H, Fixed, 95% CI) 7.17 [0.36, 140.84]

2.5 IVF/ICSI vs OS-IUI 5 985 Odds Ratio (M-H, Fixed, 95% CI) 2.50 [0.92, 6.76]

3. Data analyses of RCTs that were not included in the network meta-
analysis

Outcome or Subgroup Studies Participants Statistical Method Effect Estimate

3.1 Live birth 4 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 3.1.1 IVF/ICSI vs EM 1 51 Odds Ratio (M-H, Random, 95% CI) 22.00 [2.56, 189.37]

 3.1.2 IVF/ICSI vs IUI 1 173 Odds Ratio (M-H, Random, 95% CI) 1.49 [0.79, 2.82]

 3.1.3 IVF/ICSI vs OS-IUI 3 370 Odds Ratio (M-H, Random, 95% CI) 2.23 [0.83, 5.98]

3.2 Multiple pregnancy 3 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 3.2.1 IVF/ICSI vs IUI 1 173 Odds Ratio (M-H, Random, 95% CI) 7.44 [0.90, 61.80]

 3.2.2 IVF/ICSI vs OS-IUI 3 370 Odds Ratio (M-H, Random, 95% CI) 0.81 [0.37, 1.74]

3.3 Clinical pregnancy 4 Odds Ratio (M-H, Random, 95% CI) Subtotals only

 3.3.1 IVF/ICSI vs EM 1 51 Odds Ratio (M-H, Random, 95% CI) 8.00 [1.89, 33.85]

 3.3.2 IVF/ICSI vs OS 1 103 Odds Ratio (M-H, Random, 95% CI) 2.36 [0.72, 7.72]

 3.3.3 IVF/ICSI vs OS-IUI 3 292 Odds Ratio (M-H, Random, 95% CI) 2.61 [1.07, 6.37]

136602_Noor_Danhof_BNW-def.indd   60136602_Noor_Danhof_BNW-def.indd   60 19-1-2020   16:04:4819-1-2020   16:04:48



61

Interventions for unexplained infertility

SUMMARY OF FINDINGS TABLES

1. Summary of findings - live birth or ongoing pregnancy

Estimates of effects, confidence intervals, and certainty of the evidence for live birth in couples with 
unexplained infertility

Patient or population: couples with unexplained infertility
Intervention: OS, IUI, OS-IUI, or IVF/ICSI
Comparator: expectant management, OS, IUI, or OS-IUI
Outcome: live birth
Setting: outpatient

All comparisons
(10 RCTs, 2725 couples)

Illustrative comparative risks* 
(95% CI)

Relative 
effect
(95% 
CI)**

Quality 
of the 
evidence
(GRADE)

Comparator

Intervention
(number of RCTs and 
number of couples in 
direct comparison)

Assumed risk
with 
comparator

Corresponding 
risk
with 
intervention

Expectant 
management

OS
(2 RCTs, 527 couples)

166 per 1000 167 per 1000
(92 to 282)

OR 1.01
(0.51 to 
1.98)

⊕⊕⊝⊝
LOWa

IUI
(1 RCT, 386 couples)

166 per 1000
194 per 1000
(108 to 325)

OR 1.45
(0.61 to 
2.43)

⊕⊕⊝⊝
LOWa

OS-IUI
(2 RCTs, 454 couples)

166 per 1000
242 per 1000
(149 to 369)

OR 1.61
(0.88 to 
2.94)

⊕⊕⊝⊝
LOWb

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

166 per 1000
272 per 1000
(139 to 465)

OR 1.88
(0.81 to 
4.38)

⊕⊕⊝⊝
LOWa

OS

IUI
(1 RCT, 387 couples)

174 per 1000
201 per 1000
(107 to 346)

OR 1.20
(0.57 to 
2.52)

⊕⊕⊝⊝
LOWa

OS-IUI
(1 RCT, 184 couples)

174 per 1000
252 per 1000
(145 to 399)

OR 1.60
(0.81 to 
3.16)

⊕⊕⊝⊝
LOWa

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

174 per 1000
281 per 1000
(136 to 492)

OR 2.63
(0.75 to 
4.61)

⊕⊕⊝⊝
LOWa

IUI

OS-IUI
(2 RCTs, 636 couples)

166 per 1000
209 per 1000
(128 to 323)

OR 1.33
(0.67 to 
3.58)

⊕⊕⊝⊝
LOWa

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

166 per 1000
235 per 1000
(117 to 416)

OR 1.55
(0.67 to 
3.58)

⊕⊕⊝⊝
LOWa
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1. Summary of findings - live birth or ongoing pregnancy Continued

OS-IUI
IVF/ICSI
(3 RCTs, 731 couples)

319 per 1000
354 per 1000
(230 to 498)

OR 1.17
(0.64 to 
2.12)

⊕⊕⊝⊝
LOWa

CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.
*The corresponding risk in the intervention group (and its 95% CI) is based on the mean risk in the 
comparator group and the relative effect of the intervention (and its 95% CI).
**All ORs and 95% CIs are based on network estimates.

GRADE Working Group grades of evidence.
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

Footnotes
aDowngraded by two levels for very serious imprecision.
bDowngraded by two levels for serious imprecision and serious heterogeneity.

2. Summary of findings - multiple pregnancy

Estimates of effects, confidence intervals, and certainty of the evidence for multiple pregnancy in 
couples with unexplained infertility

Patient or population: couples with unexplained infertility
Intervention: OS, OS-IUI, or IVF/ICSI
Comparator: expectant management/IUI, OS, or OS-IUI
Outcome: multiple pregnancy
Setting: outpatient

All comparisons
(11 RCTs, 2564 couples)

Illustrative comparative 
risks* (95% CI)

Relative 
effect
(95% 
CI)**

Quality of 
the evidence
(GRADE)

Comparator

Intervention
(number of RCTs and 
number of couples in 
direct comparison)

Assumed 
risk
with 
comparator

Corresponding 
risk
with 
intervention

Expectant 
management/IUI

OS
(3 RCTs, 934 couples)

6 per 1000 17 per 1000
(6 to 50)

OR 3.07
(1.00 to 
9.41)

⊕⊕⊝⊝
LOWa

OS-IUI
(3 RCTs, 625 couples)

6 per 1000
18 per 1000
(6 to 54)

OR 3.34
(1.09 to 
10.29)

⊕⊕⊕⊝
MODERATEb

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

6 per 1000
15 per 1000
(4 to 55)

OR 2.66
(0.68 to 
10.43)

⊕⊕⊝⊝
LOWc
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2. Summary of findings - multiple pregnancy Continued

OS

OS-IUI
(2 RCTs, 274 couples)

23 per 1000
26 per 1000
(9 to 70)

OR 1.09
(0.38 to 
3.15)

⊕⊝⊝⊝
VERY LOWd

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

23 per 1000
20 per 1000
(6 to 72)

OR 0.87
(0.23 to 
3.24)

⊕⊕⊝⊝
LOWc

OS-IUI
IVF/ICSI
(3 RCTs, 731 couples)

27 per 1000
22 per 1000
(10 to 47)

OR 0.80
(0.37 to 
1.73)

⊕⊕⊝⊝
LOWc

CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.
*The corresponding risk in the intervention group (and its 95% CI) is based on the mean risk in the 
comparator group and the relative effect of the intervention (and its 95% CI).
**All ORs and 95% CIs are based on network estimates.

GRADE Working Group grades of evidence.
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

Footnotes
aDowngraded by two levels for serious imprecision and serious heterogeneity.
bDowngraded by one level for serious imprecision.
cDowngraded by two levels for very serious imprecision.
dDowngraded by three levels for serious study limitations and very serious imprecision.

2
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3. Summary of findings - clinical pregnancy

Estimates of effects, confidence intervals, and certainty of the evidence for clinical pregnancy in 
couples with unexplained infertility

Patient or population: couples with unexplained infertility
Intervention: OS, IUI, OS-IUI, or IVF/ICSI
Comparator: expectant management, OS, IUI, or OS-IUI
Outcome: clinical pregnancy
Setting: outpatient

All comparisons
(23 RCTs, 3792 couples)

Illustrative comparative 
risks* (95% CI)

Relative 
effect
(95% 
CI)**

Quality 
of the 
evidence
(GRADE)

Comparator

Intervention
(number of RCTs and 
number of couples in 
direct comparison)

Assumed 
risk
with 
comparator

Corresponding 
risk
with 
intervention

Expectant 
management

OS
(6 RCTs, 939 couples)

157 per 
1000

234 per 1000
(155 to 337)

OR 1.64
(0.99 to 
2.73)

⊕⊝⊝⊝
VERY LOWa

IUI
(3 RCTs, 528 couples)

157 per 
1000

182 per 1000
(102 to 305)

OR 1.20
(0.61 to 
2.36)

⊕⊕⊝⊝
LOWb

OS-IUI
(4 RCTs, 525 couples)

157 per 
1000

301 per 1000
(205 to 420)

OR 2.32
(1.39 to 
3.90)

⊕⊕⊝⊝
LOWc

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

157 per 
1000

360 per 1000
(197 to 563)

OR 3.03
(1.32 to 
6.94)

⊕⊕⊝⊝
LOWc

OS

IUI
(2 RCTs, 407 couples)

213 per 
1000

165 per 1000
(93 to 277)

OR 0.73
(0.38 to 
1.42)

⊕⊝⊝⊝
VERY LOWd

OS-IUI
(8 RCTs, 763 couples)

213 per 
1000

276 per 1000
(199 to 371)

OR 1.41
(0.92 to 
2.18)

⊕⊝⊝⊝
VERY LOWe

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

213 per 
1000

332 per 1000
(275 to 521)

OR 1.84
(1.40 to 
4.02)

⊕⊕⊝⊝
LOWf

IUI

OS-IUI
(4 RCTs, 579 couples)

174 per 
1000

291 per 1000
(182 to 430)

OR 1.94
(1.05 to 
3.57)

⊕⊝⊝⊝
VERY LOWa

IVF/ICSI
(no direct evidence 
available; only indirect 
evidence used here)

174 per 
1000

347 per 1000
(180 to 566)

OR 2.52
(1.04 to 
6.16)

⊕⊕⊝⊝
LOWf
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3. Summary of findings - clinical pregnancy Continued

OS-IUI
IVF/ICSI
(3 RCTs, 731 couples)

344 per 
1000

437 per 1000
(289 to 599)

OR 1.30
(0.68 to 
2.50)

⊕⊕⊝⊝
LOWb

CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.
*The corresponding risk in the intervention group (and its 95% CI) is based on the mean risk in the 
comparator group and the relative effect of the intervention (and its 95% CI).
**All ORs and 95% CIs are based on network estimates.

GRADE Working Group grades of evidence.
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

Footnotes
aDowngraded by three levels for serious study limitations, imprecision, and heterogeneity.
bDowngraded by two levels for very serious imprecision.
cDowngraded by two levels for very serious heterogeneity.
dDowngraded by three levels for very serious imprecision and serious incoherence.
eDowngraded by three levels for very serious study limitations, serious imprecision, and serious 
heterogeneity.
fDowngraded by two levels for serious imprecision and serious heterogeneity.

2
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4. SUMMARY OF FINDINGS - MODERATE/SEVERE OHSS

IVF/ICSI compared with OS-IUI for unexplained infertility

Patient or population: couples with unexplained infertility
Settings: outpatient
Intervention: IVF/ICSI
Comparison: OS-IUI

Outcomes Illustrative comparative 
risks* (95% CI)

Relative 
effect
(95% CI)

No. of 
participants
(studies)

Quality of 
the evidence
(GRADE)

Comments

Assumed 
risk with 
OS-IUI

Corresponding 
risk with IVF/
ICSI

Moderate/
severe OHSS

11 per 
1000

28 per 1000
(10 to 72)

OR 2.50 
(0.92 to 
6.76)

958
(5 studies)

⊕⊕⊕⊝
MODERATEa

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in 
footnotes. The corresponding risk (and its 95% confidence interval) is based on the assumed risk in 
the comparison group and the relative effect of the intervention (and its 95% CI).
CI: confidence interval; OR: odds ratio; RCT: randomised controlled trial.

GRADE Working Group grades of evidence.
High quality: further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate.
Low quality: further research is very likely to have an important impact on our confidence in the 
estimate of effect and is likely to change the estimate.
Very low quality: we are very uncertain about the estimate.

Footnotes
aDowngraded by one level for serious imprecision.
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DISCUSSION

Summary of main results
This systematic review and network meta-analysis compared the effectiveness and 
safety of in vitro fertilisation (IVF)/intracytoplasmic sperm injection (ICSI), ovarian 
stimulation (OS)-intrauterine insemination (IUI), IUI, OS, and expectant management 
with each other in couples with unexplained infertility. There was insufficient evidence 
of differences in terms of live birth between expectant management and the other 
four interventions. Compared to expectant management or IUI, OS may increase 
the odds of multiple pregnancy, and OS-IUI probably increases the odds of multiple 
pregnancy. Evidence of differences between IVF/ICSI and expectant management for 
multiple pregnancy was insufficient. There was also insufficient evidence of a difference 
in moderate or severe ovarian hyperstimulation syndrome (OHSS) between IVF/ICSI 
and OS-IUI. The overall certainty of the evidence was low to moderate, mainly due to 
imprecision and/or heterogeneity.

Overall completeness and applicability of evidence
Our population of interest consisted of couples with unexplained infertility. We used 
a relatively broad definition of unexplained infertility, including couples with mild 
endometriosis and mild male infertility (pre-wash total motile sperm count > 3 * 106) 
to increase the applicability of findings. As the distributions of potential effect modifiers 
showed similarities across different comparisons and the interventions of interest are 
jointly randomisable, the overall transitivity assumption in this network was valid. 
For IVF/ICSI, all RCTs including this arm applied single embryo transfer policy, which 
guarantees the clinical homogeneity of IVF/ICSI.

Current guidelines (National Institute for Health and Care Excellence, 2013) do not 
recommend IUI, either with or without ovarian stimulation, for couples with unexplained 
infertility. Based on our systematic review, we would argue that OS-IUI still plays an 
important role in the treatment of unexplained infertility, especially for couples with 
poor prognosis of natural conception. Shared decision-making should consider not 
only effectiveness and safety, but also patient preferences and costs. Two economic 
evaluations found that OS-IUI resulted in lower cost per live birth than IVF/ICSI in 
couples with poor prognosis of natural conception and a median duration of infertility 
less than two years, which implies that OS-IUI is an important alternative to IVF/ICSI in 
these narrowly defined couples with unexplained infertility (Tjon-Kon-Fat, et al., 2015, 
van Rumste, et al., 2014).

Quality of the evidence
Overall certainty of the evidence was very low to moderate (Summary of findings table 
1; Summary of findings table 2; Summary of findings table 3; Summary of findings table 
4). This was due mainly to lack of precision and/or the existence of heterogeneity. All 
comparisons had relatively few included studies with direct evidence, which explained 
the imprecision in these comparisons. The heterogeneity observed was most likely 
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due to the heterogeneous nature of unexplained infertility, and some included RCTs 
focused on different subpopulations with unexplained infertility. For instance, (Steures, 
et al., 2006) included only couples with an intermediate prognosis of natural conception 
based on the Hunault prediction model (Hunault, et al., 2004), and (Farquhar, et al., 
2017) included only couples with a poor prognosis. The result of network meta-analysis 
in the comparison of OS-IUI and expectant management was consistent with existing 
cohorts on unselected unexplained infertility (van Eekelen, et al., 2019), but the 
pooled result was not applicable to the two subpopulations with poor or intermediate 
prognoses, respectively.

The strengths of this systematic review include the extensive search strategy, use of 
indirect evidence, performance of sensitivity analyses, and application of Confidence 
in Network Meta-analysis (CINeMA) to evaluate the overall certainty of evidence in 
network meta-analysis. The current systematic review and network meta-analysis 
provided an overview of the evidence base in clinical management of unexplained 
infertility. Nevertheless, there are several limitations. Couples with unexplained 
infertility are a heterogeneous population, and various inclusion criteria were used. 
For instance, participants in the included studies may or may not have had a diagnostic 
laparoscopy before diagnosis of unexplained infertility. Next, some included studies 
focused on a subgroup of couples based on prognostic factors (e.g. Hunault prediction 
model as discussed above). Pooled results led to heterogeneity and imprecision in the 
evidence for these comparisons. Additionally, our primary effectiveness and safety 
outcomes live birth and multiple pregnancy were not reported in approximately half of 
the included trials. This explains in part the imprecision evident in some comparisons. 
Furthermore, as breakdown data for different subgroups were not available, our 
subgroup analysis on duration of infertility was based on different mean/median values; 
therefore these results should be interpreted with caution. A planned subgroup analysis 
on treatment-naive couples versus couples who had received prior treatment was not 
feasible in the network meta-analysis, as couples with various previous treatments 
were also allowed to be randomised to less invasive interventions, including expectant 
management in pragmatic RCTs. Last, about half of the included studies were published 
before 2000. Although IVF in different studies in this network meta-analysis appears 
similar, the intensive OS protocols and the relatively loose cancellation criteria used 
in old trials of OS and OS-IUI are not the same compared to recent ones, the latter of 
which led to fewer multiple pregnancies.

Potential biases in the review process
Given the extensive search strategy, including the electronic database search and the 
handsearch of relevant references, the chance of incomplete identification of studies 
was low. We did not identify small study effects in the main outcomes. Therefore, we 
concluded that no publication bias was evident. In addition, as live birth and/or multiple 
pregnancy was not reported in about half of the included studies, we could not rule 
out the possibility of reporting bias.

136602_Noor_Danhof_BNW-def.indd   68136602_Noor_Danhof_BNW-def.indd   68 19-1-2020   16:04:4919-1-2020   16:04:49



69

Interventions for unexplained infertility

As indirect evidence does not involve new randomisation and therefore the validity of 
network meta-analysis relies on transitivity assumption, we assessed the transitivity 
assumption carefully before conducting this network meta-analysis and did not find 
evidence of intransitivity. However, we could not completely rule out the existence of 
intransitivity due to the small number of RCTs included in all comparisons and the lack 
of baseline information from old RCTs. We further evaluated inconsistency by using both 
global and local approaches. Statistical testing did not show evidence of inconsistency 
in networks of the main outcomes, but statistical testing for inconsistency could be 
underpowered (Higgins, et al., 2012). The overall limitations in each comparison on 
different outcomes are reflected in the summary of finding tables.

Agreements and disagreements with other studies or reviews
A Cochrane Review on IUI for unexplained infertility found no conclusive evidence of a 
difference in live birth or multiple pregnancy for the comparison between IUI or OS-IUI 
versus expectant management (Veltman-Verhulst, et al., 2016). Our network meta-
analysis showed consistent results on live birth with overlapping confidence intervals. 
Evidence on multiple pregnancy between OS-IUI versus expectant management or IUI 
in our network meta-analysis was based on moderate certainty, as the use of network 
meta-analysis increased the precision of the evidence.

Another Cochrane Review on IVF/ICSI for unexplained infertility found that IVF/ICSI may 
be associated with higher live birth rates than expectant management, but the overall 
certainty of evidence was very low (Pandian, et al., 2015). This conclusion was based 
on one RCT with small sample size and an intensive embryo transfer policy (up to four 
embryos in an unselected population) (Hughes, et al., 2004). This RCT was not included 
in the network meta-analysis due to the different embryo transfer policy used from 
current clinical practice. No direct evidence was available for the comparison between 
IVF/ICSI and expectant management. Indirect evidence arising from our network meta-
analysis was insufficient to judge a difference in terms of effectiveness and safety.

AUTHORS’ CONCLUSIONS

Implications for practice
We found insufficient evidence of differences in terms of live birth between expectant 
management and the other four interventions (OS, IUI, OS-IUI, and IVF/ICSI). Compared 
to expectant management/IUI, OS may increase the odds of multiple pregnancy, and 
OS-IUI probably increases the odds of multiple pregnancy. Evidence showing differences 
between IVF/ICSI and expectant management for multiple pregnancy was insufficient, 
as was evidence of a difference in moderate or severe OHSS between IVF/ICSI and 
OS-IUI.

2
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Implications for research
Given the overall low certainty of evidence for most comparisons in this network meta-
analysis, future RCTs comparing interventions for unexplained infertility are needed. A 
recent systematic review showed that existing RCTs in reproductive medicine are likely 
to be underpowered to detect plausible improvements in live birth rate (Stocking, et 
al., 2019), as clinically important differences between these interventions appear small. 
Therefore, accounting for prognostic factors is helpful in guiding the design in future 
research. As the prognosis of natural conception in unexplained infertility is predicable, 
the relative effects between expectant management and other interventions are 
expected to be larger in couples with poor prognosis. This was confirmed not only in our 
subgroup analysis, which showed different effects in couples with shorter and longer 
duration of infertility, but also in our sensitivity analysis, which showed large relative 
effects in couples with poor prognosis. Future RCTs should compare IVF or OS-IUI versus 
expectant management in couples with different prognoses to confirm the available 
evidence and to shape the clinical indications for IVF and IUI in unexplained infertility.

We need more studies comparing OS-IUI or IVF versus expectant management as 
well as studies comparing OS-IUI versus IVF to enable better fine-tuning of when to 
start treatment and what treatment to use. More specifically, in an OS-IUI protocol, 
gonadotropins with strict cancellation criteria and recently widely used medication 
such as letrozole should be tested. Studies comparing IVF versus other interventions 
should also address the use of the freeze-only strategy and the report of cumulative 
live birth rate.

Studies should include a cost-effectiveness analysis with a time horizon that allows 
multi-cycle treatment plus frozen-thawed cycles in cases of IVF, with live birth as the 
primary outcome.

Study investigators are advised to use cumulative live birth as the primary outcome. 
Cumulative live birth has been recognised as the current standard in outcome reporting 
(Gadalla, et al., 2018). The development of a core outcome set for infertility trials is 
under way (Duffy, et al., 2018). The use of core outcomes will standardise outcome 
reporting in future trials and will minimise outcome reporting bias.
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Differences between protocol and review
We replaced subfertility with infertility according to the latest version of the 
International Glossary on Infertility and Fertility Care (Zegers-Hochschild 2017). We 
excluded studies on modified natural cycle IVF as it is different from IVF with ovarian 
hyperstimulation.

We planned in the protocol to perform a sensitivity analysis by using alternative 
imputation strategies. However, for binary outcomes, it can be problematic to impute 
missing outcomes as events. Therefore, we did a sensitivity analysis by excluding missing 
outcome data as recommended by the Cochrane Handbook for Systematic Reviews of 
Interventions. We did not report the predictive interval in this network meta-analysis 
but used it when accessing heterogeneity for the overall certainty of evidence in 
CINeMA (CINeMA 2017; Salanti 2014).

SUPPLEMENTARY DATA

Supplementary data are available online
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ABSTRACT

Study question: Is follicle stimulation hormone (FSH) or clomiphene citrate (CC) the 
most effective stimulation regimen in terms of ongoing pregnancies in couples with 
unexplained subfertility undergoing IUI with adherence to strict cancellation criteria 
as a measure to reduce the number of multiple pregnancies?

Summary answer: In IUI with adherence to strict cancellation criteria, ovarian 
stimulation with FSH is not superior to CC in terms of the cumulative ongoing pregnancy 
rate, and yields a similar, low multiple pregnancy rate.

What is already known: FSH has been shown to result in higher pregnancy rates 
compared to CC, but at the cost of high multiple pregnancy rates. To reduce the risk 
of multiple pregnancy, new ovarian stimulation regimens have been suggested, these 
include strict cancellation criteria to limit the number of dominant follicles per cycle 
i.e. withholding insemination when more than three dominant follicles develop. With 
such a strategy, it is unclear whether the ovarian stimulation should be done with FSH 
or with CC.

Study design, size, duration: We performed an open-label multicenter randomized 
superiority controlled trial in the Netherlands (NTR 4057).

Participants/materials, setting, methods: We randomized couples diagnosed with 
unexplained subfertility and scheduled for a maximum of four cycles of IUI with ovarian 
stimulation with 75 IU FSH or 100 mg CC. Cycles were cancelled when more than three 
dominant follicles developed. The primary outcome was cumulative ongoing pregnancy 
rate. Multiple pregnancy was a secondary outcome. We analysed the data on intention 
to treat basis. We calculated relative risks and absolute risk difference with 95% CI.

Main results and the role of chance: Between July 2013 and March 2016, we allocated 
369 women to ovarian stimulation with FSH and 369 women to ovarian stimulation 
with CC. A total of 113 women (31%) had an ongoing pregnancy following ovarian 
stimulation with FSH and 97 women (26%) had an ongoing pregnancy following ovarian 
stimulation with CC (RR 1.16, 95% CI: 0.93 to 1.47, ARD = 0.04, 95% CI: −0.02 to 0.11). 
Five women (1.4%) had a multiple pregnancy following ovarian stimulation with FSH 
and eight women (2.2%) had a multiple pregnancy following ovarian stimulation with 
CC (RR 0.63, 95% CI: 0.21 to 1.89, ARD = −0.01, 95% CI: −0.03 to 0.01).

Limitations, reasons for caution: We were not able to blind this study due to the nature 
of the interventions. We consider it unlikely that this has introduced performance bias, 
since pregnancy outcomes are objective outcome measures.

Wider implications of the findings: We revealed that adherence to strict cancellation 
criteria is a successful solution to reduce the number of multiple pregnancies in IUI. 
To decide whether ovarian stimulation with FSH or with CC should be the regimen of 
choice, costs and patients’ preferences should be taken into account.
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INTRODUCTION

Annually, more than 70 million couples worldwide fail to conceive within 1 year of 
regular unprotected intercourse (Boivin et al., 2007). At present, in many countries 
the first line treatment for couples diagnosed with unexplained subfertility is IUI with 
ovarian stimulation (Calhaz-Jorge et al., 2017; The Practice Committee of the American 
Society for Reproductive Medicine., 2006). The downside of ovarian stimulation is the 
high multiple pregnancy risk with its increased risk of serious neonatal morbidity, 
neonatal mortality and maternal morbidity (Guzick et al.,1999; Ombelet et al., 2006).

According to a Cochrane review published in 2007, follicle stimulating hormone (FSH) is 
the drug of choice (Cantineau and Cohlen, 2007). The meta-analysis showed statistically 
significant increased pregnancy rates in favour of FSH compared to ovarian stimulation 
with clomiphene citrate (CC) in women undergoing IUI (seven studies, 556 women, OR 
1.8, 95% CI: 1.2 to 2.7), while the -limited- data on multiple pregnancy rates were similar 
between FSH and CC and not allowing any conclusions (three studies, 338 women, OR 
0.53, 95% CI: 0.15 to 1.86) (Cantineau and Cohlen, 2007). Since then, a recent large RCT, 
comparing FSH with CC in IUI also showed a statistically significant increase in live birth 
rates compared to CC, but at the cost of 25 twins and six triplets among 301 women 
(10%) undergoing ovarian stimulation with FSH, while there were 8 twins among 300 
women (3%) undergoing ovarian stimulation with CC (Diamond et al., 2015). These high 
multiple pregnancy rates are no longer acceptable in modern infertility treatment.

To reduce the risk on multiple pregnancy, new ovarian stimulation regimens have 
been suggested, the quintessence of which are strict cancellation criteria to limit the 
number of dominant follicles per cycle, i.e. withholding insemination when more than 
three dominant follicles develop (Rumste van et al., 2006; Rumste van et al., 2008). 
The Cochrane review included one study that compared FSH to CC in a stimulation 
regimen with adherence to strict cancellation criteria (Dankert et al., 2007). This study 
found similar pregnancy rates (34% for FSH versus 38% for CC, RR 0.90, 95% CI: 0.57 to 
1.41) and low multiple pregnancy rates (4% per cycle for FSH versus 7% per cycle for 
CC, RR 0.63, 95% CI: 0.06 to 6.53), but with only 138 included couples this study was 
underpowered (Dankert et al., 2007).

We therefore aimed to study, in a well powered randomized clinical trial the 
effectiveness of ovarian stimulation with 75 IU FSH compared to ovarian stimulation 
with 100 mg CC, in an IUI programme with adherence to strict cancellation criteria, i.e. 
cancellation of the cycle when more than three dominant follicles develop in women 
undergoing IUI, within a time horizon of 6 months.
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MATERIALS AND METHODS

Study design
This study was an open-label multicenter, randomized controlled superiority trial 
positioned in the Dutch Consortium for Healthcare Evaluation in Obstetrics and 
Gynaecology (https://zorgevaluatienederland.nl/associations/1). We recruited couples 
between July 2013 and March 2016. The Medical Ethical Committee of the Academic 
Medical Centre and the Dutch Central Committee on Research involving Human Subjects 
approved this study (CCMO NL 43131-018-13) and the board of directors of each 
participating site approved local execution (NTR4057). The protocol (see Supplementary 
material) was published previously (Danhof et al., 2017).

Study population
Couples diagnosed with unexplained subfertility were eligible for the study. Unexplained 
subfertility was defined as a failure to conceive after one year of regular unprotected 
intercourse and a prewash total motile sperm count (TMSC) of at least 3 million (NICE 
clinical guideline). The inclusion criteria were female age between 18 and 43 years, 
regular menstrual cycle, at least one side tube patency and a TMSC of at least 3 
million (NICE clinical guideline). If women were under 38 years of age, their 12 months 
prognosis on natural conception according to the model of Hunault had to be lower 
than 30% (Hunault et al., 2004; Steeg van der et al., 2007). Women were also eligible 
for inclusion after 6 months of failed expectant management. Women undergoing 
donor sperm treatment were eligible if they were below 35 years of age, had a regular 
menstrual cycle, with a least one-sided tubal patency, and had had 12 months of failed 
intracervical or IUI without ovarian stimulation or were above 35 years of age, had a 
regular menstrual cycle, with a least one-sided tubal patency and had 6 months of failed 
intracervical or IUI without ovarian stimulation.

Women with double sided tubal pathology, polycystic ovary syndrome, irregular cycles 
or other endocrine disorders were not eligible.

Interventions
We treated couples for a maximum of four cycles or until pregnancy occurred within 
a time horizon of 6 months. In the first treatment cycle, all women were seen for a 
baseline visit for a transvaginal ultrasound examination on the third, fourth or fifth day 
of the menstrual cycle. Women were not allowed to start the treatment cycle if one or 
more ovarian cysts of >20 mm were seen. In the experimental arm women started with 
daily subcutaneous injections of 75 IU FSH on Day 3, 4 or 5 of the menstrual cycle and 
continued these injections until the day of ovulation triggering (Dankert et al., 2007). 
In the standard arm women started with 100 mg CC on Day 3, 4 or 5 of the menstrual 
cycle. The tablets were administered orally and stopped after 5 days of daily intake.

In both interventions, we monitored follicular development by transvaginal ultrasound. 
We triggered ovulation with 5000 IU hCG or with 250 μg recHCG if there was at least one 
dominant follicle with a mean diameter of 16–18 mm a maximum of three follicles of 
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≥14 mm. At the final ultra- sound examination before ovulation triggering, we measured 
the total number of follicles their diameters and the endometrial thickness. We can- 
celled the cycle if more than three follicles with a diameter of ≥14 mm or five follicles 
with a diameter of ≥12 mm was seen at transvaginal ultra- sound, regardless of the 
endometrial thickness. In these cycles, we advised the couples to have protected or 
no intercourse. We scheduled IUI 36–42 h after ovulation triggering. On the day of 
insemination, the partner provided a semen sample after a minimum of 2 days of sexual 
abstinence. The semen was processed according to local protocol. In case of donor 
sperm treatment, donor semen was thawed and processed according to local protocol.

Women who did not conceive were scheduled for the next insemination cycle. In case 
of monofollicular growth, the dose of FSH was increased by 37.5 IU per day or the dose 
of CC was increased by 50 mg per day in the next cycle. If a cycle was cancelled due to 
the development of more than three dominant follicles, the dose of FSH was decreased 
by 37.5 IU per day or the dose of CC was decreased by 50 mg per day in the next cycle.

We treated couples for a maximum of four cycles or until pregnancy occurred within 
a time horizon of 6 months.

Clinical and ongoing pregnancies were confirmed by ultrasound.

Outcome measures
The primary outcome was ongoing pregnancy per woman, defined as a positive 
heartbeat at or beyond 12 weeks of gestation. Pregnancies that occurred within the 
first 6 months after randomization counted for assessment of the primary outcome.

Secondary outcomes per started cycle were cancellation rates, number of cycles with 
a single follicle, total number of follicles ≥14 mm at the time of ovulation triggering, 
and secondary outcomes per women were multiple pregnancy defined as registered 
heartbeat of at least two fetuses at 12 weeks of gestation, time to ongoing pregnancy, 
clinical pregnancy, defined as any registered foetal heartbeat on ultrasound, miscarriage, 
defined as pregnancy loss at a gestational age of 20 weeks or less, ectopic pregnancy 
and live birth.

Serious adverse events were reported to the trial coordinator.

Sample size calculation
We designed the study as a superiority trial. In our original sample size, we assumed 
the ongoing pregnancy rate was 35% after a maximum of 4 months of IUI with ovarian 
stimulation with CC. To be able to show a difference of 17.5% between ovarian 
stimulation with FSH and CC, we needed to recruit 182 couples per treatment arm 
with a two-sided alpha of 5% and a beta of 20%. Accounting for a 10% drop-out rate, 
we needed to recruit 404 women. In May 2015, we extended the sample size based on 
new available data. We applied an ongoing pregnancy rate of 25% following CC after 
four cycles and within 6 months (Bensdorp et al., 2015). To be able to show a minimally 
clinical relevant difference of 10% between ovarian stimulation with FSH and CC, we 
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needed to recruit 329 couples per treatment arm with a two-sided alpha of 5% and a 
beta of 20%. Accounting for a 10% drop-out rate, we needed to recruit 732 women.

Randomization and masking
Eligible women were informed about the study by their doctor or by a dedicated 
research nurse. After written informed consent women were randomized using a central 
password protected Internet-based randomization programme. The randomization 
list had been prepared by an independent statistician with a variable block size with 
randomly selected block sizes that varied between two, four and six. There was no 
stratification. Neither the recruiters nor the trial project group could access the 
randomization sequence.

Statistical analysis
We analysed all outcomes on an intention to treat basis. We also performed a per 
protocol analysis for the primary outcome and time to ongoing pregnancy, which was 
not pre-planned. We expressed all out- comes per couple randomized unless otherwise 
stated. We estimated differences in the primary and secondary outcomes as relative 
risks and absolute risk difference with 95% CI and used a Chi square test for formal 
analysis. We assessed the association between multiple pregnancy and follicle count 
using logistic regression models. We constructed Kaplan–Meier curves for the time 
to ongoing pregnancy. Pregnancies were timed at conception and a few women had 
undetected spontaneous pregnancies at randomization. These were included in the 
intention to treat analysis and appear as pregnancies at zero time (Lachin, 2000). We 
considered P values below 0.05 to indicate statistical significance.

Study oversight and role of the funding source
This trial was funded by the Netherlands Organization for Health Research and 
Development (ZonMw) (Health Care Efficiency Research; project number 80-83600-
98-10192). The sponsor of the study had no role in study design, data collection, data 
analysis, data interpretation or writing the report. The corresponding author confirms 
to have had full access to all the data in the study and had final responsibility for the 
decision to submit for publication.

RESULTS

Between July 2013 and March 2016, we recruited 738 couples in 24 fertility clinics 
participating in the Dutch Consortium for Healthcare Evaluation in Obstetrics and 
Gynaecology (https://zorgevaluatienederland.nl/associations/1). A total of 369 couples 
were allocated to ovarian stimulation with FSH and 369 couples to ovarian stimulation 
with CC. The baseline characteristics were well balanced between couples that were 
randomized to FSH and those to CC (Table I). In the FSH treatment arm 338 couples 
received the allocated intervention and in the CC-treatment arm 346 couples (Fig. 1).

3
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Table 1. Baseline characteristics of the participating couples*

Characteristics FSH (n=369) Clomiphene citrate (n=369)

Mean female age (years) 33·1 ±5·6 33·1 ± 4·6

Primary subfertility 273 (74) 268 (73)

Diagnosis of subfertility

 One-sided tubal pathology 28 (8) 38 (10)

 Mild male subfertility 16 (4) 14 (4)

Median duration of subfertility (months) 24·0 (19·0 - 33·0) 24·0 (19·0 - 32·0)

Current smoking status 61 (17) 55 (15)

Mean body mass index in kg/m3 24·2 ±4·5 23·8 ± 3.9

Median total motile sperm count (x10^6) 48·0 (22·0 – 96·8) 58·4 (25·9 – 118·0)

* Data are n (%), mean (SD) or median (quartiles). There were no significant differences (P<0·05) between 
the two groups in any of the baseline characteristics.
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Figure 1. Study fl owchart

FSH=follicle sti mulati ng hormone, CC=clomiphene citrate

Pregnancy outcomes are presented in Table II. Within the 6 months treatment horizon, 
there were 113 ongoing pregnancies (31%) in the FSH treatment arm and 97 ongoing 
pregnancies (26%) in the CC-treatment arm (RR 1.16, 95% CI: 0.93 to 1.47). The absolute 
risk diff erence for FSH compared to CC was 0.04 with a 95% CI of −0.02 to 0.11. In the 
per protocol analysis, there were 82 (25%) ongoing pregnancies in the FSH treatment 
arm and 70 ongoing pregnancies (21%) in the CC-treatment arm (RR 1.19, 95% CI: 0.90 
to 1.57). In the FSH treatment arm, 17 women conceived naturally before they could 
start with IUI and nine women in between treatment cycles. In the CC-treatment arm, 
15 women conceived naturally before they could start with IUI and seven women in 
between treatment cycles.

3
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Table 2. Pregnancy outcomes per woman randomised*

FSH (n=369) Clomiphene citrate (n=369) Relative Risk (95% CI)

Ongoing pregnancy 113 (31) 97 (26) 1·16 (0·93-1·47)

Multiple pregnancy 5 (1) 8 (2) 0·63 (0·21-1·89)

Live birth 105 (28) 92 (25) 1·14 (0·90-1·45)

Clinical pregnancy 115 (32) 101 (27) 1·14 (0·91-1·43)

Miscarriage 32 (9) 31 (8) 1·03 (0·64-1.66)

Ectopic pregnancy 2 (1) 3 (1) 0·80 (0·38-1·64)

* n (%)

The number of twin pregnancies was 5 (1.4%) in the FSH treatment arm and 8 (2.2%) 
in the CC-treatment arm (RR 0.63, 95% CI: 0.21 to 1.89, absolute rate difference 
[ARD] = −0.01, 95% CI: −0.03 to 0.01). There were no higher order multiple pregnancies. 
The number of live births was 105 (28%) in the FSH treatment arm and 92 (25%) in the 
CC-treatment arm (RR 1.14, 95% CI: 0.90 to 1.45).

Ovarian stimulation outcomes are shown in Table III. There was no difference in 
the cancellation rate due to the development of more than three dominant follicles 
between ovarian stimulation with FSH and ovarian stimulation with CC (FSH n = 115, 
CC n = 101, RR 1.06, 95% CI: 0.91 to 1.23). Other reasons for cycle cancellation were 
impaired folliculogenesis (FSH n = 32, CC n = 39), personal circumstances (FSH n = 9, 
CC n = 11) and other medical reasons (FSH n = 9, CC n = 2). There were slightly more 
cycles with monofollicular growth in ovarian stimulation with FSH compared to ovarian 
stimulation with CC (RR 1.12, 95% CI: 0.99 to 1.27).

Table 3. Ovarian stimulation outcomes on a cycle level*

FSH (n=1162) Clomiphene 
citrate (n=1212)

Relative Risk (95% 
CI)

p

Mean total dosage ovarian 
stimulation per cycle†

586 IU (328·9) 406 mg (423·1) - -

Mean duration of stimulation 
(days)†

8·1 (3·18) 4·9 (3·74) - -

Mean number of follicles ≥14 mm 
at day of ovulation triggering

1·8 (1·43) 1·9 (1·11) - 0·52

Cycles with monofollicular 
growth

352 (30) 328 (27) 1·12 (0·99-1·27) -

Cancellation rate

due to multifollicular growth

165 (14)

115 (70)

153 (13)

101 (66)

1·12 (0·92 – 1·38)

1·06 (0·91 – 1·23)

-

-

* Data are n (%), mean (SD)
† No p value was calculated since these outcomes are related to the type of ovarian stimulation
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The multi ple pregnancy rate was 0.2% aft er one dominant follicle and 0.7% aft er two 
dominant follicles (OR 3.3, 95% CI: 0.7 to 16.5), while it increased to 1.8% following 
three dominant follicles (OR 8.0 compared to one dominant follicle, 95% CI: 1.5 to 41.6)

In the intenti on to treat analysis, there was no diff erence in ti me to ongoing pregnancy 
between ovarian sti mulati on in the FSH treatment arm (P = 0.30) (Fig. 2). Likewise there 
was no diff erence in ti me to ongoing pregnancy between ovarian sti mulati on with FSH 
in the per protocol analysis (P = 0.30) (Fig. 3).

Figure 2. Time to ongoing pregnancy

FSH=follicle sti mulati ng hormone, CC=clomiphene citrate

Numbers at risk

0 1 2 3 4 5 6

FSH 369 338 291 274 254 247 244

CC 369 346 301 284 272 264 262

3
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Figure 3. Time to ongoing pregnancy – per protocol analysis

FSH=follicle sti mulati ng hormone, CC=clomiphene citrate

Numbers at risk

0 1 2 3 4 5 6

FSH 333 333 280 262 242 236 233

CC 344 344 293 276 264 256 254

DISCUSSION

In this multi center, non-blinded, randomized controlled superiority trial, we found no 
stati sti cally signifi cant diff erence between FSH and CC in couples with unexplained 
subferti lity undergoing IUI with ovarian sti mulati on in a regimen of strict cancellati on 
criteria, in terms of ongoing pregnancies, and a low multi ple pregnancy rate. Our 
cumulati ve ongoing pregnancy rate of around 30% aft er four cycles of IUI within 6 
months is comparable to the rates reported in a previous study, but we were able to 
reduce the high multi ple pregnancy rate of 32% described in that study to 4% per cycle, 
which can be translated to a reducti on of 11% to1% per woman (Diamond et al., 2015).
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We feel that our findings are of importance, since IUI with ovarian stimulation is -as a 
first line treatment for couples with unexplained subfertility, applied worldwide on a 
large scale, as it is considered to be effective, but less invasive, less burdensome and less 
costly compared to IVF (Bensdorp et al., 2015). The new stimulation regimen described 
here can reduce the number of multiple pregnancies to such low levels that IUI with 
ovarian stimulation can now be regarded as a safe treatment if strict cancellation 
criteria are met.

The strength of this study is that, in our opinion, we had adequate power to show 
that there is no statistically significant difference between FSH and CC in IUI in terms 
of cumulative ongoing pregnancy rates ([ARD] = 0.04, 95% CI: −0.02 to 0.11), with 
both strategies leading to very low multiple pregnancy rates when adhering to strict 
cancellation criteria. This confirms the previous findings of the smaller study also 
aiming to reduce multiple pregnancy rate by means of adherence to strict cancellation 
criteria (Dankert et al., 2007) Our per protocol analysis showed the same results as 
the intention to treat analysis, suggesting that a switch in treatment did not affect 
the cumulative ongoing pregnancy rates, thereby underpinning the robustness of the 
data. We provided cumulative pregnancy outcomes because they give insight in the 
actual way of conceiving and represent true life. We were thus able to detect that as 
many as 48 (23%) ongoing pregnancies were conceived without medical assistance; 
32 couples conceived before the start of IUI and 16 couples conceived in between 
treatment cycles. This again emphasizes that some of these couples, even though their 
prognosis of a natural conception was low and even though they were undergoing 
treatment, still manage to become pregnant in cycles without or in between treatment. 
This is important data to share with the couples in counselling.

Although our study is replication research, replication studies are fundamental in 
establishing progress, as they provide a more respectable basis of knowledge (Ioannidis, 
2013). Pooling the data of our study and those of the smaller similar study, we find an 
ongoing pregnancy rate of 30% for FSH and of 27% for CC in IUI (RR 1.13, 95% CI: 0.91 
to 1.40) and a multiple pregnancy rate of 1% for FSH and of 2% for CC in IUI (RR 1.65, 
95% CI: 0.60 to 4.50) (Dankert et al., 2007).

Several limitations also need mentioning. According to ESHRE guidelines, live birth 
rate should be the primary outcome and we chose ongoing pregnancy as such. This 
is because ongoing pregnancy is seen as a valid and cost effective outcome measure 
of effectiveness (Clarke et al., 2010; Braakhekke et al., 2014). Nevertheless, we also 
do report on live birth rate. We were not able to blind this study due to the type of 
interventions. We consider it unlikely that this has introduced performance bias, since 
pregnancy outcomes are objective outcome measures. Another potential limitation of 
this study is that we based our sample size calculation on a 10% difference in ongoing 
pregnancy rate between the two stimulation agents. We can thus not rule out smaller 
differences. Future studies should thus be designed with a larger sample size to prove 
or reject any smaller difference.

3
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Our results are widely generalizable, since the baseline characteristics of our patient 
population were similar to those reported in other international studies on IUI for 
unexplained subfertility (Cantineau and Cohlen, 2007; Bensdorp et al., 2015; Peeraer et 
al., 2015). As far as BMI is concerned, the mean BMI in studies from Europe are lower 
than those in the USA (Diamond et al., 2015).

With our regimen, the core of which is adherence to strict cancellation criteria, we 
were able to yield an average of two dominant follicles in both treatment arms. The 
strong association between an increase in the number of dominant follicles and 
multiple pregnancy, provide the rationale for this type of ovarian stimulation practice 
and explains its good safety profile (Rumste van et al., 2008). The question then rises 
whether ovarian stimulation with FSH or with CC should be the regimen of choice. A 
formal cost-effectiveness analysis will answer this question. Another strategy suggested 
to avoid multiple pregnancies in IUI for unexplained subfertility, has been selective 
ultrasound guided follicle aspiration prior to IUI when more than three dominant follicles 
develop (Stoop et al.,2010; Peeraer et al.,2015). Although this strategy has indeed been 
proven to be effective in reducing multiple pregnancies, it has never been compared 
to a strategy with adherence to strict cancellation criteria with respect to preference, 
burden and costs. Since patient care involves more domains than effectiveness, data 
are currently insufficient to advise this aspiration approach (Dancet et al.,2014).

Diamond et al. compared Letrozole to FSH and CC with multiple pregnancy as the 
primary outcome. The administration of Letrozole resulted in a similar low multiple 
pregnancy rate when compared to CC, but at the cost of live birth rates when compared 
to FSH. The live birth rates were 32% after FSH, 23% after CC and 19% after Letrozole 
(Diamond et al., 2015). At present, we cannot draw any firm conclusions on the 
effectiveness of Letrozole as a stimulation regimen in IUI for unexplained subfertility. 
Further studies are needed to investigate whether Letrozole can be considered in IUI 
for unexplained subfertility.

The discussion on single embryo transfer in IVF to reduce multiple pregnancies with 
its inherent risks for the mother and the offspring has taken years, when finally, single 
embryo transfer was successfully implemented and even today embryo transfer of more 
than one embryo is still common practice (Land and Evers, 2003, 2004; van Montfoort 
et al. 2005). Our study provides the protocol to also reduce multiple pregnancies in IUI 
with ovarian stimulation. Hopefully, this protocol will soon be implemented in clinical 
practice, regardless of the setting in which reproductive services are provided. In 
conclusion, we have shown that there is no statistically significant difference between 
an ovarian stimulation regimen with FSH compared to CC and adherence to strict 
cancellation criteria in couples with unexplained subfertility undergoing IUI in terms 
of ongoing pregnancies, live births and time to pregnancy, while yielding similar and 
low multiple pregnancy rates.
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SUPPLEMENTARY DATA

Supplementary data are available at Human Reproduction online.
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ABSTRACT

Background: IUI for unexplained infertility can be performed in a natural cycle or 
in combination with ovarian stimulation. A disadvantage of ovarian stimulation is 
an increased risk of multiple pregnancies with its inherent maternal and neonatal 
complication risks. Stimulation agents for ovarian stimulation are clomiphene citrate 
(CC), Letrozole or gonadotrophins. Although studies have compared two or three of 
these drugs to each other in IUI, they have never been compared to one another in 
one analysis.

Objective and rationale: The objective of this network meta-analysis, was to compare 
the effectiveness and safety of IUI with CC, Letrozole or gonadotrophins with each other 
and with natural cycle IUI.

Search methods: We searched PubMed, MEDLINE, EMBASE, Cochrane Database of 
Systematic Reviews, CENTRAL, Clinical Trial Registration Database indexed up to 16-08-
2018. We included randomized controlled trials that compared a stimulation regimen 
with CC, Letrozole or gonadotrophins to each other or to natural cycle IUI among 
couples with unexplained infertility. We performed the network meta-analysis within 
a multivariate random effects model.

Outcomes: We identified 26 studies reporting on 5316 women. The relative risk on 
live birth/ongoing pregnancy rates comparing IUI with CC to natural cycle IUI was 
1.05(95%CI0.63-1.77, low quality of evidence), comparing IUI with Letrozole to natural 
cycle IUI was 1.15(95%CI0.63-2.08, low quality of evidence) and comparing IUI with 
gonadotrophins to natural cycle IUI was 1.46(95%CI0.92-2.30, low quality of evidence). 
The relative risk on live birth/ongoing pregnancy rates comparing gonadotrophins to 
CC was 1.39 (95% CI 1.09-1.76, moderate quality of evidence), comparing Letrozole to 
CC was 1.09 (95% CI 0.76-1.57, moderate quality of evidence) and comparing Letrozole 
to gonadotrophins was 0.79 (95% CI 0.54-1.15, moderate quality of evidence). We did 
not perform network meta-analysis on multiple pregnancy due to high inconsistency. 
Pairwise meta-analyses showed a relative risk on multiple pregnancy rates of 9.11 
(95% CI 1.18-70.32) comparing IUI with gonadotrophins to natural cycle IUI. There 
was no data available on multiple pregnancy rates following IUI with CC or Letrozole 
compared to natural cycle IUI. The relative risk on multiple pregnancy rates comparing 
gonadotrophins to CC was 1.42 (95% CI 0.68-2.97), comparing Letrozole to CC was 
0.97 (95% CI 0.47-2.01) and comparing Letrozole to gonadotrophins was 0.29 (95% CI 
0.14-0.58).

In a meta-analysis among studies with adherence to strict cancellation criteria, the 
relative risk of live births/ongoing pregnancy rates comparing gonadotrophins to CC 
was 1.20 (95% CI 0.95-1.51) and the relative risk on multiple pregnancy rates comparing 
gonadotropins to CC was 0.80 (95% CI 0.38-1.68).
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Wider implications: Based on low to moderate quality of evidence in this network meta-
analysis, IUI with gonadotrophins ranked highest on live birth/ongoing pregnancy rates, 
but women undergoing this treatment protocol were also at risk for multiple pregnancies 
with high complication rates. IUI regimens with adherence to strict cancellation criteria 
lead to an acceptable multiple pregnancy rate without compromising the effectiveness. 
Within a protocol with adherence to strict cancellation criteria, gonadotrophins seem 
to improve live birth/ongoing pregnancy rates compared to CC. We, therefore, suggest 
performing IUI with ovarian stimulation with gonadotrophins within a protocol with 
strict cancellation criteria. Obviously, this ignores the impact of costs and patients 
preference.
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INTRODUCTION

IUI is a first line treatment for unexplained infertility and is widely performed in 
many countries. It can be performed in a natural cycle or in combination with ovarian 
stimulation. Ovarian stimulation in IUI aims to increase the number of dominant follicles 
per cycle, based upon the concept that this will increase pregnancy rates (Rumste van 
M.M.E. 2008). Although IUI is a simple non-invasive procedure compared to IVF, it is 
not without severe medical risk in view of the high multiple pregnancy rates (2006, Kim, 
Child et al. 2015, Calhaz-Jorge, De Geyter et al. 2017). Multiple pregnancies bear the 
risk of serious maternal and neonatal complications (Ombelet, Martens et al. 2006).

Options for ovarian stimulation are clomiphene citrate (CC), Letrozole or 
gonadotrophins. CC and Letrozole are given orally for 5 days starting from cycle days 2 to 
5. Gonadotrophins are administered as a s.c. injection from cycle days 3, 4 or 5 until the 
ovulation trigger. In a Cochrane review, CC has been compared to gonadotrophins and 
Letrozole has been compared to CC. The pregnancy rates were significantly increased 
when using gonadotrophins compared to CC (seven studies, 556 women, odds ratio 
(OR) 1.8, 95% CI 1.2 to 2.7) (Cantineau 2007). Pregnancy rates were similar comparing 
CC to Letrozole (five studies, 313 women, OR 1.2 95% CI 0.64 to 2.1). The power of 
the Cantineau (2007) meta-analysis was insufficient to reach any firm conclusions on 
multiple pregnancies. In a later large multicentre trial, multiple pregnancy rates were 
10% for gonadotrophins, including six triplets, and 3% for CC and 3% for Letrozole 
without triplets (gonadotrophins versus CC, OR 4.6, 95% CI 2.11-10.22, gonadotrophins 
versus Letrozole, OR 4.22, 95% CI 1.99 – 8.95, CC versus Letrozole, OR 0.91, 95% CI 0.35 
– 2.38) (Diamond, et al. 2015).

In IUI with ovarian stimulation, CC, Letrozole and gonadotrophins have never been 
compared to one another in one analysis and have never been compared to natural 
cycle IUI. We therefore used network analysis to compare the effectiveness and safety 
of IUI with CC, Letrozole or gonadotrophins and natural cycle IUI.
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METHODS

In this network meta-analysis we followed the PRISMA extension statement for reporting 
of systematic reviews incorporating network meta-analyses of health care interventions 
(Hutton, et al. 2015). We registered the protocol at Prospero with registration number 
CRD42018105820 (https://www.crd.york.ac.uk/prospero/).

Search and study selection
We systematically searched PubMed, MEDLINE, EMBASE, Cochrane Database of 
Systematic Reviews, Cochrane Central Register of Controlled Trials (CENTRAL), and the 
Clinical Trial Registration Database indexed from inception to 16-08-2018. The details of 
the search are displayed in Supplementary Data I. Two authors (ND and RW) examined 
the identified studies independently for compliance with the inclusion criteria and 
selected eligible studies. They resolved disagreements by discussion with a third author 
(MW) and documented the selection process with a ‘PRISMA’ flowchart.

We included randomized controlled trials (RCTs) published on IUI with ovarian 
stimulation comparing CC, Letrozole or gonadotrophins with any other drug or with 
natural cycle IUI among couples with unexplained infertility. We included studies that 
randomized per woman and per cycle: in case of the latter, we only included the first 
treatment cycle. We excluded studies comparing dosages of the same drug.

Outcomes
The primary effectiveness outcome was live birth/ongoing pregnancy rates per woman 
randomized. We primarily used live birth rate and in case live birth was not reported, we 
used ongoing pregnancy rate. Live birth was defined as the birth of a child showing signs 
of life born at ≥20 weeks gestation or weighing ≥400 g. Ongoing pregnancy was defined 
as a registered heartbeat at or beyond 12 weeks of gestation. The primary safety 
outcome was multiple pregnancy rate per woman randomized, defined as registered 
heartbeat of at least two foetuses at 12 weeks of gestation. A secondary outcome was 
the clinical pregnancy rate per woman randomized, defined as any registered foetal 
heartbeat on ultrasound.

Data collection and analysis
Two authors (NA and RW) independently extracted data from the included studies and 
assessed the risk of bias of the included studies with the risk of bias assessment tool 
of the Cochrane Collaboration. We resolved disagreements by discussion with a third 
author (MW). We assessed selection bias, performance bias, detection bias, attrition 
bias, reporting bias, and other bias. In case of studies with non-blinded outcome 
assessors, we scored detection bias as at low risk because the outcome measures are 
objective. We assessed the overall quality of evidence by using a web application, 
Confidence in Network Meta-Analysis (CINeMA), which is based on the Grading of 
Recommendations, Assessment, Development and Evaluations framework.

4
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We used network plots to illustrate all available head-to-head comparisons in included 
RCTs (Chaimani, et al. 2013). We tested for inconsistency by a design-by-treatment 
interaction model (Higgins, et al. 2012). If no inconsistency was detected, we performed 
network meta-analysis within the multivariate random effects meta-analysis model 
and calculated relative risks (RR) with 95% CIs and absolute risks. As a network meta-
analysis does not involve new randomisation, it relies on the transitivity assumption. 
This assumption requires that all interventions compared in a network meta-analysis 
are jointly randomizable, i.e., all interventions compared in a network meta-analysis 
should be clinically reasonable in a theoretical multi-arm RCT. In our case, as natural 
cycle IUI or IUI with CC, Letrozole and gonadotrophins are all existing interventions in 
couples with unexplained infertility, we considered the transitivity assumption valid. 
We also performed pairwise meta-analyses in a random effects model in Stata, if direct 
data were available.

We used the surface under the cumulative ranking (SUCRA) to provide a hierarchy of 
the included interventions and used the comparison adjusted funnel plot to evaluate 
small study effects (Salanti, Ades et al. 2011, Chaimani, Higgins et al. 2013). The higher 
the SUCRA value, the better the rank of the treatment. For example, if SUCRA for 
treatment A is 100%, all treatments are worse than treatment A (I.e. A is the best); if 
SUCRA for treatment A is 0%, no treatment is worse than A (I.e. A is the worst); if SUCRA 
for treatment A is 50%, half of the treatments are worse than treatment A (Salanti, 
Ades et al. 2011, Chaimani, Higgins et al. 2013). For statistical analysis we used STATA 
software (StataCorp. 2017. Stata Statistical Software: Release 15. College Station, TX: 
StataCorp LLC, USA) (IR 2015).

We performed a sensitivity analysis for studies with and without adherence to strict 
cancellation criteria with a maximum of three follicles of ≥14 mm per cycle. We also did 
a subgroup analysis in which we excluded studies that randomized per cycle.
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RESULTS

Study selecti on
We identi fi ed 26 eligible studies reporti ng on 5316 couples with unexplained inferti lity. 
(Fig. 1) Excluded studies are presented in Supplementary Data II.

Figure 1. Prisma Flowchart

4
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Study characteristics
The study characteristics are listed in Table I. We included 26 studies of 9 different 
countries. The mean age across studies ranged from 23 to 41 years and the mean 
duration of infertility from 2.5 to 5.9 years. Two studies were sponsored by 
pharmaceutical companies (Guzick, Carson et al. 1999, Dankert, Kremer et al. 2007). 
Five studies, totalling 750 women, compared IUI with ovarian stimulation to natural 
cycle IUI - two of which used gonadotrophins as stimulation agent (Guzick, Carson 
et al. 1999, Goverde, McDonnel et al. 2000) and three used CC as stimulation agent 
-(Martinez, Bernardus et al. 1990, Arici, Byrd et al. 1994, Leanza, Coco et al. 2014). In 10 
studies totalling 2499 women, ovarian stimulation with gonadotrophins was compared 
to CC (Balasch, Ballesca et al. 1994, Kamel 1995, Nakajima, Smith et al. 1999, Dankert 
T 2007, Berker, Kahraman et al. 2011, Goldman, Thornton et al. 2014, Diamond, Legro 
et al. 2015, Erdem, Abay et al. 2015, Peeraer, Debrock et al. 2015, Danhof, van Wely 
et al. 2018). In nine studies totalling 2110 women, ovarian stimulation with Letrozole 
was compared to CC (Sammour 2001, El Helw 2002, Fatemi, Kolibianakis et al. 2003, 
Al-Fozan, Al-Khadouri et al. 2004, Ozmen 2005, Badawy, Metwally et al. 2007, Fouda 
and Sayed 2011, Ibrahim, Moustafa et al. 2012, Diamond, Legro et al. 2015). In four 
studies totalling 830 women, ovarian stimulation with gonadotrophins was compared 
to Letrozole (Baysoy, Serdaroglu et al. 2006, Gregoriou, Vlahos et al. 2008, Diamond, 
Legro et al. 2015, Galal 2015). One study (900 women) had three intervention arms; CC, 
Letrozole and gonadotrophins (Diamond, Legro et al. 2015)) In one study, luteal support 
by vaginal progesterone was added in the gonadotrophins treatment arm (Galal 2015).

Three studies adhered to an IUI protocol with strict cancellation criteria (Dankert T 2007, 
Peeraer, Debrock et al. 2015, Danhof, et al. 2018). In one of these three studies selective 
ultrasound-guided follicular aspiration was performed or the cycle was cancelled; 
criteria for one or the other are not mentioned (Peeraer, et al. 2015).
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Quality assessment
The quality assessment of the included studies is shown in Figs 2 and 3. We scored nine 
studies as at unclear risk of random sequence selection bias (Martinez, Bernardus et al. 
1990, Balasch, Ballesca et al. 1994, Kamel 1995, Nakajima, Smith et al. 1999, Sammour 
2001, El Helw 2002, Ozmen 2005, Goldman, Thornton et al. 2014, Leanza, Coco et al. 
2014) and 15 studies as at unclear risk of allocation concealment bias, because the 
procedures regarding allocation concealment were not properly described (Martinez, 
Bernardus et al. 1990, Arici, Byrd et al. 1994, Balasch, Ballesca et al. 1994, Kamel 1995, 
Nakajima, Smith et al. 1999, Sammour 2001, El Helw 2002, Fatemi, Kolibianakis et al. 
2003, Al-Fozan, Al-Khadouri et al. 2004, Ozmen 2005, Baysoy, Serdaroglu et al. 2006, 
Badawy, Metwally et al. 2007, Gregoriou, Vlahos et al. 2008, Leanza, Coco et al. 2014, 
Diamond, Legro et al. 2015, Galal 2015). We scored one study as at high risk of allocation 
concealment bias, because allocation was applied on day 3 of the treatment cycle in an 
open manner by only one instead of two investigators (Erdem, Abay et al. 2015). For 
blinding of participants and personnel, we scored 21 studies as at unclear risk because 
they were open label studies (Martinez, Bernardus et al. 1990, Arici, Byrd et al. 1994, 
Balasch, Ballesca et al. 1994, Kamel 1995, Guzick, Carson et al. 1999, Nakajima, Smith 
et al. 1999, Goverde, McDonnell et al. 2000, El Helw 2002, Fatemi, Kolibianakis et al. 
2003, Al-Fozan, Al-Khadouri et al. 2004, Ozmen 2005, Badawy, Metwally et al. 2007, 
Dankert T 2007, Gregoriou, Vlahos et al. 2008, Berker, Kahraman et al. 2011, Goldman, 
Thornton et al. 2014, Diamond, Legro et al. 2015, Erdem, Abay et al. 2015, Galal 2015, 
Peeraer, Debrock et al. 2015, Danhof, van Wely et al. 2018). We scored the risk of bias for 
blinding of outcome assessment as at low risk for all studies, because of the objectivity 
of the outcome measure. For incomplete data outcome, we scored nine studies as at 
unclear risk (Arici, Byrd et al. 1994, Nakajima, Smith et al. 1999, Sammour 2001, El 
Helw 2002, Fatemi, Kolibianakis et al. 2003, Al-Fozan, Al-Khadouri et al. 2004, Ozmen 
2005, Baysoy, Serdaroglu et al. 2006, Leanza, Coco et al. 2014), because not enough 
information was provided to judge this and we scored one study as at high risk of bias 
because 10% of the included patients were excluded from the analysis (Kamel 1995). 
For selective reporting, we scored 13 studies as at unclear risk, because not enough 
information was provided on this topic to judge (Martinez, Bernardus et al. 1990, Arici, 
Byrd et al. 1994, Balasch, Ballesca et al. 1994, Kamel 1995, Guzick, Carson et al. 1999, 
Nakajima, Smith et al. 1999, Sammour 2001, El Helw 2002, Fatemi, Kolibianakis et al. 
2003, Ozmen 2005, Gregoriou, Vlahos et al. 2008, Leanza, Coco et al. 2014, Galal 2015). 
In 17 studies, we could not evaluate any other risks of bias due to lack of information 
(Martinez, Bernardus et al. 1990, Arici, Byrd et al. 1994, Balasch, Ballesca et al. 1994, 
Kamel 1995, Guzick, Carson et al. 1999, Nakajima, Smith et al. 1999, Sammour 2001, El 
Helw 2002, Fatemi, Kolibianakis et al. 2003, Al-Fozan, Al-Khadouri et al. 2004, Ozmen 
2005, Baysoy, Serdaroglu et al. 2006, Dankert T 2007, Gregoriou, Vlahos et al. 2008, 
Leanza, Coco et al. 2014, Galal 2015, Peeraer, Debrock et al. 2015). We scored one study 
as at high risk of observer bias because we found a subsequent abstract with different 
results (Badawy, Metwally et al. 2007).
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Figure 2. Risk of Bias graph of the included studies according to the bias assessment tool of the 
Cochrane Collaboration 

4
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Figure 3. Risk of bias summary of the included studies according to the bias assessment tool of 
the Cochrane Collaboration
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Network and pairwise meta-analyses

Live birth/ongoing pregnancy
Fourteen studies (4113 women) reported on live birth rate/ongoing pregnancy rates 
(Balasch, Ballesca et al. 1994, Guzick, Carson et al. 1999, Goverde, McDonnell et al. 
2000, Fatemi, Kolibianakis et al. 2003, Al-Fozan, Al-Khadouri et al. 2004, Dankert T 
2007, Gregoriou, Vlahos et al. 2008, Berker, Kahraman et al. 2011, Fouda and Sayed 
2011, Goldman, Thornton et al. 2014, Diamond, Legro et al. 2015, Erdem, Abay et al. 
2015, Peeraer, Debrock et al. 2015, Danhof, van Wely et al. 2018). The results of the 
network meta-analysis, pairwise meta-analysis and overall quality of evidence of live 
birth/ongoing pregnancy rates are shown in Table II. The results of the network meta-
analysis are shown in Fig. 4 and also depicted in Fig. 5.The RR for live birth/ongoing 
pregnancy rates comparing CC to natural cycle IUI was 1.05 (95%CI 0.63 to 1.77, low 
quality of evidence). The RR for live birth/ongoing pregnancy rates comparing IUI 
with gonadotrophins to natural cycle IUI was 1.46 (95%CI 0.92 to 2.30, low quality of 
evidence) and comparing Letrozole to natural cycle IUI was 1.15 (95%CI 0.63 to 2.08, 
low quality of evidence). The network meta-analysis showed that the RR for live birth/
ongoing pregnancy rates comparing gonadotrophins to CC was 1.39 (95%CI 1.09 to 
1.76, moderate quality of evidence). The RR for live birth/ongoing pregnancy rates 
comparing Letrozole to CC was 1.09 (95%CI 0.76 to 1.57, moderate quality of evidence) 
and comparing Letrozole to gonadotropins was 0.79 (95%CI 0.54 to 1.15, moderate 
quality of evidence). The results from the pairwise meta-analysis were consistent with 
network meta-analysis. IUI with gonadotrophins was the most effective (SUCRA 93.8%), 
followed by Letrozole (SUCRA 49.5%), CC (SUCRA 30.7%) and natural cycle IUI (SUCRA 
26.0%) (Fig. 5).
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Table 2. Pairwise and network meta-analysis for live birth/ongoing pregnancy

Treatment comparison Pairwise meta-analysis Network meta-
analysis

Overall 
certainty 
of evidence 
based on 
GRADE 
assessment

No of 
studies

RR (95% CI) RR (95% CI)

CC

Natural cycle

0 NA 1.05 (0.63 - 1.77) Low1,2

Gonadotrophins 2 1.46 (1.09 - 1.98) 1.46 (0.92 - 2.30) Low1,2

Letrozole 0 NA 1.15 (0.63 - 2.08) Low1,2

Gonadotrophins
CC

8 1.32 (1.06 - 1.64) 1.39 (1.09 - 1.76) Moderate3

Letrozole 4 1.19 (0.70 - 2.02) 1.09 (0.76 - 1.57) Moderate2

Letrozole Gonadotrophins 2 0.59 (0.45 - 0.78) 0.79 (0.54 - 1.15) Moderate2

Notes:
1. Downgraded by one level due to some concerns on the risk of bias.
2. Downgraded by one level due to some concerns on imprecision.
3. Downgraded by one level due to some concerns on heterogeneity.
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Figure 4. Network meta-analysis for live birth/ongoing pregnancy comparing a stimulation reg-
imen with CC, Letrozole or gonadotrophins to each other or to natural cycle IUI, presented in 
relative risks (CC=clomiphene citrate, Gn=gonadotrophins)

4

136602_Noor_Danhof_BNW-def.indd   115136602_Noor_Danhof_BNW-def.indd   115 19-1-2020   16:04:5319-1-2020   16:04:53



116

Chapter 4

Figure 5. Network meta-analysis for clinical pregnancy comparing a stimulation regimen with 
CC, Letrozole or gonadotrophins to each other or to natural cycle IUI, presented in relative risks 
(CC=clomiphene citrate, Gn=gonadotrophins)

CC=Clomiphene citrate, GN=gonadotrophins

Multiple pregnancy
Thirteen studies (3855 women), reported on multiple pregnancy as an outcome 
(Nakajima, Smith et al. 1999, Goverde, McDonnell et al. 2000, Al-Fozan, Al-Khadouri 
et al. 2004, Baysoy, Serdaroglu et al. 2006, Dankert T 2007, Berker, Kahraman et al. 
2011, Fouda and Sayed 2011, Ibrahim, Moustafa et al. 2012, Goldman, Thornton et 
al. 2014, Diamond, Legro et al. 2015, Erdem, Abay et al. 2015, Peeraer, Debrock et al. 
2015, Danhof, van Wely et al. 2018). The global inconsistency test showed significant 
inconsistency (Chi2=10.42, p =0.01). Therefore, we did not perform a network meta-
analysis. The results of the pairwise meta-analysis are shown in Table III. The resulted 
presented in odds ratios are shown in supplementary data III.
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Table 3. Pairwise meta-analysis for multiple pregnancy

Treatment comparison Pairwise meta-analysis Overall certainty of 
evidence based on 
GRADE assessment
RR (95% CI)

No of 
studies

RR (95% CI)

CC

Natural cycle

0 NA -

Gonadotrophins 1 9.11 (1.18 - 70.32) Moderate1

Letrozole 0 NA -

Gonadotrophins
CC

8 1.42 (0.68 - 2.97) Low2,3

Letrozole 4 0.97 (0.47 - 2.01) Moderate1

Letrozole Gonadotrophins 2 0.29 (0.14 - 0.58) Moderate1

RR: relative risk, GRADE: Grading of Recommendations, Assessment, Development and Evaluations, Gn: 
gonadotrophins
Notes:
1. Downgraded by one level due to some concerns on imprecision.
2. Downgraded by one level due to some concerns on the risk of bias.
3. Downgraded by one level due to some concerns on heterogeneity.

Clinical pregnancy
Twenty-one studies (4246 women) reported clinical pregnancy as an outcome (Arici, 
Byrd et al. 1994, Balasch, Ballesca et al. 1994, Kamel 1995, Guzick, Carson et al. 1999, 
Nakajima, Smith et al. 1999, Goverde, McDonnell et al. 2000, Sammour 2001, Fatemi, 
Kolibianakis et al. 2003, Al-Fozan, Al-Khadouri et al. 2004, Ozmen 2005, Badawy, 
Metwally et al. 2007, Gregoriou, Vlahos et al. 2008, Berker, Kahraman et al. 2011, Fouda 
and Sayed 2011, Goldman, Thornton et al. 2014, Leanza, Coco et al. 2014, Diamond, 
Legro et al. 2015, Erdem, Abay et al. 2015, Galal 2015, Peeraer, Debrock et al. 2015, 
Danhof, van Wely et al. 2018). The results of the network meta-analysis, pairwise meta-
analysis and overall quality of evidence on clinical pregnancy are shown in Table IV and 
Fig. 6. The RR for clinical pregnancy rates comparing ovarian stimulation with CC to 
natural cycle IUI was 1.89 (95%CI 1.14 to 3.12, low quality of evidence), comparing IUI 
with gonadotrophins to natural cycle IUI was 2.32 (95%CI 1.41 to 3.80, moderate quality 
of evidence) and comparing IUI with Letrozole to natural cycle IUI was 2.18 (95%CI 
1.25 to 3.82, low quality of evidence). The RR for clinical pregnancy rates comparing 
gonadotrophins to CC was 1.23 (95%CI 1.00 to 1.51, low quality of evidence). The RR 
for clinical pregnancy rates comparing Letrozole to CC was 1.09 (95%CI 0.76 to 1.57). 
The RR for clinical pregnancy rates comparing Letrozole to gonadotrophins was 0.94 
(95%CI 0.71 to 1.25, low quality of evidence). IUI with gonadotrophins was most likely to 
improve clinical pregnancy rates (SUCRA 87.8%), followed by Letrozole (SUCRA 72.4%), 
CC (SUCRA 39.5%) and Natural cycle IUI (SUCRA 0.3%).
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Table 4. Pairwise and network meta-analysis for clinical pregnancy

Treatment comparison Pairwise meta-analysis Network meta-
analysis

Overall 
certainty 
of evidence 
based on 
GRADE 
assessment

No of 
studies

RR (95% CI) RR (95% CI)

CC

Natural cycle

3 3.08 (1.41 - 6.73) 1.89 (1.14 - 3.12) Low1,2

Gonadotrophins 1 1.86 (1.34 - 2.58) 2.32 (1.42 - 3.80) Moderate1

Letrozole NA NA 2.18 (1.25 - 3.82) Low1,2

Gonadotrophins
CC

9 1.19 (0.99 - 1.43) 1.23 (1.00 - 1.51) Low1,2

Letrozole 7 1.27 (0.91 - 1.78) 1.16 (0.90 - 1.49) Low1,3

Letrozole Gonadotrophins 4 0.67 (0.53 - 0.85) 0.94 (0.71 - 1.25) Low1,3

RR: relative risk, GRADE: Grading of Recommendations, Assessment, Development and Evaluations, Gn: 
gonadotrophins
1. Downgraded by one level due to some concerns on the risk of bias.
2. Downgraded by one level due to some concerns on inconsistency (heterogeneity or incoherence).
3. Downgraded by one level due to some concerns on imprecision.
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Figure 6. Subgroup analysis for live birth/ongoing pregnancy in studies with and without adher-
ence to strict cancellation criteria, ie cycle cancellation when > 3 follicles developed, presented 
in relative risks (CC=clomiphene citrate, Gn=gonadotrophins)

Subgroup analysis of studies without and with adherence to strict 
cancellation criteria

Live birth/ ongoing pregnancy
In five studies reporting on 1539 women, IUI was performed without adherence to strict 
cancellation criteria.( Berker, Kahraman et al. 2011, Diamond, Legro et al. 2015, Erdem, 
Abay et al. 2015, Goldman, Thornton et al. 2014, Nakajima, Smith et al. 1999).In these 
studies, the RR for live births/ongoing pregnancy rates comparing gonadotrophins to 
CC was 1.46 (95%CI 1.01 to 2.12, random-effect model, I2=60.8%).

In three studies reporting on 1206 women, IUI was performed with adherence to strict 
cancellation criteria (Dankert T 2007, Peeraer, Debrock et al. 2015, Danhof, van Wely 
et al. 2018) (Fig. 7). In these studies, the RR for live births/ongoing pregnancy rates 
comparing gonadotrophins to CC was 1.20 (95%CI 0.95 to 1.51, random-effect model, 
I2=16.1%). There was no statistically significant subgroup effect (p= 0.304).

4
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Figure 7. Subgroup analysis for multiple pregnancy in studies with and without adherence to 
strict cancellation criteria, ie cycle cancellation when > 3 follicles developed, presented in relative 
risks (CC=clomiphene citrate, Gn=gonadotrophins)

I-V: The inverse-variance fixed-effect method
D+L: The DerSimonian and Laird random-effect method
Favours Gn means less multiple pregnancies in the gonadotrophins group

Multiple pregnancy
In studies without adherence to strict cancellation criteria, the relative risk on multiple 
pregnancy rates comparing gonadotrophins to CC was 2.28 (95% CI 0.99 to 5.23, 
random-effect model, I2=22.0%)

In studies with adherence to strict cancellation criteria, the relative risk on multiple 
pregnancy rates comparing gonadotrophins to CC was 0.80 (95% CI 0.38-1.68, I2=0). 
There was a statistically significant subgroup effect (p= 0.012) (figure 8).
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Figure 8. Sensitivity analysis on live birth/ongoing pregnancy for studies that randomized per 
woman (CC=clomiphene citrate, Gn=gonadotrophins)

I-V: The inverse-variance fixed-effect method
D+L: The DerSimonian and Laird random-effect method
Favours Gn means less multiple pregnancies in the gonadotrophins group

Sensitivity analysis excluding studies that randomized per cycle
In this post-hoc sensitivity analysis, we excluded the study Peeraer 2015 as this study 
randomized cycles instead of women (Peeraer, Debrock et al. 2015). The sensitivity 
analysis was consistent with the main analysis on the primary effectiveness outcome 
(figure 9).

4
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Figure 9. Sensitivity analysis on live birth/ongoing pregnancy excluding studies that randomized 
per cycle

DISCUSSION

Principal findings
In this network meta-analysis, we evaluated IUI with ovarian stimulation with CC, 
Letrozole or gonadotrophins and natural cycle IUI among couples with unexplained 
infertility. IUI with gonadotrophins ranked highest on live birth rate/ongoing pregnancy 
rates, whereas natural cycle IUI ranked the lowest on these outcomes. Multiple 
pregnancy rates were increased following IUI with gonadotrophins. Adhering to strict 
cancellation criteria reduced these rates.

Strengths and limitations
This study has several strengths and limitations that need to be considered. A first 
strength is that we reported on the most important outcome measures live birth 
and ongoing pregnancy.(Land and Evers 2003, Braakhekke, Kamphuis et al. 2014) 
Consequently, our statistical power was limited as not all studies reported on live 
birth rate or ongoing pregnancy rate. Therefore, we therefore also reported on clinical 
pregnancy.

Second, the tool of network meta-analysis gave us the opportunity to rank the treatment 
strategies in order of effectiveness, facilitating clinical decision making
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As far as the limitations are concerned, we have to acknowledge that we were not able 
to perform network meta-analysis for the primary safety outcome multiple pregnancy 
rate because of high heterogeneity. We have endeavoured to present the evidence 
as complete as possible, since we reported a pairwise meta-analysis and a subgroup 
analysis including studies that performed IUI with and without adherence to strict 
cancellation criteria with multiple pregnancy as the primary safety outcome. Therefore, 
we feel that the evidence regarding to gonadotrophins and clomiphene citrate in relation 
to multiple pregnancies is robust. When interpreting the results, the overall quality of 
evidence is of paramount importance. The overall quality of evidence was downgraded 
to low or moderate, due to concerns on risk of bias, imprecision and heterogeneity. 
Another point to mention is that our reported outcome measures were per woman 
randomized. For live birth rate this is the only relevant outcome measure, but in multiple 
pregnancy this ensures a shortcoming, because it is partially a measure of success; 
one cannot have a multiple pregnancy without becoming pregnant. Nevertheless, 
we feel that this is the best possible approach, since all women randomized were at 
risk of a multiple pregnancy. A weakness by design is that we could not adjust for 
possible confounders such as female age, BMI, duration of infertility, primary versus 
secondary infertility or diagnosis of infertility, follicle size, cancellation criteria and 
endometrial thickness at day of ovulation triggering, as we had no access to individual 
patient data. An ongoing debate is obviously the definition of unexplained infertility 
which is not internationally established, which has led to different approaches among 
studies. For example, some studies included women with mild endometrioses, while 
others excluded women with endometriosis. Just as HPV infections, which can influence 
pregnancy rates following IUI, were not mentioned in the included studies. (Depuydt 
CE 2016, Depuydt CE 2019) Also the sperm quality differed among the included studies.

Comparison with other studies
Our study is the first network meta-analysis that compared IUI with ovarian stimulation 
with CC, Letrozole or gonadotrophins and natural cycle IUI to one another, including a 
subgroup analysis in which we analysed studies that performed IUI with adherence to 
strict cancellation criteria to avoid an increased risk of multiple pregnancies.

Explanation of results
 Our data showed that protocols with adherence to strict cancellation criteria, are safe 
with regard to multiple pregnancies without significantly compromising on the live 
birth and ongoing pregnancy rates, proved by the test for subgroup effect, in which 
we did find a statistically significant effect of strict cancellation criteria on multiple 
pregnancy rates and no statistically significant effect of strict cancellation criteria on 
live birth/ongoing pregnancy rates. The data are easily explained based on the strong 
association between an increase in the number dominant follicles and an increase in 
multiple pregnancies.(Rumste van M.M.E. 2008) It is biologically plausible that ovarian 
stimulation with a maximum of three dominant follicles per cycle lead to similar 
pregnancy outcomes, despite the different endocrinological mechanisms by which CC, 
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Letrozole and gonadotrophins operate. These differences are no longer relevant if their 
impact on folliculogenesis is limited by active interventions like cancelling cycles above 
a specific cut off level.

Implications for clinical practice
In view of the data on effectiveness and safety shown in this study, we suggest 
performing IUI with ovarian stimulation with gonadotrophins within a protocol with 
strict cancellation criteria. Obviously, this ignores the impact of costs and patients 
preference.

Implications for further research
First, we suggest a cost-effectiveness analysing comparing IUI with CC, Letrozole, 
gonadotrophins and natural cycle IUI. Second, the choice for CC or Letrozole could be 
interesting from a patients point, ie oral tablets instead of injections. In our study, the 
evidence on the comparison between CC and Letrozole is limited due to heterogeneity. 
We therefore, suggest a new randomized controlled trial comparing CC to Letrozole 
within a protocol with adherence to strict cancellation criteria and if applicable, a 
cost-effectiveness analysis alongside the trial. Finally, we suggest an individual patient 
data analysis to investigate possible prognostic variables, such as female age, BMI, 
duration of infertility, primary versus secondary infertility or diagnosis of infertility, 
and to identify whether there are specific populations that benefit from a specific 
stimulation regimens in IUI for unexplained infertility, ie whether it is possible to treat 
an a more individual level.

CONCLUSION

Based on low to moderate quality of evidence in this network meta-analysis, IUI with 
gonadotrophins ranked highest on live birth rate/ongoing pregnancy rates, whereas 
natural cycle IUI ranked the lowest on these outcomes. Multiple pregnancy rates were 
increased following IUI with gonadotrophins. Adhering to strict cancellation criteria 
reduced these rates.

SUPPLEMENTARY DATA

Supplementary data are available online
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ABSTRACT

Research question: Can women be identified, on the basis of baseline patient 
characteristics, as having better chances of an ongoing pregnancy with follicle 
stimulation hormone (FSH) instead of clomiphene citrate as stimulation agent in 
intrauterine insemination for unexplained subfertility?

Design: A secondary analysis of a multicentre randomized controlled superiority 
trial; the SUPER study. Between July 2013 and March 2016, couples with unexplained 
subfertility undergoing intrauterine insemination (IUI) were allocated to an FSH or 
clomiphene citrate group. Female age, body mass index, duration of subfertility, 
primary versus secondary subfertility, antral follicle count and total motile count were 
assessed. For each of these factors, a logistic regression model was developed to assess 
if different estimated effects of FSH versus clomiphene citrate on ongoing pregnancy 
occurred within strata of each factor.

Results: A total of 684 couples received 2259 IUI cycles; 338 couples were allocated 
to FSH, of which 84 conceived leading to ongoing pregnancy and 346 couples were 
allocated to clomiphene citrate, of which 71 conceived leading to ongoing pregnancy. 
None of the treatment selection markers was associated with better ongoing pregnancy 
chances after IUI with FSH compared with clomiphene citrate.

Conclusion: In couples with unexplained subfertility undergoing IUI, no baseline 
treatment selection markers could be identified to determine whether ovaries should 
be stimulated with FSH or clomiphene citrate.

Study funding/competing interest(s): The initial trial was funded by the Netherlands 
Organization for Health Research and Development (ZonMw). (Health Care Efficiency 
Research; project number: 80-83600-98-10192). The Eudract number for this trial was 
2013-001034-18.
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INTRODUCTION

Intrauterine insemination (IUI) with ovarian stimulation is recommended as first-line 
treatment in couples diagnosed with unexplained infertility and men with a total motile 
sperm count of over 10 million and a prognosis of spontaneous pregnancy less than 
30% within a year (Practice committee ASRM, 2006, Kim et al., 2015, Calhaz-Jorge et 
al., 2017, Cohlen et al., 2018).

Ovarian stimulation in IUI can be carried out with follicle stimulation hormone (FSH), 
clomiphene citrate or letrozole. Letrozole has not been registered for this indication, 
which is why FSH and clomiphene citrate are still standard medications for ovarian 
stimulation in many countries. Several studies have compared the effectiveness of 
FSH with clomiphene citrate (Karlstrom et al., 1993, Balasch et al., 1994, Kamel, 1995, 
Karlstrom et al., 1998, Ecochard et al., 2000, Dankert et al., 2007, Nakajima et al., 1999. 
The studies that used high doses of FSH generally found higher pregnancy rates after 
FSH compared with clomiphene citrate. Consequently, a Cochrane review suggested 
that pregnancy rates were higher with FSH, although data on multiple pregnancies 
were too limited to draw any conclusions (Cantineau and Cohlen, 2007). A subsequent, 
large multicentre trial provided insight into multiple pregnancy rates, which ranged 
from 10% for FSH and 3% for clomiphene citrate (Diamond et al., 2015). This high 
multiple pregnancy is not acceptable in view of the high risks of maternal and neonatal 
complications.

We recently completed a multicentre randomized controlled trial investigating the 
effectiveness of FSH compared with clomiphene citrate in couples with unexplained 
subfertility undergoing IUI in a protocol with strict cancellation criteria (Danhof et al., 
2018). We found multiple pregnancy rates of 1% (5/369) after FSH and 2% (8/369) after 
clomiphene citrate (RR 0.63, 95% CI 0.21 to 1.89), without compromising on cumulative 
ongoing pregnancy rates, which were 31% (113/369) after FSH and 26% (97/369) after 
clomiphene citrate (RR 1.16, 95% CI 0.93 to 1.47) (Danhof et al., 2018).

Although these data clearly indicate that risk of the multiple pregnancy (1–2% per 
woman) is low with this protocol, it also clearly shows that most couples (69–74%) 
did not conceive within 6 months of treatment. This raises the question of whether 
ongoing pregnancy rates would have been higher after FSH or clomiphene citrate for 
some subgroups of couples.

The aim of this study was, therefore, to assess whether women can be identified, on 
the basis of baseline patient characteristics, as having better chances of an ongoing 
pregnancy with FSH instead of clomiphene citrate as stimulation agent in IUI for 
unexplained subfertility.

5
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MATERIALS AND METHODS

Study design
A secondary analysis of the SUPER study was conducted to assess whether baseline 
patient characteristics were associated with better ongoing pregnancy chances after 
IUI with FSH compared with clomiphene citrate. The SUPER study was a multicentre 
randomized controlled trial conducted by the Dutch Consortium for Healthcare 
Evaluation in Obstetrics and Gynaecology (www.zorgevaluatienederland.nl). It compared 
FSH with clomiphene citrate in couples with unexplained subfertility undergoing IUI 
with adherence to strict cancellation criteria (Danhof et al., 2018). Ethical approval 
for this study was obtained from the Medical Ethical Committee of the Academic 
Medical Centre and from the Dutch Central Committee on Research involving Human 
Subjects on 16 April 2013 (CCMO NL 43131-018-13). The Board of Directors of each of 
the participating centres approved local execution of the study. In this study, we briefly 
discuss the trial essentials, as more in-depth information has already been published 
(Danhof et al., 2018).

Couples diagnosed with unexplained subfertility, defined as failure to conceive after 
1 year of regular unprotected intercourse, a prewash total motile sperm count of 
at least 3 million and at least one side tube patency proven by sonohysterography, 
hysterosalpingography or by diagnostic laparoscopy, were scheduled for a maximum 
of four cycles of IUI with ovarian stimulation comparing 75 IU FSH with 100 mg 
clomiphene citrate. In the first treatment cycle, all women were seen at a baseline 
visit for a transvaginal ultrasound examination on the third, fourth or fifth day of the 
menstrual cycle. Women were not allowed to start the treatment cycle if one or more 
ovarian cysts of over 20 mm were seen. In the FSH treatment arm, women started 
with daily subcutaneous injections of 75 IU FSH on days 3, 4 or 5 of the menstrual cycle 
and continued these injections until the day of ovulation triggering. In the clomiphene 
citrate treatment arm, women started with 100 mg clomiphene citrate on days 3, 4 or 
5 of the menstrual cycle. The tablets were administered orally and were stopped after 
5 days of daily intake. In both interventions, follicular development was monitored 
by transvaginal ultrasound. The total number of follicles and their diameters were 
registered. Ovulation was triggered with 5000 IU HCG or with 250 μg recombinant 
HCG if there was at least one dominant follicle with a mean diameter of 16–18 mm and 
a maximum of three follicles measuring 14 mm or wider. Strict cancellation criteria were 
applied to reduce the number of multiple pregnancies. Intrauterine insemination was 
cancelled on cycle day if more than three follicles with a diameter of 14 mm or wider or 
five follicles with a diameter of 12 mm or wider were seen at transvaginal ultrasound.

Statistical analysis
Data were analysed on cycle level. Couples who started IUI using their allocated 
stimulation agent were included, thus eliminating couples who conceived naturally 
before starting ovarian stimulation. Female age, body mass index (BMI), duration of 
subfertility, whether a couple was primary or secondary subfertile, total motile count 
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(TMC) and antral follicle count (AFC) were assessed as potential treatment selection 
markers. For each of these markers, a logistic regression model was developed with 
ongoing pregnancy after IUI as the outcome and the marker, and the allocated drug and 
a factor-by-drug interaction term as predictors. The interaction indicates whether the 
effect of FSH compared with clomiphene citrate is dependent on that factor. In the case 
of interaction, the probability of an ongoing pregnancy over the range of the identified 
treatment selection factor was graphically expressed. Couples receiving multiple cycles 
were accounted for by adjusting precision measures using a robust variance estimator 
(Berhane and Weissfeld, 2003). Missing data were accounted for by multiple imputation. 
All numerical results are based on pooled estimates over 10 imputation sets using 
Rubin’s Rules (Rubin, 2004). P < 0.05 indicated statistical significance. SPSS version 24 
and R version 3.3.2 was used for statistical analyses.

RESULTS

Study group
Between July 2013 and March 2016, 369 women were randomly allocated to ovarian 
stimulation with FSH and 369 women to ovarian stimulation with clomiphene citrate. 
After exclusion of natural conceptions and couples switching stimulation agent before 
the first cycle, 684 couples remained who received 2259 IUI cycles in total, of whom 338 
couples were allocated to FSH and 346 to clomiphene citrate. Baseline characteristics of 
couples randomized to FSH were well balanced with those randomized to clomiphene 
citrate (Table 1). The rates of ongoing pregnancy per cycle are presented in Table 2. A 
total of 84 women conceived leading to ongoing pregnancy, i.e. a rate per cycle of 7.6% 
in the FSH treatment arm and 71 women conceived leading to ongoing pregnancy, i.e. 
a rate per cycle of 6.2% in the clomiphene citrate treatment arm.

Table 1. Baseline characteristics

Characteristics FSH (n=330) Clomiphene citrate (n=346)

Mean female age (years) 33·3 ± 4.0 33·6 ± 4·0

Primary subfertility 248 (73) 252 (73)

Median duration of subfertility (months) 25 (20 - 33) 24 (20 - 32)

Median body mass index, kg/m2 23·3 (21·1 - 26·0) 23·1 (21·0 - 25·4)

Median total motile count, x10^6 48 (22 – 98) 59 (26 - 116)

Antral follicle count 13 (9-20) 13 (9-19)

* Data are n (%), mean (SD) or median (25th – 75th percentiles)
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Table 2. Ongoing pregnancies per cycle

Cycle number FSH (%, 95%CI) Clomiphene citrate (%, 95%CI)

1 28/338 (8.3, 5.7-11.9) 26/346 (7.5, 5.1-10.9)

2 22/286 (7.7, 5.0-11.6) 18/302 (6.0, 3.7-9.4)

3 13/243 (5.3, 3.0-9.2) 17/255 (6.7, 4.1-10.6)

4 17/195 (8.7%, 5.3-13.8) 8/209 (3.8, 1.8-7.7)

5 to 7 4/44 (9.1, 3.0-22.6) 2/41 (4.9, 0.8-17.8)

The mean number of follicles measuring 14 mm or wider on day of ovulation triggering 
was 1.8 (SD 1.43) in the FSH treatment arm and the mean number of follicles measuring 
14 mm or wider on day of ovulation triggering was 1.9 (SD 1.11) in the clomiphene 
citrate treatment arm, indicating no statistical significance. No difference was observed 
in the cancellation rate owing to the development of more than three dominant follicles 
between ovarian stimulation with FSH and ovarian stimulation with clomiphene citrate 
(FSH: n = 115; clomiphene citrate: n = 101; RR 1.17; 95% CI 0.93 to 1.45).

Treatment selection markers
The associations between potential treatment selection markers and the chances 
of an ongoing pregnancy are presented in Table 3. For BMI, duration of subfertility, 
primary or secondary subfertility, TMC, AFC and age, the confidence intervals of FSH 
and clomiphene citrate overlapped, indicating no statistically significant association. 
None of these markers were associated with higher chances of an ongoing pregnancy 
with ovarian stimulation with FSH compared with ovarian stimulation with clomiphene 
citrate or vice versa (Table 3). The non-statistically significant interaction between 
female age and the probability of an ongoing pregnancy after FSH or clomiphene citrate 
is shown in Figure 1. The probability of an ongoing pregnancy after IUI with FSH was 
14.5% per cycle for a female age of 22 years and decreased to 4.3% per cycle for a 
female age of 42 years. The probability of an ongoing pregnancy was 6.5% per cycle 
after IUI with clomiphene citrate, regardless of female age.

Table 3. The association between potential treatment selection markers and ongoing pregnancy

Potential treatment selection markers After FSH
OR, 95%CI

After clomiphene citrate
OR, 95%CI

Female age, years 0.94 (0.87-1.02) 0.99 (0.94-1.05)

BMI, one unit 1.04 (0.96-1.12) 1.01 (0.95-1.07)

Duration of subfertility, years 1.14 (0.81-1.53) 0.96 (0.72-1.28)

Primary versus secondary subfertile 1.09 (0.49-2.38) 1.33 (0.75-2.37)

TMC, per 10 x 106 1.02 (0.98-1.06) 0.99 (0.96-1.02)

Antral follicle count 1.00 (0.99-1.01) 1.00 (0.99-1.00)

All P-values for interaction were not statistically significant.
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Figure 1. Female age and the probability of an ongoing pregnancy for either FSH or clomiphene 
citrate (CC). The age distribution is shown as a box-plot above the graph. IUI, intrauterine in-
semination. Female age

DISCUSSION

In women with unexplained subfertility, undergoing IUI with ovarian stimulation, the 
boundaries of the 95% confidence interval of the associations with each intervention 
overlapped for all investigated treatment selection markers, indicating no significant 
difference between FSH and clomiphene citrate. Hence, we could not identify any 
couples who were about to start IUI and ovarian stimulation that would have better 
chances of an ongoing pregnancy with ovarian stimulation with FSH instead of 
clomiphene citrate.

A strength of this study is that the analyses were based on the results of a well-powered 
multicentre randomized controlled trial in which the baseline characteristics were well 
balanced between the treatment arms. This provides the opportunity to investigate 
interactions between baseline characteristics and ongoing pregnancy without the 
uncertainty of selection bias.

A potential limitation of this study is that secondary analyses should be interpreted 
with caution as they are prone to false positive findings. In addition, our sample size 
was rather limited for a secondary analysis, which makes it impossible to detect smaller 
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associations between potential treatment selection markers and ongoing pregnancy. On 
the other hand, the clinical relevance of any smaller associations might be questioned.

The focus from one-size-fits all strategies has shifted somewhat into personalized 
treatment based on specific patient characteristics (Schork, 2015). In reproductive 
medicine, patient characteristics that predict the chances of natural conception in the 
next year have been identified and are widely used, but these patient characteristics 
have not yet been translated into specific treatment recommendations (van der Steeg 
et al., 2007, van Eekelen et al., 2017). We chose to investigate baseline characteristics 
that are important factors in the prediction of conception. The lack of any association 
between these potential treatment selection markers at baseline and ongoing pregnancy 
rates may point to the underlying mechanism of multifollicular growth. The generation 
of multi-follicular growth is considered to be responsible for the improvement in 
ongoing pregnancy rates after IUI (van Rumste et al., 2008, Cohlen et al., 2018). A strong 
correlation exists between the number of dominant follicles developed and ongoing 
pregnancy rates (van Rumste et al., 2006, van Rumste et al., 2008, Danhof et al., 2018). 
In the SUPER study, numbers of dominant follicles were equal in both treatment arms 
(Danhof et al., 2018). On the basis of our data, similar numbers of dominant follicles 
lead to equal pregnancy rates regardless of differences in the way FSH and clomiphene 
citrate exert their effect.

Our finding of no treatment selection markers to decide which stimulation agent should 
be used in couples with unexplained subfertility undergoing IUI is in line with other 
studies on personalized treatment in couples with unexplained subfertility. In 2017, 
a study reported that no treatment selection markers were found that could identify 
couples that would have better chances of a live birth with IVF compared with IUI 
with ovarian stimulation (Tjon-Kon-Fat et al., 2015). For that reason, the investigators 
concluded that IUI with ovarian stimulation should remain the first-line treatment in all 
couples with unexplained subfertility. The issue of individualized FSH dosing in women 
who are about to start with IVF and intracytoplasmic sperm injection was reported in 
two trials that found that this does not improve live birth rates (Oudshoorn et al., 2017, 
van Tilborg et al., 2017).

In conclusion, we could not identify treatment selection markers at baseline in couples 
with unexplained subfertility to decide on ovarian stimulation with FSH instead of 
clomiphene citrate in IUI. We suggest that a decision to opt for a stimulation agent 
is made in consultation with the couples based on effectiveness, costs and their 
preference.
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ABSTRACT

Study question: What is, in couples with unexplained subfertility undergoing IUI, 
the impact of gonadotrophins compared to clomiphene citrate (CC) on endometrial 
thickness (EMT) in relation to ongoing pregnancy?

Summary answer: In women with unexplained subfertility undergoing IUI with ovarian 
stimulation, gonadotrophins lead to a thicker endometrium compared to CC, but this 
does not affect ongoing pregnancy rates.

What is known already: A systematic review and meta-analysis among couples with 
unexplained subfertility undergoing IUI with ovarian stimulation showed that women 
who conceived had, on average, a thicker endometrium than women who did not 
conceive, but this evidence is not robust due to a high level of heterogeneity. There was 
insufficient data to draw any conclusions on EMT and the effect on pregnancy outcomes.

Study design, size, duration: We performed a secondary analysis of a multicentre 
randomised controlled superiority trial in couples with unexplained subfertility 
undergoing IUI with adherence to strict cancellation criteria. In total, 738 couples 
recruited between July 2013 and March 2016 were allocated to ovarian stimulation with 
gonadotrophins (n=369) or with CC (n=369) for a maximum of four IUI cycles. According 
to local protocol, recombinant FSH, urinary FSH or hMG was used. Natural conceptions 
and cancelled cycles were removed from this secondary analysis, as they do not provide 
any information on pregnancy in relation to stimulation after IUI. Ongoing pregnancy 
was defined as a positive heartbeat at or beyond 12 weeks of gestation.

Participants/materials, settings, methods: We first determined the difference in EMT 
between women randomised to gonadotrophins (75 IU) and CC (100mg) over all cycles 
using a linear mixed model. We then investigated the association between EMT and 
ongoing pregnancy after IUI using a logistic regression model, adjusted for the allocated 
drug, number of dominant follicles, female age, BMI, duration of subfertility, primary 
or secondary subfertility, referral status, smoking status, cycle number and total motile 
sperm count. To conclude, we investigated the association between EMT and ongoing 
pregnancy by logistic regression separately in women allocated to gonadotrophins and 
in women allocated to CC.

Main results and the role of chance: A total of 666 couples underwent 1968 IUI cycles. 
Of these, 330 couples were allocated to gonadotrophins, of which 85 conceived leading 
to ongoing pregnancy (rate per cycle 8.9%) and 336 couples were allocated to CC, of 
which 71 conceived leading to ongoing pregnancy (rate per cycle 7.0%) (relative risk 
(RR) 1.22, 95% CI 0.92 to 1.61). The mean EMT was 8.9 mm (SD 2.1) in women treated 
with gonadotrophins and 7.5 mm (SD 2.1) in women treated with CC (adjusted mean 
difference 1.4 mm; 95% CI: 1.1 to 1.7). The overall mean EMT was 8.4 mm (SD 2.2) in 
women that conceived leading to ongoing pregnancy and 8.2 mm (SD 2.2) in women 
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that did not conceive (adjusted odds ratio (OR): 1.03 per 1 mm increase, 95% CI 0.95 to 
1.12). There was no association between EMT and ongoing pregnancy in women treated 
with gonadotrophins or CC (OR:1.01 per 1 mm increase, 95% CI 0.90 to 1.13, and 1.10 
per 1 mm increase, 95% CI 0.99 to 1.23, respectively).

Limitation, reason for caution: Since this is a secondary analysis, the data should be 
interpreted prudently as secondary analyses are prone to false positive findings or 
could be underpowered to show associations that the study is not primarily set up for.

Wider implications of the findings: In women with unexplained subfertility and treated 
with IUI, gonadotrophins lead to a significantly thicker endometrium compared to 
CC, but there was no evidence of a consistent association between EMT in women 
treated with gonadotrophins or CC and the ongoing pregnancy rate. A relatively thin 
endometrium after CC is therefore not a valid reason to prefer gonadotrophins as the 
stimulation agent in IUI for unexplained subfertility.

Study funding/competing interest(s): The initial trial was funded by the Netherlands 
Organization for Health Research and Development (ZonMw) (Health Care Efficiency 
Research; project number: 80-83600-98-10192). The Eudract number for this trial was 
2013-001034-18.

Prof dr BWJ Mol is supported by a NHMRC Practitioner Fellowship (GNT1082548). BWM 
reports consultancy for Merck, ObsEva and Guerbet. The other authors declare no 
conflicts of interest.

Trial registration: NTR 4057

What does this mean for patients: Intrauterine insemination (IUI) combined with 
stimulation of the woman’s ovaries is often used for couples with unexplained 
subfertility. Ovarian stimulation can be done with gonadotrophins injections (e.g. LH, 
FSH, which normally stimulate egg development) or tablets of clomiphene citrate (a 
drug which causes LH/FSH release).

Studies have shown that IUI with ovarian stimulation with gonadotrophins leads to 
a 5% increase in ongoing pregnancy rates compared to IUI with clomiphene citrate. 
We proposed that this difference in ongoing pregnancy rate might be explained by a 
difference in thickness of the endometrium: the endometrium is the inner lining of the 
uterus, which thickens each month in preparation for a possible pregnancy.

In this study, we performed a secondary analysis of data from patients who underwent 
IUI and found that injecting gonadotrophins led to a thicker endometrium compared 
to tablets of clomiphene citrate. However, this difference in endometrial thickness did 
not affect the ongoing pregnancy rate. Therefore a relatively thin endometrium after 
clomiphene citrate is not a reason to prefer gonadotrophins as the stimulation agent 
in IUI for unexplained subfertility.

6
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INTRODUCTION

In numerous countries, a first line treatment for couples diagnosed with unexplained 
subfertility is IUI with ovarian stimulation (Calhaz-Jorge et al., 2017; The Practice 
Committee of the American Society for Reproductive Medicine., 2006). In Europe, 
175,000 IUI cycles are performed each year (Calhaz-Jorge et al. 2017).

Ovarian stimulation in IUI can be performed with s.c. injections of gonadotrophins or 
with clomiphene citrate (CC) tablets taken orally. Increased serum gonadotrophin levels 
during the follicular phase induces growth of more than one dominant follicle, while 
CC occupies the estrogen receptors, blocks the negative feedback of 17β-estradiol in 
the hypothalamic pituitary axis and thereby indirectly increases serum gonadotrophin 
levels (Schipper et al 1998; Wu 1977; Kettel et al 1993). Although the concept of ovarian 
stimulation is that it is the development of multiple follicles that increases pregnancy 
rates, ovarian stimulation also affects endometrial thickness (EMT).

In a recent multicentre randomized controlled trial comparing gonadotrophins to 
CC in couples with unexplained subfertility undergoing IUI with adherence to strict 
cancellation criteria, the ongoing pregnancy rate was 31% in women allocated to 
gonadotrophins and 26% in women allocated to CC (relative risk (RR) 1.16, 95% CI 0.93 
to 1.47), while there was no evidence of a statistically significant difference in the mean 
±SD number of follicles ≥14 mm at the day of ovulation triggering (gonadotrophins 
1.8±1.43, CC 1.9±1.11, p=0.52) (Danhof et al., 2018). The question then arises of whether 
this difference in ongoing pregnancy rates can be explained by a difference in EMT.

To investigate the association between EMT and pregnancy in women with unexplained 
subfertility undergoing IUI, a systematic review and meta-analysis pooled the data of 
two randomised controlled trials (RCTs) and five cohort studies and found a thinner 
endometrium after CC as compared to gonadotrophin stimulation, although the 
difference was not statistically significant (mean difference: 0.51 mm, 95% CI: −0.05 
to 1.07; I2 = 74%) (Weiss et al 2017). When comparing various drugs used for ovarian 
stimulation, the evidence was insufficient to draw any conclusions on the impact of 
the type of drug on EMT and on pregnancy outcomes (Weiss et al 2017). Based on the 
existing evidence, it is unclear whether a difference in EMT following different ovarian 
stimulation agents in IUI can lead to a difference in pregnancy outcomes.

We therefore performed a secondary analysis of our multicentre RCT, to explore the 
impact of gonadotrophins compared to CC on EMT and its possible impact on ongoing 
pregnancy.
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METHODS

Study design
We conducted a secondary analysis of the SUPER study (Danhof et al. 2018). Here, we 
briefly discuss the trial essentials as details have been described elsewhere (Danhof 
et al. 2018). The Medical Ethical Committee of the Academic Medical Centre and the 
Dutch Central Committee on Research involving Human Subjects approved this study 
(CCMO NL 43131-018-13) and the board of directors of each participating site approved 
local execution (NTR4057). Couples diagnosed with unexplained subfertility were 
scheduled for a maximum of four IUI cycles with ovarian stimulation comparing 75 IU 
gonadotrophins to 100 milligrams CC within a time horizon of 6 months. According to 
local protocol, either recombinant FSH, urinary FSH or hMG was used. Women could 
thus receive multiple treatment cycles. In both interventions, we monitored follicular 
development and EMT by transvaginal ultrasound. We cancelled insemination if more 
than three follicles with a diameter of ≥14 mm or five follicles with a diameter of ≥12 mm 
were seen at transvaginal ultrasound, regardless of the EMT. EMT was not a criterion 
to cancel the cycle or switch medication. Ongoing pregnancy was defined as a positive 
heartbeat at or beyond 12 weeks of gestation.

Statistical analysis
Data were analysed on cycle level. Natural conceptions and cancelled cycles were 
removed from analysis, as they are not informative on pregnancy rates after IUI 
in relation to EMT. First, we determined the difference in EMT between women 
randomised to gonadotrophins and CC over all cycles with a linear mixed model and 
EMT as the outcome. We handled the allocated drug as a fixed covariate, and used 
random intercepts and random slopes for cycle number, taking into account that women 
could receive multiple treatment cycles. Second, we investigated the estimated trend in 
EMT over subsequent cycles for individual women. Third, we determined the difference 
in EMT between women that had an ongoing pregnancy and women that did not. 
Fourth, we investigated the association between EMT and ongoing pregnancy after IUI 
using a logistic regression model. In this model, we adjusted for the stimulation agent, 
female age, duration of subfertility, primary or secondary subfertility, referral status, 
BMI, total motile sperm count (TMSC), smoking status, the growth of two follicles 
versus one follicle, or three follicles versus one follicle, and for failed IUI cycles. Finally, 
we investigated the association between EMT and ongoing pregnancy rate by logistic 
regression in women allocated to gonadotrophins and in women allocated to CC.

Missing data
We decided on multiple imputation since missing data on EMT occurred in 68 out 
of 1968 cycles (3.5%) and multiple imputation is generally advised in these settings. 

6
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Numerical results are based on pooled estimates over 10 imputation sets using Rubin’s 
Rules (Rubin, 2004).

We used SPSS Version 22.0 (IBM Software United States) and R version 3.3.2 (R Core 
Team (2016).

RESULTS

Study group
Between July 2013 and March 2016, we randomly allocated 369 women to ovarian 
stimulation with gonadotrophins and 369 women to ovarian stimulation with CC. After 
exclusion of natural conceptions and cancelled cycles, 666 couples remained who 
underwent 1968 IUI cycles in total.

A total of 330 couples were allocated to gonadotrophins and 336 couples to CC. The 
baseline characteristics were well balanced between couples that were allocated 
to gonadotrophins or CC (Table I). In the gonadotrophin treatment arm, 85 women 
conceived leading to ongoing pregnancy (ongoing pregnancy rate per cycle 8.9%), 
while 71 women conceived leading to ongoing pregnancy (ongoing pregnancy rate per 
cycle 7.0%) in the CC treatment arm. In the gonadotrophin treatment arm the median 
[interquartile range (IQR) number of follicles was 1.67 (1) and in the CC treatment arm 
this was 1.75 (1).

Table 1. Baseline characteristics of the participating couples with unexplained subfertility 
undergoing IUI in the present study.

Characteristics Gonadotrophins* (n=330) CC (n=336)

Mean female age (years) 33·3 ± 4.0 33·7 ± 4·0

Primary subfertility 243 (74%) 245 (73%)

Median duration of subfertility (months) 24 (20 - 33) 24 (19 - 31)

Current smoking status 55 (17%) 49 (15%)

Median BMI in kg/m2** 23·3 (21 - 26) 23·1 (21 - 25)

Median total motile count (x10^6) 48 (22 - 98) 59 (27 - 113)

Data are n (%), mean (SD) or median (25th-75th percentiles)
* recombinant FSH, urinary FSH or hMG was used
**BMI is the weight in kilograms divided by the square of height in meter
CC=clomiphene citrate

EMT
The mean EMT was 8.9 mm (SD 2.1) in women treated with gonadotrophins and 7.5 mm 
(SD 2.1) in women treated with CC (adjusted mean difference 1.4 mm; 95%CI: 1.1-1.7). 
The difference in EMT over subsequent cycles was on average 0.02 mm per additional 
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cycle (Fig. 1) and ranged from -0.6 to 0.6. This suggests that there are no clear trends 
of EMT over multiple cycles for the same woman.

In ovarian stimulation with gonadotrophins there was no statistically significant 
difference between EMT and ongoing pregnancy (odds ratio (OR): 1.01 per 1 mm 
increase, 95%CI 0.90-1.13). In ovarian stimulation with CC there was also no statistically 
significant difference between EMT and ongoing pregnancy (OR: 1.10 per 1 mm increase, 
95%CI 0.99-1.23).

Adjusting for known predictors of pregnancy, such as the stimulation agent, female age, 
duration of subfertility, primary or secondary subfertility, referring status, BMI, TMSC, 
smoking status, the growth of two follicles versus one follicle, or three follicles versus 
one follicle, and for failed IUI cycles, did not change results (Table II).

Table 2. Results for the adjusted logistic regression model.

OR for ongoing pregnancy after IUI 95% CI

EMT, per mm 1.04 0.95-1.12

Female age, per year 0.96 0.92-1.00

Duration of subfertility, per year 1.02 0.87-1.21

Primary versus secondary subfertility 1.40 0.93-2.09

Referred by Ob/Gyn versus referred by GP 0.78 0.45-1.35

BMI, per unit 1.04 1.00-1.08

Total motile sperm count, per 10x106 1.00 0.98-1.02

Gonadotrophins versus CC 1.27 0.89-1.82

Smoking, yes versus no 1.01 0.64-1.60

Two follicles versus one follicle 1.59 1.10-2.30

Three follicles versus one follicle 1.99 1.24-3.21

Per failed IUI cycle 0.89 0.77-1.03

CC=clomiphene citrate, EMT=endometrial thickness, OR=odds ratio Ob/Gyn: obstetrics/gynaecology

The non-linear association between EMT and the estimated chance of ongoing 
pregnancy after IUI with, respectively, gonadotrophins and CC is shown (Fig. 2a and b). 
There was no statistically significant association between EMT and ongoing pregnancy in 
cycles with ovarian stimulation with gonadotrophins, or cycles with ovarian stimulation 
with CC (Fig. 2).

6
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Figure 2. The non-linear association between EMT and the estimated chance of ongoing preg-
nancy

A. The non-linear association between EMT and the estimated chance of ongoing pregnancy 
after IUI with gonadotrophins

B. The non-linear association between EMT and the estimated chance of ongoing pregnancy 
after IUI with CC

EMT=endometrial thickness
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DISCUSSION

This study demonstrates that in women with unexplained subfertility undergoing IUI 
with ovarian stimulation EMT and ongoing pregnancy were not associated, regardless 
of whether they were treated with gonadotrophins or CC (OR:1.01 per 1 mm increase, 
95%CI 0.90-1.13, and OR 1.10 per 1 mm increase, 95%CI 0.99-1.23, respectively).

A strength of this study is that this analysis is based on the results of the first multicentre 
RCT randomizing between gonadotrophins and CC in IUI for unexplained subfertility in 
which EMT is measured. This is the largest study so far that investigated the association 
between EMT and ongoing pregnancy in women undergoing IUI for unexplained 
subfertility and that compared two stimulation regimens. A potential limitation of this 
study is that this is a secondary analysis and should thus be interpreted prudently, as 
secondary analyses are prone to false positive findings or could be underpowered to 
show associations that the study is not primarily set up for. Also, we cannot exclude that 
a difference of 1.4 mm in EMT is due to interobserver variability or due to differences in 
equipment. Differences in EMT measurements of 1.5 mm have been reported between 
experienced and inexperienced transvaginal sonography examiners (Karlsson et al 
1994). The impact of this is most likely to be limited, since our study is based on a 
multicentre RCT with women from 24 clinics, thereby reflecting daily clinical practice.

We found a thinner endometrium in women who had ovarian stimulation with CC, which 
can be explained by the anti-estrogenic effect of CC, since endometrium proliferates 
under the influence of estrogen. In histological studies on the effect of CC on the 
development of the endometrium, CC had a deleterious effect on the maturity of 
the endometrium (Yeko et al 1992; Massai et al 1993; Unfer et al 2001). The relation 
between these histological changes and the EMT measured by ultrasound has not been 
clarified yet (Zaidi et al 1995; Unfer et al 2000). Nevertheless, we feel histology has a 
very limited impact, since the average EMT was very similar for women who conceived 
and women who did not conceive and there was no association between EMT and 
ongoing pregnancy when looking at women allocated to either gonadotrophins or CC. 
Since the sample size was too small to draw any firm conclusions on EMTs of less than 
4 mm or more than 12 mm, uncertainty remains in these cases.

Our data regarding the difference in EMT as a result of ovarian stimulation with either 
gonadotrophins or CC and the lack of any association with ongoing pregnancy are 
in agreement with a recently performed systematic review and meta-analysis (CC 
versus gonadotrophins; two studies, mean difference: -0.33, 95% CI: -0.64 to -0.01) 
(Weiss et al 2017). Our study also confirms the results of another systematic review 
on EMT and pregnancy rates performed in women with World Health Organization 
group II anovulation, with respect to a thinner endometrium after CC compared to 
gonadotrophins (one study, weighted mean differences [WMD] -0.08, 95% CI -0.89 to 
0.73) and no evidence of a significant difference in the association between EMT and 
pregnancy (one study, RR 0.71, 95% CI 0.23 to 2.15) or live birth (one study, RR 0.85, 

6
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95% CI 0.26 to 2.73) (Gadalla et al 2018). Our findings are in contrast with a systematic 
review and meta-analysis on EMT and pregnancy rates after IVF, which found that the 
chance of a clinical pregnancy with an EMT ≤7 mm was lower compared to women 
with an EMT >7 mm (60/258 versus 4981/10354, OR 0.42, 95%CI 0.27 to 0.67) (Kasius 
et al 2014). The difference between the association of EMT and pregnancy rates in IUI 
versus IVF might be explained by the difference in hormone treatment. In IVF, a GnRH 
agonist or GnRH antagonist is used for downregulation of the menstrual cycle, which 
might influence the development of endometrial lining. In IUI it is not common to use 
downregulation.

In conclusion, CC leads to a significantly thinner endometrium compared to 
gonadotrophins, but since there was no evidence of a consistent association between 
EMT and the ongoing pregnancy rate, a relatively thin endometrium after CC is not a 
valid reason to prefer gonadotrophins as the stimulation agent in IUI for unexplained 
subfertility.
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ABSTRACT

Research question: What is the cost-effectiveness of gonadotrophins compared with 
clomiphene citrate in couples with unexplained subfertility undergoing intrauterine 
insemination (IUI) with ovarian stimulation under strict cancellation criteria?

Design: A cost-effectiveness analysis alongside a randomized controlled trial. 
Between July 2013 and March 2016, we randomized 738 couples to gonadotrophins 
(369) or clomiphene citrate (369) in a multicentre randomized controlled trial in the 
Netherlands. We compared the direct medical costs of both strategies. Direct medical 
costs included costs of medication, cycle monitoring, insemination and, if applicable, 
pregnancy monitoring. Non-parametric bootstrap resampling was used to investigate 
the effect of uncertainty in estimates. The cost-effectiveness analysis was performed 
according to intention-to-treat. The incremental cost-effectiveness ratio (ICER) between 
gonadotrophins and clomiphene citrate for ongoing pregnancy and live birth was 
assessed. 

Results: The mean costs per couple were €1 534 for gonadotrophins and €1 067 for 
clomiphene citrate (mean difference of €468 (95% CI, €464 to €472)). As ongoing 
pregnancy rates were 31% in women allocated to gonadotrophins and 26% in women 
allocated to clomiphene citrate (relative risk 1.16, 95% CI 0.93 to 1.47), the incremental 
cost-effectiveness ratio was €21 804 (95% CI, €11 628 to €31 980) per additional ongoing 
pregnancy with gonadotrophins and €17 044 (95% CI, €8 998 to €25 090) per additional 
live birth with gonadotrophins.

Conclusions: Gonadotrophins are more expensive compared with clomiphene citrate 
in couples with unexplained subfertility undergoing IUI with adherence to strict 
cancellation criteria, without being significantly more effective.

Trial registration: NTR 4057
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BACKGROUND

In most countries, the first line treatment for couples diagnosed with unexplained 
subfertility is intrauterine insemination (IUI) with ovarian stimulation (Calhaz-Jorge et 
al., 2017, Practice committee ASRM, 2006).

In a recent multicenter randomized controlled trial comparing gonadotrophins to 
clomiphene citrate in couples with unexplained subfertility undergoing IUI with 
adherence to strict cancellation criteria, ongoing pregnancy rates were 31% in women 
allocated to gonadotrophins and 26% in women allocated to clomiphene citrate (RR 
1.16, 95% CI 0.93 to 1.47) , while multiple pregnancy rates were 1% and 2% respectively 
(RR 0.63, 95% CI 0.21 to 1.89) (Danhof et al., 2018).

These data may be taken as an argument to use gonadotrophins as first line medication 
in IUI. However, it is essential to gain evidence on the effectiveness of fertility treatments 
in relation to the costs, since healthcare costs have been rising over the years, mainly 
due to an increase in pharmaceutical spending (Dieleman et al., 2017). It is therefore 
needed to first determine the value of gonadotrophins compared with clomiphene 
citrate in relation to the costs, to be able to make well-founded recommendations 
on which stimulation agent to use. In this study, a cost-effectiveness analysis was 
performed from a healthcare perspective in couples with unexplained subfertility 
undergoing IUI with ovarian stimulation by either gonadotrophins or with clomiphene 
citrate and adherence to strict cancellation criteria.

7
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MATERIALS AND METHODS

Study design
An economic evaluation was conducted alongside the SUPER study (Danhof et al., 2018) 
(trial registration: NTR 4057). Here, the specifics of the interventions that contributed 
to the costs of both treatment arms are discussed. Ethical approval for this study was 
obtained from the Medical Ethical Committee of the Academic Medical Centre and from 
the Dutch Central Committee on Research involving Human Subjects on 16th April 2013 
(CCMO NL 43131-018-13). Couples were scheduled for a maximum of four cycles of IUI 
with ovarian stimulation comparing a starting dose of 75 IU gonadotrophins with 100 mg 
clomiphene citrate. Follicular development was monitored by transvaginal ultrasound 
and cycles were cancelled if more than three follicles with a diameter of ≥14 mm or 
five follicles with a diameter of ≥12 mm were seen at transvaginal ultrasound. In case 
of monofollicular growth, the dose of gonadotrophins was increased by 37·5 IU per day 
or the dose of clomiphene citrate was increased by 50 mg per day in the next cycle. If a 
cycle was cancelled due to the development of more than three dominant follicles, the 
dose of gonadotrophins was decreased by 37·5 IU per day or the dose of clomiphene 
citrate was decreased by 50 mg per day in the next cycle.

Primary effectiveness outcome was ongoing pregnancy defined as a positive heartbeat 
at or beyond 12 weeks of gestation. A secondary outcome was multiple pregnancy 
defined as two or more foetuses with a positive heartbeat at or beyond 12 weeks of 
gestation.

Economic evaluation
A cost-effectiveness analysis was performed from a healthcare perspective. This implies 
that the focus was on the direct medical costs during IUI with ovarian stimulation and 
did not take into account indirect medical costs, which represent costs incurred by 
the patient in the context of the treatment, like transportation costs, costs that were 
related to cycle cancellation and productivity loss.

Resource use
Data were collected from the individual case record forms of the RCT. For each woman, 
the following were documented: the dose of the stimulation agent, the duration of 
stimulation, whether an ovulation trigger was used and whether an insemination was 
performed within a time horizon of 6 months or until an ongoing pregnancy occurred.  
If couples switched their treatment to in vitro fertilization or intracytoplasmic sperm 
injection (IVF/ICSI), resource use was estimated on the basis of previously published 
data on resource costs for IVF/ICSI (van Tilborg et al., 2017).

Unit costs
Direct medical costs included the costs of medication, cycle monitoring and insemination. 
The medication costs were based on the total number of units gonadotrophins or 
milligrams of clomiphene citrate and the costs of the ovulation trigger. Costs were 
estimated from the Dutch Formulary on Medication for 2017 (Farmacotherapeutisch 
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Kompas, https://www.farmacotherapeutischkompas.nl). Costs were calculated for 
cycle monitoring, insemination and pregnancy monitoring until ongoing pregnancy, 
based on standardized unit costs as retrieved by an expert panel on cost-effectiveness 
from the Dutch Consortium for Healthcare Evaluation in Obstetrics and Gynaecology 
(https://zorgevaluatienederland.nl/associations/1).  This Consortium supplied unit 
costs established of an average of two university and one general hospital. Costs were 
derived for pregnancy monitoring and delivery from a cost analysis of singleton versus 
twin pregnancies, in which the costs for a singleton and twin pregnancies up until 6 
weeks after delivery were estimated (Lukassen et al., 2004). For miscarriage, the costs 
of expectant management were used (Lemmers et al., 2016). Costs are expressed in 
euros (€). The most recently available unit prices were used (for 2017) and corrected for 
inflation or deflation whenever necessary using the consumer pricing index (Statistics 
2017).

Statistical analysis
All outcomes were analysed according to intention-to-treat and costs were calculated by 
multiplying the quantity of resource use and unit costs. Costs were expressed as means 
per woman and combined with ongoing pregnancy by calculating the incremental 
cost-effectiveness ratio (ICER), defined as the ratio of the difference in costs and the 
difference in effectiveness between gonadotrophins and clomiphene citrate.

The difference in mean costs and ICER was expressed with 95% CI, estimated by 
1000 bootstrap replications. The ICER was visualized by plotting a cost-effectiveness 
plane and cost-effectiveness acceptability curves. The reference strategy was ovarian 
stimulation with clomiphene citrate. Statistical analyses were performed using SPSS 
Statistics for Windows, Version 24.0 (IBM Corp., Armonk, NY, USA) and Microsoft Excel 
2010 for the bootstrapping.

Per protocol and sensitivity analyses
A per protocol analysis was performed, in which the costs per protocol of IUI with 
gonadotrophins or clomiphene citrate were combined with ongoing pregnancy by 
calculating the ICER. Two sensitivity analyses were performed; one with live birth as 
the effectiveness outcome, and one with the higher dose of gonadotrophins of 150 IU, 
because this is common practice in some countries  (Diamond et al., 2015).

RESULTS

Study group
Between July 2013 and March 2016, 369 women were randomly allocated to ovarian 
stimulation with gonadotrophins and 369 women to ovarian stimulation with 
clomiphene citrate. As previously reported in Danhof et al., the baseline characteristics, 
which were female age, primary subfertility, diagnosis of subfertility median duration 
of subfertility, current smoking status, body mass index and total motile sperm count, 

7
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were well balanced between the randomized couples. There were 113 (31%) ongoing 
pregnancies following ovarian stimulation with gonadotrophins and 97 (26%) ongoing 
pregnancies following ovarian stimulation with clomiphene citrate (RR 1.16, 95% CI 0.93 
to 1.47). Five women (1.4%) had a multiple pregnancy following ovarian stimulation with 
gonadotrophins and eight women (2.2%) had a multiple pregnancy following ovarian 
stimulation with clomiphene citrate (RR 0.63, 95% CI 0.21 to 1.89). 105 women (28%) 
had a live birth following ovarian stimulation with gonadotrophins and 92 women (25%) 
had a live birth following ovarian stimulation with clomiphene citrate (RR 1.14, 95% 
CI 0.90-1.45). 32 women (9%) had a miscarriage following ovarian stimulation with 
gonadotrophins and 31 women (8%) had a miscarriage following ovarian stimulation 
with clomiphene citrate (RR 1.03, 95% CI 0.64-1.66).

Economic evaluation

Resource use and unit costs
Table 1 lists the mean resource use. The mean number of IUI cycles per couple was 
similar for both treatment arms. Unit costs are listed in Table 2.

Table 1. Resource use per woman*

Gonadotrophins (n=369) Clomiphene citrate 
(n=369)

Medication

 Gonadotrophins in IU 1783 (1196) 95.12 (349.13)

 Clomiphene citrate in mg 59.55 (334.34) 1339 (945)

 hCG in IU 12182 (6988) 13306 (6618)

Intervention

 Number of IUI cycles 2.83 (1.48) 2.90 (1.34)

 Number of IVF cycles 0.01 (0.07) 0 (0)

 Number of ICSI cycles 0 (0.05) 0.01 (0.09)

* Data are mean (SD)
HCG = human chorionic gonadotrophin; ICSI = intracytoplasmic sperm injection; IUI = intrauterine 
insemination.
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Table 2. Unit costs

Cost item Unit Unit costs (Euros) Reference

Medication

 Gonadotrophins 75 IU 24.75 Dutch Formulary on medication 2017

 Clomiphene citrate 50 mg 0.53 Dutch Formulary on medication 2017

 hCG for ovulation induction 5000 IU 5.83 Dutch Formulary on medication 2017

Pregnancy and delivery

 Ongoing pregnancy 1 200.00 Dutch consortium*

 Singleton live birth 1 3107.00 Lukassen et al. 2004

 Multiple live birth 1 16419.00 Lukassen et al. 2004

 Miscarriage
 (expectant management)

1 91.00 Dutch consortium*

Intervention

IUI - monitoring 1 150.54 Dutch consortium*

IUI - insemination 1 170.00 Dutch consortium*

IVF 1 1 365.84 Dutch consortium*

ICSI 1 1 699.13 Dutch consortium*

HCG = human chorionic gonadotropin; ICSI = intracytoplasmic sperm injection; IUI = intrauterine 
insemination.
* Costs are derived from the expert panel Dutch Consortium for Research in Women’s Health

Costs
The mean costs per couple for ongoing pregnancy 6 months after randomization were 
€1534 for gonadotrophins and €1067 for clomiphene citrate (mean cost difference 
€468, 95% CI €464–472). The mean costs per couple for live birth 6 months after 
randomization were €2537 for gonadotrophins and €2042 for clomiphene citrate (mean 
cost difference €487, 95% CI €473–501) (figure 1).

7
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Figure 1. Mean costs per woman with follow up unti l live birth

CC=clomiphene citrate

Cost-eff ecti veness
The ICER for gonadotrophins compared to clomiphene citrate was €21 804 (95%CI, 
€11 628 to €31 980), refl ecti ng the additi onal costs to achieve one additi onal ongoing 
pregnancy in women allocated to ovarian sti mulati on with gonadotrophins compared 
to women allocated to ovarian sti mulati on with clomiphene citrate. The bootstrap 
samples were located in both the north western and north eastern quadrant of the 
plot, with the vast majority in the north eastern quadrant (fi gure 2). This refl ects higher 
costs for gonadotrophins compared to clomiphene citrate, with slightly more ongoing 
pregnancies for gonadotrophins compared to clomiphene citrate.
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Figure 2. Cost-effectiveness plane of gonadotrophins compared to clomiphene citrate until on-
going pregnancy

Cost-effectiveness plane of gonadotrophins compared with clomiphene citrate until 
ongoing pregnancy. Each point in the cost-effectiveness plane represents the uncertainty 
of the additional costs and effect of gonadotrophins compared with clomiphene citrate 
after non-parametric bootstrap resampling

Per protocol and sensitivity analyses
Of the 738 women, 657 were treated according to protocol and included in the per 
protocol analysis. 82 (25%) women had an ongoing pregnancy after gonadotrophins 
compared to 70 (21%) after clomiphene citrate (RR 1.16, 95% CI 1.88 to 1.55). Mean 
costs per woman were €1 675 for gonadotrophins and €1 078 for clomiphene citrate 
(mean cost difference €598, 95% CI 595 to 602). The ICER for ovarian stimulation with 
gonadotrophins compared to clomiphene citrate was €22 782 (95% CI, €10 947 to €34 
617) (table 3).

7
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Table 3. Sensitivity analyses

Description Mean cost 
gonadotrophins 
treatment arm

Mean cost 
clomiphene 
citrate 
treatment arm

Mean cost difference 
(95% CI)

ICER

Per protocol* 1 675.46 1 077.94 598 (595 - 602) 22 782

Live birth as 
effectiveness 
outcome**

2 536.88 2 041.82 487 (473 - 501) 17 044

Dosage of 150 IU 
gonadotrophins***

2 120.90 1 098.61 1 019 (1 013 - 1 024) 42 432

* Based on a per protocol analysis with ongoing pregnancy as effectiveness outcome
** Cost of live birth was included in treatment cost.
*** The dosage of gonadotrophins in gonadotrophins treatment arm was increased, therefore costs 
were increased. Ongoing pregnancy was effectiveness outcome and remained fixed
ICER=incremental cost-effectiveness rate
All costs are in euros.

With live birth as the effectiveness outcome, the ICER for gonadotrophins compared to 
clomiphene citrate was €17 044 (95% CI, €8 998 to €25 090) (table 3, figure 3).

When using a dosage of 150 IU gonadotrophins , the ICER for gonadotrophins compared 
to clomiphene citrate for ongoing pregnancy was €42 432 (95% CI, €25 093 to €59 772) 
(table 3).

Figure 3. Cost-effectiveness plane of gonadotrophins compared to clomiphene citrate until live 
birth
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Cost-effectiveness plane: gonadotrophins versus clomiphene citrate. Each point in the 
cost-effectiveness plane represents the uncertainty of the additional costs and effect 
of FSH compared with clomiphene citrate after nonparametric bootstrap resampling.

DISCUSSION

This cost-effectiveness analysis from a healthcare perspective comparing an ovarian 
stimulation regimen with gonadotrophins versus clomiphene citrate in couples 
with unexplained subfertility undergoing four cycles of IUI with adherence to strict 
cancellation criteria within six months showed that the costs to achieve one additional 
ongoing pregnancy with gonadotrophins compared to clomiphene citrate were €21 
804 and the costs to achieve one additional live birth with gonadotrophins compared 
to clomiphene citrate were €17 044. Multiple pregnancy rates, which were included 
in this cost-effectiveness analysis, were low and similar for both stimulation regimens, 
indicating the good safety profile of a protocol with adherence to strict cancellation 
criteria, ie cycle cancellation when more than three follicles developed.

This study has several strengths. First, the cost-effectiveness analysis was based on 
the results of a well-powered multicentre RCT. Second, we presented the incremental 
costs for the most important effectiveness outcome measures, ie ongoing pregnancy 
and live birth. In addition to the intention to treat analysis, in which we presented cost 
effectiveness of clinical daily practice, we also presented the per protocol analysis to 
provide insight an estimate of the true cost-effectiveness among those who completed 
the allocated treatment arm. A potential limitation of this study is that we performed 
the analysis from a healthcare perspective and thus focussed on direct medical 
costs. We feel it unlikely that including indirect costs from a social perspective, like 
transportation costs, costs that were related to cycle cancellation and productivity 
loss, would change our conclusion, as the couples in both treatment arms underwent 
similar IUI protocols including similar criteria for cycle cancellation; the only difference 
being the pharmacological agent. Another limitation is that the definition of unexplained 
subfertility is not internationally established. This has led to a different approach among 
fertility centres and countries, which might affect the generalizability of our results.

The protocol with 75 IU gonadotrophins as starting dose and adherence to strict 
cancellation criteria resulted in a multiple pregnancy rate of just 1.4% without 
compromising the ongoing pregnancy rate. The use of higher dosages of gonadotrophins 
in IUI is in our view not justified, since this will either lead to a higher cancellation rate 
or to a higher multiple pregnancy rate for higher costs (Diamond et al., 2015).

The mean costs per couple for IUI with ovarian stimulation were in line with the costs of 
IUI with ovarian stimulation reported in a cost-effectiveness analysis comparing twelve 
months of IUI with ovarian stimulation to twelve months of in vitro fertilization with 
single embryo transfer (IVF-SET) (Tjon-Kon-Fat et al., 2015).
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In a system in which infertility treatments are reimbursed from public resources, the 
question arises as to whether €21,804 should be spent to achieve one extra ongoing 
pregnancy or €17,044 should be spent to achieve one extra live birth. There is no 
consensus on acceptable costs for one extra ongoing pregnancy or one extra live birth. 
The NICE fertility guideline recommends a threshold of £30 000 or €32 700 per quality 
adjusted life year (QALY), but also emphasizes that a QALY is not a proper measuring 
instrument for an extra ongoing pregnancy or live birth, since QALYs are anticipated to 
assess health improvements in patients.(NICE 2013) According to a patient preference 
study women are willing to pay €100 to €500 extra for a few percent increase in 
pregnancy rates (Palumbo et al., 2011). In a system in which fertility care is private 
practice, it seems prudent to communicate our data to the patients

In conclusion, this study provides insight in the actual costs of two frequently used 
stimulation regimens worldwide. Because healthcare costs have been rising over the 
years, it is essential to be aware of the costs in clinical decision-making. Gonadotrophins 
are more expensive than clomiphene citrate in couples with unexplained subfertility 
undergoing IUI with adherence to strict cancellation criteria, without being significantly 
more effective.
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In this chapter we weigh the value of intrauterine insemination (IUI) with ovarian 
stimulation and in vitro fertilisation (IVF) to each other and to expectant management 
in couples with unexplained subfertility. We then focus on our findings towards an 
effective and safe ovarian stimulation protocol for IUI in couples with unexplained 
subfertility and we end our discussion with providing implications for clinical practice 
and suggestions for further research.

The value of intrauterine insemination with ovarian stimulation and in vitro 
fertilisation in unexplained subfertility
Forty to fifty percent of all couples seeking medical help because of subfertility will be 
diagnosed with unexplained subfertility, defined as a failure to conceive after one year 
of regular unprotected intercourse, a normal semen analysis, an ovulatory cycle and at 
least one sided tubal patency (Evers, 2002). Intrauterine insemination (IUI) with ovarian 
stimulation and in vitro fertilization (IVF) are common interventions for couples with 
unexplained subfertility (ASRM 2006; NVOG 2010; NICE 2017; RCOG 2019).

IUI with ovarian stimulation is a minimal invasive and low-cost treatment, but the 
multiple pregnancy rate is reported as high (Calhaz-Jorge et al., 2017). Multiple 
pregnancies are associated with an increased risk of maternal morbidity, neonatal 
morbidity and neonatal mortality (Ombelet et al 2006). As such, this constitutes a major 
problem in daily clinical practice. IUI with ovarian stimulation is the major provider of 
triplets (Braat et al., 2003).

IVF does not carry an increased risk of multiple pregnancies when it is performed with 
single embryo transfer (SET) instead of double embryo transfer. Effectiveness and safety 
of single embryo transfer have now convincingly been shown (Mclernon et al., 2010, 
Maheshwari et al., 2011, Cutting 2018). IVF is obviously more invasive and more costly 
than IUI with ovarian stimulation.

The recommendation of most clinical guidelines for the management of couples with 
unexplained subfertility is to start an intervention after one or two years of unprotected 
intercourse without conceiving and to begin with the least invasive intervention before 
moving on to a more invasive one (ASRM 2006; NICE 2017; NVOG 2010; RCOG 2019). 
The main issue here is that this recommendation is not based on sound evidence taking 
effectiveness and safety into account. This is due to scarcity of randomized controlled 
trials that compare IUI with ovarian stimulation or IVF to expectant management in 
head to head comparisons in couples with unexplained subfertility.

To address this, in an attempt to move the field further, we performed a network 
meta-analysis including randomized controlled trials on IUI with ovarian stimulation, 
IVF and expectant management in couples with unexplained subfertility and assessed 
their effectiveness and safety (Chapter 2). Network meta-analysis compares multiple 
treatments simultaneously by using both direct and indirect evidence and provides a 
hierarchy of these treatments, which can potentially better inform clinical decision-
making.
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Concerning effectiveness, the network meta-analysis showed that IVF -in any kind of 
protocol reported- followed by IUI with ovarian stimulation -in any kind of protocol 
reported- is more likely to result in more live births than expectant management. These 
outcomes represent the best available evidence so far, which is -and we would like to 
emphasize this- of low to moderate quality. This is mainly due to the fact that apart from 
the comparison IUI with ovarian stimulation and IVF, other comparisons have relatively 
few included studies with direct evidence, which means that a large part of the final 
estimates is based on indirect evidence. Since the effectiveness of fertility treatments 
is dependent on the prognosis of natural conception, we also analysed the effect of the 
duration of subfertility –which determines prognosis to a large extent. This subgroup 
analysis showed that IUI with ovarian stimulation and IVF increased the chance of live 
births or ongoing pregnancies compared to expectant management, but limited to 
couples with a duration of subfertility more than two years. These results should be 
interpreted with caution, since this subgroup analysis was based on different mean/
median values. Nevertheless, this finding is in line with a previous cohort study, in which 
IUI with ovarian stimulation was associated with higher chances of ongoing pregnancy 
compared to expectant management, specifically in couples with poor prognoses of 
natural conception, i.e. <15% over 6 months or <25% over 1 year (van Eekelen et al., 
2019).

Concerning safety, the network meta-analysis showed that IUI with ovarian stimulation 
-in any kind of protocol reported- and IVF -in any kind of protocol reported- resulted 
in more multiple pregnancies than expectant management. The explanation for this is 
probably the variability between the protocols in which IUI with ovarian stimulation 
and IVF were executed. This pinpoints to the relevance of improving safety in medically 
assisted reproduction.

The second part of the thesis was dedicated to find a balance between effectiveness 
and safety of IUI with ovarian stimulation.

A safe and effective ovarian stimulation protocol for IUI
Multiple pregnancies after fertility treatments are nowadays unacceptable and 
therefore it is essential that IUI with ovarian stimulation is not only effective, but also 
safe. To reduce the risk of multiple pregnancies, IUI with ovarian stimulation should 
not aim for more than two follicles per cycle (Van Rumste et al., 2008). In a randomized 
controlled trial comparing ovarian stimulation with gonadotrophins to clomiphene 
citrate in IUI for unexplained subfertility, this was put into a clinical context by limiting 
the number of dominant follicles per cycle through withholding insemination when 
more than three dominant follicles developed (Dankert et al., 2007). The result was 
a low multiple pregnancy rate without compromising effectiveness for both ovarian 
stimulation with gonadotrophins and clomiphene citrate. Nevertheless, uncertainty 
remained as this study was underpowered. We therefore evaluated the effectiveness 
and safety of a protocol with adherence to strict cancellation criteria in IUI with ovarian 
stimulation and established which pharmaceutical agent should be the drug of choice. 

8
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We also investigated whether individualized treatment selection markers at baseline 
could aid in identifying couples who would have better chances of an ongoing pregnancy 
with IUI with ovarian stimulation with one or the other pharmaceutical agent and we 
evaluated costs.

In chapter 3 we evaluated the safety of gonadotrophins and clomiphene citrate in 
IUI within a protocol with adherence to strict cancellation criteria in couples with 
unexplained subfertility and a poor prognosis of natural conception in a randomized 
controlled trial (SUPER study). The SUPER study showed similar and acceptable low 
multiple pregnancy rates for both gonadotrophins and clomiphene citrate. On the other 
hand, gonadotrophins resulted in a slightly higher, but statistically insignificant, ongoing 
pregnancy rate and live birth rate compared to clomiphene citrate. To increase statistical 
power, we next conducted a network meta-analysis comparing pharmaceutical 
agents for ovarian stimulation in IUI with adherence to strict cancellation criteria, in 
which we included the SUPER study and the only two other randomized controlled 
trials comparing gonadotrophins and clomiphene citrate in IUI within a protocol with 
adherence to strict cancellation criteria. The end result was that IUI with gonadotrophins 
and adherence to strict cancellation criteria resulted in a higher, albeit non-significant, 
ongoing pregnancy rate and live birth rate compared to IUI with clomiphene citrate 
and adherence to strict cancellation criteria in couples with unexplained subfertility 
(gonadotrophins 22% vs clomiphene citrate 18%, RR 1.20, 95% CI 0.95 to 1.51). Both 
gonadotrophins and clomiphene citrate resulted in acceptable multiple pregnancy rates, 
based on a pairwise meta-analysis (gonadotrophins 2% vs clomiphene citrate 2%, RR 
0.80, 95% CI 0.38 to 1.68). We were not able to perform network meta-analysis for the 
primary safety outcome multiple pregnancy rate because of high heterogeneity. We 
have endeavoured to present the evidence as complete as possible, since we reported 
a pairwise meta-analysis and a subgroup analysis including studies that performed 
IUI with adherence to strict cancellation criteria. Therefore, we feel that the evidence 
regarding to gonadotrophins and clomiphene citrate in relation to multiple pregnancies 
is robust (Chapter 4).

The data presented in chapters 3 and 4 clearly show that the multiple pregnancy 
rate is low within a protocol with adherence to strict cancellation criteria without 
compromising effectiveness, but still the majority of the couples did not conceive 
after IUI with ovarian stimulation. This raised the question whether the ongoing 
pregnancy rates would have been higher following gonadotrophins or CC for some 
specific couples, ie whether a more individualized approach would be possible. We 
therefore aimed to identify whether individualized treatment selection markers at 
baseline could aid in identifying couples who would have better chances of an ongoing 
pregnancy with IUI with ovarian stimulation with one or the other pharmaceutical 
agent. A secondary analysis of the SUPER study assessed female age, body mass 
index, duration of subfertility, primary or secondary subfertility and total motile count 
as potential treatment selection markers. This analysis was unable to identify any 
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treatment selection markers at baseline. Since our sample size was rather small for a 
secondary analysis, it was impossible to detect smaller associations between potential 
treatment selection markers and ongoing pregnancy, although the clinical relevance of 
any smaller associations might be questioned (Chapter 5). Since pharmaceutical agents 
for ovarian stimulation do not only affect folliculogenesis but also have an effect on 
endometrial thickness, we analyzed the value of the impact of gonadotrophins and 
clomiphene citrate on endometrial thickness and on ongoing pregnancy rates in another 
secondary analysis of the SUPER study. If this were the case, this would provide an extra 
tool to improve effectiveness. Gonadotrophins lead to a 1.4mm thicker endometrium 
compared to clomiphene citrate. This difference in endometrial thickness between 
gonadotrophins and clomiphene citrate did not affect ongoing pregnancy rates and 
therefore endometrial thickness is not a reason to cancel cycles. Although we cannot 
exclude that a difference of 1.4 mm in endometrial thickness is due to interobserver 
variability or due to differences in equipment, the impact of this is most likely to be 
limited, since our study was based on a multicentre randomized controlled trial with 
women from 24 clinics, thereby reflecting daily clinical practice (Chapter 6)

The cost-effectiveness analysis from a healthcare perspective in couples with 
unexplained subfertility based on the SUPER study identified an incremental cost-
effectiveness ratio of €21 804 (95% CI, €11 628 to €31 980) per additional ongoing 
pregnancy with gonadotrophins and €17 044 (95% CI, €8 998 to €25 090) per additional 
live birth with gonadotrophins compared to clomiphene citrate (Chapter 7). In a system 
in which fertility care is private practice, it seems careful to communicate these data 
to the patients. In a system in which infertility treatments are reimbursed from public 
resources, the question rises whether €21 804 should be spent to achieve one extra 
ongoing pregnancy or €17 044 should be spent to achieve one extra live birth. From a 
public resource perspective and taking an arbitrary amount of €100 000 to spend, an 
estimated 18 to 23 ongoing pregnancies can be achieved with gonadotrophins and 22 
to 30 ongoing pregnancies can be achieved with CC. This warrants a careful weighing 
of how to spend public resources in a system where money is limited.

Based on the data obtained by the studies described in this part of the thesis, we 
conclude that in couples with unexplained subfertility and a poor prognosis of 
natural conception, IUI regimens with adherence to strict cancellation criteria lead to 
acceptable multiple pregnancy rates without compromising effectiveness. We could 
not identify specific subgroups of women at baseline that benefit from one or the other 
pharmaceutical agent and also endometrial thickness is not a valid reason to switch 
between pharmaceutical agents. Within a strategy with adherence to strict cancellation 
criteria, we therefore would suggest to perform IUI with gonadotrophins, if costs do 
not play a role. Otherwise, we would suggest to start with IUI with clomiphene citrate.

8
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Implications for clinical practice
We recommend IUI with ovarian stimulation and adherence to strict cancellation criteria 
as first line treatment in couples with unexplained subfertility and a prognosis of natural 
conception below 30%, since it is more effective than expectant management and more 
cost-effective, equally safe and less invasive compared to IVF-SET.

Hopefully, this regimen will soon be implemented in clinical practice to avoid high risks 
for multiple pregnancies, regardless of the setting in which reproductive services are 
provided. We would suggest to develop an international guideline on how to perform 
IUI for unexplained subfertility.

Gonadotrophins are more effective, but also more costly, compared to clomiphene 
citrate. This may be important knowledge in any type of shared decision making, with 
the caveat that resources in a health care system based on solidarity are not endless.

Implications for further research
Based upon the results presented in this thesis we have the following recommendations 
for further research.

Our first recommendation is to confirm the cost-effectiveness of IUI with ovarian 
stimulation and IVF-SET compared to expectant management in couples with 
unexplained subfertility in randomized controlled trials, because the randomized 
controlled trials included in our network meta-analysis were of low to moderate quality 
evidence.

Second, the greatest benefit of IUI with ovarian stimulation is in couples with a poor 
prognosis of natural conception. To date, the boundary between intermediate prognosis 
and poor prognosis is set on 30%. Whether this is the correct boundary level is unknown. 
Hence studies comparing IUI with ovarian stimulation to expectant management –“dose 
finding studies”- in couples with various prognosis is still needed.

Third, in this thesis we provided evidence on first line treatment for couples with 
unexplained subfertility and a poor prognosis of natural conception, but evidence on 
the most effective second line treatment is lacking. More research is needed among 
couples with unexplained subfertility that did not conceive after six to nine cycles of 
IUI with ovarian stimulation. Is in this population IVF-SET the best next step to take? 
This could be investigated in large cohort studies or in randomized controlled trials. 
Couples who did not succeeded in conceiving following six to nine cycles of IUI could 
be included. They could then be randomized between continuing IUI or start with IVF.

Fourth, since we were unable to find prognostic factors identifying couples at baseline 
that would benefit from one or the other pharmaceutical agent and to determine 
any association between the impact of gonadotrophins and clomiphene citrate on 
endometrial thickness and ongoing pregnancy, we suggest to gather individual patient 
data of the studies included in the network meta-analysis to confirm or refute our 
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findings, taking prognosis on natural conception into account. The same could then be 
done for the cost-effectiveness analysis.

Fifth, in our network meta-analysis on pharmaceutical agents for ovarian stimulation 
in IUI we also included Letrozole, but randomized controlled trials that performed 
IUI with Letrozole within a protocol with adherence to strict cancellation criteria are 
lacking. Since the latter may be key, we suggest a randomized controlled trial comparing 
Letrozole to clomiphene citrate in IUI with strict cancellation criteria in a superiority 
design with an economic evaluation from a healthcare perspective alongside it to 
determine the most cost-effective and safe ovarian stimulation regimen in IUI for 
unexplained subfertility.

Finally, the cause of unexplained infertility is still an enigma and clinicians are poorly 
informed about the sexual health of these couples. More research is needed in the 
sexual health of subfertile couples and whether this influences the pregnancy chances.

8
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For countless couples, reproduction is an important aspect of their lives and can be 
considered as a basic human need. Suffering from subfertility can be of major burden. 
Forty to fifty percent of all couples seeking medical help because of subfertility will 
be diagnosed with unexplained subfertility (Evers, 2002). There are many crucial 
unanswered questions about unexplained subfertility. Since the pathophysiological 
mechanism of “unexplained subfertility” is unknown, there is no causal treatment for 
this condition. By lack of anything better, pragmatic treatment options like intrauterine 
insemination (IUI) with ovarian stimulation and in vitro fertilization (IVF), have been 
introduced in clinical practice.

The work presented in this thesis first focused on the effectiveness and safety of IUI 
with ovarian stimulation, in vitro fertilization (IVF) compared to expectant management 
in couples with unexplained subfertility. Second, we investigated the effectiveness 
and safety of pharmaceutical agents in IUI within a strategy with adherence to 
strict cancellation criteria to reduce the risk of multiple pregnancies in couples with 
unexplained subfertility and a poor prognosis of natural conception.

In chapter 1 we provided a general introduction and outline of this thesis.

In chapter 2 we used network meta-analysis to compare the effectiveness and safety 
of ovarian stimulation (OS) combined with intercourse, intrauterine insemination (IUI) 
without or with ovarian stimulation and in vitro fertilization (IVF) or intracytoplasmic 
sperm injection (ICSI) to each other and to expectant management in couples with 
unexplained subfertility. We compared all these treatment options by a network meta-
analysis. We found 28 randomised controlled trials comparing these treatments with 
each other in a total of 4 469 couples with unexplained subfertility. There was no 
conclusive evidence of a difference between OS and expectant management (OR 1.09, 
95% CI 0.54 to 2.23, mixed evidence, low quality of evidence) or IUI and expectant 
management (OR 1.45, 95% CI 0.71 to 2.97, mixed evidence, low quality of evidence). 
Compared to expectant management, the odd ratio of live birth of OS- IUI was 1.82, 
(95% CI 0.98 to 3.39, mixed evidence, low quality of evidence). The odds ratio of live 
birth of IVF/ICSI compared to expectant management was 2.87 (95% CI 1.31 to 6.29, 
mixed evidence, low quality of evidence). These suggest that if the chance of live birth/ 
ongoing pregnancy following expectant management is assumed to be 15.9%, the 
chance following OS, IUI, OS-IUI, IVF/ICSI would be 9.3%-29.6%, 11.8%-35.9%, 15.6%-
39.0%, and 19.8%-54.3%, respectively. The surface under the cumulative ranking curve 
values for the expectant management, OS, IUI, OS-IUI and IVF/ICSI were 14.9%, 24.4%, 
45.5%, 67.3%, 97.9%, respectively. This suggests that IVF/ICSI is the most effective 
intervention in terms of live birth or ongoing pregnancy, followed by OS-IUI, IUI, OS 
and expectant management.

Subgroup analysis showed that in couples with a duration of infertility <2 years, there 
was no conclusive evidence of any benefit of OS- IUI (OR 0.82, 95% CI 0.45 to 1.49, mixed 
evidence, low quality of evidence) or IVF/ICSI over expectant management (OR 1.05, 
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95% CI 0.46 to 2.43, indirect evidence, low quality of evidence). In couples with a longer 
duration of infertility >2 years, both IVF/ ICSI (OR 4.60, 95% CI 1.74 to 12.18, mixed 
evidence, moderate quality of evidence) and OS-IUI resulted in more live births/ ongoing 
pregnancy (OR 2.84, 95% CI 1.25 to 6.43, mixed evidence, low quality of evidence) 
compared to expectant management.

Compared to expectant management, OS-IUI and IVF/ICSI increased the odds of multiple 
pregnancy (OR 2.75, 95% CI 0.82 to 9.15, mixed evidence, low quality of evidence; OR 
2.59, 95% CI 0.69 to 9.67, mixed evidence, low quality of evidence). These suggest that 
if the chance of multiple pregnancy following IUI is assumed to be 0.5%, the chance 
following OS-IUI and IVF/ICSI would be 0.4%-4.2%, and 0.3%-4.5%, respectively. The 
surface under the cumulative ranking curve values for the expectant management, 
OS, IUI, OS-IUI and IVF/ICSI were 70.7%, 43.2%, 94.0%, 17.6%, 24.5%, respectively. This 
suggests that IUI and expectant management are the safest intervention in terms of 
less multiple pregnancies, followed by OS, IVF/ICSI and OS-IUI.

The evidence was overall of low to moderate quality. Downgrading the level of evidence 
is mainly due to the fact that apart from the comparison of IUI with ovarian stimulation 
and IVF, comparisons have relatively few included studies with direct evidence, which 
means that most results are based on indirect evidence. Therefore, outcomes should 
be handled with caution. In conclusion, in couples with unexplained subfertility, IVF/
ICSI and OS-IUI may result in more live births/ongoing pregnancies, but also in more 
multiple pregnancies in comparison with expectant management. IVF/ICSI and OS-IUI 
are the most effective interventions for live birth/ongoing pregnancy.

In chapter 3 we presented the results of a randomised controlled trial on the 
effectiveness of gonadotrophins compared to clomiphene citrate (CC) in couples with 
unexplained subfertility undergoing intra uterine insemination for a maximum of four 
cycles within six months. The quintessence of this study was the adherence to strict 
cancellation criteria to reduce the risk of multiple pregnancies. The primary outcome 
was the ongoing pregnancy rate and an important secondary outcome was the multiple 
pregnancy rate. 738 couples were randomized to gonadotrophins (n=369) or to CC 
(n=369). There were 113 ongoing pregnancies (31%) in the gonadotrophins treatment 
arm and 97 ongoing pregnancies (26%) in the CC treatment arm (RR 1.16, 95% CI 0.93 
to 1.47). There were 5 multiple pregnancies (1%) in the gonadotrophins treatment arm 
and 8 multiple pregnancies (2%) in the CC treatment arm (RR 0.63, 95% CI 0.21 to 1.89). 
This led us to the conclusion that adherence to strict cancellation criteria is a successful 
solution for multiple pregnancy in IUI and that pregnancy outcomes were comparable 
between gonadotrophins and clomiphene citrate.

In chapter 4 we used network analysis to compare the effectiveness and safety of 
IUI with clomiphene citrate, Letrozole or gonadotrophins and natural cycle IUI. We 
systematically searched the literature on randomized controlled trials that compared 
any stimulation regimen with CC, Letrozole or gonadotrophins to each other or to 

9
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natural cycle IUI among couples with unexplained infertility and were able to include 
26 eligible studies reporting on 5316 women. The relative risk on live birth/ongoing 
pregnancy rates comparing gonadotrophins to CC was 1.39 (95% CI 1.09-1.76, moderate 
certainty of evidence), comparing Letrozole to CC was 1.09 (95% CI 0.76-1.57, moderate 
certainty of evidence) and comparing Letrozole to gonadotrophins was 0.79 (95% CI 
0.54-1.15, moderate certainty of evidence). We did not perform network meta-analysis 
on multiple pregnancy due to high inconsistency. Pairwise meta-analyses showed a 
relative risk on multiple pregnancy rates of 9.11 (95% CI 1.18-70.32) comparing IUI 
with gonadotrophins to natural cycle IUI. There was no data available on multiple 
pregnancy rates following IUI with CC or Letrozole compared to natural cycle IUI. The 
relative risk on multiple pregnancy rates comparing gonadotrophins to CC was 1.42 (95% 
CI 0.68-2.97), comparing Letrozole to CC was 0.97 (95% CI 0.47-2.01) and comparing 
Letrozole to gonadotrophins was 0.29 (95% CI 0.14-0.58). In a meta-analysis among 
studies with adherence to strict cancellation criteria, the relative risk of live births/
ongoing pregnancy rates comparing gonadotrophins to CC was 1.20 (95% CI 0.95-1.51) 
and the relative risk on multiple pregnancy rates comparing gonadotropins to CC was 
0.80 (95% CI 0.38-1.68).

In conclusion, although IUI with gonadotrophins ranked highest on live birth/ongoing 
pregnancy rates, women undergoing this treatment protocol were also at risk for 
multiple pregnancies with high complication rates. IUI regimens with adherence to 
strict cancellation criteria lead to an acceptable multiple pregnancy rate without 
compromising the effectiveness. Within a protocol with adherence to strict cancellation 
criteria, gonadotrophins seem to improve live birth/ongoing pregnancy rates compared 
to CC.

In chapter 5 we aimed to identify whether individualised treatment selection markers 
could aid in identifying couples who would have better chances of an ongoing pregnancy 
with IUI with one or the other pharmaceutical agent. We performed a secondary 
analysis of the SUPER study, of which we described the essentials in chapter 3. As 
potential treatment selection markers, we assessed female age, body mass index (BMI), 
duration of subfertility, whether a couple was primary or secondary subfertile and 
total motile count (TMC). For each of these factors we developed a logistic regression 
model to assess if within strata of the factor there were different estimated effects of 
gonadotrophins versus CC. None of the treatment selection markers were associated 
with better ongoing pregnancy chances after IUI with gonadotrophins compared to CC 
(p ranging from 0.123-0.837), so we could not identify treatment selection markers at 
baseline in couples with unexplained subfertility to choose for ovarian stimulation with 
gonadotrophins instead CC in IUI. Therefore, based on these data, we could not identify 
specific groups that have better chances of an ongoing pregnancy with gonadotrophins 
instead of CC.

In chapter 6 we evaluated the impact of gonadotrophins and CC on endometrial 
thickness (EMT) and the association between EMT and ongoing pregnancies. We 
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therefore performed a secondary analysis on the randomized controlled trial presented 
in chapter 3. We determined the difference in EMT between women randomised to 
gonadotrophins and CC over all cycles using a linear mixed model. We investigated the 
association between EMT and ongoing pregnancy after IUI using a logistic regression 
model, adjusted for known pregnancy predictors. 666 couples underwent 1968 IUI cycles 
in total. The mean EMT was 8.9 mm (SD 2.1) in women treated with gonadotrophins 
and 7.5 mm (SD 2.1) in women treated with CC (Mean difference 1.4 mm; 95% CI: 1.1 to 
1.7). The mean EMT was 8.4 mm (SD 2.2) in women that conceived leading to ongoing 
pregnancy and 8.2 mm (SD 2.2) in women that not conceived (Mean difference 0.29 
(-0.10 to 0.68). We found no clear association between EMT and ongoing pregnancy 
(odds ratio: 1.07 per 1 mm increase, 95% CI 0.99 to 1.15). In women undergoing IUI 
with ovarian stimulation, a thin EMT after CC is therefore not a valid reason to switch 
stimulation agents.

In chapter 7 we described the results of a cost-effectiveness analysis alongside the 
randomized controlled trial presented in chapter 3. This study was performed from a 
health care perspective. We compared the direct medical costs of both strategies. Direct 
medical costs included the costs of medication, cycle monitoring, insemination and, 
if applicable, pregnancy monitoring. We collected the resource use from case record 
forms and estimated costs from public sources and published literature. We assessed 
the mean costs per couple and the incremental cost-effectiveness ratio (ICER) between 
gonadotrophins and CC. The mean costs per couple were €1 534 for gonadotrophins 
and €1 067 for CC (mean difference of €468 (95% CI, €464 to €472)). The incremental 
cost-effectiveness ratio was €21 804 (95% CI, €11 628 to €31 980) per additional ongoing 
pregnancy with gonadotrophins. In a system in which fertility care is private practice, it 
seems careful to communicate these data to the patients. In a system in which infertility 
treatments are reimbursed from public resources, the question rises whether €21 804 
should be spent to achieve one extra ongoing pregnancy. This is obviously an issue to 
be addressed by health care buyers.

REFERENCE
Evers JL. Female subfertility. Lancet 2002;360:151-159.
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SAMENVATTING

Voor veel paren vormt voortplanting een belangrijk onderdeel van hun leven. Het 
kan dan ook beschouwd worden als een menselijke basisbehoefte. Subfertiliteit kan 
daarom als een grote last worden ervaren. Bij ongeveer veertig tot vijftig procent van 
alle paren die medische ondersteuning zoeken vanwege subfertiliteit wordt de diagnose 
“onverklaarde subfertiliteit” gesteld (Evers, 2002). Veel fundamentele vragen over 
onverklaarde subfertiliteit wachten nog op een antwoord. Omdat het pathofysiologische 
mechanisme van “onverklaarde subfertiliteit” onbekend is, bestaat er geen causale 
therapie voor deze aandoening. Bij gebrek aan betere opties, en wellicht ook omdat het 
nu eenmaal de binnen het werkveld beschikbare middelen zijn, worden pragmatische 
behandelmethodes zoals intra-uteriene inseminatie (IUI) met ovariële stimulatie en 
in-vitro fertilisatie (IVF) aangeboden aan paren met onverklaarde subfertiliteit.

In ons onderzoek hebben wij ons eerst gericht op de effectiviteit en veiligheid van IUI 
met ovariële stimulatie en in-vitro fertilisatie (IVF) in vergelijking met afwachtend beleid 
voor paren met onverklaarde subfertiliteit. Vervolgens hebben wij onderzocht op welke 
manier IUI met ovariële stimulatie het meest effectief en veilig kan worden uitgevoerd 
met een strategie waarbij strikte cancelcriteria worden nageleefd om het risico op een 
meerlingzwangerschap te verkleinen bij paren met onverklaarde subfertiliteit.

In hoofdstuk 1 geven wij een algemene introductie en beschrijven wij de doelstellingen 
van dit proefschrift.

In hoofdstuk 2 beschrijven wij de resultaten van een netwerk meta-analyse waarin 
de effectiviteit en veiligheid van ovariële stimulatie met coitus (OS-C), intra uteriene 
inseminatie (IUI) met of zonder ovariële stimulatie en in vitro fertilisatie (IVF) of intra 
cytoplasmatische sperma injectie (ICSI) wordt vergeleken met elkaar en met een 
afwachtend beleid in paren met onverklaarde subfertiliteit. Wij vergeleken deze 
behandeling in een netwerk meta-analyse. We includeerden 28 gerandomiseerde 
studies (4 469 paren). Er was geen conclusief bewijs van een verschil tussen OS en 
een afwachtend beleid (OR 1.09, 95% BI 0.54 tot 2.23, gemixt bewijs, lage kwaliteit) 
of IUI en een afwachtend beleid (OR 1.45, 95% BI 0.71 tot 2.97, gemixt bewijs, lage 
kwaliteit). Vergeleken met een afwachtend beleid was de kans op een levend geborene/
doorgaande zwangerschap hoger bij OS-IUI (OR 1.82, 95% BI 0.98 tot 3.39, gemixt 
bewijs, lage kwaliteit), terwijl IVF/ICSI resulteerden in een hogere kans op een levend 
geborene/doorgaande zwangerschap (OR 2.87, 95% BI 1.31 tot 6.29, gemixt bewijs, 
lage kwaliteit). Dit suggereert dat de als de kans op een levend geborene/doorgaande 
zwangerschap na een afwachtend beleid 15.9% is, de kans na OS, IUI, OS-IUI, IVF/ICSI 
respectievelijk 9.3%-29.6%, 11.8%-35.9%, 15.6%-39.0%, en 19.8%-54.3% zou zijn. De 
“surface under the cumulative ranking curve” (SUCRA) waarden voor een afwachtend 
beleid, OS, OS-IUI, IVF/ICSI waren respectievelijk 14.9%, 24.4%, 45.5%, 67.3%, 97.9%. Dit 
suggereert dat IVF/ICSI is de meest effectieve interventie als het gaat om doorgaande 
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zwangerschap of levend geborene, gevolgd door OS-IUI, IUI, OS en een afwachtend 
beleid.

In een subgroep analyse onderzochten wij paren met een duur van subfertiliteit van 
minder dan 2 jaar. In deze groep vonden wij geen bewijs van een voordeel van OS-IUI 
(OR 0.82, 95% BI 0.45 - 1.49, gemixt bewijs, lage kwaliteit) of IVF/ICSI (OR 1.05, 95% CI 
0.46 - 2.43, indirect bewijs, lage kwaliteit) ten op zichten van een afwachtend beleid. 
In paren met een duur subfertiliteit van 2 jaar of meer, zowel OS-IUI (OR 2.84, 95% 
BI 1.25 - 6.43, gemixt bewijs, lage kwaliteit) als IVF/ICSI (OR 4.60, 95% BI 1.74 - 12.18, 
gemixt bewijs, lage kwaliteit) resulteerde in meer levend geborenen of doorgaande 
zwangerschappen.

Vergeleken met IUI, was de kans op een meerlingzwangerschap hoger bij OS-IUI en IVF/
ICSI (OR 6.24, 95% BI 1.31 tot 29.69, gemixt bewijs; OR 5.89, 95% BI 1.18 tot 29.38, gemixt 
bewijs). Dit suggereert dat als de kans op een meerlingzwangerschap bij IUI 0.7% is, de 
kans na OS-IUI en IVF/ICSI respectievelijk 0.9%-17.7% en 0.8%-17.5% zou zijn. De SUCRA 
waarden voor een afwachtend beleid, OS, IUI, OS-IUI en IVF/ICSI waren respectievelijk 
70.7%, 43.2%, 94.0%, 17.6% en 24.5%. Dit suggereert dat IUI en een afwachtend beleid 
het veiligste zijn met betrekking tot de kans op een meerlingzwangerschap, gevolgd 
door OS, IVF/ICSI en OS-IUI. Dit bewijs was van lage tot gemiddelde kwaliteit. Dit kwam 
met name door relatief weinig direct bewijs.

Geconcludeerd, bij paren met onverklaarde subfertiliteit leidt OS-IUI en IVF/ICSI tot 
meer levend geborenen of doorgaande zwangerschappen, maar ook tot een hoger 
aantal meerlingzwangerschappen.

In hoofdstuk 3 geven wij de resultaten van een gerandomiseerde studie naar de 
effectiviteit van follikel stimuleren hormoon (FSH) vergeleken met clomifeen citraat 
(CC) bij paren met onverklaarde subfertiliteit die een behandeling met intra uteriene 
inseminatie (IUI) ondergaan met een maximum van vier cycli binnen zes maanden. 
De kern van deze studie was het protocol waarbij strikte cancelcriteria werden 
gehandhaafd om het risico op een meerlingrisico te verlagen. De cyclus werd gecanceld 
indien er meer dan drie dominante follikels groeiden. The primaire uitkomstmaat was 
het aantal doorgaande zwangerschappen en een belangrijke secundaire uitkomstmaat 
was het aantal meerlingzwangerschappen. 738 paren werden gerandomiseerd tussen 
FSH (n=369) en CC (n=369). In de FSH behandelarm ontstonden 113 doorgaande 
zwangerschappen (31%) en in de CC behandelarm ontstonden 97 doorgaande 
zwangerschappen (26%) (RR 1.16, 95% BI 0.93 - 1.47). In de FSH behandelarm 
ontstonden 5 meerlingzwangerschappen (1%) en in de CC behandelarm ontstonden 
8 meerlingzwangerschappen (2%) (RR 0.63, 95% BI 0.21 - 1.89). Dit heeft geleid tot 
de conclusie dat een protocol waarbij strikte cancelcriteria worden gehandhaafd een 
succesvolle oplossing is om IUI met ovariële stimulatie uit te voeren, zonder vrouwen 
bloot te stellen aan een hoog meerlingrisico.

10
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In hoofdstuk 4 beschrijven wij de resultaten van een netwerk meta-analyse waarin de 
effectiviteit en veiligheid van IUI met clomifeen citraat, Letrozole of gonadotrofinen met 
elkaar wordt vergeleken en met IUI in een natuurlijke cyclus in paren met onverklaarde 
subfertiliteit. Wij includeerden 26 gerandomiseerde studies (5 316 vrouwen). Hoewel 
IUI met gonadotrofinen het hoogste uit de ranking kwam wat betreft doorgaande 
zwangerschap/levend geborene, vrouwen die deze behandeling ondergingen liepen 
ook een risico op een meerlingzwangerschap met een hoog complicatierisico. Een IUI 
protocol waarbij strikte cancelcriteria worden gehanteerd leidt tot een acceptabel 
meerlingrisico, zonder dat de effectiviteit hieronder leidt. Indien een protocol met 
strikte cancelcriteria wordt gevolgd, leidt het gebruik van gonadotrofinen tot meer 
doorgaande zwangerschappen/levend geborene in vergelijking met clomifeen citraat. 
Wij adviseren daarom om bij paren met onverklaarde subfertiliteit IUI uit te voeren 
met strikte cancelcriteria en te stimuleren met gonadotrofinen. Hierbij houden wij 
geen rekening met kosten van de verschillende medicijnen voor ovariële stimulatie.

In hoofdstuk 5 hebben wij beoogd om individuele selectie markers vast te stellen om 
paren te identificeren die baat hebben bij specifiek gonadotrofinen of clomifeen citraat 
bij IUI vanwege onverklaarde subfertiliteit. We hebben hiervoor een secundaire analyse 
van de SUPER studie uit hoofdstuk 3 uitgevoerd. As potentiele selectie markers hebben 
wij gekeken naar vrouwelijke leeftijd, BMI, duur van subfertiliteit, of er sprake was van 
primaire of secundaire subfertiliteit en semen kwaliteit. Voor elke factor hebben wij een 
logistisch regressiemodel opgesteld. Geen van de voorgestelde selectie markers bleek 
geassocieerd te zijn met hogere doorgaande zwangerschap cijfers bij gonadotrofinen 
in vergelijking met clomifeen citraat. Op basis van deze data kunnen wij dus geen 
specifieke subgroepen van vrouwen identificeren die baat hebben bij gonadotrofinen 
boven clomifeen citraat.

In hoofdstuk 6 evalueerden wij de impact van gonadotrofinen en clomifeen citraat 
op de endometrium dikte en de associatie tussen endometrium dikte en de kans op 
doorgaande zwangerschap. We hebben hiervoor een secundaire analyse van de SUPER 
studie uit hoofdstuk 3 uitgevoerd. We hebben het verschil in endometriumdikte tussen 
vrouwen die waren toegewezen voor IUI met gonadotrofinen en vrouwen die waren 
toegewezen voor IUI met clomifeen citraat berekend met een lineair gemixt model. 
De associatie tussen endometrium dikte en de kans op doorgaande zwangerschap 
hebben we uitgerekend met een logisch regressie model, waarbij we gecorrigeerd 
hebben wij bekende voorspellers voor zwangerschap. 666 paren ondergingen 1968 
IUI cycli. De gemiddelde endometriumdikte was 8.9 mm (SD 2.1) bij vrouwen die 
toegewezen waren aan IUI met gonadotrofinen en 7.5 mm (SD 2.1) in vrouwen die 
waren toegewezen aan IUI met clomifeen citraat (gemiddeld verschil van 1.4mm, 95% 
BI 1.1 – 1.7). De gemiddelde endometriumdikte was 8.4 mm (SD 2.2) bij vrouwen met 
een doorgaande zwangerschap en 8.2 mm (SD 2.2) bij vrouwen die niet zwanger zijn 
geworden (gemiddeld verschil 0.29mm, 95% BI -0.10 – 0.68). We vonden geen duidelijke 
associatie tussen endometriumdikte en doorgaande zwangerschap (odds ratio 1.07 
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mm per 1 mm, 95% BI 0.99 – 1.15). Bij vrouwen die IUI ondergaan in het kader van 
onverklaarde subfertiliteit is een dun endometrium geen reden om te wisselen van 
medicijn voor ovariële stimulatie.

In hoofdstuk 7 beschrijven wij de resultaten van een kosteneffectiviteit analyse van de 
SUPER studie uit hoofdstuk 3. Deze studie is uitgevoerd vanuit een gezondheidszorg 
perspectief. We hebben directe medische kosten vergeleken van gonadotrofinen 
en clomifeen citraat bij paren met onverklaarde subfertiliteit die IUI ondergaan met 
strikte cancelcriteria. Directe medische kosten bestonden uit kosten voor medicatie, 
cyclus monitoring, inseminatie en indien van toepassing zwangerschapscontroles. We 
berekenden gemiddelde kosten per paar en de incrementele kosten effectiviteit ratio 
(ICER) tussen gonadotrofinen en clomifeen citraat. De gemiddelde kosten per paar 
waren €1 534 voor gonadotrofinen en €1 067 voor clomifeen citraat (gemiddeld verschil 
€468 (95% BI, €464 - €472)). De incrementele kosten effectiviteit ratio was €21 804 (95% 
BI, €11 628 - €31 980) per extra doorgaande zwangerschap bij IUI met gonadotrofinen. 
In een systeem waarbij voortplantingszorg uit private middelen betaald dient te worden 
is het belangrijk deze data aan de patiënten de communiceren. In een systeem waarbij 
voortplantingszorg wordt betaald uit publieke middelen, het is de vraag of €21 804 
moet worden uitgegeven aan een extra doorgaande zwangerschap. Dit is een vraag 
die aan de kaak moeten worden gesteld bij zorginkopers.
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2015  BROK: legislation and organization for clinical researchers, 1.0 ECTS

2016  Practical Biostatistics, 1.1 ECTS

2016  Research data management, 0.7 ECTS

2016  Clinical Epidemiology: Randomized Clinical Trials, 0.6 ECTS

2017  Scientific writing in English for publication, 1.5 ECTS

2018  Computing in R, 0.4 ECTS

Seminars

2015 – 2019 Weekly department seminars, department of Obstetrics and   
  Gynaecology, AUMC, location AMC

2015  Symposium on prediction models, Centre for Reproductive  
  Medicine, Amsterdam, The Netherlands

2016  Consortium training day, UMCG, Groningen

2016  8 years TRUST symposium, Centre for Reproductive Medicine, 
  Amsterdam, The Netherlands

2019  Symposium update legislation and organization for clinical   
  researchers (re-registration BROK)

Oral presentations

2017  Ovarian stimulation in intrauterine insemination

  European Society of Human Reproduction and Embryology (ESHRE)  
  annual meeting, July 2-5 2017, Geneva, Switzerland

2017  Ovariële stimulatie bij intrauteriene inseminatie

  Invited speaker, 52th Gynaecongres, Nederlandse vereniging voor  
  Obstetrie en Gynaecologie (NVOG), Amersfoort, The Netherlands

2018  A cost-effectiveness analysis of follicle stimulating hormone   
  compared with clomiphene citrate in intra uterine insemination

  34th European Society of Human Reproduction and Embryology  
  (ESHRE) annual meeting, July 1-4 2018, Barcelona, Spain 2018
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2018  What is in unexplained subfertility the impact of gonadotrophins  
  or clomiphene citrate on endometrial thickness, a secondary   
  analysis  of a trial on intrauterine insemination 34th European   
  Society of Human Reproduction and Embryology (ESHRE) annual 
  meeting, July 1-4 2018, Barcelona, Spain 2018

2018  Interventions for unexplained infertility: a systematic review and  
  network meta-analysis

  Dutch society of Fertility Doctors meeting

2019  Ovariële stimulatie bij intrauteriene inseminatie

  Fertility Club North Holland

Poster presentations

2013  The validity of the variable “NICU admission” as an outcome   
  measure for neonatal morbidity: a retrospective cohort study

  33rd Society for Maternal-Fetal Medicine (SMFM) annual meeting,  
  February 11-16 2013, San Francisco, California

2016  Recombinant luteinizing hormone (rLH) and recombinant follicle 
  stimulating hormone (rFSH) for ovarian stimulation in IVF ICSI cycles

  European Society of Human Reproduction and Embryology (ESHRE)  
  annual meeting, July 3-6 2016, Helsinki, Finland

Conferences

2013  33rd Society for Maternal-Fetal Medicine (SMFM) annual meeting  
  February 11-16 2013, San Francisco, California

2015  48th Gynaecongres, Nederlandse vereniging voor Obstetrie en  
  Gynaecologie (NVOG), Arnhem, The Netherlands

2016  50th Gynaecongres, Nederlandse vereniging voor Obstetrie en  
  Gynaecologie (NVOG), Amersfoort, The Netherlands

2017  52th Gynaecongres, Nederlandse vereniging voor Obstetrie en  
  Gynaecologie (NVOG), Amersfoort, The Netherlands

2018  34th European Society of Human Reproduction and Embryology  
  (ESHRE) annual meeting, July 1-4 2018, Barcelona, Spain
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personen in het bijzonder.
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proefschrift.
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Ik heb veel van je geleerd, onder andere dat ik nooit met minder dan het hoogst 
haalbare genoegen moet nemen. Dankzij je eerlijkheid heb ik geleerd om kritisch te zijn. 

Beste Sjoerd, bedankt voor onze inspirerende gesprekken en brainstormsessies. 
Je stimuleerde mij om alles net van een andere kant te bekijken. Ik heb fijn met je 
samengewerkt.

Beste Monique, bedankt voor de kans om bij het CVV te komen werken. Met jou heb 
ik de eerste stappen als arts en als onderzoeker gezet. Volgens mij zijn wij in een korte 
tijd een goed team geworden. Moet ik nu echt afscheid nemen? De deur stond altijd 
open. Zonder jou was het mij niet gelukt om nu hier te staan.

Beste Madelon, gelukkig wilde ook jij copromotor worden! Wanneer ik mij door data 
en statistiek worstelde hielp jij mij uit de brand. Met al je ervaring was je ook een fijn 
luisterend oor over alles met promoveren te maken heeft. 

Geachte leden van de promotiecommissie: prof. dr. M. Goddijn, prof. dr. V. Mijatovic, 
prof. dr. C.B. Lambalk, prof. dr. M.J.C. Eijkemans, prof. dr. J.S.E. Laven, graag wil ik u 
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Graag wil ik ook alle medeauteurs bedanken voor hun waardevolle bijdrage aan dit 
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Dank aan alle (research-)medewerkers van het Consortium 2.0 voor de ondersteuning 
en fijne samenwerking bij het volbrengen van de SUPER studie. 

Dan ‘mijn double R’, Rik en Rui! Bijna al mijn projecten heb ik samen met jullie gedaan. 
Rik, onze proefschriften liggen qua onderwerp dicht bij elkaar, terwijl wij allebei een 
totaal andere achtergrond hebben. Dank je dat je altijd voor mij klaar stond en mij 
verder hebt geholpen. En natuurlijk bedankt voor de gezelligheid op H4! Rui, you are 
located in Australia and I was located in Amsterdam, which made it possible to work 
clock round. When we worked on a manuscript I send it to you when my day ended 
and the next day I found your new draft in my mailbox. Thank you for helping me and 
for our cozy skype chats.
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Beste Ben Willem, bedankt dat je mij als student de kans hebt gegeven om te beginnen 
als onderzoeker. Het was een hele welkome en leerzame start voor het werk in dit 
proefschrift.

Lieve collega’s van het CVV, lieve gynaecologen, fertiliteitsartsen, verpleegkundigen, 
doktersassistente en iedereen van de back-office, mijn allereerste baan begon bij jullie 
en wat heb ik een goede tijd gehad. Bedankt dat ik bij de CVV-familie mocht horen. Jullie 
waren meer dan collega’s. Lieve roze muisjes, lieve Miriam, Judith, Odine en Merel, ik 
heb vriendinnen voor het leven gemaakt.

Lieve (arts-)onderzoekers van H4. Ik wil jullie allemaal bedanken voor de goede tijd. 

Beste Michelle, bedankt dat ik de SUPER studie van je kon overnemen. Je hebt de studie 
strak opgezet, waardoor de inclusies binnen stroomden.

Aan alle collega’s van OLVG Oost, bedankt voor de leerzame en bovenal gezellige tijd. 
Jullie hebben mij de eerste kneepjes van het gynaecologen vak geleerd.

Aan alle collega’s van cluster LUMC, bedankt dat ik de kans heb gekregen om hier mijn 
opleiding te starten. Ik voel mij heel welkom.

Aan alle collega’s van het Groene Hart Ziekenhuis, ik ben in een warm bad terecht 
gekomen. Bedankt voor de fijne start van de opleiding.

Lieve Jasper Kroese, bedankt voor alle tijd en het geduld die je in het design van dit 
proefschrift hebt gestoken.

Lieve vriendinnen, en dan in het bijzonder in willekeurige volgorde: Yara, Henriette, 
Willemijn, Leontine, Sophie H, Nicky, Natalja, Catherine, Isabelle, Emma, Ilse, Amanda, 
Valery, Veronique, Djoeke, Priyanka, Sophie D, Philippine, Biba, Hanke, wat ben ik blij 
en trots met jullie in mijn buurt. Ik hoop dat we de rest van onze levens met elkaar 
kunnen delen!

Lieve paranimfen (maar liefst drie!), gelukkig staan jullie naast mij vandaag.  Jullie zijn 
voor mij onmisbaar geweest om dit proefschrift te schrijven. Lieve Mir, buddy bij het 
CVV, met jouw steun bij de start bij het CVV, het onderzoek en de start in het OLVG ben 
jij stiekem een mentor voor mij geworden en je bent er altijd als ik het nodig heb. Je bent 
een hele lieve attente vriendin. Lieve Juud, wij gingen de afgelopen jaren ongeveer gelijk 
op, waardoor we veel aan elkaar gehad hebben. Jij hebt het woord “collega-vriendin” 
geïntroduceerd, maar dat is nu wel echt vriendin geworden. Lieve Eef, wij hebben bijna 
een jaar naast elkaar aan tafel gezeten en toen hebben we veel life-events gedeeld, 
trouwen, huis kopen en baby’s krijgen. Dat levert een bijzondere band op.

Lieve schoonfamilie, bedankt voor alle gezelligheid, etentjes, vakanties en dat jullie 
altijd klaar staan.
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Lieve papa, mama, Job en Sanne, bedankt voor de basis in mijn leven. Ik heb veel aan 
jullie te danken.  Papa en mama, jullie zijn er altijd als ik het nodig heb en even vastloop. 
Bedankt voor al het meedenken, de wijze lessen en alle liefde. Ik hou van jullie.

Lieve Jas en Filip, jullie zijn voor mij waar het om draait in het leven. Lieve Filip, voordat 
jij er was kon ik mij niet voorstellen hoe bijzonder het is om een kindje te krijgen. Ik kan 
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Lieve Jas, ik hou nog steeds elke dag meer van je. Wij hebben zoveel plezier samen. 
Samen kunnen wij de hele wereld aan. Jij bent de beste partner en de beste vader van 
Filip die ik mij kan wensen. Over een paar maanden begint ons nieuwe grote avontuur. 
Ik kan niet wachten!
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