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Polycystic ovarian syndrome (PCOS) affects multiple aspects of a woman’s overall health. 
PCOS results often in fertility problems and is associated with an increased risk for anxiety 
disorders, depression, insulin resistance, type 2 diabetes mellitus, coronary heart disease, 
atherogenic dyslipidemia, and cerebrovascular morbidity.1-6 If pregnant, these women 
have substantially increased risk for  developing gestational diabetes, pre-eclampsia, 
fetal macrosomia, small-for-gestational age infants, and perinatal mortality.7-9 Hospital 
admissions for women with PCOS are twice as high as for the general population.10 All 
these PCOS related problems cause a lot of uncertainty and emotional distress. This is why 
an increasing group of women are asking more awareness for the still not fully understand 
syndrome.    

Ovulation disorders
Reproduction is one of the key elements of life and failing to achieve the creation of 
offspring may lead to lifelong mental and physical health problems.11 Nevertheless, 
approximately one out of seven couples with a child-wish are confronted with fertility 
problems. Infertility is defined by the failure to conceive after at least 12 months of regular 
unprotected sexual intercourse.12,13

A quarter of infertile cases are due to ovulation disorders. Ovulation disorders, presenting 
as menstrual disturbance, causes a woman’s ovulation to be infrequent or absent which is 
defined as oligo- or anovulation. The classification of the World Health Organization (WHO) 
is used to distinguishes three classes of ovulation disorders based upon gonadotrophin 
and estrogen levels.13

This thesis focused on the WHO type II ovulation disorder, which affects around 85% 
of women with ovulation disorders making it the most common endocrine disorder of 
reproductive age women. WHO type II ovulation disorder results from absent or irregular 
ovulation due to hypothalamic-pituitary-ovarian dysfunction and is also known as 
normogonadotropic anovulation.13-15 The majority of women with WHO type II ovulation 
disorder have PCOS. PCOS is a heterogeneous syndrome comprising of at least two of 
the following clinical characteristics according to the Rotterdam diagnostic criteria: 
oligo-/anovulation, clinical and/or biochemical hyperandrogenism or polycystic ovaries 
morphology based on ultrasound assessment.16

Treatments 
Anovulation is one of the key features that women with PCOS are confronted with. First-
line treatments for ovulation induction in these women are clomiphene citrate (CC) or 
letrozole, with or without metformin.1 For a long period of time, CC has been used as the 
first-line ovulation induction agent.1,13,17-19 CC is an effective primary treatment option in 
therapy-naive women suffering from normogonadotropic anovulation and PCOS.20-22 In the 
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last decade several randomized controlled trials have found letrozole to be more effective 
than CC, on average leading to 10% more live births within 6 months.22,23 Consequently, 
guidelines nowadays recommend letrozole as first-line treatment1. However, as letrozole 
is off-label medication, CC is still being used world-wide.22,23 Six months of treatment with 
CC leads to conception in about 50% of these women.21,24 Women not conceiving after six 
ovulatory cycles are defined as having CC-failure.25 

The National Institute for Health and Care Excellence (NICE) guideline recommends not 
to extend treatment with CC for more than six cycles, but this recommendation is not 
underpinned by any evidence.13 Second-line treatments are ovulation induction with 
gonadotrophins and surgery procedures of which laparoscopic ovarian drilling is being 
performed most commonly. In vitro fertilization (IVF) therapy is considered a third-line 
therapy.26

Randomised controlled trials and meta-analyses 
Randomized controlled trials (RCTs) are scientific investigations of which the findings are 
considered to be top-level of evidence for clinical practice and have the least potential for 
bias when evaluating the effects of interventions. Systematic reviews and meta-analyses 
combine the results of multiple RCTs and have an even higher reliability when executed 
adequately. However, systematic reviews and meta-analyses are limited by design. Firstly, 
they do not allow combining evidence of multiple comparisons and secondly, they have 
limited power to evaluate effectiveness and safety of interventions within subgroups. 
Furthermore, such subgroup analyses may be at risk of ecological bias due to within-study 
interactions and are sometimes impossible to perform due to heterogeneous reporting of 
subgroup data in the primary trials.27

These deficiencies in meta-analyses can potentially be overcome by using individual 
participant data (IPD). IPD uses the raw data of the individual trials, such that interactions can 
be studied and inferences of subgroups can be made. As it allows derivation of the information 
beyond the primary publication, standardization of inclusion criteria, outcomes and analyses 
across trials and investigations of subgroup effects and time-to-event outcomes, IPD meta-
analysis has been described as the gold standard in evidence synthesis.27,28 However, IPD 
meta-analyses are rare compared to the other meta-analyses. To compare first-line ovulation 
induction interventions in women with PCOS many head-to-head meta-analyses and a few 
network meta-analysis have been performed.21,22 When starting the research described in 
this thesis, no IPD meta-analysis on ovulation induction had been performed yet. As women 
with PCOS represent a heterogeneous population according to the diagnostic criteria, it is 
important to identify which individuals benefit mostly from a particular treatment in order 
to enable clinicians providing personalized care.29
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Availability of IPD 
A common issue that troubles IPD meta-analyses is the lack of availability of IPD from 
individual trials,30 and this may limit the validity and precision of the results of evidence 
synthesis. The concerns expressed and reasons given by teams of investigators that refuse 
or are unable to share IPD include the heterogeneity and complexity of the contributing 
RCTs, administrative difficulties, lack of agreement on the purpose of sharing, the need 
for confidentiality and secure storage of data, data quality issues, ethical or ownership 
restrictions, failure to retain trial data and other personal considerations.31,32 Also the 
willingness to share IPD may depend on the study’s type of funding, sample size, risk of 
bias and the magnitude of the estimated treatment effect.33 The attitude of researchers’ 
institutions towards data sharing is also important.

Little is known about the comparability between shared and non-shared IPD RCTs with 
regard to quality and integrity. RCTs with IPD sharing are usually performed better 
compared to non-shared RCTs on a quantitative ‘risk of bias’ assessment.34 As PCOS is very 
common and the prospect for patients are quite good this is a field worthwhile to look 
into quality and integrity world-wide.

Research misconduct 
While updating a Cochrane review in the field of PCOS we detected several cases of 
suspected fraud.35,36 Most of these studies included women with PCOS or unexplained 
infertility and were cited by many articles including meta-analyses, resulting in false 
data in meta-analyses and guidelines on PCOS.1 This made us start focusing on research 
misconduct, as research integrity is of utmost importance for science, not only in fertility 
research, but in all fields.  

Science relies on the integrity of findings reported. Remarkably, it was found that 
approximately 2% of scientists admitted to having fabricated, falsified, or modified data 
or results at least once, and on average over 14% of scientists observed these behaviors 
among their colleagues.37 Research misconduct may result in a waste of financial and 
human resources and, more importantly, it might pose an immediate risk to human 
health.37

Research misconduct is defined as fabrication, falsification, or plagiarism. Fabrication is 
making up data, results, or recordings, and reporting them. Falsification is manipulating 
research materials, equipment, or processes, or changing or omitting data or results 
such that the research is not represented accurately in the research record. Plagiarism is 
the appropriation of another person’s ideas, processes, results, or words without giving 
appropriate credit. Research misconduct does not include honest error or differences of 
opinion.38



14   |   Chapter 1

According to the Committee on Publication Ethics (COPE) code of conduct,editors have 
the obligation to take action in case of suspected misconduct.39,40 After receiving a post-
publication critique, the first step for editors is to follow their journals transparency policy 
for considering critiques. If such a policy is not available, journals should create this it. 
Often, the second step is that the editor or peer reviewer of the journal judges whether 
the claim needs more investigation, and when data support the claims made, original 
authors are invited to provide a response within a deadline.41

Only a third of top-ranking peer-reviewed journals have publicly available definitions 
of misconduct and less than half describe editorial procedures for handling suspected 
misconduct.42 Investigating research misconduct is usually not straightforward, and 
therefore dealing with possible misconduct is not an easy task. Failure to adequately 
investigate possible misconduct may perpetuate unreliable research findings in the 
literature. Moreover, when researchers who commit fraud go unchecked, they may 
continue to practice misconduct.40 There should be more awareness among publishers, 
editors and researchers that not all researchers work honestly, and science should not just 
rely only on trust anymore. Peer review should focus more on integrity issues and there 
is a need for an overview of methods to investigate research integrity issues in articles. 

BACKGROUND AND SCOPE OF THE THESIS

In this thesis, the following of these knowledge gaps will be addressed.

Firstly, in daily practice, women with normogonadotropic anovulation and CC failure usually 
switch to ovulation induction with gonadotrophins, and intrauterine insemination (IUI) is 
often added.18 Knowledge is lacking on the effectiveness of this switch to gonadotrophins 
and IUI compared with continued treatment with CC. This has never been studied in an RCT. 
Furthermore, as health care resources are limited, treatment costs are relevant. CC is relatively 
inexpensive due to the low price of the tablets and limited monitoring requirements. 
Ovulation induction with gonadotrophins is more expensive due to the medication price 
and the need for strict ultrasound monitoring.43-46 We need knowledge on the relative costs 
and effectiveness of these interventions with and without IUI.  

Secondly, several studies have pointed towards a negative antiestrogenic effect of CC 
on the endometrial development/receptivity, cervical mucus, and uterine blood flow.47,48 
Furthermore, a larger endometrial thickness (EMT) has been associated with increased 
live birth rates in previous studies. It is unknown whether EMT can be used as a biomarker 
to distinguish between women who would benefit from switching to gonadotropins and 
those who could continue using CC. 
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Thirdly, for women with normogonadotropic anovulation, more knowledge on subsequent 
treatment decisions and success rates in such a well-mapped population, is relevant for 
patients, fertility doctors and policy-makers. It would provide additional information 
for patients on their chances over time to fulfil their child-wish, for physicians to inform 
their patients better, and for policy-makers to create a realistic profile for budget-impact 
analysis. For women with both normogonadotropic anovulation and CC failure, there is a 
knowledge gap concerning the long-term cumulative chance for delivering at least one 
live birth. 

Fourthly, women with PCOS represent a heterogeneous population according to the 
diagnostic criteria. Knowledge lacking on which individuals benefit mostly from a 
particular treatment impede clinicians to provide personalized care.28 This knowledge gap 
should preferably be investigated by using individual participant data (IPD). The availability 
of IPD and the willingness to share data may be an indicator of quality, methodological 
soundness and integrity of trials when being considered for inclusion in systematic 
reviews. There has not been a head-to-head comparison between shared and non-shared 
RCTs contributing data to the same set of IPD meta-analyses in terms of methodological 
issues, which potentially endangers the robustness of synthesized evidence. 

Fifthly, methods that investigate research misconduct accumulate and evolve. The 
literature needs to be reviewed for articles that mention, describe, validate, or apply 
methods for screening or assessing research misconduct in health-related research. A 
complete overview of these methods and their applicability is presently lacking.
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OUTLINE OF THIS THESIS 

Chapter 2 shows the results of a multicenter RCT comparing gonadotrophins with CC 
both with and without IUI in 666 women with normogonadotropic anovulation not being 
pregnant after six ovulatory cycles of CC (CC failure). The primary outcome was conception 
leading to birth of a live child within eight months after randomization. 

Chapter 3 reports the cost-effectiveness analysis of the RCT presented in chapter 2. 
For each of the treatment strategies, we calculated the mean direct medical costs, 
effectiveness, and incremental cost-effectiveness ratios.

Chapter 4 is a post hoc analysis of the RCT in chapter 2. This study evaluates whether 
endometrial thickness, during the sixth ovulatory cycle of ovulation induction with 
CC, can be used as biomarker to select between women with normogonadotropic 
anovulation and CC failure who are better off switching to gonadotropins and those who 
could continue CC. 

Chapter 5 presents the long-term outcomes of switching to gonadotrophins versus 
continuing treatment with CC. The study population comprised all women who 
participated in the RCT (chapter 2). The main outcome is cumulative chance for delivering 
at least one live birth in women with normogonadotropic anovulation and CC failure. 

Chapter 6 provides the results of an IPD meta-analysis aiming to evaluate the effectiveness 
of different ovulation induction agents, as compared to CC, as the first-line choice for 
ovulation induction in women with PCOS and infertility. The main outcome is live birth 
and the study also explores interactions between treatment and participant-level baseline 
characteristics. We included RCTs comparing the following interventions with each other 
or placebo/no treatment in women with PCOS and infertility: CC, metformin, CC plus 
metformin, letrozole, gonadotrophin and tamoxifen. 

Chapter 7 elucidates if RCTs without IPD sharing have lower quality and more 
methodological issues than those with IPD sharing. We included all RCTs evaluating first-
line ovulation induction for PCOS included in the IPD meta-analyses in chapter 6. The 
studies are assessed and compared in the shared and non-shared groups on the following 
criteria: Risk of Bias (RoB 2.0), GRADE approach, adequacy of trial registration; description 
of statistical methods and reproducibility of univariable statistical analysis; excessive 
similarity or difference in baseline characteristics that is not compatible with chance; and 
other miscellaneous methodological issues.
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Chapter 8 gives an overview of the methods available to investigate research misconduct 
in health-related research. We included papers that mentioned and/or described methods 
for screening or assessing research misconduct in health-related research. We categorized 
identified methods into four groups according to their scopes: overall concern, textual 
concern, image concern, and data concern. 
 
Chapter 9 summarizes this thesis, provides implications for clinical practice, and 
suggestions for future research.
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ABSTRACT 

Background
In many countries, clomifene citrate is the treatment of first choice in women with 
normogonadotropic anovulation (ie, absent or irregular ovulation). If these women 
ovulate but do not conceive after several cycles with clomifene citrate, medication 
is usually switched to gonadotrophins, with or without intrauterine insemination. 
We aimed to assess whether switching to gonadotrophins is more effective than 
continuing clomifene citrate, and whether intrauterine insemination is more effective 
than intercourse.

Methods
In this two-by-two factorial multicentre randomised clinical trial, we recruited women 
aged 18 years and older with normogonadotropic anovulation not pregnant after six 
ovulatory cycles of clomifene citrate (maximum of 150 mg daily for 5 days) from 48 
Dutch hospitals. Women were randomly assigned using a central password-protected 
internet-based randomisation programme to receive six cycles with gonadotrophins 
plus intrauterine insemination, six cycles with gonadotrophins plus intercourse, 
six cycles with clomifene citrate plus intrauterine insemination, or six cycles with 
clomifene citrate plus intercourse. Clomifene citrate dosages varied from 50 to 150 mg 
daily orally and gonadotrophin starting dose was 50 or 75 IU daily subcutaneously. 
The primary outcome was conception leading to livebirth within 8 months after 
randomisation defined as any baby born alive after a gestational age beyond 24 weeks. 
Primary analysis was by intention to treat. We made two comparisons, one in which 
gonadotrophins were compared with clomifene citrate and one in which intrauterine 
insemination was compared with intercourse. This completed study is registered with 
the Netherlands Trial Register, number NTR1449.

Findings
Between Dec 8, 2008, and Dec 16, 2015, we randomly assigned 666 women to 
gonadotrophins and intrauterine insemination (n=166), gonadotrophins and 
intercourse (n=165), clomifene citrate and intrauterine insemination (n=163), or 
clomifene citrate and intercourse (n=172). Women allocated to gonadotrophins had 
more livebirths than those allocated to clomifene citrate (167 [52%] of 327 women vs 
138 [41%] of 334 women, relative risk [RR] 1·24 [95% CI 1·05–1·46]; p=0·0124). Addition 
of intrauterine insemination did not increase livebirths compared with intercourse (161 
[49%] vs 144 [43%], RR 1·14 [95% CI 0·97–1·35]; p=0·1152). Multiple pregnancy rates 
for the two comparisons were low and not different. There were three adverse events: 
one child with congenital abnormalities and one stillbirth in two women treated with 
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clomifene citrate, and one immature delivery due to cervical insufficiency in a woman 
treated with gonadotrophins.

Interpretation
In women with normogonadotropic anovulation and clomifene citrate failure, a switch 
of treatment to gonadotrophins increased the chance of livebirth over treatment with 
clomifene citrate; there was no evidence that addition of intrauterine insemination 
does so.

Funding
The Netherlands Organization for Health Research and Development.
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RESEARCH IN CONTEXT

Evidence before this study
We searched PubMed on Sept 15, 2008, before the trial started to identify all previous 
studies investigating women with clomifene failure with the following search 
terms: ‘’ovulation induction’’, ‘’polycystic ovary syndrome’’, ‘’clomiphene citrate’’ (CC), 
‘’gonadotrophins’’, and ‘’intrauterine insemination’’.

We identified only non-randomised studies suggesting that continued treatment 
with clomifene citrate and a treatment switch to gonadotrophins were both effective 
options for these women. Whether intrauterine insemination increases pregnancy 
rates in women with clomifene citrate failure is unknown.

In view of this research gap, we aimed to assess whether, in women who have failed 
to conceive after six ovulatory cycles with clomifene citrate, ovulation induction with 
gonadotrophins leads to higher livebirth rates than continued ovulation induction 
with clomifene citrate and whether intrauterine insemination leads to more livebirths 
than intercourse.

Added value of this study
The M-OVIN (Modified Ovulation Induction) study compared in anovulatory women 
with clomifene citrate failure two types of medication as well as addition of intrauterine 
insemination with intercourse. We found that a switch to gonadotrophins significantly 
increased the livebirth rate compared with continued treatment with clomifene citrate 
and that the addition of intrauterine insemination to gonadotrophins or clomifene 
citrate did not increase livebirth rates.

Implications of all the available evidence
Our findings imply that, for normogonadotropic anovulatory women with clomifene 
citrate failure who wish to conceive, continued treatment with clomifene citrate or a 
treatment switch to gonadotrophins are both effective options in terms of livebirth 
rates, whereas we could not prove this for intrauterine insemination. The choice 
between clomifene citrate and gonadotrophins should be made based on women’s 
preferences, costs, and reimbursement. Considering recent randomised research 
suggesting that letrozole gives higher livebirth rates than clomifene citrate in the 
first six cycles, future research should establish whether continuing letrozole is also 
effective and safe if women have not conceived within the first 6 months of treatment.
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INTRODUCTION

Women with normogonadotropic anovulation have absent or irregular ovulation due to 
hypothalamic-pituitary-ovarian dysfunction associated with normal concentrations of 
endogenous oestradiol.1 In these women wishing to conceive, clomifene citrate has long 
been used as a first-line ovulation induction agent.2,3 Findings of systematic reviews and 
meta-analyses have shown that clomifene citrate is an effective primary treatment option 
in therapynaive women with normogonadotropic anovulation and polycystic ovary 
syndrome.4–6 Although ovulation is restored in about 75% of women starting ovulation 
induction with clomifene citrate, 6 months of treatment leads to conception in only about 
half of these women.5,7 Women not conceiving after six ovulatory cycles are defined as 
having clomifene citrate failure.8 The National Institute for Health and Care Excellence 
(NICE) guideline recommends not to extend treatment with clomifene citrate for more 
than six cycles, but this recommendation is not underpinned by any evidence.9 In daily 
practice, these women usually switch to ovulation induction with gonadotrophins and 
intrauterine insemination is often initiated instead of relying on regular intercourse.10 
However, the effectiveness of a switch to gonadotrophins and intrauterine insemination 
compared with continued treatment with clomifene citrate has never been studied in 
randomised clinical trials.

To address this research gap, we aimed to compare, in women who had six ovulatory cycles 
with clomifene citrate but did not conceive, the effectiveness of a switch to gonadotrophins 
compared with continued treatment with clomifene citrate and the effectiveness of 
adding intrauterine insemination to either clomifene citrate or gonadotrophins.

METHODS

Study design and participants
The Modified Ovulation Induction (M-OVIN) study was a multicentre randomised clinical 
trial done in 48 Dutch hospitals within the infrastructure of the Dutch Consortium for 
Healthcare Evaluation and Research in Obstetrics and Gynaecology. Eligible women 
were subfertile, aged 18 years and older with WHO type II anovulation (menstrual cycle 
>35 days, normogonadotropic, normo-oestrogenic, oligo-anovulation or anovulation), 
and had been ovulatory for six cycles on clomifene citrate treatment, with a maximum 
of 150 mg daily for 5 days, but had not conceived. Presence of ovulation was assessed 
by a basal body temperature curve, midluteal progesterone (>16 nmol/L), detection of a 
urinary luteinising hormone surge, or transvaginal sonography, depending on the local 
protocol. All women had undergone a basic fertility work-up including a semen analysis 
and endocrinology screening to rule out hyperprolactinaemia and uncorrected thyroid 
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dysfunction. Couples with male subfertility could not participate. Women with abnormal 
prolactin (0·05−0·80 IU/L) or thyroid-stimulating hormone (0·4−4·0 mU/L) were also not 
eligible. Tubal pathology had to be ruled out by either a negative Chlamydia antibody titre 
(CAT) or hysterosalpingography, transvaginal hydrolaparoscopy, or diagnostic laparoscopy 
showing at least one patent fallopian tube. Women with side-effects in previous clomifene 
citrate cycles were also not eligible. All women provided written informed consent. The 
study was granted approval by the Medical Ethical Committee of the Medical Spectrum 
Twente Enschede (Netherlands) and from the Central Committee on Research involving 
Human Subjects (CCMO, Netherlands). The board of directors of each of the participating 
centres approved local execution of the study. The protocol was published previously.11 
Two major adjustments to the protocol were made: in April, 2014, a change was made to 
the primary outcome from “ongoing pregnancy” to “livebirth”. The second regarded the 
sample size. Both adjustments were approved by the Medical Ethical Committee.

Randomisation and masking
Eligible women were informed about the study during or immediately after their sixth 
treatment cycle either by their doctor or by a dedicated research nurse. Women were 
randomly assigned using a central password protected internet based randomisation 
program. The randomisation list had been prepared by an independent statistician with a 
variable block size and a maximum block size of 8. There was no masking.

We used a two-by-two factorial design to compare two pairs of interventions: a switch 
to ovulation induction with gonadotrophins versus continuing clomifene citrate and 
intrauterine insemination versus intercourse. Women were randomly assigned to six cycles 
with gonadotrophins plus intrauterine insemination, six cycles with gonadotrophins plus 
intercourse, six cycles with clomifene citrate plus intrauterine insemination, or six cycles 
with clomifene citrate plus intercourse.

Procedures
In women allocated to ovulation induction with gonadotrophins, a transvaginal ultrasound 
was usually done on the third day of a menstrual bleed and medication was started on 
that same day, but women were allowed to start medication up to day 5. Treatment was 
not started if ultrasound showed ovarian cysts bigger than 25 mm in mean diameter. 
According to local protocol, urinary or recombinant gonadotrophins were used with a 
starting dose of 50 or 75 IU daily. Follicular growth was strictly monitored by transvaginal 
ultrasound and we aimed for mono-follicular growth. When at least one follicle with a 
diameter of at least 16 mm was present, ovulation was triggered with 5000 IU or 10 000 IU of 
human chorionic gonadotrophin. If four or more dominant follicles (≥18 mm) developed, 
the cycle was cancelled - ie, couples were advised not to have intercourse and the planned 
intrauterine insemination was not done. In women allocated to intrauterine insemination, 
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semen samples were processed within 1 h of ejaculation according to the local protocol 
and women were inseminated 36–40 h after human chorionic gonadotrophin injection. 
Intrauterine insemination was done once per cycle.

In women allocated to ovulation induction with clomifene citrate, treatment was started 
on the third to fifth day of a menstrual bleed, in the same dosage as used in the last 
ovulatory cycle, varying between 50 mg and 150 mg daily, for 5 days. Ovulation was 
monitored by a basal body temperature curve, midluteal progesterone (>16 nmol/L), a 
urinary lutenising hormone surge, or transvaginal ultrasound, depending on the local 
protocol. Women undergoing ovulation induction with clomifene citrate plus intrauterine 
insemination were monitored by ultrasound; women assigned to clomifene citrate 
with intercourse were usually monitored by basal body temperature curve, midluteal 
progesterone measurement, or urinary lutenising hormone surge. In case of ovulation 
not followed by pregnancy, women continued taking the same dose of clomifene citrate 
until pregnancy occurred, or until the end of the study (8 months after randomisation). If 
ovulation did not occur, the dosage was increased in increments of 50 mg to a maximum 
of 150 mg daily in the next cycles. Follow-up started at the day of randomisation and 
ended on the first day of the last menstruation before a positive pregnancy test within six 
treatment cycles or at 8 months after randomisation, whichever came first. If pregnant, 
women had an ultrasound at 7 and 11 weeks of gestation and were followed up until 
delivery of their baby. If they miscarried or had an ectopic pregnancy within 8 months 
after randomisation, couples were advised to continue their allocated treatment.

Data were collected by trained research nurses and doctors. They used a structured 
case record form to register the actual interventions, the reproductive outcomes, the 
occurrence of gestational diabetes, hypertensive disorders, stillbirths, preterm labour, and 
fetal birthweight as well as the course and outcome of subsequent pregnancies. If the 
women’s medical records did not give the necessary information, women were contacted 
by telephone to ask about their outcomes.

We expected some couples to drop out of the study as per usual clinical practice, 
particularly in this protocol in which women had already had six ovulatory treatment 
cycles before inclusion. Women who dropped out of the study were managed according 
to their preferences.
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Outcomes
The primary outcome measure was conception leading to livebirth within 8 months after 
randomisation, defined as any baby born alive with a gestational age beyond 24 weeks. 
Secondary outcome measures were ongoing pregnancy, multiple pregnancy, miscarriage 
(defined as loss of an intrauterine pregnancy confirmed by ultrasound or histological 
examination before the 20th week of pregnancy), ectopic pregnancy, time from 
randomisation to the birth of a live child, fetal birthweight, and pregnancy complications 
- ie, hypertensive disorders, gestational diabetes, and preterm labour.11 We did not 
monitor adverse drug events because these are already widely known for both types of 
medication. We do not report on all outcomes mentioned in the statistical analysis plan 
here. Outcomes such as clinical pregnancy rate, ovulation rate, and gestational age will be 
reported elsewhere.

Statistical analysis
When we first planned our study, we designed the trial as a two-by-two factorial superiority 
trial. After recruiting 136 women, we received governmental funding that allowed 
enlargement of our trial. To assess whether either switching to ovulation induction with 
gonadotrophins or addition of intrauterine insemination would increase the livebirth rate 
from 40% to 55%,12,13 we needed to include 600 women (alpha of 5% and a power of 88% 
at three degrees of freedom). We decided to include a total of 660 women because 10% 
of women became pregnant after randomisation but before starting the trial. With these 
660 women we would have sufficient power to find a difference in livebirth rate for the 
two comparisons that we have made. A detailed description of all steps in establishing the 
sample size is provided in the appendix. A statistical analysis plan was established before 
data lock.

The primary analysis was on an intention-to-treat basis. For the livebirth rates and 
other binary outcome measures, we calculated absolute risks, relative risks, and 95% 
confidence intervals. Chi-square test statistics were used to assess statistical significance. 
We reported categorical data as absolute numbers and percentages. We summarised 
normally distributed continuous variables as means with standard deviations, and non-
normally distributed continuous variables as medians with IQRs. We formally tested 
for interaction between the two comparisons. We constructed Kaplan-Meier curves for 
time to conception leading to livebirth for gonadotrophins versus clomifene citrate, for 
intrauterine insemination versus intercourse, and for all four treatment arms separately. 
They were compared with a logrank test. Two-sided p values of less than 0·05 were 
considered to indicate statistical significance. We assessed whether there was interaction 
between treatment effect and body-mass index (BMI) at cut-off of 25 kg/m² as this was 
the mean BMI of our population. We also did a per-protocol analysis in which we only 
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included women that were treated according to the predefined protocol. SPSS software 
(version 23.0; IBM Corp, USA) was used for statistical analysis.

This study is registered with the Netherlands Trial Register, number NTR1449.

Role of the funding source
The funder of the study had no role in study design, data collection, data analysis, data 
interpretation, or writing of the report. The corresponding author had full access to all the 
data in the study and had final responsibility for the decision to submit for publication.

RESULTS

Between Dec 8, 2008, and Dec 16, 2015, 762 women were registered as eligible. 96 women 
declined randomisation and 666 were randomly assigned. 166 women were allocated to 
ovulation induction with gonadotrophins combined with intrauterine insemination, 165 
to ovulation induction with gonadotrophins, 163 to ovulation induction with clomifene 
citrate combined with intrauterine insemination, and 172 to continued ovulation 
induction with clomifene citrate (figure 1). We excluded five women after randomisation 
because they did not fulfil the inclusion criteria. None of these women became pregnant. 
The baseline characteristics were similar across the four groups (table 1).

Women allocated to gonadotrophins with intrauterine insemination underwent 540 
cycles, women allocated to gonadotrophins only underwent 570 cycles, women allocated 
to clomifene citrate with intrauterine insemination underwent 612 cycles, and women 
allocated to clomifene citrate only underwent 681 cycles. Of these cycles, 65 (12%) were 
cancelled in the gonadotrophins with intrauterine insemination group and 61 (11%) in the 
gonadotrophins only group. Of these cancelled cycles, 35 (28%) were due to anovulation; 
the other cycles were cancelled because of multiple follicular growth (table 2).

Women allocated to gonadotrophins had significantly more livebirths than women 
allocated to clomifene citrate (167 [52%] of 327 women vs 138 [41%] of 334, relative risk 
[RR] 1·24 [95% CI 1·05–1·46]; p=0·0124; absolute difference 10·2% [95% CI 2·4–17·9]; table 
3). The mean time to conception leading to a livebirth was 5 months (95% CI 4·7–5·4) 
following gonadotrophins and 5·5 months (5·1–5·8) following clomifene citrate (log-rank 
test; p=0·028; figure 2). Seven women (2%) allocated to gonadotrophins conceived a twin 
pregnancy versus eight women (2%) allocated to clomifene citrate (RR 0·89 [95% CI 0·33– 
2·4]; p=0·8262; absolute difference 0%).
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Table 1. Baseline characteristics of the participating couples.
Gonado-
trophins + IUI 
n = 164

Gonado-
trophins + 
intercourse 
n =  163

CC + IUI n 
= 163

CC + inter-
course n = 
171

Age of women (years) 29·5 ± 3·7 29·9 ± 3·7 30·0 ± 3·6 29·9 ± 4·0

Ethnicity
White
Non-white

131 (85%)
24   (15%)

134 (88%)
18   (12%)

133 (86%)
21  (14%)

141 (89%)
18   (11%)

BMI (kg/m2)*
BMI >25.0 kg/m2

25·4 ± 5·1
76 (46%)

25·6 ± 5·6
81 (49%)

25·0 ± 4·9
64 (39%)

25·4 ± 5·0
81 (47%)

Current smoker 29 (18%) 20 (12%) 22 (13%) 22 (13%)

Diabetes 1 1 3 2

Previous livebirth 32 (20%) 35 (21%) 36 (22%) 34 (20%)

Duration of subfertility (months) 26·3 ± 14·9 24·5 ± 12·5 24·5 ± 15·5 25·9 ± 19·0

Cycle pattern prior to treatment #

Amenorrhea
Oligomenorrhea
Unknown

124 (76%)
21 (13%)
19 (11%)

125 (77%)
25 (15%)
13 (8%)

115 (71%)
27 (16%)
21 (13%)

120 (70%)
32 (19%)
19 (11%)

Median TMC *106 52 (20-106) 43 (16-113) 53 (15-132) 38 (16-99)

Polycystic ovaries on ultrasound ## 110 (67%) 103 (63%) 109 (67%) 117 (68%)

Mean serum biochemical values
FSH (IU/L)
LH (IU/L)
Estrogen (pmol/L)
Total testosterone (nmol/L)

5·7 ± 2·1
9·7 ± 7·4
255 ± 295
1·6 ± 1·7

5·7 ± 1·7
10·6 ± 7·8
239 ± 217
1·6 ± 2·0

6·2 ± 2·2
10·6 ± 7·6
201 ± 159
1·8 ± 2·2

6·0 ± 2·2
10·9 ± 10·8
271 ± 460
1·8 ± 1·8

Data are mean (SD), n (%) or median (IQR). BMI = body-mass index. TMC = total motile sperm 
count. FSH = follicle stimulating hormone. LH = luteinizing hormone. CC = clomiphene citrate. IUI = 
intrauterine insemination.
*BMI was missing for 24 women; data were imputed by using multiple imputation.
# Amenorrhea: absence of menstrual bleeding for >6 months. Oligomenorrhea: irregular menstrual 
bleedings with intervals of >35 days but ≤6 months
## Defined as the presence of 12 or more follicles in each ovary measuring 2–9 mm in diameter
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Figure 1. Trial profile 
FSH=follicle-stimulating hormone. CC=clomifene citrate. IUI=intrauterine insemination. IVF=in-
vitro fertilisation. ICSI=intracytoplasmic sperm injection.*2 women had
thyroid disease, 1 woman had bilateral tubal pathology, 1 male partner had azoospermia, 1 woman 
only had two cycles with clomifene citrate before randomisation.

Table 2. Cycle results
Gonado-

trophins + IUI 
n=164

Gonado-
trophins + 
intercourse 
n=163

CC + IUI 
n=163

CC + in-
tercourse 
n=171

Total nr of cycles 540 570 612 681

Mean nr of cycles per woman 3·3 ± 2·0 3·5 ± 2·1 3·8 ± 1·8 4·0 ± 1·9

Mean nr of IUIs per woman 3·2 ± 2·2 0·04 ± 0·3 3·5 ± 2·2 0·05 ± 0·4 

Total nr of cancelled cycles 65 (12%) 61 (11%) 4* 2*

Total units of gonadotrophins per woman 2594 ± 2439 2640 ± 2577 153 ± 823* 223 ± 823*

Total mg of CC per woman 4·5 ± 43·4 # 18·2 ± 128 # 1401 ± 1152 1255 ± 1139

Data are n (%) or mean (SD)
*After switching to gonadotrophins
# After switching to CC
CC = clomiphene citrate. IUI = intrauterine insemination
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Women allocated to intrauterine insemination had more livebirths than women allocated 
to intercourse, but this difference was not statistically different (161 [49%] of 327 women 
vs 144 [43%] of 334 women, RR 1·14 [95% CI 0·97–1·35]; p=0·1152; absolute difference 
6·1% [95% CI –1·71 to 13·8; table 3). The mean time to conception leading to a livebirth 
was 5·2 months (95% CI 4·8–5·5) with intrauterine insemination and 5·3 months (5·0–5·7) 
with intercourse (log-rank test; p=0·27; figure 2). There were 11 (3%) twin pregnancies 
after intrauterine insemination and four (1%) after intercourse (RR 2·8 [95% CI 0·90–8·7]; 
p=0·0743; absolute difference 2·0%). There were no high order pregnancies.

The number of miscarriages was higher after treatment with gonadotrophins (n=24 [7%]) 
than after clomifene citrate (n=11 [3%]; RR 2·2 [95% CI 1·11–4·5]; p=0·0243; absolute 
difference 4·0%). The number of ectopic pregnancies was similar between all groups. 
We found no differences in mean birthweights and pregnancy complications (table 3). 
We noted no interaction between the two comparisons (p=0·932). Also, there was no 
interaction of BMI and treatment effect for both comparisons.

We included 563 women in the per-protocol analysis. We noted more livebirths after 
gonadotrophins compared with clomifene citrate (123 [44%] of 279 women after 
gonadotrophins vs 90 [32%] of 284 women after clomifene citrate, RR 1·38 [95% CI 1·11– 
1·72]; p=0·0027; absolute difference 13%). Addition of intrauterine insemination did not 
increase livebirths compared with intercourse: 113 (41%) of 277 women had a livebirth 
after intrauterine insemination versus 100 (35%) of 286 women after intercourse (RR 1·17 
[95% CI 0·94–1·44]; p=0·1548; absolute difference 13%).

There were three adverse events: one woman treated with clomifene citrate conceived a 
child with congenital abnormalities resulting in second trimester pregnancy termination, 
one woman treated with gonadotrophins with intrauterine insemination delivered at a 
gestational age of 20 weeks due to cervical insufficiency, and one woman treated with 
clomifene citrate had a stillbirth at a gestational age of 19 weeks.
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Figure 2. Time to conception leading to livebirth for the comparison gonadotrophins versus 
clomifene citrate, and intrauterine insemination versus intercourse. 
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DISCUSSION

In this multicentre randomised trial, we found that, among normogonadotropic 
anovulatory women not pregnant after six ovulatory cycles with clomifene citrate, a switch 
to gonadotrophins with strict cycle monitoring increased the livebirth rate compared with 
continued treatment with clomifene citrate. The addition of intrauterine insemination did 
not increase livebirth rates. All four treatment groups resulted in acceptable pregnancy 
rates and low complication rates.

A strength of our study is the two-by-two factorial design. This design allowed us to dissect 
the effect of gonadotrophins and clomifene citrate and of intrauterine insemination 
versus intercourse. The per-protocol analysis limited to women that received the allocated 
treatment did not alter our results, suggesting that the treatment switches did not have 
a large effect on livebirth chances. A weakness could be that we allowed participating 
hospitals to use their local protocols for ovulation induction and intrauterine insemination. 
Alternatively, this pragmatic approach might increase the generalisability of the results. 
Plausible biological explanations for the finding of more livebirths with gonadotrophins 
than clomifene citrate may be the following. First, treatment with gonadotrophins requires 
strict cycle monitoring whereas treatment with clomifene citrate does not. Therefore, 
women given gonadotrophins have more specific knowledge on the timing of their 
ovulation, which might lead to a better timing of their intercourse. Second, clomifene 
citrate might have negative effects on the endometrium; however, studies assessing this 
effect in relation to pregnancy rates show conflicting results.14–16 Third, clomifene citrate 
might induce cervical factor subfertility by influencing the cervical mucus.17–19

We do not know whether the differential monitoring in the women that underwent 
ovulation induction with clomifene citrate affected the outcomes, but it is not something 
we expect. The addition of intrauterine insemination, in which monitoring was more 
strict, did not result in significantly higher pregnancy chances. We believe one of the 
merits of our study is that even with minimal monitoring good results can be obtained 
with continued ovulation induction with clomifene citrate.

We found a small, not statistically significant effect of intrauterine insemination on 
livebirth rates. Apparently, intrauterine insemination does not contribute to pregnancy 
chances in women with anovulatory subfertility. We reported 4% multiple pregnancies 
after gonadotrophins versus 6% after clomifene citrate, which can be explained by the 
very purpose of ovulation induction in women with anovulation, which is to induce 
mono-follicular growth with low doses of gonadotrophins.9,11 There has traditionally been 
reluctance to continue treatment with clomifene citrate because of safety issues.9 However, 
direct evidence that cancer risks are increased after six cycles of clomifene citrate is lacking. 
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In our study, women given gonadotrophins had more miscarriages than women given 
clomifene citrate. Our study was not powered to detect a difference in miscarriage rate, 
hence this finding needs to be confirmed in future studies. We recorded only one second 
trimester miscarriage in the whole study population, which is very low and in contrast to 
the miscarriage rate seen after in-vitro fertilisation in a fresh transfer cycle in women with 
polycystic ovary syndrome.20 This is probably due to the fact that ovulation induction aims 
to generate only one follicle in contrast to superovulation in in-vitro fertilisation, resulting 
in a thinner endometrium in ovulation induction. The cumulative livebirth rate after 
clomifene citrate in cycles 7–12 is similar to a previous observational study.21 Similarly, 
the cumulative livebirth rate after gonadotrophins is in line with a previous prospective 
cohort study.8 This underpins the reliability of our results.

Recent randomised trials and network meta-analyses reported that letrozole is associated 
with higher livebirth rates compared with clomifene citrate.6,22 We therefore suggest that 
future research should aim to establish whether letrozole is also effective and safe if women 
have not conceived within the first 6 months of treatment. Based on our current finding 
that continued treatment with clomifene citrate is effective, one might hypothesise even 
higher livebirth rates for continued treatment with letrozole.
Our results can be used by couples treated with first-line ovulatory drugs who weigh the 
pros and cons of switching to gonadotrophins and addition of intrauterine insemination. 
Clomiphene citrate is known to cause more side-effects than gonadotrophins, whereas 
gonadotrophins necessitate daily injections combined with ultrasound monitoring of 
follicular development and are more expensive.23 Findings of a recent patient preference 
study of women with anovulation wishing to conceive showed that just over half of these 
women chose treatment with the least medical interference and lowest burden whereas 
less than 50% preferred a treatment with the highest success rates irrespective of the 
burden.24 To evaluate cost differences we have planned a cost-effectiveness analysis that 
will be reported elsewhere.

Our study shows that subfertile women with anovulation who are given clomifene 
citrate or gonadotrophins with or without intrauterine insemination reach acceptable 
pregnancy rates and low complication rates even until their 12th treatment cycle. This 
means that, in contrast to the recommendation of the NICE guideline for unexplained 
subfertility, switching to in-vitro fertilisation after six failed ovulation induction cycles is 
not necessary. The choice between these alternatives should therefore be made based on 
couples’ preferences, costs, and reimbursement.
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ABSTRACT

Study question
Are six cycles of ovulation induction with gonadotrophins more cost-effective than 
six cycles of ovulation induction with clomiphene citrate (CC) with or without IUI in 
normogonadotropic anovulatory women not pregnant after six ovulatory cycles with 
CC?

Summary answer
Both gonadotrophins and IUI are more expensive when compared with CC and 
intercourse, and gonadotrophins are more effective than CC.

What is known already
In women with normogonadotropic anovulation who ovulate but do not conceive 
after six cycles with CC, medication is usually switched to gonadotrophins, with or 
without IUI. The cost-effectiveness of these changes in policy is unknown.

Study design, size, duration
We performed an economic evaluation of ovulation induction with gonadotrophins 
compared with CC with or without IUI in a two-by-two factorial multicentre randomized 
controlled trial in normogonadotropic anovulatory women not pregnant after six 
ovulatory cycles with CC. Between December 2008 and December 2015 women were 
allocated to six cycles with gonadotrophins plus IUI, six cycles with gonadotrophins 
plus intercourse, six cycles with CC plus IUI or six cycles with CC plus intercourse. The 
primary outcome was conception leading to a live birth achieved within 8 months of 
randomization.

Participants/materials, setting, methods
We performed a cost-effectiveness analysis on direct medical costs. We calculated 
the direct medical costs of ovulation induction with gonadotrophins versus CC and 
of IUI versus intercourse in six subsequent cycles. We included costs of medication, 
cycle monitoring, interventions, and pregnancy leading to live birth. Resource use 
was collected from the case report forms and unit costs were derived from various 
sources. We calculated incremental cost-effectiveness ratios (ICER) for gonadotrophins 
compared to CC and for IUI compared to intercourse. We used non-parametric bootstrap 
resampling to investigate the effect of uncertainty in our estimates. The analysis was 
performed according to the intention-to-treat principle.
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Main results and the role of chance
We allocated 666 women in total to gonadotrophins and IUI (n = 166), gonadotrophins 
and intercourse (n = 165), CC and IUI (n = 163), or CC and intercourse (n = 172). Mean 
direct medical costs per woman receiving gonadotrophins or CC were €4495 versus 
€3006 (cost difference of €1475 (95% CI: €1457–€1493)). Live birth rates were 52% in 
women allocated to gonadotrophins and 41% in those allocated to CC (relative risk 
(RR) 1.24:95% CI: 1.05–1.46). The ICER was €15 258 (95% CI: €8721 to €63 654) per 
additional live birth with gonadotrophins. Mean direct medical costs per woman 
allocated to IUI or intercourse were €4497 versus €3005 (cost difference of €1510 (95% 
CI: €1492–€1529)). Live birth rates were 49% in women allocated to IUI and 43% in 
those allocated to intercourse (RR = 1.14:95% CI: 0.97–1.35). The ICER was €24 361 (95% 
CI: €−11 290 to €85 172) per additional live birth with IUI.

Limitations, reasons for caution
We allowed participating hospitals to use their local protocols for ovulation induction 
and IUI, which may have led to variation in costs, but which increases generalizability. 
Indirect costs generated by transportation or productivity loss were not included. We 
did not evaluate letrozole, which is potentially more effective than CC.

Wider implications of the findings
Gonadotrophins are more effective, but more expensive than CC, therefore, the use 
of gonadotrophins in women with normogonadotropic anovulation who have not 
conceived after six ovulatory CC cycles depends on society’s willingness to pay for an 
additional child. In view of the uncertainty around the cost-effectiveness estimate of 
IUI, these data are not sufficient to make recommendations on the use of IUI in these 
women. In countries where ovulation induction regimens are reimbursed, policy 
makers and health care professionals may use our results in their guidelines.

Study funding/competing interest(s)
This trial was funded by the Netherlands Organization for Health Research and 
Development (ZonMw number: 80-82310-97-12067). The Eudract number for this 
trial is 2008-006171-73. The Sponsor’s Protocol Code Number is P08-40. CBLA reports 
unrestricted grant support from Merck and Ferring. BWM is supported by a NHMRC 
Practitioner Fellowship (GNT1082548) and reports consultancy for Merck, ObsEva and 
Guerbet.

Trial registration number NTR1449.
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INTRODUCTION

In women with normogonadotropic anovulation who wish to conceive, clomiphene 
citrate (CC) has long been used as first line treatment for ovulation induction.1-4 Women 
not conceiving after six ovulatory cycles are defined as having CC failure.5 In daily practice, 
these women often switch to ovulation induction with gonadotrophins and intrauterine 
insemination (IUI) is often initiated instead of relying on regular intercourse.2

The evidence for such a policy change has long been lacking. We recently reported 
the results of the Modified Ovulation Induction (M-ovin) study, a two-by-two factorial 
multicentre randomised controlled trial (RCT) comparing ovulation induction with 
gonadotrophins to CC with or without IUI in normogonadotropic anovulatory women 
with CC failure.6 In that study, we randomly assigned women to either six cycles with 
gonadotrophins plus IUI, six cycles with gonadotrophins plus intercourse, six cycles 
with CC plus IUI or six cycles with CC plus intercourse. The primary outcome was a live 
birth achieved within 8 months of randomisation. We made two comparisons, one in 
which gonadotrophins were compared with CC and one in which IUI was compared 
with intercourse. This trial showed that a switch of treatment to gonadotrophins led to 
an absolute increase in live birth of 10% over treatment with CC. IUI did not lead to an 
increase in live births compared with intercourse. In view of limited health care resources, 
costs are also important in deciding which treatment should be advised to patients. In 
contrast to CC, which is relatively cheap due to the low price of the tablets and limited 
monitoring requirements, ovulation induction with gonadotrophins is expensive due to 
the price of medication and the need for strict ultrasound monitoring.7-10 Knowledge on 
the relative cost and effectiveness of these interventions with or without IUI is lacking. 
The aim of this study was to provide an economic evaluation of ovulation induction with 
gonadotrophins compared to CC with or without IUI in women with CC failure. 

MATERIALS AND METHODS

Study design
This economic evaluation was performed alongside the M-ovin study, a two-by-two 
factorial RCT in 48 Dutch hospitals that compared ovulation induction with gonadotrophins 
with CC with or without IUI in normogonadotropic anovulatory women with CC failure. 
Details about the study design, sample size calculation, study procedures and outcomes 
have been described previously.11,6 Ethical approval was obtained by the Medical Ethical 
Committee of the Medical Spectrum Twente Enschede (Netherlands) and from the Central 
Committee on Research involving Human Subjects (CCMO, Netherlands). The board of 
directors of each of the participating centres approved local execution of the study.
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In short, sub-fertile women of at least 18 years of age with normogonadotropic anovulation 
who had been ovulatory for six cycles on CC, but who had not conceived, were eligible 
for the trial. Couples with male subfertility and double sided tubal pathology could 
not participate. Women were randomly assigned using a central password protected 
internetbased randomisation programme. The randomisation list had been prepared by 
an independent statistician with a variable block size and a maximum block size of 8. There 
was no masking. Consenting women were randomly allocated to any of four treatments 
on a 1:1:1:1 basis, i.e. six cycles of gonadotrophins plus IUI, six cycles of gonadotrophins 
plus intercourse, six cycles of CC plus IUI or six cycles of CC plus intercourse. We used a 
two-bytwo factorial design to compare two pairs of interventions: a switch to ovulation 
induction with gonadotrophins versus continuing CC and IUI versus intercourse.

Ovulation induction, cycle monitoring, semen preparation and insemination were 
performed according to local hospital protocols. The starting dose of gonadotrophins 
was 50 or 75 IU daily and participating clinics used either urinary or recombinant 
gonadotrophins depending on their local protocol. Follicular growth was monitored by 
transvaginal ultrasound. We used 5000 IU of human chorionic gonadotrophin (hCG) to 
trigger ovulation. The dosage of CC was a minimum of 50 mg to a maximum of 150 mg 
daily, for five days. If ovulation did not occur, the dosage was increased with steps of 50 
mg with a maximum of 150 mg daily in the next cycles. Women undergoing ovulation 
induction with CC plus IUI underwent monitoring by ultrasound, women undergoing 
CC plus intercourse were usually monitored by basal body temperature curve, mid luteal 
progesterone measurement or urinary luteal hormone surge depending on the local 
protocol. In the case of IUI, a single insemination per cycle was performed. 

The primary outcome measure was conception leading to a live birth within eight months 
after randomisation. A live birth was defined as any baby that was born alive after a 
gestational age beyond 24 weeks. Secondary outcomes included multiple pregnancy 
rate, ongoing pregnancy rate, miscarriage, and ectopic pregnancy.

Economic evaluation
The economic evaluation was performed as a cost-effectiveness analysis from a health 
care perspective, thus focusing on direct medical costs during treatment. 

Resource use
Data on resource use were collected from the individual case report forms of the RCT. For 
each woman, we registered the medication, cycle monitoring (number of ultrasounds), 
and interventions (cycles with IUI, cycles with IVF) they received within six subsequent 
cycles or until a live birth occurred within a time horizon of 8 months. If women changed 
their treatment to IVF/ICSI, resource use was estimated on the basis of previously published 
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data on resource costs for IVF/ICSI.12 Within the M-ovin study, 21 women switched to 
treatment with IVF or ICSI during their study period i.e. before finishing their allocated 
treatment (8 women who were allocated to FSH+IUI, 4 women who were allocated to FSH, 
7 women who were allocated to CC+IUI, 3 women who were allocated to CC). Because 
of the intention to treat principle that we have used, the pregnancies resulting from 
treatment with IVF/ICSI were included in the main analysis of our RCT.

Unit costs
Direct unit costs included the costs of medication, cycle monitoring, interventions, and 
the costs of pregnancy leading to live birth. The costs for medication and the unit costs 
of cycle monitoring and interventions were obtained from the costs as retrieved by an 
expert panel on cost-effectiveness from the Dutch Consortium for Research in Women’s 
Health. The expert panel, consisting of gynecologists, economists and a methodologist, 
collected the actual total medical costs per cost unit from resources that are being used 
in fertility studies within our Consortium from two university hospitals and one general 
hospital. For our final calculation we used the average costs of the three Dutch hospitals.

We derived costs for pregnancy 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 was described.13 The costs of a miscarriage with or without curettage, ectopic 
pregnancy and stillbirth were obtained from the pricelist of one general hospital. All 
costs were expressed in 2017 euros (€) and corrected for inflation or deflation whenever 
necessary using the consumer pricing index.14

Statistical analysis
For each of the four treatments we calculated the mean costs and effectiveness on the 
basis of the intention-to-treat principle. For effectiveness we calculated absolute risks, 
relative risks and corresponding 95% boundaries. Costs were calculated by multiplying 
the quantity of resource use and unit costs. For each treatment we calculated the mean 
cost per woman. For costs we calculated mean cost differences and 95% boundaries as 
estimated on the basis of bootstrapping by taking 1000 random samples. Costs were 
combined with effectiveness by calculating Incremental Cost-Effectiveness Ratios (ICER) 
for gonadotrophins compared with CC and for IUI compared with intercourse. The 
ICER was defined as the ratio between the differences in costs and the differences in 
effects between two interventions. We used a non-parametric bootstrap resampling to 
investigate the effect of uncertainty in our estimates. The uncertainty was visualized by 
plotting a cost-effectiveness plane. CC and intercourse were the reference strategies (in 
the origin of the cost-effectiveness plane).
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We drew a cost-effectiveness acceptability curve, expressing the probability that a 
strategy will be cost-effective at a specific willingness-to-pay for an additional child, given 
the uncertainty. The range was from 0 to 135 000 euros. 

In view of the factorial design, we investigated the interaction between IUI and ovulation 
induction with costs. We first evaluated if factors have a multiplicative effect and used a 
general linear model in transformed cost data.

Per protocol and sensitivity analyses
We did a per-protocol analysis in which we included women who were actually treated 
according to the predefined protocol.11 We performed four one way sensitivity analyses 
to explore the impact of key factors in the cost-effectiveness analyses. In the first analysis 
we excluded IVF cycles (Model 1), in the second we used ongoing pregnancy as main 
measure of effectiveness (Model 2), in the third we calculated with unit costs used in the 
United Kingdom which were collected from a NHS hospital (Model 3), in the fourth we 
assumed that all CC-cycles were monitored by ultrasound (Model 4) and in the fifth that 
none of the CC-cycles were monitored by ultrasound (Model 5). All statistical analyses 
were performed using SPSS (version 23.0; IBM Corp., USA) and Microsoft Excel (version 
2016) for the bootstrapping. 

RESULTS

Study population and eff ectiveness outcomes
Between December 2008 and December 2015, we randomised 666 women: 166 women 
were allocated to ovulation induction with gonadotrophins combined with IUI, 165 to 
ovulation induction with gonadotrophins, 163 to ovulation induction with CC combined 
with IUI, and 172 to continued ovulation induction with CC. Five women were excluded 
since they had been erroneously randomised. The baseline characteristics of the 
participating women can be found in appendix 1. 

Effectiveness outcomes are summarized in Table 1. Live birth rates were 52% after 
gonadotrophins versus 41% after CC, RR 1.24 (95% CI 1.05-1.46); absolute difference 10.2% 
(95% CI 2.4–17.9). Live birth rates were 49% after IUI versus 43% after intercourse, RR 1.14 
(95% CI 0.97-1.35); absolute difference 6.1% (95% CI –1.71 to 13.8). There was no interaction 
between CC or gonadotrophins and presence of IUI on live birth (p=0.0124). Multiple 
pregnancy rates were low and did not differ significantly for both comparisons. The mean 
time to pregnancy was 0.5 months shorter after ovulation induction with gonadotrophins 
compared to ovulation induction with CC (log rank p=0.028) whereas the mean time to 
pregnancy was the same when comparing IUI with intercourse (log rank p=0.27).
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Table 1. Primary and secondary outcomes 

Gonado-
trophins  
+ IUI  
n = 164

Gonado-
trophins  
 
n = 163

CC  
+ IUI
n = 163

CC  
n = 171

Gonado-
trophins vs CC 
Rate difference
RR (95% CI)

IUI vs inter-
course Rate 
difference
RR (95% CI)

Live birth 89 (54.3) 78 (47.9) 72 (44.2) 66 (38.6) 1.24 (1.05-1.46) 1.14 (0.97-
1.35)

Ongoing pregnancy 90 (54.9) 80 (49.1) 72 (44.2) 66 (38.6) 1.26 (1.07-1.48) 1.14 (0.97-
1.34) 

Multiple pregnancy 4 (2.4) 3 (1.8) 7 (4.3) 1 (0.6) 0.89 (0.33-2.40) 2.8 (0.90-8.70)

Miscarriages* 15 (9.1) 9 (5.5) 8 (4.9) 3 (1.8) - -

Ectopic pregnancy* 1 (0.6) 1 (0.6) 3 (1.8) 1 (0.6) - -

Stillbirth* 1 (0.6) 2 (1.2) 0 (0.0) 0 (0.0) - -

Data are n (%) unless otherwise stated.  
All multiple pregnancies were twin pregnancies and live births.  
* Secondary outcomes. 

Economic evaluation
Resource use and unit costs 
The mean resource use per woman is summarized in Table 2. The number of ultrasounds 
were higher in the women who received gonadotrophins, which resulted in more hospital 
visits. Women who received CC were also monitored with basal body temperature curve, 
mid luteal progesterone measurement or urinary LH surge, which resulted in less monitory 
ultrasounds and therefore less hospital visits compared to gonadotrophins. Women 
allocated to gonadotrophins with or without IUI and CC plus IUI received a HCG-trigger. 
No HCG-trigger was given to the women allocated to CC plus intercourse. Unit costs are 
listed in Table 3.

Table 2. Resource use per woman*

Gonadotrophins  
Gonadotrophins
+ IUI

CC  + 
IUI

CC

Cycle monitoring/Intervention 

- Ultrasound (N) 15.87 (10.53) 16.67 (10.66) 12.69 (7.72) 8.31 (5.98)
- IUI (N) 3.22 (2.26) 0.15 (0.71) 3.57 (2.30) 0.12 (0.55)

- IVF (N) 0.04 (0.20) 0.02 (0.16) 0.06 (0.36) 0.03 (0.25)

Medication

- CC(50mg) 0.18 (1.27) 0.48 (2.91) 28.37 (22.74) 26.16 (21.02)
- FSH (75 IU) 36.00 (32.76) 39.94 (37.29) 2.87 (12.35) 4.84 (14.15)

- HCG (5000 IU) 3.27 (2.32) 3.42 (2.27) 3.69 (2.32) 0.49 (1.26)

Data are mean (SD).
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Table 3. Unit costs 

Cost item Unit Unit costs (Euros) Reference

Cycle monitoring/Interventions

- Ultrasound 1 62.50 Dutch Consortium*
- IUI 1 320.54 Dutch Consortium*

- IVF 1 1365.84 Dutch Consortium*

Medication

- CC 50mg 0.53 Dutch Consortium*

- FSH 75 IU 24.75 Dutch Consortium*

- HCG 5000 IU 5.83 Dutch Consortium*

Pregnancy and delivery

- Singleton 1 3107.00 Lukassen et al 2004

- Twin 1 16 419.00 Lukassen et al 2004

- Miscarriage 1 1494.76 One general hospital

- Ectopic pregnancy 1 4295.65 One general hospital

- Stillbirth 1 3107.00 One general hospital

Unit costs are based on Dutch price levels in 2017. 
*Costs are derived from the expert panel Dutch Consortium for Research in Women’s Health.

Costs
The mean costs per woman eight months after randomisation were €4984 for 
gonadotrophins plus IUI, €4003 for gonadotrophins plus intercourse, €4006 for CC plus 
IUI for €2045 with CC plus intercourse (Fig 1A). 

For the comparison gonadotrophins versus CC we found mean costs per woman of €4495 
with gonadotrophins and €3007 with CC (cost difference was €1475 (95% CI €1457 to 
€1493)) (Fig 1B). For the comparison IUI versus intercourse we found mean costs per 
woman of €4497 with IUI and €3005 with intercourse (cost difference was €1510 (95% CI 
€1492 to €1529)) (Fig 1C).

Cost-effectiveness 
The ICER for ovulation induction with gonadotrophins compared with ovulation induction 
with CC was €15 258 (95% CI €8721 to €63 654) reflecting the additional costs necessary to 
achieve one additional live birth in women treated with gonadotrophins compared with 
CC. The majority of the bootstrap samples were located in the northeastern quadrant, 
reflecting higher costs with higher effectiveness for gonadotrophins versus CC (Fig. 2). 
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Figure 2. Cost-effectiveness plane gonadotrophins compared with CC 

Cost-effectiveness plane: gonadotrophins versus CC. Each point in the cost-effectiveness plane 
represents the uncertainty of the additional costs and effect of gonadotrophins compared with CC 
after nonparametric bootstrap resampling (1000 random samples). The light grey dot in the middle 
represents the cost-effectiveness rate.

The ICER for IUI compared with intercourse was €24 361 (95% CI €-11 290 to €85 172) 
reflecting the additional costs necessary to achieve one additional live birth in the IUI 
group, compared with intercourse. The majority of the bootstrap samples were located in 
the north eastern quadrant (95%), reflecting higher costs with comparable effectiveness 
for IUI versus intercourse (Fig. 3).

Figure 3. Cost-effectiveness plane IUI compared with intercourse

Cost-effectiveness plane: IUI versus intercourse. Each point in the cost-effectiveness plane 
represents the uncertainty of the additional costs and effect of IUI compared with intercourse after 
nonparametric bootstrap resampling (1000 random samples). The light grey dot in the middle 
represents the cost-effectiveness rate.
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For both comparisons we drew a cost-effectiveness acceptability curve (appendix 2). 
For a willingness-to-pay of €15 000 for an additional live birth, there is 51% chance that 
gonadotrophins is cost-effective compared with CC and this was 96% for a willingness 
to pay of €30 000. For a willingness-to-pay of €15 000 for an additional live birth, there is 
15% chance that IUI is cost-effective compared with intercourse and this was 61% for a 
willingness to pay of €30 000.

Costs increased as more and more complex interventions were ordered, i.e. from CC, 
gonadotrophins, CC plus IUI, to gonadotrophins plus IUI. This implies costs were additive. 
The general linear model analysis did not indicate presence of interaction between IUI 
and ovulation induction on costs (p=0.62). 

Per protocol and sensitivity analyses
Of the 666 women, 566 women were treated according to protocol and were included 
in the analysis. We noted more livebirths after gonadotrophins compared with CC, 125 
(46%) of 274 women after gonadotrophins versus 95 (33%) of 292 women after CC (RR 
1.39 (95% CI 1.10 – 1.57) absolute difference 13%). We found mean costs per woman of 
€4550 with gonadotrophins and €2596 with CC (cost difference was €2056 (95% CI €2040 
- €2072)). The ICER for ovulation induction with gonadotrophins compared with ovulation 
induction with CC was €15 582 (95% CI €10 013 – €37 323) which is higher compared to 
the intention-totreat ICER.
 
Addition of IUI did not significantly increase livebirths compared with intercourse: 
118 (42%) of 281 women had a livebirth after IUI versus 102 (36%) of 285 women after 
intercourse (RR 1.14 (95% CI 0.96–1.36) absolute difference 6%). We found mean costs per 
woman of €4282 with IUI and €2578 with intercourse. The cost difference was €1586 (95% 
CI €1568 - €1604). The ICER for IUI compared with intercourse was €25 628 (95% CI €-11 
870 – €72 340) which is higher compared to the intention-to-treat ICER.

For the comparison of gonadotrophins versus CC the results of the sensitivity analyses 
are shown in Table IV a. If we excluded IVF cycles (Model 1), the ICER was €15 426. When 
ongoing pregnancy was the main measure of effectiveness (Model 2) the ICER was €11 
157. Calculating with unit costs of the United Kingdom (Model 3) resulted in a ICER was 
£19 744. If all CC-cycles were 100% monitored by ultrasound (Model 4) the ICER would 
lower to €13 460 and if none of the CC-cycles were monitored by ultrasound (Model 5) the 
ICER would increase to €17 222.
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Table 4. One way sensitivity analyses in Euro  

Mean cost 
gonadotrophins

Mean cost CC Difference ICER

Model Description (SD) (SD) (95% CI#) (95% CI#)

0 Base case 4536 (2501) 2996 
(2735)

1475 
(1457 to 1493)

15 258 
(8721 to 63 654)

1 Excluded IVF 4504 (4504) 3020
(2791)

1507 
(1490 to 1525) 

15 426 
(8852 to 64 210)

2 Endpoint ongoing 
pregnancy 

2495 (1858) 1356 
(1283)

1190 
(1180 to 1201)

11 157 
(5567 to 43 736)

3 Costs UK* 5410 (3033) 3429 
(2824)

1918 
(1898 to 1938)

19 744 
(11 036 to 86 114)

4 All CC cycles 
monitored with 
ultrasound 

4609 (2699) 3195
(2586)

1311 
(1293 to 1329)

13 460 
(7592 to 55 704)

5 CC cycles not 
monitored with 
ultrasound

4496 (3109) 2662
(2830) 

1677
(1659 to 1695)

17 222 
(9923 to 72 383)

A. Gonadotrophins compared with CC. 
Model 0: Base case, live birth as effectiveness outcome, Model 1: Excluded all IVF cycles; effectiveness 
outcome live birth remained fixed, Model 2: The costs of pregnancy and birth were excluded (costs 
for miscarriage and ectopic are still included), effectiveness outcome was changed to ongoing 
pregnancy, Model 3: Effectiveness outcome live birth remained fixed, and costs from a UK (NHS) 
were used as input, Model 4: All CC cycles monitored with ultrasound; effectiveness outcome 
live birth remained fixed, Model 5: None of the CC cycles are monitored with ultrasound but with 
basal body temperature curve, mid luteal progesterone measurement or urinary LH surge. #Non-
parametric confidence interval based on 1000 bootstrap replications.
* Costs UK are in pounds. 

For the comparison of IUI versus intercourse the results of the sensitivity analyses are shown 
in Table IV b. If we excluded IVF cycles (Model 1), the ICER was €23 786. When ongoing 
pregnancy was the main measure of effectiveness (Model 2) the ICER was €17 531. 

Calculating with unit costs of the United Kingdom (Model 3) resulted in a ICER of £34 420.
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DISCUSSION

We performed an economic evaluation alongside a two-by-two factorial multicentre RCT 
comparing ovulation induction with gonadotrophins with CC, and IUI with intercourse 
in women with normogonadotropic anovulation and CC failure. Women allocated to 
gonadotrophins had significantly more live births than those allocated to CC, but at 
higher costs. These higher costs were generated by more ultrasound monitoring and 
higher costs of medication in the gonadotrophin group. The additional cost necessary to 
achieve one additional live birth was €15,258 (95% CI €8721 to €63,654). 

Women allocated to IUI did not have significantly more live births than those allocated to 
intercourse. The costs were significantly higher for women assigned to IUI compared with 
intercourse. The additional cost necessary to achieve one additional live birth was €24,361 
(95% CI €-11.290 to €85.172). The wide confidence interval, crossing unity, implicates a 
large degree of uncertainty around the cost-effectiveness. 

The present study has several strengths. First, we designed the study to assess live birth 
rates which is the most important outcome from the patient’s perspective. Second, this 
economic evaluation was based on a randomised study with prospective registration of 
resource use. We incorporated all interventions and associated costs that took place in 
eight months, closely reflecting daily practice. Third, by performing several sensitivity 
analyses, we showed that our outcomes were robust making the results applicable to 
other hospitals. Finally, in the per-protocol analysis and the four sensitivity analyses CC 
and intercourse remained less costly, indicating that our results are robust when varying 
several treatment details. 

A weakness of our study is that we allowed participating hospitals to use their local 
protocols for ovulation induction and IUI, which resulted in heterogeneous data on 
cycle monitoring and that we did not take into account indirect costs generated by 
transportation or productivity loss.

Our finding that continuing CC is less costly than switching to gonadotrophins matches 
the results of a cost-effectiveness study in women with PCOS using fictional treatment 
scenarios.9 In that study, continuing CC for another six cycles followed by six or twelve 
cycles with gonadotrophins, followed by IVF was more cost-effective than a direct switch 
to gonadotrophins followed by IVF. The cost-effectiveness of IUI was not included in that 
study. 

Several recent studies have shown that first line treatment with the aromatase inhibitor 
Letrozole is associated with higher live birth rates than with CC as was summarized in 
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a network meta-analysis.15 Letrozole tablets are only slightly more expensive than CC 
tablets.16 A cost-effectiveness analysis comparing Letrozole with gonadotrophins in 
women with CC failure could result in a smaller cost difference than with gonadotrophins, 
but this needs to demonstrated before conclusions are drawn.

Since our cost-effectiveness analysis used a health care perspective, we focused on direct 
medical costs during treatment. From a societal perspective, indirect costs generated 
by transportation or productivity loss can also contribute to the costs of the ovulation 
induction treatments. Treatment with gonadotrophins plus IUI leads to more visits to the 
clinic in view of cycle monitoring and interventions and would thus result in more indirect 
costs. As a consequence, including societal costs would enlarge the cost difference 
between gonadotrophins and CC, and IUI and intercourse. On the other hand, due to the 
higher live birth rates after gonadotrophins, fewer cycles would need to be performed. 
Thus, over the treatment period of eight months, this potential difference in costs may 
disappear.

The unit costs of the interventions vary between countries. Country-specific prices and 
assumptions need to be considered before generalizing these results to other countries. 
When using prices from a NHS teaching hospital in the United Kingdom, we found that 
the mean costs were higher for both gonadotrophins and IUI, leading to more costs per 
additional live birth for gonadotrophins compared with CC and for IUI compared with 
intercourse. In countries where the unit costs are higher, such as the United States, it is 
likely that gonadotrophins and IUI will be even more expensive.

Cost-effectiveness of interventions have to be known, but are -in themselves- not decisive 
in finalizing the optimal treatment policy. Decisive is the ‘willingness to pay’ i.e. the 
monetary value that society is willing to pay for higher live birth rates, but the problem 
is that there is no consensus on the level of costs per extra live birth that is acceptable. 
The NICE Fertility Guideline suggests a threshold of £30.000 per quality adjusted life year 
(QALY), but also highlights that QALYs cannot be derived from live births arising from 
assisted reproduction as QALYs are intended to capture improvements in health among 
patients and not in creating life. Patient preference studies in subfertile women reveal 
that couples are willing to pay €100-€500 extra to increase pregnancy rates by a few 
percent.17,18 

In conclusion, in women with normogonadotropic anovulation who have not conceived 
after six ovulatory CC cycles, gonadotrophins are more effective, but generate higher costs 
compared to CC. In countries where ovulation induction regimens are reimbursed, policy 
makers and health care professionals may use our results in their guidelines. Importantly, 
apart from the costs, couples must be counseled that CC is known to cause more side 
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effects than gonadotrophins, whereas gonadotrophins require daily injections combined 
with ultrasound monitoring of follicular development.10

In view of the uncertainty around the cost-effectiveness estimate of IUI, we cannot make 
recommendations on the use of IUI in these women and more data are needed. 
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SUPPLEMENTAL DATA

Appendix 1. Baseline characteristics of the participating couples

Gonadotrophins 
+ IUI  
n = 164

Gonadotrophins 
+ intercourse  
n =  163

CC + 
IUI n = 
163

CC + intercourse 
n = 171

Age of women (years) 29·5 ± 3·7 29·9 ± 3·7 30·0 ± 3·6 29·9 ± 4·0

Ethnicity
White
Non-white

131 (85%)
24   (15%)

134 (88%)
18   (12%)

133 (86%)
21  (14%)

141 (89%)
18   (11%)

BMI (kg/m2)*
BMI >25.0 kg/m2

25·4 ± 5·1

76 (46%)

25·6 ± 5·6
81 (49%)

25·0 ± 4·9
64 (39%)

25·4 ± 5·0
81 (47%)

Current smoker 29 (18%) 20 (12%) 22 (13%) 22 (13%)

Diabetes 1 1 3 2

Previous livebirth 32 (20%) 35 (21%) 36 (22%) 34 (20%)

Duration of subfertility (months) 26·3 ± 14·9 24·5 ± 12·5 24·5 ± 15·5 25·9 ± 19·0

Cycle pattern prior to treatment #

Amenorrhea
Oligomenorrhea
Unknown

124 (76%)
21 (13%)
19 (11%)

125 (77%)
25 (15%)
13 (8%)

115 (71%)
27 (16%)
21 (13%)

120 (70%)
32 (19%)
19 (11%)

Median TMC *106 52 (20-106) 43 (16-113) 53 (15-132) 38 (16-99)

Polycystic ovaries on ultrasound ## 110 (67%) 103 (63%) 109 (67%) 117 (68%)

Mean serum biochemical values
FSH (IU/L)
LH (IU/L)
Estrogen (pmol/L)
Total testosterone (nmol/L)

5·7 ± 2·1
9·7 ± 7·4
255 ± 295
1·6 ± 1·7

5·7 ± 1·7

10·6 ± 7·8

239 ± 217

1·6 ± 2·0

6·2 ± 2·2
10·6 ± 7·6
201 ± 159
1·8 ± 2·2

6·0 ± 2·2
10·9 ± 10·8
271 ± 460
1·8 ± 1·8

Data are mean (SD), n (%) or median (IQR). BMI = body-mass index. TMC = total motile sperm 
count. FSH = follicle stimulating hormone. LH = luteinizing hormone. CC = clomiphene citrate. IUI = 
intrauterine insemination.
*BMI was missing for 24 women; data were imputed by using multiple imputation.
# Amenorrhea: absence of menstrual bleeding for >6 months. Oligomenorrhea: irregular menstrual 
bleedings with intervals of >35 days but ≤6 months
## Defined as the presence of 12 or more follicles in each ovary measuring 2–9 mm in diameter
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Appendix 2. Supplementary Figure S1 Cost-effectiveness acceptability curve gonadotrophins 

compared with CC.
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Cost-effectiveness acceptability curve gonadotrophins compared with CC. 

Appendix 3. Supplementary Figure S2 Cost-effectiveness acceptability curve IUI compared with 

intercourse. 
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ABSTRACT

Study question
Is endometrial thickness (EMT) a biomarker to select between women who should 
switch to gonadotropins and those who could continue clomiphene citrate (CC) after 
six failed ovulatory cycles?

Summary answer
Using a cut-off of 7 mm for EMT, we can distinguish between women who are better 
off switching to gonadotropins and those who could continue CC after six earlier failed 
ovulatory CC cycles.

What is already known
For women with normogonadotropic anovulation, CC has been a long-standing first-
line treatment in conjunction with intercourse or intrauterine insemination (IUI). We 
recently showed that a switch to gonadotropins increases the chance of live birth by 
11% in these women over continued treatment with CC after six failed ovulatory cycles, 
at a cost of €15 258 per additional live birth. It is unclear whether EMT can be used to 
identify women who can continue on CC with similar live birth rates without the extra 
costs of gonadotropins.

Study design, size, duration
Between 8 December 2008 and 16 December 2015, 666 women with CC failure were 
randomly assigned to receive an additional six cycles with a change to gonadotropins 
(n = 331) or an additional six cycles continuing with CC (n = 335), both in conjunction 
with intercourse or IUI. The primary outcome was conception leading to live birth within 
8 months after randomisation. EMT was measured mid-cycle before randomisation 
during their sixth ovulatory CC cycle. The EMT was available in 380 women, of whom 
190 were allocated to gonadotropins and 190 were allocated to CC.

Participants/materials, setting, methods
EMT was determined in the sixth CC cycle prior to randomisation. We tested for 
interaction of EMT with the treatment effect using logistic regression. We performed 
a spline analysis to evaluate the association of EMT with chance to pregnancy leading 
to a live birth in the next cycles and to determine the best cut-off point. On the basis 
of the resulting cut-off point, we calculated the relative risk and 95% CI of live birth for 
gonadotropins versus CC at EMT values below and above this cut-off point. Finally, we 
calculated incremental cost-effectiveness ratios (ICER).
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Main results and the role of chance
Mid-cycle EMT in the sixth cycle interacted with treatment effect (P < 0.01). Spline 
analyses showed a cut-off point of 7 mm. There were 162 women (45%) who had an 
EMT ≤ 7 mm in the sixth ovulatory cycle and 218 women (55%) who had an EMT > 7 mm. 
Among the women with EMT ≤ 7 mm, gonadotropins resulted in a live birth in 44 of 79 
women (56%), while CC resulted in a live birth in 28 of 83 women (34%) (RR 1.57, 95% 
CI 1.13–2.19). Per additional live birth with gonadotropins, the ICER was €9709 (95% CI: 
€5117 to €25 302). Among the women with EMT > 7 mm, gonadotropins resulted in a 
live birth in 53 of 111 women (48%) while CC resulted in a live birth in 52 of 107 women 
(49%) (RR 0.98, 95% CI 0.75–1.29).

Limitations, reasons for caution
This was a post hoc analysis of a randomised controlled trial (RCT) and therefore mid-
cycle EMT measurements before randomisation during their sixth ovulatory CC cycle 
were not available for all included women.

Wider implications of the findings
In women with six failed ovulatory cycles on CC and an EMT ≤ 7 mm in the sixth cycle, 
we advise switching to gonadotropins, since it improves live birth rate over continuing 
treatment with CC at an extra cost of €9709 to achieve one additional live birth. If the 
EMT > 7 mm, we advise to continue treatment with CC, since live birth rates are similar 
to those with gonadotropins, without the extra costs.

Study funding/competing interest(s)
The original MOVIN trial received funding from the Dutch Organization for Health 
Research and Development (ZonMw number: 80-82310-97-12067). C.B.L.A. reports 
unrestricted grant support from Merck and Ferring. B.W.M. is supported by a NHMRC 
Practitioner Fellowship (GNT1082548) and reports consultancy for Merck, ObsEva, 
IGENOMIX and Guerbet. All other authors have nothing to declare.

Trial registration number
Netherlands Trial Register, number NTR1449
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INTRODUCTION 

Normogonadotropic anovulation WHO type II is one of the most common conditions in 
reproductive aged women with a prevalence of 8–13%.1-3 Clomiphene citrate (CC) has 
long been used as first-line treatment for ovulation induction in these women. Although 
ovulation is restored in about 75% of women starting ovulation induction with CC, six 
cycles of treatment leads to conception in only about half of these women. Women 
who ovulate on CC but have not conceived after six ovulatory cycles of intercourse or 
intrauterine insemination (IUI) are traditionally defined as having CC failure. For these 
women, gonadotropins are second-line pharmacological agents (moderate quality of 
evidence).2,4 We recently performed a randomised controlled trial in 666 women with 
normogonadotropic anovulation and CC failure, in which we compared a switch to 
gonadotropins with continuing treatment with CC for another six cycles.5 Switching to 
gonadotropins resulted in a cumulative live birth rate of 52% and continued ovulation 
induction with CC in a cumulative live birth rate of 41% (RR 1.24 [95% CI 1.05–1.46]; P 
= 0.0124). There were seven multiple pregnancies in the women treated with gonadotropins 
(2.1%) and eight in the women treated with CC (2.4%). The additional costs necessary to 
achieve one additional live birth in women treated with gonadotropins compared with 
CC was €15 258 (95% CI €8721 to €63 654).6 It is unclear whether endometrial thickness 
(EMT) can be used to identify women who can continue on CC with similar live birth rates 
without the extra costs of gonadotropins. EMT seems a logical candidate biomarker since 
many studies have found evidence for negative effects of CC on the endometrium.7,8 

The aim of this study was thus to evaluate whether EMT, during the sixth ovulatory cycle 
of ovulation induction with CC, can be used as biomarker to select between women 
with normogonadotropic anovulation and CC failure who are better off switching to 
gonadotropins and those who could continue CC.

MATERIALS AND METHODS 

Study design
We conducted a secondary analysis of the M-ovin study, a two-by-two factorial RCT, 
in 48 Dutch hospitals that compared live birth rates after ovulation induction with 
gonadotropins or CC with or without IUI in normogonadotropic anovulatory women with 
CC failure.

Ethical approval
Ethical approval was obtained by the Medical Ethical Committee of the Medical Spectrum 
Twente Enschede (Netherlands) and from the Central Committee on Research involving 
Human Subjects (CCMO, Netherlands). The board of directors of each of the participating 
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centres approved local execution of the study. The original study was registered in the 
Netherlands Trial Register, number NTR1449.

Procedures
Details about the study design, sample size calculation, study procedures and outcomes 
have been described previously.5,9 In summary, subfertile women of at least 18 years of 
age with normogonadotropic anovulation who had been ovulatory for six cycles on CC, 
but who had not conceived, were eligible for the trial. Couples with male subfertility 
and double-sided tubal pathology were not eligible. Consenting women were randomly 
allocated to six cycles of gonadotropins plus IUI, six cycles of gonadotropins plus 
intercourse, six cycles of CC plus IUI or six cycles of CC plus intercourse, on a 1:1:1:1 basis. 
We used a two-by-two factorial design to compare two pairs of interventions: a switch to 
ovulation induction with gonadotropins versus continuing CC and IUI versus intercourse.

Ovulation induction, cycle monitoring, semen preparation and insemination were 
performed according to local hospital protocols. The starting dose of gonadotropins 
was 50 or 75 IU daily, and participating clinics used either urinary or recombinant follicle 
stimulating hormone depending on their local protocol. Follicular growth was monitored 
by transvaginal ultrasound. We used 5000 IU of human chorionic gonadotrophin (hCG) 
to trigger ovulation. The dosage of CC ranged between 50 and 150 mg daily, for 5 days. 
If ovulation did not occur, the dosage was increased in steps of 50 mg with a maximum 
of 150 mg daily in the next cycles. Women undergoing ovulation induction with CC plus 
IUI were monitored by ultrasound, while women undergoing CC plus intercourse were 
monitored by basal body temperature curve, mid-luteal progesterone measurement or 
urinary luteal hormone surge depending on the local protocol.

The primary outcome measure was conception leading to live birth within eight months 
after randomisation. A live birth was defined as any baby born alive after a gestational age 
of 24 weeks. During the study, the data was collected by research nurses and after the last 
live birth, we closed the database. A secondary outcome was cost.

Mid-cycle EMT before randomisation
We collected data on mid-cycle EMT measured in the sixth cycle of ovulation induction 
with CC before randomisation. The ultrasound was planned to be pre-ovulatory according 
to local protocol. We started collecting this data after an amendment to the protocol. 
This amendment started after including 286 patients. The data was collected from the 
individual case report forms of the RCT. The EMT was measured by transvaginal ultrasound.
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Statistical analysis
All analyses were performed for the outcome live birth rate. First, we tested for interaction 
of EMT with the treatment effect using logistic regression. Second, we performed a spline 
analysis to evaluate the association of EMT with chance of pregnancy leading to a live 
birth and to determine the best cut-off point. On basis of the resulting cut-off point, we 
calculated the relative risk and 95% CI of a live birth for gonadotropins versus CC at EMT 
values below and above this value. Third, we constructed Kaplan–Meier curves for time 
to conception leading to live birth for gonadotropins versus CC in relation to the cut-off 
value. The curves were compared with a log-rank test. A P value of less than 0.05 was 
considered to indicate statistical significance. Fourth, we analysed by logistic regression 
the EMT values over time for cycles 7 until 12 relative to the mid-cycle EMT of Cycle 6 
determined in the women who received gonadotropins and the women who received CC. 
Fifth, we examined whether there was an association between live birth rates and different 
doses of CC. Sixth, we performed an economic analysis to determine the difference in 
costs between gonadotropins and CC below and above the cut-off value using previously 
determined cost data.6 Costs were combined with effectiveness by calculating Incremental 
Cost-Effectiveness Ratios (ICER). SPSS software (version 23.0; IBM Corp., USA) was used for 
statistical analysis. STATA (Version 14.2; Stata Corp) was used for the spline analysis.

RESULTS 

Mid-cycle EMT before randomisation
Between 8 December 2008 and 16 December 2015, 666 women had been allocated to 
receive an additional six cycles with a change to gonadotropins (N = 331) or additional 
6 cycles continuing with CC (N = 335). The mid-cycle EMT of the sixth CC cycle prior to 
randomisation was available in 380 women (57%), of whom 190 were allocated to 
gonadotropins and 190 were allocated to CC. The baseline characteristics of the women 
in whom EMT had been measured were similar and are summarised in Table 1. The values 
of EMT ranged from 2.0 to 20.4 mm.
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Table 1. Baseline characteristics of the women.
Gonadotrophins 
n = 190

CC 
n = 190

Age of women (years) 29.8 (3.8) 29.8 (3.8) 

Ethnicity   

White 157 (83%) 159 (82%) 

Non-white 23 (12%) 21 (11%) 

BMI (kg/m2) 25.2 (5.4) 25.3 (4.7) 

BMI > 25.0 kg/m2 80 (42%) 81 (43%) 

Current smoker 24 (13%) 20 (11%) 

Diabetes 1 (0.5%) 4 (2.1%) 

Previous live birth 42 (22%) 36 (19%) 

Duration of subfertility (months) 25.3 (14.2) 24.3 (16.4) 

Cycle pattern before treatment†   

Amenorrhoea 141 (74%) 145 (76%) 

Oligomenorrhoea 32 (17%) 30 (16%) 

Unknown 17 (8.9%) 15 (7.9%) 

TMC (×106) 98 (158) 89 (127) 

Polycystic ovaries on ultrasound‡ 130 (68%) 138 (73%) 

Mean serum biochemical values   

FSH (IU/L) 5.7 (1.9) 5.9 (2.1) 

LH (IU/L) 10.5 (7.4) 10.9 (9.1) 

Oestrogen (pmol/L) 259 (295) 229 (241) 

Total testosterone (nmol/L) 1.6 (2.2) 1.6 (1.4) 

Mid-cycle EMT 8.0 (2.3) 8.0 (2.5) 

EMT > 7 MM 111 (58%) 107 (56%) 

Data are mean (SD) or n (%). BMI = body mass index. TMC = total motile sperm count. FSH = follicle-
stimulating hormone. LH = luteinising hormone. †Amenorrhoea: absence of menstrual bleeding 
for >6 months. Oligomenorrhoea: irregular menstrual bleedings with intervals of >35 days but 
≤6 months. ‡Defined as the presence of 12 or more follicles in each ovary measuring 2–9 mm in 
diameter.

There was an interaction between treatment and EMT on live birth (P < 0.01). The spline 
function clearly visualises the interaction between EMT and treatment on the outcome 
live birth and points towards a cut-off point at an EMT of 7 mm (Fig. 1). Among 162 women 
(45%) with EMT ≤ 7 mm, gonadotropins resulted in a live birth in 44 of 79 women (56%) 
and CC resulted in a live birth in 28 of 83 (34%) (RR 1.57, 95% CI 1.13–2.19). Among 218 
women (55%) with EMT > 7 mm, gonadotropins resulted in a live birth in 53 of 111 women 
(48%) and CC resulted in a live birth in 52 of 107 women (49%) (RR 0.98, 95% CI 0.75–1.29).
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For an EMT of ≤7, the mean time to conception leading to a live birth was 4.7 months 
(95% CI 4.0–5.4) following gonadotropins and 6.0 months (95% CI 5.4–6.6) following CC 
(log-rank test; P = 0.008; Fig. 2). For an EMT of >7, the mean time to conception leading to a 
live birth was 5.4 months (95% CI 4.9–6.0) following gonadotropins and 5.0 months (95% 
CI 4.4–5.6) following CC (log-rank test; P = 0.56; Fig. 3). The insemination method used, 
intercourse or IUI did not have any impact on either EMT values or live birth rates.

Figure 1. Spline function: interaction between endometrial thickness and treatment (gonadotropins 
and clomiphene citrate) on live birth. 

Red line: gonadotropins and blue line: clomiphene citrate.
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Figure 2. Kaplan–Meijer curve for live birth rate in women with an endometrial thickness ≤ 7. 

Time to conception leading to live birth for the comparison gonadotropins versus clomiphene 
citrate, and endometrial thickness ≤ 7 mm.
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Figure 3. Kaplan–Meijer curve for live birth rate in women with an endometrial thickness > 7 mm. 

Time to conception leading to live birth for the comparison gonadotropins versus clomiphene 
citrate and an endometrial thickness EMT > 7 mm.

EMT during the course of treatment
Over time, the EMT increased slightly in the women who received gonadotropins. The 
EMT remained stable from Cycle 7 to Cycle 12 in the women who received CC (Fig. 4).

Figure 4. Endometrial thickness values of cycles 7 until 12 relative to the mid-cycle endometrial 
thickness of Cycle 6 over 6 cycles for gonadotropins and clomiphene citrate. Upper blot 
gonadotropins and lower blot clomiphene citrate. The dots represent the endometrial thickness 
mean diff erence. The lines represent the 95% confi dence interval.
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Dose of CC
There was no diff erence in live birth between women who received <100 mg CC (34/88) 
and women who received ≥100 mg CC (35/85) (RR 0.95, 95% CI 0.70–1.29). There was also 
no association between the dose of CC and the EMT values (Fig. 5).
Incremental cost-eff ectiveness
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Figure 5. Dose of clomiphene citrate associated with the mean mid-cycle endometrial thickness.

Mean direct medical costs per woman with EMT ≤ 7 mm receiving gonadotropins versus 
CC were €4873 versus €2778 (cost diff erence of €2251 (95% CI: €2231–€2272)). The 
ICER was €9709 (95% CI: €5117 to €25 302) per additional live birth with gonadotropins 
(Supplementary Fig. S1). 

Mean direct medical costs per woman with EMT > 7 mm receiving gonadotropins or CC 
were €4741 versus €3100 (cost diff erence of €1463 (95% CI: €1446–€1480)). The ICER 
estimates from the bootstrap analysis refl ected greater costs for gonadotropins for similar 
eff ectiveness (Supplementary Fig. S2). 

DISCUSSION 

In this study, we evaluated whether EMT can be used as a biomarker to select women 
with normogonadotropic anovulation who should switch to ovulation induction with 
gonadotropins and those who could continue on CC after six failed ovulatory cycles. A 
cut-off  value of 7 mm was able to do so. In women with an EMT ≤ 7 mm in the sixth cycle, 
switching to gonadotropins improved live birth rate over continuing treatment with CC, 
at an extra cost of €9709 to achieve one additional live birth. In women with an EMT > 7 
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mm in the sixth cycle, continuing with CC produced similar live birth rates without the 
extra costs of gonadotropins.

A strength of our study is that the EMT measurements were performed in the context of 
a RCT by many different doctors performing the ultrasound measurements, enhancing 
both the internal validity and generalisability of the results. We investigated whether 
we had adequate power to perform this secondary study by calculating the power on 
basis of logistic regression with a binary independent variable (treatment) and a binary 
interacting variable (EMT). We had 83% power with our sample size of 380 women and 1:1 
distributions of the variables.

A weakness of our study is that mid-cycle EMT measurements before randomisation during 
the sixth ovulatory CC cycle were not available for 286 of the women (43%) included in the 
original RCT. When the study started, we did not collect data on EMT in the case record 
forms, but the participating centres performed EMT measurements during treatment 
according to their local protocol as part of their routine monitoring. We added the EMT in 
the case record forms after the trial had included 286 women, and consequently, we only 
have EMT measurements of 380 women.

We believe this data has clinical implications, provided they are confirmed in future 
studies. Our original randomised trial showed that a switch of treatment to gonadotropins 
led to an absolute increase in live birth of 11% over treatment with CC in women with 
normogonadotropic anovulation and CC failure, while we here show that in women with 
an EMT ≤ 7 mm gonadotropins it leads to an absolute increase in live birth of 22% over 
continued treatment with CC. The additional cost necessary to achieve one additional 
live birth was calculated at €15 258 in the cost-effectiveness analysis of the original 
randomised trial.5,6 Consequently, the costs necessary to achieve one additional live birth 
in women with an EMT ≤ 7 mm are now lower at €9709. In women with an EMT > 7 mm, live 
birth rates were similar for those treated with gonadotropins and those who continued 
treatment with CC. Since gonadotropins are more expensive, CC should be the dominant 
strategy in women with an EMT > 7 mm.

The lower live birth rate with CC in women with an EMT smaller than 7 mm might be 
explained by the anti-estrogenic effects of CC on the endometrial development/receptivity, 
cervical mucus and uterine blood flow.8 All women in this study had already had 6 cycles 
of CC. We hypothesise that the women with an EMT ≤ 7 mm in the sixth ovulatory cycle are 
more sensitive to the negative anti-estrogenic effect of CC on the endometrial receptivity, 
cervical mucus and uterine blood flow, resulting in an endometrium of lesser thickness 
and lesser receptiveness. The women with an EMT > 7 mm might be less sensitive to the 
anti-estrogenic effect of CC and are therefore able to produce a thick and good quality 
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endometrium. The eff ect of CC appeared to be independent of CC dosage as higher 
doses had no eff ect on the measured EMT values, nor on the chance to a conception 
leading to a live birth. If women with an EMT ≤ 7 mm in the sixth ovulatory cycle switch to 
gonadotropins, there is no longer an anti-estrogenic of CC on the endometrium. From the 
spline analysis, no further inferences can be made on conception trends with decreasing 
or increasing EMT in the CC and FSH groups, due to the insecurity around the eff ect 
estimates at the more extreme EMT values. These previously described negative eff ects of 
CC may explain in part why fi rst line treatment with CC results in lower live birth rates than 
the aromatase inhibitor letrozole, as was summarised in an IPD meta-analysis.10

In women with normogonadotropic anovulation and six failed ovulatory cycles on CC and 
an EMT ≤ 7 mm in the sixth cycle, we advise switching to gonadotropins, since it improves 
live birth rate over continuing treatment with CC, at an extra cost of €9709 to achieve one 
additional live birth. If the EMT > 7 mm, we advise continuing treatment with CC, since 
live birth rates are similar to those with gonadotropins, but without the extra costs. This 
information can be used to update the guideline (https://www.monash.edu/medicine/
sphpm/mchri/pcos/guideline).
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SUPPLEMENTAL DATA

Appendix 1

Supplementary Figure S1 Cost-eff ectiveness plane of ovulation induction with gonadotropins 
compared to clomiphene citrate for an endometrial thickness ≤7 mm Cost-eff ectiveness plane

Appendix 2 

Human Reproduction, pp. 1–1, 2020
doi:10.1093/humrep/deaa052

SUPPLEMENTARY DATA

Supplementary Figure S2 Cost-e�ectiveness plane of ovulation induction with gonadotropins compared to clomiphene
citrate for an endometrial thickness> 7 mm Cost-e�ectiveness plane: gonadotropins versus clomiphene citrate with an endometrial
thickness> 7 mm. Each point in the cost-e�ectiveness plane represents the uncertainty of the additional costs and e�ect (measured as live birth)
of gonadotropins compared with clomiphene citrate after non-parametric bootstrap resampling (1000 random samples).

Supplementary Figure S2 Cost-eff ectiveness plane of ovulation induction with gonadotropins 
compared to clomiphene citrate for an endometrial thickness >7 mm Cost-eff ectiveness plane
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ABSTRACT

Study question
What are the long-term outcomes after the use of gonadotrophins versus 
clomiphene citrate (CC) with or without intrauterine insemination (IUI) in women with 
normogonadotropic anovulation and clomiphene failure?

Summary answer
About four in five women with normogonadotropic anovulation and CC failure had 
a live birth, with no evidence of a difference in pregnancy outcomes between the 
allocated groups.

What is already known
CC has long been used as first line treatment for ovulation induction in women with 
normogonadotropic anovulation. Between 2009 and 2015, a two-by-two factorial 
multicentre RCT in 666 women with normogonadotropic anovulation and 6 cycles CC 
failure was performed (M-ovin trial). This study compared a switch to gonadotrophins 
with continued treatment with CC for another six cycles, with or without IUI within 8 
months. Switching to gonadotrophins increased the chance of conception leading to 
live birth by 11% over continued treatment with CC after six failed ovulatory cycles, 
at a cost of €15 258 per additional live birth. The addition of IUI did not significantly 
increase live birth rates.

Study design, size, duration 
In order to investigate the long-term outcomes of switching to gonadotrophins versus 
continuing treatment with CC and IUI versus intercourse we conducted a follow-up 
study. The study population comprised all women who participated in the M-ovin trial. 

Participants/materials, setting, methods
The participating women were asked to complete a web-based questionnaire. The 
primary outcome of this study was cumulative live birth. Secondary outcomes included 
clinical pregnancies, multiple pregnancies, miscarriage, stillbirth, ectopic pregnancy, 
fertility treatments, neonatal outcomes and pregnancy complications. 

Main results and the role of chance
We approached 564 women (85%), of whom 374 (66%) responded (184 allocated to 
gonadotrophins; 190 to CC). After a median follow-up time of 8 years, 154 women in 
the gonadotrophin group had a live birth (83.7%) versus 150 women in the CC group 
(78.9%) (RR 1.06, 95% CI 0.96 – 1.17). A second live birth occurred in 85 of 184 women 
(46.2%) in the gonadotrophin group and in 85 of 190 women (44.7%) in the CC group 
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(RR 1.03, 95% CI 0.83 – 1.29). Women allocated to gonadotrophins had a third live birth 
in 6 of 184 women (3.3%) and women allocated to CC had a third live birth in 14 of 
190 women (7.4%). There were respectively 12 and 11 twins in the gonadotrophin 
and CC groups. The use of fertility treatments in the follow-up period was comparable 
between both groups. The addition of IUI resulted in a first live birth in 156 of 192 
women (81.3%) and intercourse resulted in a live birth in 144 of 182 women (79.1%) 
(RR: 1.03 95% CI 0.93 - 1.13). 

Limitations, reasons for caution: 
We have complete follow-up results for 57% of the women. 185 women did not 
respond to the questionnaire, while 102 women had not been approached, due to 
missing contact details. 

Wider implications of the findings
Women with normogonadotropic anovulation and CC failure have a high chance to 
reach at least one live birth. In terms of pregnancy rates, the long-term differences 
between switching to gonadotrophins are small compared to continued treatment 
with CC.

Study funding/competing interests
The original study received funding from the Dutch Organization for Health Research 
and Development (ZonMw number: 80-82310-97-12067). 

Trial registration number
This follow-up study was registered in the OSF Register, https://osf.io/pf24m. The 
original M-ovin trial was registered in the Netherlands Trial Register, number NTR1449. 
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INTRODUCTION

Most women failing to achieve a pregnancy due to anovulation have WHO type II 
normogonadotropic anovulation. With a prevalence of 8 to 13% it is a common hormonal 
condition in women of reproductive age and most of these women have polycystic ovary 
syndrome.1

In these women, ovulation-induction with clomiphene citrate (CC) or letrozole is the 
first-line treatment. While CC has been used for decades, letrozole - used off-label - has 
recently shown to be superior over CC. In 60-85% of the women ovulation induction 
restores ovulation. Women on CC who have not conceived after six ovulatory cycles are 
defined as having CC failure. In these women, gonadotrophins could be used as second-
line ovulation-induction treatment (moderate quality of evidence).1-3

Between 2009 and 2015, we conducted a two-by-two factorial multicentre randomised 
clinical trial (RCT),4,5 in which 666 women with normogonadotropic anovulation and 
CC failure were included. In this RCT, a switch to gonadotrophins was compared with 
continued treatment with CC for another six cycles, while addition of IUI was also 
evaluated. The cumulative live birth rate was 52% after switching to gonadotrophins 
and in 41% after continuing ovulation induction with CC (RR 1.24; 95% CI 1.05-1.4, P = 
0.012). The addition of IUI did not significantly increase the live birth rate (RR 1.14; 95% 
CI 0.97-1.35, P = 0.1152). The cost-effectiveness analyses showed that the extra costs of 
having one additional live birth in women treated with gonadotrophins compared with 
CC were €15 258 (95% CI €8721 to €63 654).6 The treatment effect was specifically present 
in women with a thin endometrium at the initial CC treatment.7 

The original trial included six ovulation induction cycles within 8 months. More knowledge 
on subsequent treatment decisions and success rates in such a well-mapped population, 
is relevant for patients, gynaecologists, fertility doctors and policymakers. Patients would 
like more information on their chances over time to fulfil their child-wish, doctors would 
like to inform their patients better and policymakers need such information to make a 
realistic profile for budget impact analysis. 

The aim of the present study was to investigate the long-term reproductive outcomes in 
terms of a long-term cumulative chance for delivering at least one live birth in women 
who originally were allocated to gonadotrophins or CC.
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MATERIALS AND METHODS

Study design and participants
This study is a follow-up study of the M-ovin trial, a two-by-two factorial RCT in 48 Dutch 
hospitals that compared live birth rates after ovulation induction with gonadotrophins 
or CC with or without IUI in normogonadotropic anovulatory women with CC failure. 
Between December 2009 and December 2015, a total of 666 women were included. 
Subfertile women of at least 18 years of age with normogonadotropic anovulation who 
had been ovulatory for six cycles on CC, but who had not conceived, were eligible for 
the trial. Couples with severe male subfertility or double-sided tubal pathology were not 
eligible.

After written informed consent, women were randomly allocated to six cycles of 
gonadotrophins plus IUI, six cycles of gonadotrophins plus intercourse, six cycles of 
CC plus IUI or six cycles of CC plus intercourse on a 1:1:1:1 basis. We used a two-by-two 
factorial design to compare two pairs of interventions: a switch to ovulation induction with 
gonadotrophins versus continuing CC and IUI versus intercourse. The primary outcome 
measure was conception leading to live birth within eight months after randomisation. A 
live birth was defined as any baby that was born alive after a gestational age beyond 24 
weeks. During the study the data was collected by research nurses and after the last live 
birth we closed the database. We performed a cost-effectiveness analysis alongside the 
study. Further details about the study design, sample size calculation, study procedures 
and outcomes have been described previously.4-7 

All previously included women, of whom we had contact details of, were asked by e-mail 
to participate in this follow-up study. They were all asked for informed consent and they 
received a digital questionnaire. The first contact was made by the principal investigators 
or representatives of the centres where the women were included. Women who did not 
respond were sent a second e-mail, followed by telephone contact. Collection of the 
follow up data occurred between 02-12-2020 and 18-03-2022.

Questionnaire
The web-based questionnaire included topics about pregnancies, fertility treatments 
and neonatal outcomes. We collected data on all pregnancies that occurred within the 
follow-up period, including live birth, multiple pregnancies, miscarriages, stillbirth and 
ectopic pregnancies. We also asked whether these pregnancies had occurred by natural 
conception, with or without ovulation induction (CC and FSH, with or without IUI), by any 
form of ART (IVF, ICSI, frozen embryo transfer), by ovarian drilling or by possible other 
methods. 
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Outcomes 
The primary outcome of this study was cumulative first live birth (defined as any baby 
that was born alive after 24 weeks amenorrhea). Secondary outcomes were second live 
birth, third or more live births, clinical pregnancies, multiple pregnancies, miscarriage 
(all pregnancy losses until 20 weeks of gestation), stillbirth (all pregnancy losses after 20 
weeks of gestation), ectopic pregnancy (defined as a pregnancy in which implantation 
takes place outside the uterine cavity), neonatal outcomes (such as fetal birthweight), and 
pregnancy complications. We used the consensus definitions as established by the Core 
Outcome Measure for Infertility Trials (COMMIT) initiative.8 

Data handing 
The data on fertility treatments, pregnancies, miscarriages and neonatal outcomes were 
retrieved via the web-based questionnaire device LimeSurvey (Version 2.6.7). This data 
was collected in the LimeSurvey web-based case record form and later transferred to a 
SPSS file. The data on pregnancy complications was collected from the PRN database and 
directly stored in a SPSS file. Data handling was performed with a coded set, with the 
participant code only available to members of the study group and research nurse of the 
participating hospitals.

Statistical analysis 
We compared the outcomes after follow-up according to the randomisation groups, i.e. 
gonadotrophins versus CC and IUI versus intercourse. 

Cumulative live birth was expressed as a relative ratio (RR) and risk difference (RD).  Analyses 
for first, second and third live birth were performed for the women participating in the 
follow-up study. To account for loss-to follow we calculated a hazard rate (with corresponding 
95% confidence intervals (CI) while including all women participating in the original trial 
and plotted Kaplan–Meier curves to visualise live birth rate over time. Analyses of first live 
birth was performed in the ITT population. Analyses for, second and third live birth were 
performed only in the women participating in the follow-up study.  

Conceptions, pregnancy losses, twin pregnancies, miscarriages, still birth and ectopic 
pregnancies were presented descriptively in a flow chart OR with 95% CI.

For a subgroup analysis we calculated the relative risk and 95% CI of live birth for 
gonadotropins versus CC at EMT values below and above an EMT of 7mm.

To assess whether non-response bias may have affected results, we compared responders 
and non-responder baseline and live birth outcomes within the original RCT.
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The analyses were performed using SPSS software (version 26.0; IBM Corp., USA).

Ethical considerations
The M-ovin trial was registered in the Netherlands Trial Register, number NTR1449, and 
approved by the Medical Ethical Committee of the Medical Spectrum Twente Enschede 
(Netherlands) and from the Central Committee on Research involving Human Subjects 
(CCMO, Netherlands). The board of directors of the participating centres approved local 
execution of the study. Informed consent was obtained and included permission to 
investigate long-term outcomes. For this follow-up study, the Medical Ethical Committee 
of the Amsterdam UMC, location AMC, approved and provided a non-WMO statement on 
October 22, 2020 (MEC no. 20.508). This study was registered in the OSF Register, https://
osf.io/pf24m. 

RESULTS

Between Dec 8, 2008 and Dec 16, 2015, 666 women had been randomised to receive an 
additional six cycles with a change to gonadotrophins (N=331) or additional six cycles 
continuing with CC (N=335). During the trial, five women did not start treatment such 
that a total of 661 women were eligible for this follow-up study. Between December 2020 
and March 2022, we approached 564 women (85%), of whom 374 (66%) responded (184 
allocated to gonadotrophins; 190 to CC) and completed the follow-up questionnaire. 
We had no follow-up data for 287 women (43%): 185 (28%) women were contacted but 
did not return the questionnaire while 102 (15%) women were not approached due to 
missing contact details (n=95) or non-participation of a local hospital (n=7).

Median follow-up time was 98 months (min 75 months; max 154 months) in the women 
allocated to gonadotrophins and 99 months (min 75 months; max 159 months) in the 
women allocated to CC. The mean age at follow-up was 37.7 (SD 4.0) in the gonadotrophin 
arm and 38.0 (SD 3.8) in the CC arm. Other baseline characteristics are described in Table 
1 and Table 2. 
 
The flow chart with first cumulative live birth number is expressed in Figure 1A. Second 
and third cumulative births are expressed in Figure 1B. 
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Table 1. Baseline characteristics of the participating couples: gonadotrophins vs CC

Gonadotrophins (N=184) CC (N=190)

Age of women (years) 29.6 (3.6) 29.8 (3.6)

Ethnicity

White 164 (89%) 170 (89%)

Non-white 12 (7%) 13 (7%)

BMI (kg/m2) 25.5 (5.3) 24.9 (4.6)

BMI>25.0 kg/m2 87 (47%) 74 (39%)

Current smoker 27 (15%) 22 (12%)

Diabetes 1 3 

Previous livebirth 33 (18%) 36 (19%)

Duration of subfertility (months) 23.1 (11.5) 24.3 (17.4)

Cycle pattern before treatment†

Amenorrhoea 30 (16%) 34 (18%)

Oligomenorrhoea 138 (75%) 133 (70%)

Unknown 16 (9%) 23 (12%)

TMC (× 10⁶) 109 (177) 81 (110)

Polycystic ovaries on ultrasound‡ 122 (66%) 137 (72%) 

Data are mean (SD) or n (%). BMI =body mass index. TMC= total motile sperm count. †Amenorrhoea: 
absence of menstrual bleeding for >6 months. Oligomenorrhoea: irregular menstrual bleedings 
with intervals of >35 days but ≤6 months. ‡Defined as the presence of 12 or more follicles in each 
ovary measuring 2–9 mm in diameter.

Table 2. Baseline characteristics of the participating couples: IUI vs intercourse 
IUI (N=192) Intercourse (N=182)

Age of women (years) 29.6 (3.7) 29.9 (3.6)

Ethnicity

White 171 (89%) 163 (90%)

Non-white 13 (7%) 12 (7%)

BMI (kg/m2) 24.9 (5.0) 25.5 (5.0)

BMI>25.0 kg/m2 74 (39%) 87 (48%)

Current smoker 28 (15%) 21 (12%)

Diabetes 1 3 

Previous livebirth 33 (17%) 32 (18%)

Duration of subfertility (months) 22.9 (11.4) 24.6 (17.6)

Cycle pattern before treatment†

Amenorrhoea 32 (17%) 32 (18%)

Oligomenorrhoea 140 (73%) 131 (72%)

Unknown 20 (10%) 19 (10%)

TMC (× 10⁶) 111 (171) 77 (115)

Polycystic ovaries on ultrasound‡ 132 (69%) 127 (70%)

Data are mean (SD) or n (%). BMI =body mass index. TMC= total motile sperm count. †Amenor-
rhoea: absence of menstrual bleeding for >6 months. Oligomenorrhoea: irregular menstrual 
bleedings with intervals of >35 days but ≤6 months. ‡Defined as the presence of 12 or more folli-
cles in each ovary measuring 2–9 mm in diameter.
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Figure 1A. Flowchart of outcomes of the fi rst pregnancy leading to a live birth
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Figure 1B. Flowchart of outcomes of the second and third pregnancy leading to a live birth

First cumulative live birth 
Among the 374 women, treatment with gonadotrophins resulted in a live birth in 154 of 
184 women (83.7%) and treatment with CC resulted in a live birth in 150 of 190 women 
(78.9%) (RR: 1.06, 95% CI 0.96 – 1.17; RD 4.75%, 95% CI -3.13 – 12.63). Time to conception 
leading to a live birth is depicted in Figure 2. Including all 661 women, the hazard rate for 
live birth was 1.20 (95% CI 0.99 – 1.44). For the 374 women who participated in the follow-
up period, the hazard rate for live birth was 1.14 (95% CI 0.91 – 1.43) Figure 2A visualised 
live birth over time for the complete population, the median time to conception leading 
to a first live birth was 6.7 months (95% CI 5.08 – 8.26) following gonadotrophins and 10.2 
months (95% CI 7.76 – 12.62) following CC (log rank p=0.058). Figure 2B visualised live 
birth over time for the follow up population, the median time to conception leading to a 
first live birth was 8.09 months (95% CI 4.61 – 11.47) following gonadotrophins and 10.68 
months (95% CI 7.59 – 13.76) following CC (log rank p=0.24).

We found no interaction between insemination method (IUI or intercourse) and treatment 
(gonadotrophins or CC) on live birth (p=0.91).

Table 3 shows all fertility treatments that resulted in a first live birth. In the gonadotrophin 
group 11 of the 154 live births (7.1%) were conceived by natural conception and in the CC 
group 15 of the 150 (10.0%) were conceived by natural conception.



Long-term outcomes   |   91   

Ch
ap

te
r 5Figure 2A. Cumulative livebirths for the first live birth, gonadotrophins vs clomiphene citrate, 

including all women from the primary RCT and follow up period (log rank p=0.058).  

Figure 2B. Cumulative livebirths for the first live birth, gonadotrophins vs clomiphene citrate, 
including women in the follow up period (log rank p=0.24).  
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Table 3. Period of first live birth and fertility treatments for first live birth  

First live birth Gonadotrophins (N=184) CC (N=190)

M-ovin trial (≤ 8 months) 92 (50.0) 78 (41.0)

Natural conception 2 2

CC 1 70

Gonadotrophins 89 5

IVF/ICSI 0 1

Laparoscopic drilling 0 0

Follow-up (> 8 months) 62 (33.7) 72 (37.9)

Natural conception 11  15

CC 3 6

Gonadotrophins 19 23

IVF/ICSI 26 26

Laparoscopic drilling 1 0

Unknown 2 2

Prior to the study† 5 (2.7) 9 (4.7) 

No first live birth 27 (14.7) 33 (17.4)

Data are n (%). †These women did not conceive during and after the study period but had at least 
one live birth prior to the study.

Second, third and fourth cumulative live birth after inclusion 
Among the 374 women, a second live birth occurred in in 85 of 184 women (46.2%) in 
the gonadotrophin group and in 85 of 190 women (44.7%) in the CC group (RR 1.03, 
95% CI 0.83 – 1.29; RD 1.46%, 95% CI -8.63 – 11.55). We found no interaction between 
insemination method (IUI or intercourse) and treatment (gonadotrophins or CC) on live 
birth (p=0.84).

In the gonadotrophin group 47 of the 85 live births were conceived by natural conception 
and in the CC group 44 of the 85 were conceived by natural conception.

Six of 184 women (3.3%) delivered a third child in the gonadotrophin group and 14 of 190 
women (7.4%) delivered a third child in the CC group. In the gonadotrophin group four of 
the six live births were conceived by natural conception and in the CC group all of the 14 
live births were conceived by natural conception.

One woman in the gonadotrophin group had a fourth live birth. Table 4 shows the fertility 
treatment that resulted in a second, third, or fourth live birth.
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Table 4. Fertility treatments* for second and third live birth 

Gonadotrophins (N=184) CC (N=190)

Second live birth 85 (46.2) 85 (44.7)

Natural conception 47 44

CC 5 13

CC + IUI 1 5

Gonadotrophins 6 2

Gonadotrophins + IUI 10 6

IVF 10 8

ICSI 5 7

Laparoscopic drilling 0 0

Unknown 1 2

Third live birth 6 (3.3) 14 (7.4)

Natural conception 5 14

Gonadotrophins + IUI 1 0

Fourth live birth 1 (0.5) 0 (0) 

Natural conception 1 0

Data are mean n (%). *Women had more fertility treatments, but these ended not in a pregnancy or 
in a miscarriage and are not noted in this table.  

Twin pregnancies 
Twin pregnancies occurred in 12 women (7.9%) allocated to gonadotrophins, four within 
the study period of eight months after randomisation and eight women during follow-up.  

Of the women allocated to CC, 11 women had a twin pregnancy (7.4%), four within the 
study period and seven women during follow-up. Of these 23 twin pregnancies 19 resulted 
in a live birth, three miscarried and one was a vanishing twin of which the remaining 
singleton was delivered. 

Miscarriage, stillbirth and ectopic pregnancy
Of the women allocated to gonadotrophins, fourteen women had a miscarriage within 
the study period of eight months after randomisation and 63 (47 women) miscarriages 
occurred during follow-up. Over the follow-up period, in total 52 women had at least one 
miscarriage (28.3%)
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Of the women allocated to CC, nine women had a miscarriage within the study period 
of eight months after randomisation and 58 (39 women) miscarriages occurred during 
follow-up. In total 45 women had at least one miscarriage (23.7%)

Before the MOVIN study 25 women had a miscarriage allocated to gonadotrophins (13.6%) 
and 24 women allocated to CC (12.6%). 

In the gonadotrophin group three women had a stillbirth (1.6%); one within the study period 
of eight months after randomisation and two women during follow-up (one conceived 
with gonadotrophins and one with gonadotrophins and IUI). One pregnancy was preterm 
terminated due to congenital abnormalities (conceived with gonadotrophins). 
In the CC group one woman had a stillbirth (0.5%), which had happened during follow-up 
(conceived with IVF).

In the gonadotrophin group four women had an ectopic pregnancy (2.2%); one within 
the study period of eight months after randomisation and three women during follow-up 
(conceived naturally, with CC and one with gonadotrophins).
In the CC group four women had an ectopic pregnancy (2.1%); one within the study period 
of eight months after randomisation and three women during follow-up (one conceived 
with CC and two with IVF).

IUI versus intercourse
Among the 374 women, addition of IUI resulted in a first live birth in 158 of 192 women 
(82.3%) and treatment with CC resulted in a live birth in 146 of 182 women (80.2%) (RR: 
1.03 95% CI 0.93 - 1.13; 2.13%, 95% CI -5.95, 10.21). 

A second live birth occurred in in 84 of 192 women (43.8%) in the IUI group and in 86 of 
182 women (47.3%) in the intercourse group (RR 0.93 95% CI 0.74 - 1.16; RD -3.50%, 95% 
CI -13.59, 6.59). Ten of 182 women delivered a third child in the IUI group and 10 of 172 
women delivered a third child in the intercourse group. One woman in the IUI group had 
a fourth live birth.

Subgroup Thin versus Thick endometrium
The endometrium thickness (EMT) in the sixth ovulatory cycle before randomisation 
was available in 235 women (116 allocated to gonadotropins and 119 allocated to CC) 
participating in this follow-up study. There were 90 women (38%) who had an EMT of 
≤7mm and 145 women (62%) who had an EMT >7mm. 
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Among the women with an EMT ≤7 mm, gonadotropins resulted in a live birth of 39 of 41 
women (95%), while CC resulted in a live birth of 39 of 49 women (80%) (RR 1.20, 95% CI 
1.02-1.40). Among the women with an EMT >7mm, gonadotropins resulted in a live birth 
of 59 of 75 women (79%), while CC resulted in a live birth of 55 of 70 women (79%) (RR 
1.00, 95% CI 0.84-1.19).

Non-responders
The 287 women of whom we failed to retrieve follow-up data had a similar mean age 
and BMI at start of the MOVIN trial as responders (see supplementary table 1). Of these 
non-responders, 136 women (47%) had a live birth after 8 months of randomization in the 
original RCT. The live birth rate in the trial was 45% for responders.

DISCUSSION 

In the original MOVIN study in women with normogonadotropic anovulation and CC failure, 
switching to treatment with gonadotrophins resulted in a 11% higher live birth rate than 
continuing with CC. In this follow-up study we found that within a median follow-up time 
of 98 months (8.2 years), eight out of 10 women had at least one live birth. At long-term 
follow-up gonadotrophins resulted in 4.8% more first live births but this difference was no 
longer statistically significant. The median time to conception leading to a first live birth 
was 6.7 months following gonadotrophins and 10.2 months following CC for the entire 
population. The use of fertility treatments in the follow-up period (i.e. after the study period) 
were comparable between the two groups. Use of IUI or intercourse was not associated with 
cumulative live birth rate and there was no interaction. Respectively 46% and 45% of the 
women in the gonadotrophins and CC groups had a second live birth.  More than half of 
the second live births were conceived in a natural cycle in both groups. The use of fertility 
treatments in the follow-up period were also comparable between the two groups for the 
second and third live birth. Women with a mid-cycle EMT ≤7 mm in the sixth ovulatory cycle 
with CC before randomization seem to have a higher first live birth rate with gonadotrophins 
compared to CC, respectively 95% versus 80%. While in women with an EMT >7mm the live 
birth rates are 79% in both groups. 

A strength of this follow-up study is that our analyses are based on a strong and balanced 
two-by-two factorial RCT design. Certain shortcomings should also be acknowledged. 
The main limitation is that we had no follow-up data for 43% (N = 287) of the women 
participating in the randomised controlled trial such that selection bias can’t be excluded. 
Of 287 women who did not participate in the follow-up, we know that 135 had a first live 
birth in the MOVIN study. On the other hand, these women had similar baseline profiles 
and live birth rates in the initial MOVIN trial were even slightly higher. In view of this, the 
population included in this study appears representative of the whole population. 
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Our study found a cumulative live birth rate of switching to gonadotrophins in women 
with CC-failure of 51% after 8 months and 83.7% after a follow-up period of 8.2 years. A 
previous follow up cohort found a cumulative live birth rate of 50% (42 out of 84 women) 
after a follow-up period of 2 years. The lower live birth rate was likely due to the inclusion 
of both women with CC failure and women who did not ovulate after 3 cycles of CC.9 
 
The results of our study suggest that the live birth rate of gonadotrophins and CC are 
comparable over a longer period. This seems to be particularly true when the EMT is above 
7 mm as was also previously shown for the pre follow-up data.7 The original trial showed 
that women with normogonadotropic anovulation and CC failure had significantly more 
live births if they switched to gonadotrophins in comparison to continuing treatment 
with CC for another six cycles at costs of €15 258 for one extra live birth.5,6 Since the long-
term cumulative live birth rates are comparable in both arms, continuing treatment with 
six cycles of CC treatment is likely to reduce costs in the long run as well and will also 
reduce the use of injections and may therefore reduce the treatment burden in women. 

The majority of the women who delivered their first live born, conceived with a fertility 
treatment. Almost half of all women in both the gonadotrophin and CC arm delivered a 
second child. In both arms, approximately 52-55% of the women conceived their second 
live birth in a natural cycle. This difference might be explained by a restored hormone 
balance due to ageing in women with normogonadotropic anovulation.10

We hypothesized that the women in the CC arm that did not conceive during the trial 
would first use gonadotrophins before they switch to IVF whereas the women that did 
not conceive in the gonadotrophin arm would start with IVF directly after 6 cycles of 
gonadotrophins. This hypothesis was rejected as in this study since 25 women conceived 
with IVF or ICSI in the gonadotrophins group and 26 in the CC group. 

Nowadays, letrozole is considered as a more effective first line medication for ovulation 
induction. It would be of interest to compare continuous letrozole with gonadotrophins 
and evaluate both short and long-term outcomes.

In conclusion, our results show that differences in the long-term cumulative live birth 
rates in women with normogonadotropic anovulation and CC failure are small comparing 
switching to gonadotrophins and continuing with CC. Women with normogonadotropic 
anovulation and CC failure have a high chance to reach at least one live birth. The 
continued and repeated use of CC has been shown to reduce costs6 and remains a good 
alternative for more invasive and expensive treatments. 
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SUPPLEMENTAL DATA

Appendix 1. Baseline characteristics of the non-responding couples  

Gonadotrophins (N=143) CC (N=144)

Age of women (years) 29.9 (3.7) 30.1 (4.1)

Ethnicity

White 103 (72%) 105 (73%)

Non-white 26 (18%) 26 (18%)

BMI (kg/m2) 25.8 (5.2) 25.6 (5.2)

BMI>25.0 kg/m2 64 (45%) 63 (44%)

Current smoker 22 (15%) 22 (15%)

Diabetes 1 2 

Previous livebirth 37 (26%) 35 (24%)

Duration of subfertility (months) 28.1 (15.0) 26.6 (17.2)

Cycle pattern before treatment†

Amenorrhoea 15 (11%) 25 (17%)

Oligomenorrhoea 111 (77%) 103 (72%)

Unknown 18 (12%) 17 (11%)

TMC (× 10⁶) 70 (76) 96 (121)

Polycystic ovaries on ultrasound‡ 91 (64%) 89 (62%)

Life birth in M-ovin study 75 (52%) 60 (42%)

Data are mean (SD) or n (%). BMI =body mass index. TMC= total motile sperm count. †Amenorrhoea: 
absence of menstrual bleeding for >6 months. Oligomenorrhoea: irregular menstrual bleedings 
with intervals of >35 days but ≤6 months. ‡Defined as the presence of 12 or more follicles in each 
ovary measuring 2–9 mm in diameter.
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ABSTRACT 

Background
Polycystic ovary syndrome (PCOS) is the most frequent cause of anovulatory infertility. 
In women with PCOS, effective ovulation induction serves as an important first-line 
treatment for anovulatory infertility. Individual participant data (IPD) meta-analysis 
is considered as the gold standard for evidence synthesis which provides accurate 
assessments of outcomes from primary randomised controlled trials (RCTs) and allows 
additional analyses for time-to-event outcomes. It also facilitates treatment-covariate 
interaction analyses and therefore offers an opportunity for personalised medicine.

Objective and rationale
We aimed to evaluate the effectiveness of different ovulation induction agents, in 
particular letrozole alone and clomiphene citrate (CC) plus metformin, as compared 
to CC alone, as the first-line choice for ovulation induction in women with PCOS and 
infertility, and to explore interactions between treatment and participant-level baseline 
characteristics.

Search methods
We searched electronic databases including MEDLINE, EMBASE and Cochrane Central 
Register of Controlled Trials up to 20 December 2018. We included RCTs comparing 
the following interventions with each other or placebo/no treatment in women with 
PCOS and infertility: CC, metformin, CC plus metformin, letrozole, gonadotrophin and 
tamoxifen. We excluded studies on treatment-resistant women. The primary outcome 
was live birth. We contacted the investigators of eligible RCTs to share the IPD and 
performed IPD meta-analyses. We assessed the risk of bias by using the Cochrane risk 
of bias tool for RCTs.

Outcomes
IPD of 20 RCTs including 3962 women with PCOS were obtained. Six RCTs compared 
letrozole and CC in 1284 women. Compared with CC, letrozole improved live birth 
rates (3 RCTs, 1043 women, risk ratio [RR] 1.43, 95% confidence interval [CI] 1.17-1.75, 
moderate-certainty evidence) and clinical pregnancy rates (6 RCTs, 1284 women, RR 
1.45, 95% CI 1.23-1.70, moderate-certainty evidence) and reduced time-to-pregnancy 
(6 RCTs, 1235 women, hazard ratio [HR] 1.72, 95% CI 1.38-2.15, moderate-certainty 
evidence). Meta-analyses of effect modifications showed a positive interaction 
between baseline serum total testosterone levels and treatment effects on live birth 
(interaction RR 1.29, 95% CI 1.01-1.65). Eight RCTs compared CC plus metformin to CC 
alone in 1039 women. Compared with CC alone, CC plus metformin might improve 
clinical pregnancy rates (8 RCTs, 1039 women, RR 1.18, 95% CI 1.00-1.39, low-certainty 
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evidence) and might reduce time-to-pregnancy (7 RCTs, 898 women, HR 1.25, 95% CI 
1.00-1.57, low-certainty evidence), but there was insufficient evidence of a difference on 
live birth rates (5 RCTs, 907 women, RR 1.08, 95% CI 0.87-1.35, low-certainty evidence). 
Meta-analyses of effect modifications showed a positive interaction between baseline 
insulin levels and treatment effects on live birth in the comparison between CC plus 
metformin and CC (interaction RR 1.03, 95% CI 1.01-1.06).

Wider implications
In women with PCOS, letrozole improves live birth and clinical pregnancy rates and 
reduces time-to-pregnancy compared to CC and therefore can be recommended as the 
preferred first-line treatment for women with PCOS and infertility. CC plus metformin 
may increase clinical pregnancy and may reduce time-to-pregnancy compared to 
CC alone, while there is insufficient evidence of a difference on live birth. Treatment 
effects of letrozole are influenced by baseline serum levels of total testosterone, while 
those of CC plus metformin are affected by baseline serum levels of insulin. These 
interactions between treatments and biomarkers on hyperandrogenaemia and insulin 
resistance provide further insights into a personalised approach for the management 
of anovulatory infertility related to PCOS.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of reproductive 
age women, and the prevalence among different geographic regions ranges from 5 to 
21%, depending on the criteria used.1 PCOS is a heterogeneous syndrome comprising of 
at least two of the following clinical characteristics according to the Rotterdam diagnostic 
criteria: oligo-/anovulation, clinical and/or biochemical hyperandrogenism or polycystic 
ovaries morphology based on ultrasound assessment.2

Anovulatory infertility is usually one of the key features that women with PCOS are 
confronted with. Simple and effective infertility treatments as the first-line choice are 
therefore important. Our previous network meta-analysis compared available first-line 
treatment options for women with PCOS with infertility and found that letrozole and 
combined clomiphene citrate (CC)–metformin were superior to other ovulation induction 
medications in terms of clinical pregnancy and that letrozole resulted in more live 
births than other interventions, including CC.3 These findings are in agreement with the 
evidence summarised in the international evidence based guideline for the assessment 
and management of PCOS.4

As women with PCOS represent a heterogeneous population according to the diagnostic 
criteria, it is important to identify which individuals benefit most from a particular 
treatment so that clinicians can provide personalised care.5 However, primary RCTs are 
usually underpowered to detect subgroup effects.6 Subgroup analyses in meta-analyses 
of aggregate data are at risk of ecological bias due to the ignorance of within-study 
interactions or are even impossible to perform due to heterogeneous reporting of 
subgroup data in the primary trials.6

Moreover, time-to-pregnancy is also an important patient-centred outcome, but it 
has never been reported in previous meta-analyses on PCOS. This is likely due to the 
unavailability of the data in the publication as well as the methodological challenges on 
data extraction and synthesis. In addition, the primary trials are not always of high quality 
in terms of analyses and reports,7 which can directly affect the data extraction, analysis 
and risk of bias assessment process in subsequent meta-analyses.

These deficiencies in aggregate data meta-analyses can potentially be overcome by using 
individual participant data (IPD). IPD meta-analysis has been described as the gold standard 
in evidence synthesis, by engaging investigators of the primary trials to provide the raw 
data of the primary trials.8 Such strategy facilitates derivation of the information beyond 
the primary publication, standardisation of inclusion criteria, outcomes and analyses 
across trials and investigations of subgroup effects and time-to-event outcomes.6,8
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We therefore performed an IPD meta-analysis to evaluate the effectiveness of different 
ovulation induction agents, in particular letrozole alone and CC plus metformin, as 
compared to CC alone, as the first-line choice for ovulation induction in women with 
PCOS and infertility, and to explore interactions between treatment and participant-level 
baseline characteristics.

METHODS 

Registration and literature search
This IPD meta-analysis was conducted based on a registered protocol (PROSPERO 
CRD42017059251) and reported according to the Preferred Reporting Items for Systematic 
Review and Meta-Analyses of individual participant data (PRISMA-IPD) statement.9

We updated the searches in MEDLINE, EMBASE and Cochrane Central Register of 
Controlled Trials in September 2017, based on our previous search strategies for a 
network meta-analysis on treatment strategies for World Health Organization (WHO) II 
anovulation.3 In brief, the search terms included both index terms as well as free words 
on PCOS, anovulation and ovulation induction. After completing data requesting process, 
we further updated the search on 20 December 2018 to identify the latest studies. We 
also searched the WHO International Clinical Trials Registry Platform (WHO ICTRP) and US 
National Institutes of Health (clinicaltrials.gov) and ISRCTN registry to identify ongoing 
trials. In addition, we reviewed the references lists of relevant papers and corresponded 
with trialists in PCOS to identify potential eligible trials that we might have missed.

Eligibility criteria
We included RCTs comparing the following interventions with each other or placebo/
no treatment: CC, metformin, CC and metformin combined, letrozole, gonadotrophins 
and tamoxifen in women with WHO II anovulation, including PCOS. We excluded trials 
reporting on treatment-resistant women, trials comparing different doses of the same 
intervention and quasi-RCTs. We did not apply language restrictions. For crossover trials, 
we only included the data in the first phase.

The primary outcome was live birth. The secondary outcomes were clinical pregnancy, 
ovulation, miscarriage, multiple pregnancy and time to pregnancy.
Study selection and data collection

Study selection and data collection
Two members of the review team (from R.W., W.L. and E.M.B.) independently assessed the 
titles and abstracts to exclude irrelevant studies and subsequently reviewed the full-text 
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articles to evaluate their eligibility. Disagreements were resolved by discussion with a 
third author (B.W.M., M.v.W. or R.J.N.).

We contacted investigators of eligible RCTs to share the de-identified IPD and established 
the International Ovulation Induction IPDMA Collaboration. We sent at least two more 
reminders when we did not receive responses.

We obtained de-identified IPD including baseline characteristics including age, body 
mass index (BMI), ethnicity, type of infertility (primary/secondary), treatment history 
(treatment-naïve or not), fasting glucose, fasting insulin, total testosterone, sex hormone-
binding globulin (SHBG), ovarian volume and the Ferriman–Gallwey score for hirsutism. 
We also obtained data on allocated treatments, number of ovulation induction cycles, 
ovulation and fertility outcomes including live birth, clinical pregnancy, miscarriage and 
multiple pregnancy.

We checked data for consistency by comparing the analyses from obtained IPD with the 
original publications. We discussed any inconsistencies or obvious errors with investigators 
of primary RCTs and solved discrepancies by consensus.

Risk of bias assessment
Two members of the review team independently evaluated the risk of bias in each included 
RCT, using the domain-based evaluation tool described in the Cochrane Handbook for 
Systematic Reviews of Interventions.10 We assessed the following domains as low risk of 
bias, unclear or high risk of bias: random sequence generation, allocation concealment, 
blinding of participants and personnel, blinding of outcome assessors, incomplete 
outcome data, selective reporting (reporting bias) and other sources of bias. When the 
risk of bias for a domain was unclear, investigators of these RCTs were asked to provide 
additional information to resolve the uncertainty.

We assessed the overall certainty of the evidence across RCTs by using the Grading 
of Recommendations Assessment, Development and Evaluation (GRADE) approach, 
including the risk of bias, consistency of effect, imprecision, indirectness and publication 
bias.

Data synthesis
We conducted all analyses based on an intention-to-treat principle using women 
randomised per allocated group as the unit of all analyses. We performed two-stage 
random-effects IPD meta-analyses for letrozole versus CC alone and CC with metformin 
versus CC alone. For dichotomous outcomes, we calculated RRs and 95% confidence 
intervals (CIs) and presented statistical heterogeneity by using I2 statistic.10 For time-to-
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event outcomes, we used the number of treatment cycles as an approximate estimate 
for time and visualised the summary time-to-event in simple non-stratified Kaplan–Meier 
curves. We also estimated hazard ratios (HRs) in Cox proportional hazards regression 
models for discrete time and pooled HRs and 95% CI, by using the generic inverse variance 
method.11

Subgroup effects were estimated for the primary outcome by treatment–covariate 
interaction terms within trials and subsequent meta-analyses of interactions, as 
interactions using within-trial information alone without considering between-trial 
interactions are recommended as the standard practice to avoid ecological bias.12 We 
explored the treatment–covariate interactions of the following pre-specified baseline 
covariates: age, BMI, ethnicity, primary/secondary infertility, treatment history, hirsutism 
score, insulin resistance (serum glucose and insulin level), hyperandrogenaemia status 
(testosterone, SHBG, free androgen index) and ovarian volume. We also added the 
analysis of homeostatic model assessment for insulin resistance (HOMA-IR) as requested 
during the peer review process. For dichotomous covariates with statistically significant 
interaction, we further performed stratified analyses to illustrate the treatment effects in 
different strata of the subgroups. Continuous variables were analysed as such without 
categorisation. For continuous covariates with statistically significant interaction, we 
further presented a weighted mean curve and pointwise CI based on treatment–covariate 
interactions estimated in relevant studies. Due to the potential type I error, the results of 
subgroup analyses were all considered exploratory.

To evaluate the IPD availability bias, we performed a network meta-analysis of RCTs with 
IPD in a random-effects multivariate meta-analysis model13,14 on live birth and clinical 
pregnancy and then compared the results with a network meta-analysis of all eligible RCTs. 
If these results were consistent, we considered the included RCTs with IPD representative 
of all the eligible RCTs.

We performed a sensitivity analysis on studies with low risk of bias in allocation 
concealment as planned. As the majority of eligible studies focused only on treatment-
naïve women with PCOS, these studies did not contribute to within-study interaction 
for treatment history and were not included in the treatment-covariate analysis. We 
performed a post hoc sensitivity analysis by including only treatment-naïve women to 
demonstrate the robustness of the results.

We conducted all the analyses in Stata software version 15.1 (Stata Corp, College Station, 
TX, USA).
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RESULTS

Characteristics of included studies
The fi nal updated search yielded 709 non-duplicated studies (Fig. 1). After screening the 
titles and abstracts, 636 irrelevant studies were excluded. Finally, a total of 62 studies (61 
publications, 9356 women) fulfi lled the inclusion criteria and were included. These studies 
were published in English (n = 58), French (n = 1) (Boudhraa et al., 2010), Italian (n = 1) 
(Santonocito et al., 2009), Turkish (n = 1) (Aygen et al., 2007) and Persian (n = 1) (Lorzadeh 
et al., 2011).PRISMA IPD Flow Diagram 
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IPD was not sought from eight studies (575 women), due to insufficient contact information 
(n = 6; 359 women) (Beigi, 2006; Boudhraa et al., 2010; Cudmore and Tupper, 1966; El-Biely 
and Habba, 2001; Garcia et al., 1985; Johnson et al., 1966) or because the studies were 
identified after our data requesting timeline (n = 2; 216 women) (Fatima et al., 2018; Topçu 
et al., 2017). For the remaining 54 studies (8781 women), the primary investigators were 
contacted to share IPD of the primary studies. IPD from 34 studies (4819 women) were 
not available, due to no response (n = 23; 3258 women) (Abuelghar et al., 2013; Atay e al., 
2006; Ayaz et al., 2013; Banerjee Ray et al., 2012; Basirat et al., 2012; Boostanfar et al., 2001; 
Chen et al., 2016; Dasari and Pranahita, 2009; Dehbashi et al., 2009; Hossein-Rashidi et al., 
2016; Jahan, 2015; Karimzadeh et al., 2007; Karimzadeh and Javedani, 2010; Lopez et al., 
2004; Lorzadeh et al., 2011; Maged et al., 2015; Robinson et al., 2003; Roy et al., 2012; Selim 
and Borg, 2012; Seyedoshohadaei et al., 2012; Sharief and Nafee, 2015; Sheikh-El-Arab 
Elsedeek and Elmaghraby, 2011; Zeinalzadeh et al., 2010), data loss (n = 10; 1411 women) 
(Aygen et al., 2007; Badawy et al., 2009; Badawy and Gibreal, 2011; Fleming et al., 2002; 
Keikha and Shahraki, 2011; Khorram et al., 2006; Mobusher, 2014; Santonocito et al., 2009; 
Tang et al., 2006; Zain et al., 2009) or legal reasons (n = 1; 150 women) (Moussa et al., 2016). 
These studies are listed in Supplementary Table S1.

IPD were available for at least one outcome from 20 studies (3962 women Table 1), 
including three from the USA (Legro et al., 2007; Legro et al., 2014; Williams et al., 2009), 
three from Italy (Leanza et al., 2014; Palomba et al., 2005; Vegetti et al., 1999), three from 
Turkey (Bayar et al., 2006; Nazik and Kumtepe, 2012; Sahin et al., 2004), two from the UK 
(Amer et al., 2017; Lord et al., 2006), two from China (Liu et al., 2017; Wu et al., 2017), two 
from India (Kar, 2012; Kar and Sanchita, 2015), two studies (in one publication) from New 
Zealand (Johnson et al., 2010), one from the Netherlands (Moll et al., 2006), one from 
Finland (Morin-Papunen et al., 2012) and one from multiple countries (the Netherlands, 
UK, Malta, Belgium, Argentina and Colombia) (Homburg et al., 2012). These RCTs were 
published in English between 1999 and 2017, with 11 (55%) published after 2010.

Participants in all 20 RCTs were women with PCOS. In one RCT, participants were 
diagnosed with PCOS by fulfilling at least three of the following: PCO morphology, oligo/
amenorrhoea, hirsutism, hyperandrogenaemia and elevated serum LH/FSH ratio (Sahin et 
al., 2004), while in the remaining 19 RCTs, the participants were women with PCOS based 
on the Rotterdam criteria (Bayar et al., 2006; Kar, 2012; Leanza et al., 2014; Liu et al., 2017; 
Nazik and Kumtepe, 2012) or different phenotypes, including Phenotype B (ovulatory 
dysfunction + androgen excess) (Amer et al., 2017; Homburg et al., 2012; Johnson et 
al., 2010; Kar and Sanchita, 2015; Legro et al., 2007; Legro et al., 2014; Lord et al., 2006; 
Morin-Papunen et al., 2012; Palomba et al., 2005; Williams et al., 2009; Wu et al., 2017) or 
Phenotype D (ovulatory dysfunction + PCO) (Moll et al., 2006; Vegetti et al., 1999).
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For RCTs involving two stages of different interventions, including cross-over studies, we 
only included the data in the first stage. We included the IPD comparing letrozole versus 
CC before crossing over (Amer et al., 2017) and included the IPD comparing metformin 
versus placebo within the first 3 months before starting other ovulation induction 
agents (Morin-Papunen et al., 2012). In one RCT (Nazik and Kumtepe, 2012), switching 
between intervention and the control after the first cycle was allowed during the trial and 
the analysis in the primary publication was on a per-cycle basis, and therefore, we only 
included the IPD of the first cycle.

In summary, four RCTs compared three interventions (CC plus metformin or CC alone 
versus metformin (Johnson et al., 2010; Kar and Sanchita, 2015; Legro et al., 2007) or CC 
with metformin or letrozole versus CC (Liu et al., 2017)) and the remaining 16 compared 
two interventions. The most common comparisons were CC with metformin versus CC 
alone (8 RCTs) (Johnson et al., 2010; Kar and Sanchita 2015; Leanza et al., 2014; Legro et al., 
2007; Liu et al., 2017; Moll et al., 2006; Sahin et al., 2004; Williams et al., 2009) and letrozole 
versus CC alone (6 RCTs) (Amer et al., 2017; Bayar et al., 2006; Kar, 2012; Legro et al., 2014; 
Liu et al., 2017; Nazik and Kumtepe, 2012).

Quality of evidence of individual studies
The details of risks of bias assessments within individual studies are presented in Figure 
2. All RCTs (n = 20) reported adequate methods of random sequence generation. Sixteen 
RCTs (80%) reported adequate methods of allocation concealment while the other four 
used an open allocation schedule without concealment (Kar, 2012; Kar and Sanchita, 2015; 
Liu et al., 2017; Nazik and Kumtepe, 2012). Fourteen RCTs (70%) blinded the participants 
and personnel during the trial while six RCTs applied an open label design (Homburg 
et al., 2012; Kar, 2012; Kar and Sanchita, 2015; Liu et al., 2017; Nazik and Kumtepe, 2012; 
Vegetti et al., 1999). Given that all outcomes of interest were objective outcomes, it is 
unlikely that the non-blinded design will affect the outcome measurement and therefore 
detection bias was rated at low risk for all the included studies. One RCT (5%) had high risk 
of attrition bias, with 22% overall missing outcome data and 31% missing outcome data 
in the metformin group (Kar and Sanchita, 2015). One RCT (5%) was at another risk of bias 
due to allowing imbalanced CC in both groups.
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Figure 2. Risk of bias assessments of individual RCTs

Meta-analyses of letrozole versus CC

Live birth
IPD were available in six RCTs comparing letrozole and CC, including 1284 women with 
PCOS. The forest plot of IPD meta-analysis on live birth is presented in Figure 3a. Compared 
with CC, letrozole increased live birth rates (3 RCTs, 1043 women, RR 1.43, 95% CI 1.17–
1.75, I2 = 0, moderate certainty of evidence). Sensitivity analysis on studies with low risk of 
bias at allocation concealment and on treatment-naïve women was consistent with the 
main findings (2 RCTs, 909 women, RR 1.42, 95% CI 1.14–1.76, I2 = 0; 3 RCTs, 627 women, 
RR 1.41, 95% CI 1.11–1.79, I2 = 0) (Supplementary Table S2).
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Figure 3. Meta-analyses of letrozole versus CC and CC plus metformin versus CC on live birth and 
clinical pregnancy

Secondary outcomes
Compared with CC alone, letrozole improved clinical pregnancy (6 RCTs, 1284 women, RR 
1.45, 95% CI 1.23–1.70, I2 = 0, moderate certainty of evidence, Fig. 3b) and ovulation rates 
(5 RCTs, 1210 women, RR 1.13, 95% CI 1.07–1.20, I2 = 0, moderate certainty of evidence, 
Table 2). There was insufficient evidence of a difference between letrozole and CC alone in 
terms of multiple pregnancy or miscarriage (Table 2).

The summary Kaplan–Meier curve for time to pregnancy is presented in Fig. 4a. Subsequent 
pooled analysis of HRs showed that compared to CC, letrozole reduced time-to-pregnancy 
(6 RCTs, 1235 women, HR 1.72, 95% CI 1.38–2.15, I2 = 0, moderate certainty of evidence).
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 Figure 4. Summary of Kaplan–Meier curves for time-to-event outcomes

(a, b) illustrates the non-stratified summary Kaplan–Meier curves for time-to-pregnancy in the 
comparisons of letrozole versus CC and CC plus metformin versus CC, respectively. Participants 
with pregnancy before the first treatment cycles were not included in the ‘Numbers at risk’ table 
below, and data were not stratified by trial in this Kaplan–Meier curve. The figures were intended to 
visualise time-to-event outcomes, but not to show statistical significance.

Treatment–covariate interactions
A meta-analyses of effect modifications showed a positive interaction between baseline 
serum total testosterone levels and treatment effects on live birth in the comparison 
between letrozole and CC (interaction RR 1.29, 95% CI 1.01–1.65, 3 RCTs, 1039 women, 
Fig. 5a). This suggests that women with a higher baseline serum total testosterone level 
have a larger treatment effect of letrozole versus CC on live birth, compared to women 
with a lower baseline serum total testosterone level. Such an interaction was consistent 
across studies (I2 = 0). To directly illustrate the association between baseline serum 
total testosterone level and relative treatment effects, this interaction is also presented 
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in a weighted mean curve with 95% CI (Fig. 5b). Meta-analyses did not find any other 
treatment–covariate interactions (Table 3).

 
Figure 5. Forest plots and weighted mean curves for treatment-covariate interactions

(a) Forest plot of interactions between baseline serum total testosterone (TT) level and effect of 
letrozole versus CC on live birth. (b) Weighted mean curve with pointwise 95% CI of interactions 
between baseline serum total testosterone level and relative effect of letrozole versus CC on live 
birth. (c) Forest plot of interactions between baseline serum insulin level and effect of CC plus 
metformin versus CC on live birth. (d) Weighted mean curve with pointwise 95% CIs of interactions 
between baseline serum insulin level and effect of CC plus metformin versus CC on live birth. (a, 
c) Circles are used to depict the interaction effects within individual trials as well as the overall 
interaction effect. The sizes of the circles are in proportion to the inverse of the variance of the 
estimates. (b, d) Blue line represents for the weighted mean effect of covariate on log risk ratios in 
the comparison between letrozole and CC. Red lines represent for pointwise 95% CI of interactions.
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Meta-analyses of CC plus metformin versus CC

Live birth
IPD were available in eight RCTs comparing CC with metformin and CC alone, including 
1039 women with PCOS. The forest plot of IPD meta-analysis on live birth is presented 
in Figure 3c. Compared with CC alone, there was insufficient evidence of a difference 
between CC with metformin and CC alone on live birth (5 RCTs, 907 women, RR 1.08, 95% 
CI 0.87–1.35, I2 = 5.6%, low certainty of evidence). Sensitivity analyses on studies with low 
risk of bias at allocation concealment and on treatment-naïve women showed very small 
treatment effects with wide CIs (3 RCTs, 714 women, RR 1.02, 95% CI 0.76–1.37, I2 = 33.2%; 
5 RCTs, 662 women, RR 1.06, 95% CI 0.83–1.34, I2 = 3.9%) (Supplementary Table SII).

Secondary outcomes
Compared with CC alone, CC with metformin might improve clinical pregnancy (8 RCTs, 
1039 women, RR 1.18, 95% CI 1.00–1.39, I2 = 6.9%, low certainty of evidence, Fig. 3b). There 
was insufficient evidence of a difference between CC with metformin and CC alone on 
ovulation, multiple pregnancy or miscarriage (Table II).

The summary Kaplan–Meier curve is presented in Figure 4b. Pooled analysis of HRs 
showed that compared to CC alone, CC with metformin might reduce time-to-pregnancy 
(7 RCTs, 898 women, HR 1.25, 95% CI 1.00–1.57, I2 = 0, low certainty of evidence).

Treatment–covariate interactions
Meta-analyses of effect modifications showed a positive interaction between baseline 
insulin levels and treatment effects on live birth in the comparison between CC with 
metformin and CC alone (interaction RR 1.03, 95% CI 1.01–1.06, 4 RCTs, 741 women, Fig. 5c). 
Such an interaction was consistent across studies (I2 = 0). This suggests that women with 
a higher baseline serum insulin level have larger treatment effects of CC with metformin 
versus CC alone on live birth, compared to women with a lower baseline serum insulin 
level. Such an interaction was also presented in a weighted mean curve with 95% CI (Fig. 
5d). Additional meta-analysis of interactions for HOMA-IR was performed as requested 
during the peer review process, and it also showed a positive interaction between 
baseline HOMA-IR and treatment effects on live birth in the comparison between CC with 
metformin and CC alone (interaction RR 1.14, 95% CI 1.03–1.25, 4 RCTs, 736 women, I2 = 0, 
Table 3). Meta-analyses did not find any other treatment-covariate interactions (Table 3).

IPD availability bias
With regards to IPD availability bias, network meta-analyses of 20 RCTs with IPD showed 
similar results to network meta-analyses of all eligible RCTs on both live birth and clinical 
pregnancy (Supplementary Table S3). Therefore, the participants in RCTs with IPD were 
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representative of all the eligible participants with PCOS. The transitivity assumption of 
network meta-analyses was considered valid as the interventions of interest and placebo/
no treatment were jointly randomisable.

DISCUSSION 

Summary of evidence
This IPD meta-analysis showed that in women with PCOS, letrozole increased live birth 
rates compared to CC alone and the overall certainty of evidence was moderate. Such 
treatment benefits of letrozole compared to CC alone were more predominant in women 
with higher baseline serum levels of total testosterone. There was insufficient evidence of 
a difference between CC plus metformin and CC alone in live birth rates, and the overall 
certainty of evidence was low, mainly due to risk of bias and imprecision. The potential 
benefit of CC in combination with metformin compared to CC alone was more pronounced 
in women with higher baseline serum insulin or HOMA-IR levels. We did not find other 
treatment–covariate interactions on live birth for other pre-specified covariates including 
age, BMI, ethnicity, primary/secondary infertility, treatment history, Ferriman–Gallwey 
score for hirsutism, SHBG, free androgen index, fasting glucose levels or ovarian volume.

Strengths and limitations
Establishing the International Ovulation Induction IPDMA Collaboration facilitated a 
platform for key trialists in PCOS to collaborate and share the IPD of the primary trials. 
It provided us the opportunity to collect unpublished information of the primary trials 
including the details of randomisation and allocation concealment, treatment history, 
subgroup data and time-to-pregnancy. Such information allowed us to assess the quality 
of included trials precisely, to investigate treatment–covariate interactions and to take 
account of the time in the analyses. The findings of this IPD meta-analysis provide the best 
available up-to-date evidence.

Moreover, we applied a comprehensive search strategy without language restrictions 
and updated the search after completing data requesting in case we missed the most 
recent RCTs. Of the newly identified RCTs, one compared CC plus metformin vs CC in 128 
women but did not report live birth,15 while the other one compared tamoxifen vs CC in 88 
women.16 Although we did not seek IPD from two RCTs identified after the data requesting 
deadline, adding IPD of these two studies is unlikely to change the main findings.

In addition, the investigation of subgroup effects includes within-study interaction only 
according to current statistical practice for IPD meta-analyses12 and therefore is free 
from ecological bias. For continuous covariates, without categorisation of the data, the 



120   |   Chapter 6

statistical power was not compromised. Further illustration of interactions in weighted 
mean curve makes the interactions easier to interpret.

Nevertheless, this IPD meta-analysis has a few limitations. First, we were not able to access 
the IPD of all eligible studies. IPD were available for 32% (20/62) of the included trials, 
comprising 42% (3962/9356) of the eligible women with PCOS, and the proportions of IPD 
availability was higher for studies reporting live birth (44% trials including 65% eligible 
women, Supplementary Table S3). This seems to be partly due to the long history of research 
on ovulation induction, with the first trial published in 1966. We were however able to 
access IPD of the highest-quality trials published within the last 15 years, and we did not 
detect evidence of availability bias. Second, most of the planned subgroup analyses were 
based on two to three of the included studies and therefore may still be underpowered 
due to the unavailability of data on relevant covariates and/or live birth. Some primary 
trials only included a relatively homogeneous ethnicity group, and therefore, IPD in such 
trials could not contribute to the analysis of treatment–ethnicity interaction as no within-
trial interaction was available. Third, as treatment-resistant women were excluded from 
this IPD meta-analysis, the findings can be applied in clinical practice on the choice of 
first-line treatment only. Last, we planned a one-stage IPD meta-analysis in the protocol 
but decided to use a two-stage approach before the final analysis. A two-stage approach 
allows graphical presentations for both overall treatment effects and treatment–covariate 
interactions, which is important for clinical interpretation, while it is not obvious how 
best to present graphically the results of a one-stage model.12 In addition, the two-stage 
approach automatically avoids ecological bias by accounting for within-trial interactions 
only.12 Given the relatively large number of participants, low heterogeneity and overall 
good to moderate quality of included studies, we would expect both approaches to give 
very similar results.

Interpretations and clinical implications
The overall effects of letrozole and CC plus metformin vs CC on live birth and clinical 
pregnancy in this IPD meta-analysis were in agreement with existing systematic reviews3,17,18 
as well as the most recent international evidence-based guideline recommendations.4 
Based on the findings of this IPD meta-analysis, letrozole can be recommended as the 
first-line ovulation induction medication in women with PCOS and infertility, provided 
off-label use is allowed and women are fully informed. Compared to CC alone, CC plus 
metformin may increase clinical pregnancy rates but the evidence on live birth was 
insufficient. Sensitivity analysis showed that the treatment effects on live birth seemed 
very small. The discrepancies between clinical pregnancy and live birth were likely due 
to the bias arising from low quality of studies which did not report live birth. Further 
evidence is needed to address this question.
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Subgroup analyses showed that women with higher baseline serum levels of total 
testosterone may benefit more from letrozole compared to CC and women with higher 
baseline serum levels of insulin may benefit more from CC plus metformin compared to 
CC alone. Such positive interactions were consistent across trials and supported from a 
biological perspective. Letrozole has been introduced as an ovulation induction agent 
since 2001, and it inhibits aromatase, therefore increasing gonadotropin secretion 
by release of the hypothalamic/pituitary axis from estrogenic negative feedback and 
resulting in stimulation of ovarian follicle development.19 According to the recent ‘two 
triangles hypothesis’ for folliculogenesis in PCOS, pre-antral follicle growth is excessive 
due to intrinsic androgen excess that renders granulosa cells hypersensitive to FSH, with 
consequently excessive AMH expression.20 Therefore, hyperandrogenaemia may improve 
the response to letrozole by enhancing the sensitivity of FSH receptors. However, such an 
interaction was not observed in other biomarkers of hyperandrogenaemia or hirsutism. 
This is likely due to the fact that the severity of hirsutism does not correlate well with 
the magnitude of androgen excess, as hirsutism is an expression of hyperandrogenism 
on hair follicles mediated through different pathways from those affecting the ovaries 
and follicles.21 Metformin is an insulin-sensitising agent that decreases gluconeogenesis 
and lipogenesis and enhances peripheral glucose uptake and therefore increases insulin 
sensitivity.22 The addition of metformin may further improve insulin resistance in women 
with higher fasting insulin or HOMA-IR levels and therefore improve pregnancy outcomes. 
We acknowledge that insulin levels are affected by many factors, ranging from physical 
activity and pre-test duration of fasting to sample handling and assay variability.23 
Therefore, the international evidence-based guideline does not recommend clinical 
measurement of insulin resistance at present due to the lack of accuracy.4 In addition, 
SHBG has been proposed as a measure of insulin resistance,23 but the findings in our 
IPD meta-analysis did not support treatment-by-SHBG interactions. Our work provides 
preliminary evidence that there may be a role for assessing insulin resistance in PCOS and 
infertility and supports the need to assess insulin resistance in infertility studies.

We did not find ethnicity differences on treatment effects. This could be partly due to 
self-reported ethnicity without objective or DNA validation in all trials. We also did not 
find other treatment–covariate interactions on live birth for other pre-specified covariates 
including age, BMI, primary/secondary infertility, treatment history, Ferriman–Gallwey 
score for hirsutism, SHBG, free androgen index, fasting glucose levels or ovarian volume. 
Although analyses of subgroup effects were pre-specified in the protocol, these results 
should still be considered exploratory due to multiplicity.

Time is an important measurement for infertility outcomes, especially in the assessment 
of the effectiveness of multi-cycle treatments. However, time-to-event outcomes have 
seldom been reported in meta-analyses of infertility trials as fertility outcomes are usually 
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considered as dichotomous outcomes and Kaplan–Meier curves are rarely presented. 
Our IPD meta-analysis used number of cycles as a measure of time and evaluated 
time-to-pregnancy by estimating HRs and presenting summary Kaplan–Meier curves. 
Time-to-event analysis takes time and censored participants into account and provides 
more accurate estimates of treatment effect. Our analyses on time-to-pregnancy were 
inconsistent with those of clinical pregnancy.
Research implications

Research implications
IPD meta-analyses are useful to inform the design, conduct, analysis and interpretation 
of trials.24 Given the consistent treatment benefits of letrozole across different fertility 
outcomes, future trials investigating new interventions for PCOS should choose letrozole 
as the reference arm. New trials are encouraged to incorporate treatment selection 
markers in their design to guide treatment decision,25 and the impact of these, including 
age, BMI and other biomarkers, needs to be confirmed in future trials. More specifically, 
biomarkers for hyperandrogenaemia and insulin resistance could be applied in trials that 
evaluate metformin. Due to the limited accuracy for measuring existing insulin resistance 
biomarkers, optimal methods to assess insulin resistance in future trials should also be 
considered.

Developing and implementing a core outcome set for infertility26 and PCOS should be 
recommended to ensure outcomes are reported and collected consistently across future 
trials on infertility and PCOS to reduce research waste.

CONCLUSIONS

Our IPD meta-analysis shows that in women with PCOS, letrozole improves live birth and 
clinical pregnancy rates and reduces time-to-pregnancy compared to CC alone. CC plus 
metformin may improve clinical pregnancy rates and may reduce time-to-pregnancy 
compared to CC alone, but there is insufficient evidence of a difference on live birth.

Treatment effects of letrozole are influenced by baseline serum levels of total testosterone 
while those of CC plus metformin are affected by baseline serum levels of insulin. These 
interactions between treatments and biomarkers on hyperandrogenaemia and insulin 
resistance provide further insights into a personalised approach towards the clinical 
management of anovulatory infertility related to PCOS and therefore should be confirmed 
in future studies.
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SUPPLEMENTAL DATA

Supplementary Table 1. List of included studies without IPD and reasons

List of included studies without IPD Reasons

Aygen 2007; Badawy 2009; Badawy 2011; Fleming 2002; Keikha 2011; 
Khorram 2006; Mobusher 2014; Santonocito 2009; Tang 2006*; Zain 
2009 

Data loss (n = 10)

Moussa 2016 Legal reasons (n = 1)

Abuelghar 2013; Atay 2006; Ayaz 2013; Banerjee Ray 2012; Basirat 
2012; Boostanfar 2001; Chen 2016; Dasari 2009; Dehbashi 2009; Hos-
sein-Rashidi 2016; Jahan 2015; Karimzadeh 2007; Karimzadeh 2010; 
Lopez 2004; Lorzadeh 2011; Maged 2015; Robinson 2003; Roy 2012;  
Selim 2012; Seyedoshohadaei 2012; Sharief 2015; Sheikh-El-Arab Else-
deek 2011; Zeinalzadeh 2010

No response (n = 23)

Beigi 2006; Boudhraa 2010; Cudmore 1966; El-Biely 2001; Garcia 1985; 
Johnson 1966

IPD not sought due to insufficient 
contact information (n = 6)

Fatima 2018; Topçu 2017 IPD not sought as studies were iden-
tified after the data requesting time-
line (n = 2)

*Note: Although IPD of baseline and other outcomes in this study were provided, IPD of outcomes 
of interest for this IPD meta-analysis were not available.

Supplementary Table 2. Sensitivity analyses for live birth

Comparison Sensitivity analyses Number 
of RCTs

Number of 
participants

Risk 
Ratio 
(RR)

95%  
confidence 
interval (CI)

I2

Letrozole vs CC RCTs with low risk 
of bias at allocation 
concealment

2 909 1.42 1.14-1.76 0

Treatment naïve  
women with PCOS

3 627 1.41 1.11-1.79 0

CC+metformin vs CC RCTs with low risk 
of bias at allocation 
concealment

3 714 1.02 0.76-1.37 33.2%

Treatment naïve  
women with PCOS

5 662 1.06 0.83-1.34 3.9%



First-line ovulation induction for PCOS: an IPD meta-analysis   |   125   

Ch
ap

te
r 6

Supplementary Table 3. IPD availability bias

Comparison

(vs. CC)

Network meta-analyses 
of RCTs with and without 
IPD

RR (95% CI)

Network meta-analyses 
of RCTs with IPD

RR (95% CI)

Network meta-analyses 
of RCTs without IPD

RR (95% CI)

Live birth 27 RCTs

5257 women

12 RCTs

3437 women

15 RCTs

1820 women
Placebo 0.58 (0.31-1.07) 0.56 (0.26-1.20) NA
Metformin 0.90 (0.64-1.28) 0.87 (0.51-1.47) 0.95 (0.57-1.58)
CC + Metformin 1.27 (0.91-1.78) 1.18 (0.73-1.90) 1.70 (0.88-3.30)
Letrozole 1.46 (1.09-1.95) 1.42 (0.79-2.55) 1.47 (1.07-2.02)
Tamoxifen 1.16 (0.61-2.18) NA 1.12 (0.65-1.94)
Gonadotrophins 1.31 (0.73-2.34) 1.22 (0.45-3.34) 1.45 (0.65-3.22)
Clinical pregnancy 62 RCTs

9356 women

20 RCTs

3962 women

42 RCTs

5394 women
Placebo 0.49 (0.33-0.71) 0.61 (0.37-1.01) 0.30 (0.16-0.57)
Metformin 1.06 (0.83-1.34) 0.94 (0.67-1.34) 1.13 (0.80-1.59)
CC + Metformin 1.46 (1.21-1.76) 1.34 (1.02-1.76) 1.62 (1.23-2.13)
Letrozole 1.37 (1.16-1.61) 1.48 (1.07-2.05) 1.30 (1.08-1.58)
Tamoxifen 0.91 (0.66-1.25) 0.72 (0.26-1.95) 0.91 (0.65-1.26)
Gonadotrophins 1.34 (0.87-2.08) 1.22 (0.64-2.31) 1.57 (0.81-3.06)

This table shows the results of network meta-analyses of RCTs with IPD and network meta-analyses 
of all eligible RCTs on live birth and clinical pregnancy. The results are presented in the compari-
sons of different interventions versus CC for live birth and clinical pregnancy, respectively.
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Supplementary Table 4. List of investigators of the primary RCTs
Primary RCTs Investigators
CLET trial (Amer 2017) S.A. Amer, J. Smith, A. Mahran, and P. Fox, A. Fakis

Bayar 2006 Ülkü Bayar, Mustafa Basaran, Sibel Kiran, Ayhan Coskun and Sener Gezer
COFFI trial (Homburg 2012) R. Homburg, M.L. Hendriks, T.E. König, R.A. Anderson, A.H. Balen, M. Brincat, 

T. Child, M. Davies, T. D’Hooghe, A. Martinez, M. Rajkhowa, R. Rueda-Saenz, P. 
Hompes and C.B. Lambalk

PCOSMIC trial* (Johnson 2010) N.P. Johnson, A.W. Stewart, J. Falkiner,  C.M. Farquhar, S. Milsom, V.-P. Singh, 
Q.L. Okonkwo, K.L. Buckingham, REACT-NZ (REproductionAnd Collaborative 
Trials in New Zealand)

Kar 2012 Sujata Kar

Kar 2015 Sujata Kar and Smriti Sanchita

Leanza 2014 V Leanza, L Coco, F Grasso, G Leanza, G Zarbo, and M Palumbo.

PPCOS I trial (Legro 2007) Richard S. Legro, Huiman X. Barnhart, William D. Schlaff, Bruce R. Carr, Michael 
P. Diamond, Sandra A. Carson, Michael P. Steinkampf, Christos Coutifaris, Peter 
G. McGovern, Nicholas A. Cataldo, Gabriella G. Gosman, John E. Nestler, Linda 
C. Giudice, Phyllis C. Leppert, and Evan R. Myers, for the Cooperative Multi-
center Reproductive Medicine Network

PPCOS II trial (Legro 2014) Richard S. Legro, Robert G. Brzyski, Michael P. Diamond, Christos Coutifaris, 
William D. Schlaff, Peter Casson, Gregory M. Christman, Hao Huang, Qingshang 
Yan, Ruben Alvero, Daniel J. Haisenleder, Kurt T. Barnhart, G. Wright Bates, Re-
becca Usadi, Scott Lucidi, Valerie Baker, J.C. Trussell, Stephen A. Krawetz, Peter 
Snyder, Dana Ohl, Nanette Santoro, Esther Eisenberg, and Heping Zhang, for 
the NICHD Reproductive Medicine Network

Liu 2017 Chang Liu, Guimei Feng, Wei Huang, Qiuyi Wang, Shiyuan Yang, Jing Tan, Jing 
Fu and Dong Liu

Lord 2006 J Lord, R Thomas, B Fox, U Acharya and T Wilkin

Moll 2006 Etelka Moll, Patrick M MBossuyt, Johanna C Korevaar, Cornelis B Lambalk, and 
Fulco van der Veen,

Morin-Papunen 2012 Laure Morin-Papunen, Anni S. Rantala, Leila Unkila-Kallio, AilaTiitinen, Maritta-
Hippeläinen, Antti Perheentupa, Helena Tinkanen, RistoBloigu, Katri Puukka, 
AimoRuokonen and Juha S. Tapanainen

Nazik 2012 Hakan Nazik and YakupKumtepe

Palomba 2005 Stefano Palomba, Francesco Orio, Jr.,  Angela Falbo, Francesco Manguso, Tiz-
iana Russo, Teresa Cascella, Achille Tolino, Enrico Carmina, Annamaria Colao 
and Fulvio Zullo

Sahin 2004 Yılmaz Şahin, Ünal Yirmibeş, Fahrettin Keleştimur and Ercan Aygen

Vegetti 1999 W. Vegetti, A. Riccaboni, M. Columbo, E. Baroni, D. Diaferia, G. Ragni and P.G. 
Crosignani.

Williams 2009 C. D. Williams, L. M. Pastore, W. B.Shelly,  A. P.Bailey,  D. C.Baras and B. G.Bateman, 

PCOSAct trial (Wu 2017) Xiao-Ke Wu, ElisabetStener-Victorin, Hong-Ying Kuang, Hong-Li Ma, Jing-Shu 
Gao, Liang-Zhen Xie, Li-Hui Hou, Zhen-Xing Hu, Xiao-Guang Shao, Jun Ge, Jin-
Feng Zhang, Hui-Ying Xue, Xiao-Feng Xu, Rui-Ning Liang, Hong-Xia Ma, Hong-
Wei Yang, Wei-Li Li, Dong-Mei Huang, Yun Sun, Cui-Fang Hao, Shao-Min Du, 
Zheng-Wang Yang, Xin Wang, Ying Yan, Xiu-Hua Chen, Ping Fu, Cai-Fei Ding, 
Ya-Qin Gao, Zhong-Ming Zhou, Chi Chiu Wang, Tai-Xiang Wu, Jian-Ping Liu, 
Ernest H. Y. Ng, Richard S. Legro and Heping Zhang, for the PCOSAct Study 
Group

*Note: This publication included two studies, both of which were included.
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Supplementary Table 5. Eunice Kennedy Shriver National Institutes of Child Health and Human 
Development, Reproductive Medicine Network

Names Affiliations Support by NIH 
Grants

Richard S. Legro, M.D. Pennsylvania State University College of Medicine, Hershey, PA U10 HD27049,

U10 HD38992, 

U10 HD055925, 
U10 HD39005, 

U10 HD38998, 

U10 HD055936, 
U10 HD055942, 
U10 HD055944, 
U54 HD29834, 

UL1 TR000127, 
U01 HD38997, 

U10 HD27011, 

U10 HD33172, 

U10 HD38988, 

U10 HD38999, 
MO1RR00056,

MO11RR10732,

C06 RR016-499

Robert G. Brzyski, M.D., Ph.D. University of Texas Health Science Center at San Antonio, San Antonio

Michael P. Diamond, M.D. Georgia Regents University, Augusta; Wayne State Univeristy, Detroit

Christos Coutifaris, M.D., Ph.D. University of Pennsylvania School of Medicine, Philadelphia

William D. Schlaff, M.D. University of Colorado, Aurora

Peter Casson, M.D. University of Vermont, Burlington

Gregory M. Christman, M.D. University of Michigan, Ann Arbor

Hao Huang, M.D., M.P.H. Yale University School of Public Health, New Haven, CT

Qingshang Yan, Ph.D. Yale University School of Public Health, New Haven, CT

Ruben Alvero, M.D. University of Colorado, Aurora

Daniel J. Haisenleder, Ph.D. Ligand Core Lab, Univ of Virginia Center for Research in Reproduction, 
Charlottesville

Kurt T. Barnhart, M.D. University of Pennsylvania School of Medicine, Philadelphia

G. Wright Bates, M.D. University of Alabama at Birmingham, Birmingham

Rebecca Usadi, M.D. Carolinas Medical Center, Charlotte, NC

Scott Lucidi, M.D. Virginia Commonwealth University, Richmond

Valerie Baker, M.D. Stanford University Medical Center, Stanford, CA

J.C. Trussell, M.D. State University of New York Upstate Medical University, Onondaga

Stephen A. Krawetz, Ph.D. Wayne State Univeristy, Detroit

Peter Snyder, M.D. University of Pennsylvania School of Medicine, Philadelphia

Dana Ohl, M.D. University of Michigan, Ann Arbor

Nanette Santoro, M.D. University of Colorado, Aurora

Huiman X. Barnhart, Ph.D. Duke University   Medical Center, Durham, NC

Bruce R. Carr, M.D. University of Texas Southwestern Medical Center, Dallas

Michael P. Diamond, M.D. Wayne State Univeristy, Detroit

Sandra A. Carson, M.D. Baylor College of Medicine, Houston

Michael P. Steinkampf, M.D. University of Alabama, Birmingham

Peter G. McGovern, M.D. University of Medicine and Dentistry of New Jersey, Newark

Nicholas A. Cataldo, M.D. Stanford University, Stanford, CA

Gabriella G. Gosman, M.D. University of Pittsburgh, Pittsburgh

John E. Nestler, M.D. Virginia Commonwealth University School of Medicine, Richmond

Linda C. Giudice, M.D., Ph.D. University of California at San Francisco, San Francisco

Phyllis C. Leppert, M.D., Ph.D. National Institute of Child Health and Human Development, Bethesda, MD

Evan R. Myers, M.D., M.P.H. Duke University Medical Center, Durham

Esther Eisenberg, M.D., M.P.H. Fertility and Infertility Branch, Eunice Kennedy Shriver National Institu-
te of Child Health and Human Development, Rockville, MD

Heping Zhang, Ph.D. Yale University School of Public Health, New Haven, CT
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ABSTRACT

Background
In our recent individual participant data (IPD) meta-analysis evaluating the effectiveness 
of first-line ovulation induction for polycystic ovary syndrome (PCOS), IPD were only 
available from 20 studies of 53 randomized controlled trials (RCTs). We noticed that 
the summary effect sizes of meta-analyses of RCTs without IPD sharing were different 
from those of RCTs with IPD sharing. Granting access to IPD for secondary analysis has 
implications for promoting fair and transparent conduct of RCTs. It is, however, still 
common for authors to choose to withhold IPD, limiting the impact of and confidence 
in the results of RCTs and systematic reviews based on aggregate data.

Objective and rationale
We performed a meta-epidemiologic study to elucidate if RCTs without IPD sharing 
have lower quality and more methodological issues than those with IPD sharing in an 
IPD meta-analysis evaluating first-line ovulation induction for PCOS.

Search methods
We included RCTs identified for the IPD meta-analysis. We dichotomized RCTs 
according to whether they provided IPD (shared group) or not (non-shared group) 
in the IPD meta-analysis. We restricted RCTs to full-text published trials written in 
English. We assessed and compared RCTs in the shared and non-shared groups on the 
following criteria: Risk of Bias (RoB 2.0), GRADE approach, adequacy of trial registration; 
description of statistical methods and reproducibility of univariable statistical analysis; 
excessive similarity or difference in baseline characteristics that is not compatible with 
chance; and other miscellaneous methodological issues.

Outcomes
In total, 45 trials (8697 women) were included in this study. IPD were available from 
17 RCTs and 28 trials were categorized as the non-shared IPD group. Pooled risk rates 
obtained from the shared and non-shared groups were different. Overall low risk of 
bias was associated with 13/17 (76%) of shared RCTs versus 7/28 (25%) of non-shared 
RCTs. For RCTs that started recruitment after 1 July 2005, adequate trial registration 
was found in 3/9 (33%) of shared IPD RCTs versus 0/16 (0%) in non-shared RCTs. In 
total, 7/17 (41%) of shared RCTs and 19/28 (68%) of non-shared RCTs had issues with 
the statistical methods described. The median (range) of inconsistency rate per study, 
between reported and reproduced analyses for baseline variables, was 0% (0-92%) (6 
RCTs applicable) in the shared group and 54% (0-100%) (13 RCTs applicable) in the non-
shared group. The median (range) of inconsistency rate of univariable statistical results 
for the outcome(s) per study was 0% (0-63%) (14 RCTs applicable) in the shared group 
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and 44% (0-100%) (24 RCTs applicable) in the non-shared group. The distributions of 
simulation-generated P-values from comparisons of baseline continuous variables 
between intervention and control arms suggested that RCTs in the shared group are 
likely to be consistent with properly conducted randomization (P = 0.163), whereas this 
was not the case for the RCTs in the non-shared group (P = 4.535 × 10-8).

Wider implications
IPD meta-analysis on evaluating first-line ovulation induction for PCOS preserves 
validity and generates more accurate estimates of risk than meta-analyses using 
aggregate data, which enables more transparent assessments of benefits and risks. 
The availability of IPD and the willingness to share these data may be a good indicator 
of quality, methodological soundness and integrity of RCTs when they are being 
considered for inclusion in systematic reviews and meta-analyses.
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INTRODUCTION 

Polycystic ovary syndrome (PCOS) is a common endocrine disorder that may result in 
anovulatory infertility. Effective first-line ovulation induction is vital for the treatment of 
infertility in women troubled by this disease. Several meta-analyses on this topic using 
aggregate data from randomized controlled trials (RCTs) have been performed1,2 and 
evidence-based guidelines have been released based on multiple meta-analyses and 
systematic reviews.3

In our recent individual participant data (IPD) meta-analysis evaluating the effectiveness 
of first-line ovulation induction for PCOS,4 IPD were available from 20 RCTs, whereas IPD 
from 34 RCTs were not available, due to no response (n = 23), data loss (n = 10) or legal 
reasons (n = 1). While performing the IPD meta-analysis,4 we noticed the summary effect 
sizes of meta-analyses of RCTs not providing IPD were different from those of RCTs that 
provided IPD. This raised concern about the comparability of RCTs with and without IPD 
sharing.

The lack of availability of IPD from individual trials is a common issue that troubles 
IPD meta-analyses,5 and may limit the validity and precision of the results of evidence 
synthesis. The concerns expressed and reasons given by teams of investigators that refuse 
or are unable to share IPD include the heterogeneity and complexity of the contributing 
RCTs, administrative difficulties, lack of agreement on the purpose of sharing, the need 
for confidentiality and secure storage of data, data quality issues, ethical or ownership 
restrictions, failure to retain trial data and other personal considerations.6,7 The willingness 
to share IPD may depend on the study’s type of funding, sample size, risk of bias and the 
magnitude of the estimated treatment effect.8 Other trials may not have retained data 
sufficiently well for subsequent use due to poor storage policies or investigators moving 
away from the centre that retains the data. The attitude of researchers’ institutions towards 
data sharing is also important.

Little is known about the comparability between shared and non-shared IPD RCTs with 
regard to quality and integrity. RCTs with IPD sharing are usually performed better 
compared to non-shared RCTs on a quantitative ‘risk of bias’ assessment.9 There has not 
been a head-to-head comparison between shared and non-shared RCTs contributing data 
to the same set of IPD meta-analyses in terms of methodological issues, which potentially 
endangers the robustness of synthesized evidence.

In this meta-epidemiological study, our aim was to try to determine if there is a difference 
in the frequency and magnitude of methodological and integrity issues between 
shared and non-shared RCTs, especially those that failed to respond in data enquiry. 
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Such a difference, if it exists, may assist in understanding whether the risk of publishing 
disproportionately large or small estimates of effect size is associated with the provision 
of data for inclusion in IPD meta-analysis.

METHODS 

This meta-epidemiological study was prospectively registered at Center for Open Science 
‘OSF REGISTRIES’ open registries network (10.17605/OSF.IO/RCJAV) before data extraction. 
The conduct of this study followed a pre-defined protocol.

Inclusion of RCTs
We included RCTs that were identified systematically in the IPD meta-analysis evaluating 
the effectiveness of first-line ovulation induction for PCOS.4 We distinguished between 
RCTs where IPD were shared (shared group) and RCTs where IPD were not shared (non-
shared group). According to the stated reason for not being able to share the minimum 
IPD to contribute to the IPD meta-analysis, the non-shared group was subdivided into no 
response following enquiry and data loss or legal reasons subgroups. We restricted the 
study to full-text published trials written in English. Trials that do not have full-text were 
excluded because they could not undergo the assessments of methodological issues 
used in this study.

Data extraction
We extracted information regarding author, year of publication, country/region, number 
of study centres, number of participants, definitions of treatment and control protocols, 
study start and end dates, ethics approval, registration (status and date), date of submission 
to journal, statement of ethics approval, statistical methods planned, used and reported, 
trial withdrawn (and reason if given), summary statistics of baseline characteristics and 
univariable analyses. We used the results of the GRADE (Grading of Recommendations, 
Assessment, Development and Evaluations) approach for the IPD meta-analysis4 in this 
study.

Data synthesis
We performed random effects meta-analyses using aggregate data for the pre-defined 
comparisons letrozole versus clomiphene citrate (CC) and CC plus metformin versus CC in 
the shared and non-shared groups, respectively. For live birth and clinical pregnancy, we 
calculated risk ratios (RRs) and 95% CIs and presented statistical heterogeneity by using 
I2 statistic.10 We conducted all analyses on the basis of intention-to-treat, with women 
allocated to the treatment group to which they were randomized at the outset as the unit 
of analysis.4
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Quality assessments
We conducted the following analyses in the shared and non-shared groups separately 
and compared the results with statistical methods whenever appropriate.

Assessment of risk of bias of individual studies.
Two review authors (E.M.B. and R.W.) independently assessed risk of bias for each eligible 
study by using the new Cochrane ‘Risk of Bias 2’ assessment tool11 which included five 
domains: bias arising from the randomization process; bias due to deviations from 
intended interventions; bias due to missing outcome data; bias in measurement of the 
outcome; and bias in selection of the reported result. Disagreements were resolved by 
discussion with a third review author (W.L.).

We also produced a figure to visualize the chronological pattern of overall risk of bias. The 
intention of this is to investigate the hypothesis that the quality of trials that are published 
later is better, potentially because they have the opportunity to build upon data and 
results from earlier published trials.

Overall certainty of evidence: the GRADE approach.
We used the GRADE approach to assess the overall certainty of evidence in two pre-defined 
treatment comparisons (letrozole vs CC and CC plus metformin vs CC) for the outcomes 
live birth and clinical pregnancy.12 As this assessment was performed separately in the 
shared and non-shared groups, we did not downgrade confidence in evidence due to 
publication bias.

Trial registration.
We applied this assessment to RCTs that initiated recruitment after 1 July 2005 as the 
requirement of compulsory prospective registration for any clinical trials starting 
enrolment after 1 July 2005 was not launched until 2004.13 We obtained the trial registration 
number(s) from publication(s), or from searching of the World Health Organization (WHO) 
and International Standard Randomized Controlled Trial Number (ISRCTN) registries 
for trials conducted by the same research team and/or organization. Trial registration 
status was categorized into one of four groups, with registrations occurring: prior to 
commencing recruitment or within 6 months of initiating recruitment (adequate); after 
6 months of initiating recruitment but before the completion of recruitment (late); trials 
registered after completing recruitment (retrospective); or not registered at all (absent). 
Where the recruitment period was not clear, the start and end dates of the study captured 
in the registration database were used. Late, retrospective and absent registration were 
considered as ‘inadequate registration’ in the analysis. We compared the distribution of 
registration status (adequate vs inadequate) between the shared and non-shared groups 
using Pearson’s χ2 test or Fisher’s exact test for contingency tables.
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Assessment of statistical method.
We reviewed the statistical methods described and used in the included trials. We 
considered the following issues with statistical methods: an absent or extremely brief 
description of the statistical method that hindered us from reproducing univariable 
analysis; any inconsistency between the specified method and analyses presented in 
the results section (including tables and figures); use of statistical methods that were 
not pre-specified; and inappropriate choice of statistical methods given the data type.14 
Studies without any of the above-mentioned issues were considered as having adequate 
reporting of statistical methods. A composite of these issues was compared between the 
shared and non-shared groups using Pearson’s χ2 test or Fisher’s exact test. Odds ratios 
(ORs) as a measure of association and 95% CIs were computed.

Reproducibility of statistical analysis.
We attempted to reproduce the results of any univariable statistical analyses with 
summary statistics (aggregate data) provided in publications. The methods to reproduce 
these analyses have been elaborated elsewhere.14 We calculated the inconsistency rate 
(number of irreproducible analyses/total number of univariable analyses) for baseline 
characteristics and outcomes in each RCT by comparing our computed results with 
those published. We compared inconsistency rates of trials between the shared and non-
shared groups using the Mann–Whitney test. We plotted the cumulative distribution of 
the ratio [calculated P-value ÷ reported P-value] for irreproducible P-values separating 
baseline characteristics and outcomes in the shared and non-shared groups in the hope 
of inferring the reasons for irreproducibility. If inconsistencies were due to random errors 
or other unintentional reasons in different RCTs then, when the ratios are combined, we 
expect that the frequency of ratios <1 and >1 should be roughly equal and the value of 
the cumulative curve of the ratios should be close to 1 on the x-axis (the value of the ratio) 
when cumulative proportion on the y-axis reaches 0.5 (the point on the curve where there 
are an equal number of ratios above and below the corresponding value on the x-axis). If 
irreproducible P-values were intentionally manipulated, the numbers of the ratios <1 and 
>1 would be disproportionate and the observed cumulative distribution would violate 
what is expected under the null hypothesis of P-value ratios distributed symmetrically 
about 1.

Probability of random sampling for baseline characteristics.
We used Monte Carlo simulations (computational algorithms that use random sampling 
to generate numerical results) to generate a P-value for differences between treatment 
and control groups for each baseline continuous variable.15 If randomization had been 
done correctly and data recorded accurately in all or most RCTs, then the set of simulation-
generated P-values from baseline variables (especially those that are continuously valued) 
should not deviate much from a uniform [0,1] distribution, that is, they should be a 
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sample of randomly drawn values between 0 and 1. More details of this method and the 
assumptions required can be found in previous papers.4,15,16 We used statistical conversions 
to estimate mean and SD if they were not displayed explicitly in the publications.17 We 
used the Kolmogorov–Smirnov test, against a reference distribution of uniform [0,1], for 
the simulation-generated P-values of baseline variables, to check for the effectiveness of 
randomization across RCTs in the shared and non-shared groups. The smaller the P-value 
from the Kolmogorov–Smirnov test, the less likely it is that the data presented were 
generated from trials where the randomization process for treatment group allocation was 
performed properly. We also compared directly the distribution of simulation-generated 
P-values between the shared and non-shared groups.

Other miscellaneous issues.
We looked for additional concerns that present possible issues for the quality of the 
research, such as the absence of a statement confirming ethics approval in the original 
publications, unfeasible recruitment or study timelines, and reporting of any details 
about the participants who withdrew. Due to the possible complexity of these issues, we 
reported these results qualitatively.

We also performed subgroup analyses for the assessments of statistical method, statistical 
reproducibility and randomization in the non-shared group according to the reason for 
not being able to share IPD. All statistical analyses were performed using Review Manager 
(v5.3), Stata (v16.0) or the R statistical software (v3.5.1).

RESULTS 

Inclusion of RCTs
There were 53 RCTs identified in the IPD meta-analysis.4 Eight RCTs did not fulfil our 
inclusion criteria and were excluded; three RCTs were not published in English (Persian, 
Turkish and Italian one each) (Aygen et al., 2007; Santonocito et al., 2009; Lorzadeh et al., 
2011) and for five RCTs no full text was available such that methodological quality could 
not be assessed (Vegetti et al., 1999; Robinson et al., 2003; Williams et al., 2009; Keikha and 
Shahraki, 2011; Jahan, 2015).

In total, 45 trials (8697 women) were included in this study. IPD were available from 17 
RCTs (shared IPD group) (Sahin et al., 2004; Palomba et al., 2005; Bayar et al., 2006; Lord et 
al., 2006; Moll et al., 2006; Legro et al., 2007; Johnson et al., 2010; Homburg et al., 2012; Kar, 
2012; Morin-Papunen et al., 2012; Nazik and Kumtepe, 2012; Leanza et al., 2014; Legro et 
al., 2014; Kar and Sanchita, 2015; Amer et al., 2017; Liu et al., 2017; Wu et al., 2017). Twenty-
eight trials were categorized as the non-shared IPD group due to no response (n = 20) 
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(Boostanfar et al., 2001; Lopez et al., 2004; Atay et al., 2006; Karimzadeh et al., 2007; Dasari 
and Pranahita, 2009; Dehbashi et al., 2009; Karimzadeh and Javedani, 2010; Zeinalzadeh 
et al., 2010; Sheikh-El-Arab Elsedeek and Elmaghraby, 2011; Banerjee Ray et al., 2012; 
Basirat et al., 2012; Roy et al., 2012; Selim and Borg, 2012; Seyedoshohadaei et al., 2012; 
Abuelghar et al., 2013; Ayaz et al., 2013; Maged et al., 2015; Sharief and Nafee, 2015; Chen 
et al., 2016; Hossein-Rashidi et al., 2016), data loss (n = 7) (Fleming et al., 2002; Khorram et 
al., 2006; Tang et al., 2006; Badawy et al., 2009; Zain et al., 2009; Badawy and Gibreal, 2011; 
Mobusher, 2014) or legal reasons (n = 1) (Moussa et al., 2016).

Characteristics of RCTs
The median number of trial participants included in the shared group was 159 (range 
21–1000), with a median average number of randomized participants per site per month 
of 2.0 (range 0.3–16.7) (Supplementary Table S1). The median number of trial participants 
included in the non-shared group was 118 (range 24–438), with a median average number 
of randomizations per site per month of 6.3 (range 1.0–14.3) (Supplementary Table S2). In 
total, 11/17 (65%) RCTs in the shared group and 25/28 (89%) RCTs in the non-shared were 
single-centre trials.

Table 1 shows the results of meta-analyses in the shared and non-shared groups. For 
the comparison of letrozole versus CC, the pooled risk rates were higher in the shared 
group (RR 1.43, 95% CI 1.17–1.75 for live birth and RR 1.45, 95% CI 1.23–1.70 for clinical 
pregnancy) compared with the non-shared group (RR 1.09, 95% CI 0.68–1.74 for live birth 
and RR 1.29, 95% CI 1.04–1.60 for clinical pregnancy). For the comparison of CC plus 
metformin versus CC, the pooled risk rates were lower in the shared group (RR 1.08, 95% 
CI 0.87–1.35 for live birth and RR 1.18, 95% CI 1.00–1.39 for clinical pregnancy) than the 
non-shared group (RR 1.17, 95% CI 0.43–3.17 for live birth and RR 1.34, 95% CI 1.03–1.76 
for clinical pregnancy). The CIs were narrower in the shared group compared with the 
non-shared group, enabling more precise estimates in the shared group.
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Table 1. Meta-analyses and GRADE assessments of randomized controlled trials evaluating first-line 
ovulation induction for polycystic ovary syndrome by sharing or not sharing individual participant 
data

Comparison Outcome Group No. of 
trials

 No. of 
women

 RR 95% CI I2* GRADE

Letrozole vs CC Live birth Shared 3 1043 1.43* 1.17–1.75* 0%* Modera-
tea,* 

Non-shared 2 200 1.09 0.68–1.74 13% Lowa,b 
Clinical  
pregnancy 

Shared 6 1284 1.45* 1.23–1.70* 0%* Modera-
tea,* 

Non-shared 13 1933 1.29 1.04–1.60 48% Very lowa,b,c 
CC plus met-
formin vs CC 

Live birth Shared 5 907 1.08* 0.87–1.35* 6%* Lowa,b,* 
Non-shared 1 82 1.17 0.43–3.17 NA Very lowd 

Clinical  
pregnancy 

Shared 7 1039 1.18* 1.00–1.39* 7%* Lowa,b,* 
Non-shared 8 853 1.34 1.03–1.76 0% Lowa,b 

CC, clomiphene citrate; GRADE, Grading of Recommendations, Assessment, Development and 
Evaluations; I2, statistics of heterogeneity; NA, not applicable; No., number; RR, risk ratio.
* Extracted from Wang et al. (2019).
a Downgraded by one level due to some concerns on risk of bias.
b Downgraded by one level due to imprecision.
c Downgraded by one level due to inconsistency.
d Downgraded by three levels due to major concerns on risk of bias and serious imprecision.

Quality of evidence of shared and non-shared IPD RCTs

Risk of bias and the GRADE assessment.
Overall, RCTs in the shared group performed better than those in the non-shared group 
on the assessment of the risk of bias (Fig. 1, Supplementary Table S3). Overall low risk of 
bias was associated with 13/17 (76%) of shared RCTs versus 7/28 (25%) of non-shared 
RCTs. RCTs in the non-shared group had higher risks of bias due to deviations from 
intended interventions and bias arising from the randomization process than RCTs in the 
shared group. We found no evidence that trials published later have better performance 
on overall risk of bias (Supplementary Fig. S1).

For the comparison of letrozole versus CC, the non-shared group was associated with 
lower overall certainty of evidence compared to the shared group using the GRADE 
approach (Table 1). When comparing CC plus metformin versus CC for live birth, the 
shared group had low overall certainty of evidence and the non-shared group had very 
low overall certainty.
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Risk of bias graph by sharing or not sharing individual 

Figure 1. Risk of bias graph by sharing or not sharing individual participant data: review of authors’ 
judgements about each risk of bias item presented as percentages across all included studies

Assessment of trial registration.
There were 25/45 RCTs that started recruitment after 1 July 2005. Adequate trial 
registration was found in 3/9 (33%) of RCTs in the shared group versus 0/16 (0%) in the 
non-shared group (P = 0.037). In the shared group, 2/9 (22%) trials were registered late or 
retrospectively and 4/9 (44%) were not registered at all. In the non-shared group, late or 
retrospective registration was found in 2/16 (13%) of the trials and the majority (14/16, 
88%) of the trials had no registration (Table 2).
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Table 2. Registration, dates of recruitment and submission to journal for randomized controlled 
trials evaluating first-line ovulation induction for polycystic ovary syndrome. 
Study Registrationa Recruitment  

(month-year)
Date regis-
tered 
(date-month-
year)b

Article submission 
(date-month-year)c

Start End

RCTs without IPD sharing 

Abuelghar et al. (2013) Absent May-

2012 

January-
2013 

NA 20-March-2013 

Atay et al. (2006) NA NA NA NA 26-July-2005 
Ayaz et al. (2013) Absent February-

2008 
December-
2008 

NA 26-June-2012 

Badawy et al. (2009) NA January-
2004 

September-
2006 

NA 25-October-2006 

Badawy and Gibreal 
(2011) 

Absent December-
2005 

December-
2009 

NA 8-February-2011 

Basirat et al. (2012) Retrospective 2007 2009 24-August- 
2010 

29-September-2010 

Boostanfar et al.  
(2001) 

NA August-
1997 

November-
1999 

NA 27-August-2000 

Chen et al. (2016) Absent January-
2013 

January-
2015 

NA 30-August-2016 

Dasari and Pranahita 
(2009) 

NA August-
2003 

August-
2005 

NA 6-October-2008 

Dehbashi et al.  
(2009) 

NA February-
2004 

November-
2006 

NA 20-September-2008 

Fleming et al. (2002) NA NA NA NA 16-August-2001 
Hossein-Rashidi et al. 
(2016) 

Absent March-
2013 

June-
2014 

NA September-2015 

Karimzadeh et al.  
(2007) 

Absent August-
2005 

September-
2006 

NA 27-January-2007 

Karimzadeh and  
Javedani (2010) 

Absent NA NA NA 22-October-2008 

Khorram et al. (2006) NA NA NA NA 28-June-2005 
Lopez et al. (2004) NA April-2000 December-

2001 
NA 2-July-2004 

Maged et al. (2015) Absent September-
2012 

March-
2014 

NA 29-January-2015 

Mobusher (2014) Absent July-
2012 

June-
2013 

NA NA 

Moussa et al. (2016) Absent August-
2014 

January-
2015 

NA 18-February-2016 

Banerjee Ray et al.  
(2012) 

Absent January-
2008 

December-
2009 

NA 31-May-2011 

Roy et al. (2012) NA January-
2005 

January-
2010 

NA 5-June-2011 

Selim and Borg (2012) Absent November-
2008 

September-
2011 

NA NA 

Seyedoshohadaei  
et al. (2012) 

Retrospective November-
2007 

September-
2009 

6-June-2011 6-July-2011 
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Sharief and Nafee (2015) Absent January-
2012 

April-
2013 

NA NA 

Sheikh-El-Arab Elsedeek 
and Elmaghraby (2011) 

Absent NA NA NA 7-October-2010 

Tang et al. (2006) NA 1999 2003 12-Septem-
ber-
2003 

25-April-2005 

Zain et al. (2009) Absent September-

2005 

December-
2006 

NA 5-October-2007 

Zeinalzadeh et al. (2010) Absent 2006 2007 NA NA 

RCTs with IPD sharing 

Amer et al. (2017) Late April-
2007 

June-
2014 

23-May-
2007 

8-January-2017 

Bayar et al. (2006) NA 2004 2005 NA 28-October-2005 
Homburg et al. (2012) Late August-

2005 
March-
2009 

14-February-
2006 

17-February-2011 

Johnson et al. (2010) NA August-
2003 

February-
2007 

21-November-
2008 
(Protocol 
published in 
2005) 

29-September-2009 

Kar (2012) Absent July-
2010 

July-
2011 

NA 1-April-2012 

Kar and Sanchita (2015) Absent November-
2011 

December-
2013 

NA 18-April-2015 

Leanza et al. (2014) Absent NA NA NA 17-April-2013 
Legro et al. (2007) NA November-

2002 
December-
2004 

10-Septem-
ber-
2003 

NA 

Legro et al. (2014) Adequate February-
2009 

January-
2012 

21-July-
2008 

NA 

Liu et al. (2017) Adequate April-
2012 

March-
2014 

12-December-
2011 

10-June-2016 

Lord et al. (2006) NA NA NA NA NA 
Moll et al. (2006) NA June-

2001 
June-
2006 

27-January-
2006 

NA 

Morin-Papunen  
et al. (2012) 

NA January-
2003 

December-
2009 

9-October-
2009 

8-November-2011 

Nazik and Kumtepe 
(2012) 

Absent December-
2005 

March-
2007 

NA NA 

Palomba et al. (2005) NA April-
2003 

September-
2003 

NA 19-January-2005 

Sahin et al. (2004) NA NA NA NA 29-October-2002 
Wu et al. (2017) Adequate July-

2012 
November-
2014 

4-April-
2012 

NA 

IPD, individual participant data; RCT, randomized controlled trial.
a Registrations that happened 6 months after the initiation of recruitment dates but before the 
completion of recruitment were considered as ‘late’. Attempts that registered after the completion 
of recruitment were defined as ‘retrospective’ registration.
b As described in corresponding clinical trial registry.
c As stated in the published article.

Table 2. Continued
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Assessment of statistical methods.
In total, 7/17 (41%) of RCTs in the shared group and 19/28 (68%) of RCTs in the non-
shared group had issues with the statistical methods described (OR 0.33, 95% CI 0.10–
1.16, P = 0.079). In the subgroup of no response, there were 14/20 (70%) trials that had 
issues with the statistical methods described (OR 3.33, 95% CI 0.71–16.15, P = 0.078 vs the 
shared group). In the subgroup of data loss or legal reasons, 5/8 (62.5%) RCTs had issues 
regarding statistical methods description (OR 2.38, 95% CI 0.32–20.03, P = 0.411 vs the 
shared group).

Reproducibility of statistical analysis.
The median (range) of inconsistency rate per study, between reported and reproduced 
analysis for baseline variables, was 0% (0–92%) (6 RCTs applicable) in the shared group 
and 54% (0–100%) (13 RCT applicable) in the non-shared group (P = 0.061). The subgroup 
analyses showed a median (range) of inconsistency rate of 65% (0–100%) (10 RCTs 
applicable, P = 0.118 vs the shared group) in the no response subgroup and 54% (40–
100%) (3 RCTs applicable, P = 0.059 vs the shared group) in the data loss or legal reason 
subgroup.

The median (range) of inconsistency rate per study, between reported and reproduced 
analysis for the outcome(s), was 0% (0–63%) (14 RCTs applicable) in the shared group 
and 44% (0–100%) (24 RCTs applicable) in the non-shared group (P = 0.003). The subgroup 
analyses showed a median (range) of inconsistency rate of 39% (0–100%) (16 RCTs 
applicable, P = 0.005 vs the shared group) in the no response subgroup and 55% (0–100%) 
(eight RCTs applicable, P = 0.032 vs the shared group) in the data loss or legal reason 
subgroup.

Regarding the shared group, there were equal proportions of ratios of calculated P-value/
reported P-value that are <1 and >1 for both irreproducible baseline characteristics and 
outcomes (Fig. 2A). For the non-shared group, we found more ratios that are <1 than >1 
for both baseline characteristics (73.6% vs 26.4%) and outcomes (59.7% vs 40.3%) (Fig. 
2B). In the subgroup analysis, we found similar patterns to what is shown in the total non-
shared group (Fig. 2C and D).
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Cumulative distribution of the ratio of calculated P-
-value for irreproducible analyses of ...

Figure 2. Cumulative distribution of the ratio of calculated P-value/reported P-value for 
irreproducible analyses of baseline characteristics and outcomes.

Given that the analyses were irreproducible because of random errors and were not manipulated, 
the numbers of the ratio 1 should be roughly equal and the cumulative curve approximates 1 on 
the x-axis when cumulative proportion reaches 0.5. (A) The distribution matches the expected 
observation in the shared group. (B) More ratios <1 were observed for baseline characteristics and 
outcomes in the non-shared group. (C) More ratios <1 were observed for baseline characteristics 
in the no response subgroup. (D) More ratios <1 were observed for baseline characteristics and 
outcomes in the data loss or legal reason subgroup.

Probability of random sampling for baseline characteristics.
In the shared group, the distribution of simulation-generated P-values from all baseline 
variables was consistent with the expected uniform distribution (Kolmogorov–Smirnov 
test P-value = 0.1626) (Fig. 3a, blue dots). In the non-shared group, the distribution of 
simulation-generated P-values from all baseline variables was substantially different to 
the expected uniform distribution (Kolmogorov–Smirnov test P-value = 4.535 × 10−8) (Fig. 
3A, red dots). A direct comparison of the distribution of P-values from the shared group 
and non-shared group also showed these to be very different (P = 2.227 × 10−4).
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Figure 3. Cumulative distribution of Monte Carlo simulations generated P-values for baseline 
characteristics from trials evaluating first-line ovulation induction for polycystic ovary syndrome. 

The null hypothesis is that the baseline characteristics in intervention and controls groups in 
these randomized controlled trials are the results of a properly conducted randomization process. 
(A) The distribution was consistent with the null hypothesis (diagonal line) for shared individual 
participant data (IPD) studies (blue dots, P = 0.1626), but inconsistent with the null hypothesis for 
non-shared IPD studies (red dots, P = 4.535 × 10−8). (B) The distribution was inconsistent with the 
null hypothesis for no response (blue dots, P = 2.004 × 10−6) and of IPD data loss or legal reasons 
(red dots, P = 0.001597).

Subgroup analyses of trials in the non-shared group with no response (P = 2.004 × 10−6) 
(Fig. 3B, blue dots) and of IPD data loss or legal reasons (P = 0.002) (Fig. 3B, red dots) 
showed that they were unlikely to follow the expected uniform distribution.

Miscellaneous issues.
Two RCTs in the shared-group (Leanza et al., 2014; Kar and Sanchita, 2015) and two RCTs 
in the non-shared group (Seyedoshohadaei et al., 2012; Mobusher, 2014) did not declare 
in the primary publications whether or not approval to conduct the study was obtained 
from an institutional review board or human research ethics committee. All other RCTs 
declared that they had received approval from a local ethics committee.

In the shared group, there were 13/17 (76%) trials that reported participants withdrawn, 
in which 8/13 (62%) performed intention-to-treat analysis. In the non-shared group, only 
10/28 (36%) trials reported participants withdrawn and 2/10 (20%) trials applied intention-
to-treat analysis.
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DISCUSSION

In this article, we assessed methodological issues of RCTs studying first-line ovulation 
induction for PCOS by the availability of IPD. Effect estimates generated from trials that 
shared IPD were different from those using data of trials not sharing IPD. We found that 
for all pre-specified quality criteria the shared group performed better than the non-
shared group. Compared to trials in the shared group, trials in the non-shared group had 
poorer performance on the risk of bias assessment and had lower certainty of evidence 
based on the GRADE approach. We found a higher proportion of trials with unsatisfactory 
trial registration, problematic statistical method reporting and irreproducible analyses in 
the non-shared group. While the randomization of participants to treatment and control 
groups was robust in the shared group, an analysis of baseline characteristics in the non-
shared group indicated that many of these results were extremely unlikely to be the 
results of a properly conducted randomization. These findings did not vary according to 
the reason for not sharing IPD.

We used novel methods to assess the methodological issues of these RCTs. There are 
several limitations of this meta-epidemiological study. First, papers for which the full text 
was not available were excluded. However, studies available only as abstracts are generally 
of poorer quality than those published as full text.18 Second, we used aggregated data 
from the primary publications to assess statistical methods for RCTs of the shared IPD 
group since using IPD for methodological assessments was not part of the data sharing 
agreement for the IPD meta-analysis. Third, the assumed null hypothesis about the 
distribution of simulation-generated P-values under proper randomization is not precisely 
correct if baseline variables are heavily correlated or more complex randomization 
techniques, such as stratification, are used or there is significant publication bias. The 
extent of the problem caused by the violation of the null hypothesis remains the subject 
of current research.19,20 The issue of complex randomization methods, if it has a significant 
impact on the assumed null hypothesis, only affects the analysis of the shared group 
because there are five trials in the shared group that used more complex randomization 
methods whereas no trials in the non-shared group applied these techniques. Lastly, the 
sample sizes for some comparisons were small, limiting the power to interpret further.

Several systematic reviews have provided evidence regarding first-line ovulation induction 
for PCOS. A Cochrane aggregate data meta-analyses,1 a network meta-analysis,21 and our 
IPD meta-analysis4 all concluded that letrozole increases live birth rates compared to CC. 
Similarly, aggregate data meta-analyses and IPD meta-analysis unanimously concluded 
that there was uncertainty or insufficient evidence of a difference between CC plus 
metformin and CC alone on live birth.2,4 While the directions of these conclusions are 
consistent, the precision of risk estimates in the aggregate data meta-analyses is likely 
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to be troubled by the inclusion of trials that could not provide IPD as these trials were 
found to have lower quality and more methodological issues. In this study, all pooled risk 
estimates generated from the shared and non-shared groups are different in terms of the 
magnitude of effect sizes and the CIs of the non-shared group estimates are much wider. 
Thus, the IPD meta-analysis had higher validity and more accurate risk estimates than 
meta-analyses using aggregate data on this topic, which enables a more transparent and 
precise estimate of the effectiveness and safety of treatment options. We found that trials 
in the non-shared group had smaller effect estimates than those in the shared group for 
the comparison of letrozole versus CC while the opposite was true for the comparison of 
CC plus metformin versus CC alone. It was hypothesized that trials not contributing to IPD 
meta-analysis tend to overestimate effect sizes. However, a recent meta-epidemiological 
study including 31 IPD meta-analyses showed that trials not contributing IPD could 
yield either larger or smaller effect estimates than trials that shared IPD and there is no 
consistent pattern of data availability bias.22 Findings in our study support this conclusion.

We found that trials with IPD sharing were overall of lower risk of bias than non-shared 
ones. This finding is in line with the statement of the International Weight Management 
in Pregnancy (i-WIP) Collaborative Group (2017),9 which found RCTs that agreed to share 
IPD usually outperformed non-shared RCTs on a quantitative the ‘risk of bias’ assessment. 
This also agrees with the finding from a previous study that willingness to share research 
data is related to the strength of the evidence and the quality of reporting of statistical 
results.23 The Risk of Bias tool and the GRADE approach are cornerstones supporting the 
validity of systematic reviews and meta-analyses of randomized trials. In theory, there is 
a potential risk that some authors may choose to withhold weaknesses of the trials in the 
manuscripts to improve the chance of them being published. Data integrity issues are 
another potential reason for unwillingness to share data and data ‘unavailability’. While 
low-quality trials do not necessarily need to be excluded from meta-analyses, trials that 
have concerns on integrity or methodology, such as multiple irreproducible results and 
evidence of non-randomization, are meant to be handled carefully, examined critically and 
viewed cautiously before inclusion to ensure the robustness of synthesized evidence. We 
can ill afford to include trials with compromised data integrity in meta-analyses because 
policy-makers, insurance companies, doctors and patients using these meta-analyses 
could be misled and harms are irreparable.24 At present, there is little consideration 
about data reproducibility and integrity of trials when performing meta-analyses using 
aggregate data, and guidelines on how to handle these critical issues are still lacking.

The poor performance in the non-shared group regarding all pre-specified criteria 
challenges the legitimacy of the traditional approach to include all relevant trials in 
systematic reviews and meta-analyses. While this inclusive approach minimizes the risk of 
publication bias, methodological and integrity issues of included trials cannot be rectified 
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by rigorous evidence synthesis. The availability of IPD and the willingness to share these 
data may be an indicator of quality, methodological soundness and integrity of trials when 
they are being considered for inclusion in systematic reviews. Meanwhile, some trials 
that shared IPD also had issues regarding quality assessments in this study, suggesting 
the limitation of using this indicator alone when realizing that IPD meta-analysis also 
cannot solve most of the issues of bias that arise from the poor conduct of trials. Rigorous 
assessments of quality and integrity of trials before inclusion is important to all forms 
of systematic reviews and meta-analyses.25 Although assessing data availability bias is 
an intrinsic part of IPD meta-analysis, not all IPD meta-analyses assessed the potential 
impact of including aggregate data from studies not contributing IPD and almost no IPD 
meta-analyses analysed the underlying reasons for the differences between results with 
or without aggregate data.26 Findings in this study highlight the importance of assessing 
data availability bias and the reasons beneath.

Increasingly, researchers are agreeing to share IPD from RCTs to create databases of studies 
for secondary analysis. Apart from conducting IPD meta-analyses and, more generally, 
addressing questions requiring evidence synthesis, combining IPD across multiple 
studies allows for harmonization of variables, standardization of data analysis, uniform 
presentation of results across the contributing RCTs, the investigation of subgroup 
effects and the generation (and potential testing) of new hypotheses.6,27 Granting open 
access to the unit record data of RCTs has implications for promoting transparency and 
reproducibility of research. The results of this study provide another rationale for increasing 
the obligation of investigators to share RCT data, especially publicly funded trials, for IPD 
meta-analysis, and to evaluate more carefully the methodological features of RCTs that fail 
to share data. As trial data technically belongs to the institutions rather than investigators, 
more efforts should be made to stress the obligations of institutions to share trial data.

In conclusion, the results of this study suggest RCTs without IPD sharing have lower 
quality and substantially more methodological issues compared with RCTs that shared 
IPD on evaluating first-line ovulation induction for PCOS. IPD meta-analysis should be 
encouraged in all areas of obstetrics and gynaecology and, indeed, all areas of medicine 
when arguing for the reproducibility of research, which is a necessary precursor to the 
generation of valid scientific evidence.
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SUPPLEMENTARY DATA 

Supplementary Figure 1. Distribution of risk of bias of trials according to the order of publication 
year by data availability. No evidence that trials published later have better performance on overall 
risk of bias. 
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ABSTRACT 

Objective
To give an overview of the available methods to investigate research misconduct in 
health-related research.

Study design and setting
In this scoping review, we conducted a literature search in MEDLINE, Embase, 
The Cochrane CENTRAL Register of Studies Online (CRSO), and The Virtual Health 
Library portal up to July 2020. We included papers that mentioned and/or described 
methods for screening or assessing research misconduct in health-related research. 
We categorized identified methods into the following four groups according to their 
scopes: overall concern, textual concern, image concern, and data concern.

Results
We included 57 papers reporting on 27 methods: two on overall concern, four on textual 
concern, three on image concern, and 18 on data concern. Apart from the methods to 
locate textual plagiarism and image manipulation, all other methods, be it theoretical 
or empirical, are based on examples, are not standardized, and lack formal validation.

Conclusion
Existing methods cover a wide range of issues regarding research misconduct. 
Although measures to counteract textual plagiarism are well implemented, tools to 
investigate other forms of research misconduct are rudimentary and labour-intensive. 
To cope with the rising challenge of research misconduct, further development of 
automatic tools and routine validation of these methods is needed.

Trial registration number
Center for Open Science (OSF) (https://osf.io/mq89w).
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INTRODUCTION 

Science relies on the integrity of findings that are re- ported. It was found that about 2% 
of scientists admitted to having fabricated, falsified, or modified data or results at least 
once and on average over 14% of scientists observed these behaviours among their 
colleagues.1 Research misconduct may result in a waste of financial and human resources 
and, more importantly, it might pose an immediate risk to human health.1 

The US Office of Research Integrity (ORI) defines research misconduct as fabrication 
(1), falsification (2), or plagiarism (3) in proposing, performing, or reviewing research, 
or in reporting research results.2 Fabrication is making up data, results, or recordings, 
and reporting them. Falsification is manipulating research materials, equipment, or 
processes, or changing or omitting data or results such that the research is not accurately 
represented in the re- search record. Plagiarism is the appropriation of another person’s 
ideas, processes, results, or words without giving appropriate credit. Research misconduct 
does not include honest error or differences of opinion.2 

In case of suspected misconduct, according to the Committee on Publication Ethics 
(COPE) code of conduct,3 editors have the duty to take action.4 However, only a third of 
top-ranking peer-reviewed journals have publicly available definitions of misconduct 
and less than half describe editorial procedures for handling allegations of misconduct.5 
Admittedly, investigating research misconduct is usually not straightforward, and therefore 
dealing with possible misconduct is not an easy task. Failure to adequately investigate 
possible misconduct may perpetuate unreliable research findings in the literature. When 
researchers who commit fraud go unchecked, they may continue to practice misconduct.4

Methods that investigate research misconduct accumulate and evolve. However, to date, 
there is no complete overview of these methods and their applicability. Here, we reviewed 
the literature for articles that mention, describe, validate, or apply methods for screening 
or assessing research misconduct in health-related research.

METHODS

The protocol of this scoping review is registered in the Center for Open Science (OSF) 
on July 14, 2020 (https://osf.io/mq89w). We followed the reporting guidelines for meta-
analyses and systematic reviews extension for scoping reviews, as outlined by the PRISMA 
statement.6
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Literature search
A comprehensive and systematic literature search was undertaken in MEDLINE, Embase, 
The Cochrane CENTRAL Register of Studies Online (CRSO), and The Virtual Health Library 
for reports up to the July 14, 2020 by an information specialist (MS, Appendix 1). To 
identify any additional studies, we scanned reference lists of appropriate reports and 
communicated with experts in this field. All references were imported in Covidence 
(covidence.org). There was no language restriction or date restriction, but we excluded 
conference abstracts.

In- and exclusion criteria and study selection
Studies that refer to methods to investigate research misconduct, i.e., fabrication, 
falsification, and/or plagiarism in health-related research, were eligible for this scoping 
review. We excluded editorials, education plagiarism tools, and studies on data audits, 
meta-data, peer-review, and p-hacking as these methods are not directed at detecting 
research misconduct.

Two review authors (EB and MvW) independently screened all records on basis of titles 
and abstracts. After the eligibility screening, we critically reviewed the full text of the 
selected studies to assess eligibility. Any discrepancies between the reviewers were solved 
by consensus.

Data extraction and categorization
We used a data charting XLS sheet developed by EB with the help of MvW. Data were 
extracted by EB and checked by MvW for the non-statistical papers, and WL or RvE for the 
statistical papers. We extracted any method provided concerning research misconduct.

From each included study we extracted information regarding author, year of publication, 
journal, and the method. For each method, if applicable, we recorded the link to the 
method, description on how to use the method, information needed, whether qualitative 
or quantitative, validation method, automatic application, and performance if available. 
We categorised identified methods into the following four groups according to their 
scopes: overall concern, textual concern, image concern, and data concern. We did not 
perform a critical assessment because there was insufficient information to support a fair 
critical appraisal of the identified methods.
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RESULTS

Literature search
We identified 6,112 articles (Fig. 1). After removing duplications, we screened 4,956 
articles, of which 4,750 irrelevant articles were excluded (proportionate agreement 
between reviewers was 0.91). After assessing the full text of 206 articles, we excluded 
another 149 (proportionate agreement between reviewers was 0.83). Therefore, 57 papers 
were included in this review.

Figure 1. PRISMA 2009 flow diagram.

Included studies
The included papers reported on 27 different methods, two on overall concern, four on 
textual concern, three on image concern, and 18 on data concern. The characteristics of 
the articles are in Table 1. The following sections briefly explain the methods and their 
rationale. Table 2 expresses the applicability of the available methods. Available software 
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links and programs can be found in Table 3, with further details on how to use the statistical 
methods described in Appendix 2.

Table 1. Characteristics of the included studies
No. in  
reference 
list

Study Journal/source Title Method

8 Grey et al. 
2020

Nature Check for publication integrity 
before misconduct

Overall concern: Screening 
(REAPRAISSED checklist)

9 Smith 2005 BMJ Investigating the previous 
studies of a fraudulent author.

Overall concern: Investigating 
all publications of one author

24 Errami et al. 
2007

Nucleic Acids 
Research

eTBLAST: a web server to 
identify expert reviewers, 
appropriate journals and similar 
publications.

Textual concern: Textual 
plagiarism (Helioblast)

26 Errami et al. 
2008

Bioinformatics Déjà vu—A study of duplicate 
citations in Medline.

Textual concern: Textual 
plagiarism (Helioblast)

25 Errami et al. 
2010

Bioinformatics Identifying duplicate content 
using statistically improbable 
phrases.

Textual concern: Textual 
plagiarism (Helioblast)

27 Garner 
2012

Nature How to stop plagiarism. Textual concern: Textual 
plagiarism (Helioblast)

28 Higgings et 
al. 2016

Research 
integrity and 
peer review

Plagiarism in submitted 
manuscripts: incidence, 
characteristics and optimization 
of screening-case study in a 
major specialty medical journal.

Textual concern: Textual 
plagiarism (iThenticate)

29 Taylor 2017 American 
Roentgen Ray 
Society

Plagiarism in Manuscripts 
Submitted to the AJR: 
Development of an Optimal 
Screening Algorithm and 
Management Pathways

Textual concern: Textual 
plagiarism (iThenticate)

16 Bordewijk 
et al. 2020a

European 
Journal of 
Obstetrics & 
Gynecology and 
Reproductive 
Biology

Data integrity of 35 randomized 
controlled trials in women’ 
health.

Overall concern: Investigating 
all publications of one author 
Textual concern: Compare 
baseline characteristics and 
outcome tables 
Data concern: Baseline P value 
distribution for RCTs & Digit 
preference checks

15 Bordewijk 
et al. 2020b

Fertility and 
Sterility Dialog

Data integrity of 10 other 
randomized controlled trials 
of an author with a retracted 
paper.

Overall concern: Investigating 
all publications of one author 
Textual concern: Compare 
baseline characteristics and 
outcome tables 
Data concern: Baseline P value 
distribution for RCTs

22 Baydik et 
al. 2016

Journal of 
Korean medical 
science

How to Act When Research 
Misconduct Is Not Detected 
by Software but Revealed by 
the Author of the Plagiarized 
Article.

Textual concern Translated 
plagiarism
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No. in  
reference 
list

Study Journal/source Title Method

23 Wiwanitkit 
2016

Macedonian 
Journal of 
Medical Sciences

How to verify and manage the 
translational plagiarism?

Textual concern Translated 
plagiarism

14 Spiroski 
2016

Open Access 
Macedonian 
Journal of 
Medical Sciences

How to verify plagiarism of the 
paper written in Macedonian 
and translated in foreign 
language?

Overall concern: Investigating 
all publications of one author 
Textual concern Translated 
plagiarism

19 Bohannon 
2015

Science Scientific publishing. Hoax-
detecting software spots fake 
papers.

Textual concern: Automatically 
generated fake papers 
(Scidetect)

20 Nguyen et 
al. 2016

BIR 2016 
Workshop

Engineering a Tool to Detect 
Automatically Generated 
Papers.

Textual concern: Automatically 
generated fake papers 
(Scidetect)

21 Springer et 
al. 2015

Springer press 
release

Springer and Université Joseph 
Fourier release SciDetect to 
discover fake scientific papers

Textual concern: Automatically 
generated fake papers 
(Scidetect)

30 ORI ORI https://ori.hhs.gov/forensic-
tools

Image concern

33 Parrish et 
al. 2009

Science and 
Engineering 
Ethics

Image manipulation as research 
misconduct.

Image concern

31 Koppers et 
al. 2017

Science and 
engineering 
ethics

Toward a Systematic Screening 
Tool for Quality Assurance and 
Semiautomatic Fraud Detection 
for Images in the Life Sciences.

Image concern

32 Acuna et al. 
2018

bioRxiv Bioscience-scale automated 
detection of figure element 
reuse.

Image concern

58 Hartgerink 
2016

Data 688,112 Statistical Results: 
Content Mining Psychology 
Articles for Statistical Test 
Results.

Data concern: Statistics check 
(Statcheck)

59 van der Zee 
et al. 2017

BMC Nutrition Statistical heartburn: an 
attempt to digest four pizza 
publications from the Cornell 
Food and Brand Lab.

Data concern: Statistics check 
(Statcheck and Test statistics)

57 Epskamp et 
al. 2015

R-project Statcheck: Extract statistics 
from articles and recompute p 
values. R package version 1.0.1.

Data concern: Statistics check 
(Statcheck)

61 Anaya 2016 PeerJ Preprints The GRIMMER test: A method 
for testing the validity of 
reported measures of variability

Data concern: Statistics check 
(Grimmer test)

60 Brown et al. 
2017

Social 
Psychological 
and Personality 
Science

The GRIM Test: A Simple 
Technique Detects Numerous 
Anomalies in the Reporting of 
Results in Psychology

Data concern: Statistics check 
(Grimmer test)

62 Heathers et 
al. 2018

PeerJ Preprints Recovering data from summary 
statistics: Sample Parameter 
Reconstruction via Iterative 
TEchniques (SPRITE)

Data concern: Statistics check 
(SPRITE)

Table 1. Continued
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No. in  
reference 
list

Study Journal/source Title Method

63 Li et al. 
2020

Fertility and 
sterility

Integrity of randomized 
controlled trials: challenges and 
solutions.

Data concern: Statistics check 
(Test statistics)

17 Dahlberg 
2010

Sci Eng Ethics Scientific Forensics: How the 
Office of Research Integrity 
can Assist Institutional 
Investigations of Research 
Misconduct During Oversight 
Review

Overall concern: Investigating 
all publication of one author
Data concern: Statistics check 
(Test statistics), Benford’s law, 
Digit preference checks & 
Inliers

52 Al-
Marzouki 
et al. 2005

BMJ Are these data real? Statistical 
methods for the detection of 
data fabrication in clinical trials.

Data concern: Statistics 
check (Test statistics) & Digit 
preference checks

18 Carlisle 
2020

Anesthesia False individual patient data 
and zombie randomized 
controlled trials submitted to 
Anesthesia

Overall concern: Investigating 
all publication of one author
Data concern: Statistics 
check (Test statistics), Digit 
preference checks, Repeated 
measurements & Outliers

56 Hüllemann 
et al. 2017

Anaesthesist Application of Benford’s law: 
a valuable tool for detecting 
scientific papers with fabricated 
data?

Data concern: Benford’s law

53 Orita et al. 
2012

Expert opinion 
on drug 
discovery

Agreement of drug discovery 
data with Benford’s law.

Data concern: Benford’s law

54 Hein et al. 
2012

Anaesthesist Scientific fraud in 20 falsified 
anesthesia papers Detection 
using financial auditing 
methods

Data concern: Benford’s law

55 Pollach et 
al. 2016

Medical 
Hypotheses

The ‘‘first digit law” – A 
hypothesis on its possible 
impact on medicine and 
development aid

Data concern: Benford’s law

10 Carlisle 
2012

Anesthesia The analysis of 168 randomized 
controlled trials to test data 
integrity

Overall concern: Investigating 
all publications of one author 
Data concern: Baseline P value 
distribution for RCTs

44 Carlisle et 
al. 2015

Anesthesia Calculating the probability 
of random sampling for 
continuous variables in 
submitted or published 
randomized controlled trials.

Data concern: Baseline P value 
distribution for RCTs

11 Bolland 
2016

Neurology Systematic review and statistical 
analysis of the integrity of 33 
randomized controlled trials.

Overall concern: Investigating 
all publications of one author 
Data concern: Baseline P value 
distribution for RCTs

45 Carlisle et 
al. 2017

Anesthesia Evidence for non-random 
sampling in randomized, 
controlled trials by Yuhji Saitoh.

Data concern: Baseline P value 
distribution for RCTs

Table 1. Continued
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47 Mascha et 
al. 2017

Anesthesia and 
analgesia

An Appraisal of the Carlisle-
Stouffer-Fisher Method for 
Assessing Study Data Integrity 
and Fraud.

Data concern: Baseline P value 
distribution for RCTs

48 Kharasch et 
al. 2017

Anesthesia Seeking and reporting apparent 
research misconduct: errors and 
integrity.

Data concern: Baseline P value 
distribution for RCTs

49 Bolland et 
al. 2019a

Journal of clinical 
epidemiology

Rounding, but not 
randomization method, non-
normality, or correlation, 
affected baseline P-value 
distributions in randomized 
trials.

Data concern: Baseline P value 
distribution for RCTs

50 Bolland et 
al. 2019b

Journal of clinical 
epidemiology

Baseline P value distributions 
in randomized trials were 
uniform for continuous but not 
categorical variables.

Data concern: Baseline P value 
distribution for RCTs

46 Myles 2019 Anesthesia Evidence for compromised data 
integrity in studies of liberal 
peri-operative inspired oxygen.

Data concern: Baseline P value 
distribution for RCTs

51 Bolland et 
al. 2020

Anesthesia Empirically generated reference 
proportions for baseline p 
values from rounded summary 
statistics.

Data concern: Baseline P value 
distribution for RCTs

34 Buyse et al. 
1999

Statistics in 
medicine

The role of biostatistics in the 
prevention, detection and 
treatment of fraud in clinical 
trials.

Data concern: Benford’s law, 
Digit preference checks, 
Plausibility of Correlations 
between variables, Date 
checking, Recruitment over 
time, Repeated measurements, 
Inliers, Outliers & Centre with 
possible data fabrication

35 Kirkwood 
et al. 2013

Clinical Trials Application of methods for 
central statistical monitoring in 
clinical trials.

Data concern: Benford’s law, 
Digit preference checks, 
Plausibility of Correlations 
between variables, Date 
checking, Repeated 
measurements, Inliers, Outliers 
& Centre with possible data 
fabrication

37 van den 
Bor et al. 
2017

Journal of clinical 
epidemiology

A computationally simple 
central monitoring procedure, 
effectively applied to empirical 
trial data with known fraud.

Data concern: Benford’s law, 
Digit preference checks, 
Plausibility of Correlations 
between variables, Date 
checking, Recruitment over 
time, Missing data, Outliers 
& Centre with possible data 
fabrication:

Table 1. Continued
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No. in  
reference 
list

Study Journal/source Title Method

43 Hartgerink 
et al. 2016

PsyArXiv Detection of Data Fabrication 
Using Statistical Tools

Data concern: Benford’s law, 
Digit preference checks, 
Plausibility of Correlations 
between variables, Standard 
deviations & Centre with 
possible data fabrication

36 Taylor et al. 
2002

Drug 
Information 
Journal

Statistical techniques to 
detect fraud and other 
data irregularities in clinical 
questionnaire data.

Data concern: Digit preference 
checks, Date checking, Inliers 
& Centre with possible data 
fabrication

38 O’Kelly 
2004

Pharmaceutical 
Statistics

Using statistical techniques to 
detect fraud: A test case.

Data concern: Digit preference 
checks, Inliers, Outliers & 
Centre with possible data 
fabrication

41 Pogue et al. 
2013

Clinical trials Central statistical monitoring: 
detecting fraud in clinical trials.

Data concern: Digit 
preference checks, Repeated 
measurements & Centre with 
possible data fabrication

42 Knepper et 
al. 2016

Therapeutic 
Innovation and 
Regulatory 
Science

Statistical Monitoring in 
Clinical Trials: Best Practices 
for Detecting Data Anomalies 
Suggestive of Fabrication or 
Misconduct.

Data concern: Digit 
preference checks, Plausibility 
of correlations between 
variables, Date checking, 
Missing data & Centre with 
possible data fabrication

7 Bailey 1991 Controlled 
clinical trials

Detecting fabrication of data 
in a multicenter collaborative 
animal study.

Overall concern: Investigating 
all publications of one author 
Data concern: Plausibility of 
Correlations between, Inliers, 
Outliers & Centre with possible 
data fabrication

40 Wu et al. 
2012

Pharmaceutical 
statistics

Detecting data fabrication 
in clinical trials from cluster 
analysis perspective.

Data concern: Plausibility of 
Correlations between variables

13 Hudes et al. 
2017

FASEB journal Unusual clustering of 
coefficients of variation 
in published articles from 
a medical biochemistry 
department in India.

Overall concern: Investigating 
all publications of one author 
Data concern: Plausibility of 
Coefficients of variation

12 Simonsohn 
2013

Psychological 
science

Just Post It: The Lesson from 
Two Cases of Fabricated Data 
Detected by Statistics Alone.

Overall concern: Investigating 
all publications of one author 
Data concern: Plausibility of 
Standard deviations

39 Venet et al. 
2012

Clinical Trials A statistical approach to central 
monitoring 
of data quality in clinical trials

Data concern: Repeated 
measurements & Centre with 
possible data fabrication

Table 1. Continued
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Table 2. Applicability of the methods to assess research misconduct in health-related research

Method/technique Application

Minimum 
information 
requireda

Type Scope Automated Validated

Overall concern

Screening: REAPRAISSED 
checklist

Manuscript + 
tables + figures

Mixed Fabrication / 
falsification / 
plagiarism

- -

Detection of patterns of 
misconduct in all publications of 
one author/group

Manuscript + 
tables + figures

Qualitative Fabrication / 
falsification / 
self-plagiarism

- -

Textual concern

Textual plagiarism: Helioblast/ 
iThenticate

Manuscript Quantitative Plagiarism √ √

Compare baseline and outcome 
tables

Tables Mixed Fabrication / 
falsification

- -

Translated plagiarism Manuscript Qualitative Plagiarism - -

Automatically generated fake 
papers: SciDetect

Manuscript Quantitative Fabrication √ -

Image concern

Image manipulation detection 
tools

Figures Quantitative Fabrication / 
falsification

√ √

Data concern

Statcheck Manuscript Quantitative Fabrication / 
falsification

√ √

Grimmer test Manuscript + 
tables

Quantitative Fabrication / 
falsification

√ -

SPRITE Manuscript + 
tables

Quantitative Fabrication / 
falsification

√ -

Recalculate test statistics Manuscript + 
tables

Quantitative Fabrication / 
falsification

-b -

Benford’s law and digit 
preference checks

Manuscript + 
tables + figures

Quantitative Fabrication / 
falsification

-b -c

Baseline P value distribution for 
RCTs

Manuscript + 
baseline table

Quantitative Fabrication / 
falsification

-b -c

Plausibility of Correlations 
between variables

Manuscript + 
tables

Quantitative Fabrication / 
falsification

-b -

Plausibility of Coefficients of 
variation

Manuscript + 
tables

Quantitative Fabrication / 
falsification

- -

Plausibility of Standard 
deviations

Manuscript + 
tables

Quantitative Fabrication / 
falsification

-b -

Date checking Manuscript + 
tables + raw 
data

Quantitative Fabrication / 
falsification

-b -
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Method/technique Application

Minimum 
information 
requireda

Type Scope Automated Validated

Recruitment over time Manuscript + 
tables

Quantitative Fabrication / 
falsification

-b -

Repeated measurements Manuscript + 
tables + raw 
data

Quantitative Fabrication / 
falsification

-b -

Missing data Manuscript + 
tables + raw 
data

Quantitative Fabrication / 
falsification

-b -

Inliers and Outliers Manuscript + 
tables + raw 
data

Quantitative Fabrication / 
falsification

-b -

Centre with data manipulation 
(multicenter study)

Manuscript + 
tables + raw 
data

Quantitative

Fabrication / 
falsification

- -

aMay be complemented by supplementary materials
bR-program available although automated software is absent at the moment 
cPreliminary attempts for validation exist

Table 2. Continued
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Table 3. Methods and the links to find the software or R-programs
Method/technique Link

Overall integrity

Screening: REAPRAISSED checklist (M) http://resource-cms.springernature.com/springer-cms/rest/
v1/content/17589730/data/v1 (This checklist is licensed 
under a Creative Commons licence: CC BY-NC-SA).

Investigate all publications of one author / 
author group (M)

Manual

Textual integrity

Textual plagiarism: Helioblast/ iThenticate (S) Helioblast: https://helioblast.heliotext.com Turnitin: https://
www.crossref.org/services/similarity-check/, http://www.
ithenticate.com/ & https://www.turnitin.com/

Compare baseline characteristics and out-
come tables (M)

Manual

Translated plagiarism (S/M) Manual or after translation use of textual plagiarism software

Scidetect (S) https://gricad-gitlab.univ-grenoble-alpes.fr/labbecy/scidetect

Image Integrity

Image manipulation detection tools (S) https://ori.hhs.gov/forensic-tools,https://github.com/lkop-
pers/FraudDetTool

Data Integrity

Statcheck (S) https://cran.r-project.org/web/packages/statcheck/index.
html.

Grimmer test (S) http://www.prepubmed.org/grimmer/

Sprite algorithm (S) http://www.prepubmed.org/sprite/

Recalculate test statistics (R) (M) https://cran.r-project.org/web/packages/rpsychi/index.htm-
l,https://github.com/OmnesRes/pizzapizza

Benford’s law (leading digit) and Digit prefer-
ence (last digit) (R) (M)

http://www.ctc.ucl.ac.uk/Training.aspx, R-program available 
of the Web Appendix of van den Bor, et al. 20, https://github.
com/chartgerink/ddfab

Baseline P value distribution for RCTs (R) (M) Manual, https://cran.r-project.org/web/packages/simdistr/
index.html

Plausibility of Correlations between variables 
(R) (M)

http://www.ctc.ucl.ac.uk/Training.aspx, R-program available of 
the Web Appendix of van den Bor, et al. 20

Plausibility of Coefficients of variation (M) Manual

Plausibility of Standard deviations (M) Manual, https://github.com/chartgerink/ddfab

Date checking (R) (M) http://www.ctc.ucl.ac.uk/Training.aspx, R-program available of 
the Web Appendix of van den Bor, et al. 20

Recruitment over time (R) (M) R-program available of the Web Appendix of van den Bor, 
et al. 20

Repeated measurements (R) (M) http://www.ctc.ucl.ac.uk/Training.aspx

Missing data (R) (M) R-program available of the Web Appendix of van den Bor, 
et al. 20

Inliers and Outliers (R) (M) http://www.ctc.ucl.ac.uk/Training.aspx, R-program available of 
the Web Appendix of van den Bor, et al. 20

Centre with possible data fabrication

Mean at each center to overall mean of other 
centers (R) (M)

http://www.ctc.ucl.ac.uk/Training.aspx

Substantial differences in outcomes/treat-
ment effects (M)

Manual

(S) Software package, (R) R program available, 
(M) manual
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OVERALL CONCERN

Screening
The “REAPRAISSED checklist” for evaluation of publication integrity is a screening tool to 
assess whether a paper has characteristics that question its trustworthiness.8 The checklist 
facilitates systematic evaluation through 11 categories. It covers ethical oversight and 
funding, research productivity and investigator workload, validity of randomization, 
plausibility of results, and duplicate data reporting.

Detection of patterns of misconduct in all publications of one author/group
When a fraudulent research paper is discovered, it is reasonable to assume that there 
may be similar problems with previous works of the authors involved.9 Some patterns of 
research misconduct that are unique to the leading author/group can only be identified 
when all relevant works are compared, such as copying data of the group’s previous works 
and overlapping publications. Also, comparing conference posters or abstracts, research 
grants, and protocols of one author or author group can be useful in the detection of 
research misconduct.17

TEXTUAL CONCERN

Methods that detect textual concern are summarised in Appendix 3. Methods for anti-
textual plagiarism have been widely implemented.

IMAGE CONCERN

ORI offers Forensic Image Analysis Tools to detect data image manipulation in the field of 
biomedicine, especially Western Blots.30

Koppers, Wormer31 created a tool that uses mathematical methods to detect suspicious 
images in large image archives, the R package called “FraudDetTools”. The tool can detect 
manipulation by deleting unwanted data information, duplication by reusing images in 
different papers or contexts, and manipulation by adding information/data points.

Acuna, Brookes32 created a tool that analyses potential inappropriate reuse of images. This 
algorithm detects figure region reuse and is robust to rotation, cropping, resizing, and 
contrast changes, and estimates which of the reuses have biological meaning.
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For all these algorithm-based tools, the final decision should always be made by human 
experts to avoid false positives.

DATA CONCERN

Methods to check the authenticity of the data are directed at the given statistical results 
and the original raw data. Some of the methods described in the following sections are 
sufficiently complicated that to apply them, we refer the readers to the original papers.

Statistics check
Reported statistical results can be reproduced with summary statistics in publications. 
Inconsistencies may be explained by data fabrication or falsification as well as other 
possible reasons such as honest error. We found four software packages: Statcheck, the 
GRIMMER test, SPRITE, and the R package rpsychi.

The free Statcheck57-59 software extracts statistical values reported in the text. For each 
extracted statistical test result, the reported statistical values are used to recalculate the 
P-value for the reported statistical result. Recalculated P-values are checked against the 
reported P-values for inconsistencies. This tool is not able to search tables and can miss 
tests that are not in APA format. It checks only if the P-value is consistent with the test 
statistic and degrees of freedom. It cannot check if the test statistic or degrees of freedom 
are correct.59

The GRIMMER Test60,61 (Granularity-Related Inconsistency of Means Mapped to Error 
Repeats) is built upon the GRIM test.60 This freely available software allows for testing 
whether reported measures of variability are mathematically possible. GRIMMER relies 
upon the statistical phenomenon that variances display a simple repetitive pattern when 
the data is discrete, i.e., granular. The algorithm created by Anaya61 can identify whether a 
reported statistic is consistent with the sample size and granularity. The ability of the test 
relies upon: (1) the sample size; (2) the granularity of the data; (3) the precision (number of 
decimals) of the reported statistic; and (4) the size of the standard deviation or standard 
error (but not the variance). A limitation of the test is that it is at present restricted to a 
sample size of 99.

SPRITE (Sample Parameter Reconstruction via Interative Techniques) is a technique for 
reconstructing potential discrete data sets using only basic summary information about 
a sample, namely the mean, the standard deviation, the sample size, and the lower and 
upper bounds of the range of item values. SPRITE complements the GRIM and GRIMMER 
tests.62 SPRITE does not have a sample size limitation. SPRITE also takes into consideration 



186   |   Chapter 8

the range of possible values of the raw data. It can identify cases in which the summary 
statistics are theoretically possible, but imply a highly skewed or otherwise unusual 
distribution of individual responses. SPRITE is not a complete mathematical solution, and 
some degree of interpretation of its output will always be required.62

Statistics checks could be performed for trials that performed univariable analyses. 
Independent t-test, one- and two-way ANOVAs can be checked using the means, standard 
deviations, and the sample size reported in articles.59 Chi-square tests, Fisher’s exact tests, 
unadjusted odds ratios, and risk ratios can be reproduced using absolute numbers given 
in crosstabs.63

If an original raw dataset is available the statistics can be recalculated and a comparison 
can be made between the results of these recalculations and the resulting claims in the 
paper.17 ORI developed a method that focuses on the insignificant data or numbers of a 
paper whenever possible. This principle is based on their repeated observation, that when 
falsifying or fabricating data, an individual will focus on the desired outcome and pay less 
attention to the other data to make it appear authentic.17

Benford’s law and digit preference checks
Benford’s law is a description of the probability of the digits in naturally occurred numbers. 
The first digits tend to follow a non-uniform distribution in the natural occurrence which 
means that the first digits one, two, and three account for more than 60% of the total 
probability distribution. The last digits, however, are expected to approach uniform 
distribution.

It is possible to collect all the numbers from published articles and assess the frequencies 
of the digits by applying Benford’s law. There may be some legitimate reasons for unequal 
distributions of digits, for example, biomarker measurements might be rounded to the 
last digit of either zero or five because the technology is insufficiently accurate. However, 
preference for one digit over another might be an indication of digit preference of a 
fraudulent researcher. Limited validation studies on cases of proven fraud and non-
verified controls found that this approach is highly sensitive, but the specificity is unclear.56 
Only limited exploratory studies have revealed that some natural biomedical data obey 
Benford’s law.53

Baseline P-value distribution for randomized trials
This method only applies to randomised trials. In a trial, the P-values in the baseline 
characteristics table (often “Table 1”) are expected to be “uniform” with equal distributions 
between zero and one. This balance of baseline characteristics due to random allocation 
is difficult to be perfectly fabricated. Using summary statistics in publications, baseline 
P-values can be obtained through parametric tests or Monte Carlo simulations.11, 44
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The effectiveness of this method in locating trials with concerns has been demonstrated 
empirically in several notorious cases of research misconduct.11, 44-46 However, there 
is concern about the validity of the expected uniform distribution given several 
assumptions may be violated such as independence between variables, exclusive use of 
simple randomisation, no rounding of summary statistics, and no publication bias.47, 48 
Reassuringly, recent simulation studies suggest that although correlation, randomisation 
method, and non-normality do not have important effects on baseline P-value distribution, 
those calculated from rounded summary statistics are not uniformly distributed.49 Also, 
it was found that baseline P-value distributions were uniform for continuous but not 
categorical characteristics.50 Based on these findings, the true expected (i.e., reference) 
distributions for baseline P-values from rounded summary statistics were established 
empirically.51

Positive findings using this method may be due to one or a combination of the inaccuracy 
of the method, honest errors regarding data analysis and reporting, chance, or fraud.47

Plausibility of correlations between variables, coefficients of variation and 
standard deviations
Researchers may create false data and use sensible values for a single variable. However, 
it is difficult to fabricate several variables that together are consistent with real data.35 
By eyeballing the baseline and results sections, unlikely values may come to light. Some 
variables should be correlated based on knowledge or common sense, the correlation after 
manipulations of the data may end up too strong or too weak to be plausible.7, 34, 35, 37, 40, 42, 43

Similar to correlations, it is difficult to fabricate multiple means and standard deviations 
for separate variables or groups in a way that they differ enough to be realistic but not 
so much that it attracts attention. Coefficients of variation indicate variable variation 
regardless of its unit, defined as dividing the sample standard deviation by the sample 
mean. Researchers who commit fraud could unconsciously pick coefficients of variation 
that are too similar for unrelated variables with very different scales.13

Fabricated data may tend to have too similar standard deviations to be plausible.12, 43 
When researchers fabricate different means for two or more study arms, they might be 
reluctant to change the standard deviation. The standard deviation of multiple standard 
deviations across groups can indicate that they are unrealistically similar.12

Date checking and recruitment over time
In presence of raw data, all dates should occur after the first participant being recruited 
or randomised, and before final events such as death or the end of the study.35 Also, it 
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could be checked whether there is a relative irregularity of subject visits taking place 
during weekends37 and whether routine measurements were not taken at weekends or 
holidays,36 as randomisation or clinic appointments are unlikely to heavily fall on these 
days. Care must be taken in choosing which dates to check, because dates of death, 
emergency treatment, or some clinic visits may occur at any time.35, 36, 42

Furthermore, the rate by which real participants are recruited might not be perfectly 
constant over time as studies often have a “start-up” period. Inclusions for fabricated data 
might be more constant over time.37 In trials, a comparison of treatment groups by week 
or month of randomization can reveal periods with unrealistic inclusion.34

Repeated measurements and missing data
Some variables are measured repeatedly on the same individuals. An insufficient variability 
over time may reveal propagation of previous values rather than genuine observations.34 
If data are fabricated the false values may not vary enough compared to real data.35 
Repeated sequences of values of different included individuals can also be found within a 
whole column by plotting the column values in order.18

Also, fabricated data might be “too perfect” in the sense of containing relatively few 
missing values. Missing data rates can be checked in raw data and missing data rates can 
be compared between centres in case of a multicentre trial.37, 42

Outliers and Inliers: unrealistically large or low variance in data variables
Outliers are observations that appear to be inconsistent with the rest of the data, usually 
appearing as too large. Here, this method compares the observed value for a single 
participant to those from all other participants. Outliers at the participant level are 
more likely to result from errors rather than fraud.35 On the other hand, researchers who 
create false data tend to choose values close to the mean of the other observations, as 
outliers might be noticed by others.35 Thus, in their tendency to avoid creating outliers, 
researchers who commit fraud might create odd distributions in which individual values 
are unusually close to the overall study mean (inliers).38 Having several participants 
with a very small difference from the study mean at the same site, the site may require 
further investigation.35 ORI uses this principle to compare suspicious datasets with control 
datasets of a similar topic.17

Centre with possible data fabrication
Central statistical monitoring (CSM), using statistical methods to compare data of one 
centre with data of all the centres combined, focuses on multicentre studies. This principle 
is based on the assumption that a fraudulent staff member does not have access to any 
trial data of other centres. Consequently, fabricated observations might be different from 
true observations.37
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Most above-mentioned methods that assess data concerns can be used in CSM. Some 
further comparisons may be helpful. For example, if a particular site has mean values that 
are very different from the other sites, it might indicate that some participants have been 
fabricated, or those recruited are so different from other centres that this may require 
further investigation.34, 35, 39, 41 Also, fraudulent researchers might wish to demonstrate 
positive findings. Hartgerink 201943 compared genuine and fabricated summary statistics 
and found that the fabricated effects were in general larger than the genuine ones.

DISCUSSION

This scoping review describes numerous methods to assess research misconduct. The 
methods to detect textual plagiarism have been regularly implemented as detection tools. 
Most other methods have not been adequately validated nor structurally implemented. 
Some methods are based on eyeballing and experience. There is a need for automation to 
facilitate the detection of potential misconduct.
The strength of this scoping review is that it brings together all literature-reported methods 
that detect research misconduct in health-related research. We sorted the collection of 
methods and summarised their applicability to build a quick reference guide for readers. 
However, it is possible that some unpublished methods were missed in this literature-
based effort, especially in-house methods that belong to publishers. These methods are 
usually commercial products for certain aims and may not have good generalizability. We 
could not obtain enough information to assess them via the public domain. We are also 
aware of some methods that pass from mouth-to-mouth, such as implausible productivity 
of researchers, implausibly high recruitment rates given the stringent eligibility criteria 
and the capacity of the recruiting centres, and inability to identify the claimed Institutional 
Review Board. Another limitation is that it was not possible to make a comparison of the 
available methods because they focus on different dimensions and behaviours of research 
misconduct. Only a few tests were validated and there was almost no information on how 
reliable the results are, let alone systematic critical appraisal of the identified methods. 
Limitations of few methods have been preliminarily discussed, for example, limitations 
of the increasingly used baseline P-value distribution in randomized trials have been 
touched upon.64, 65 But for most methods identified in this review, there is no reference 
to their strengths and weaknesses. Even the validated tests have limitations, as there are 
still discussions on setting thresholds for plagiarism. These underpin the necessity to use 
multiple methods for any investigation.

We advise using multiple methods to detect potential research misconduct because a 
single method is usually insufficient. At this moment there is no one particular method 



190   |   Chapter 8

that we recommend using alone. The main research gap is that we need to know what 
minimal set of tests are required to optimize detection of misconduct; this includes the 
necessity of validation of available methods and determining their diagnostic capacity. 
Second, it always helps to ask for the raw datasets and apply statistical checks. These 
attempts are usually hampered by the poor accessibility and stewardship of research 
data. As an obligation of publication, a unified requirement to submit research data to 
appropriate data repositories along with meta-data like data dictionaries may be part of 
the solution. Third, it is important to check research governance including protocols, ethics 
approval, and documentation of study medication as this will contribute to either trust or 
distrust of the research. Last, we advise automating these methods as much as possible. 
Automation of “ready” methods would promote wide use. Automation of methods in 
development would encourage validation and testing. We also encourage new methods 
to be automated in advance to expedite the process of validation and application.

A thorough investigation of suspected research misconduct is currently a difficult, time-
consuming, and labour-intensive process. The scientific community needs to develop 
better detection tools that are validated. Subsequently, these tools can be automated for 
routine assessments and tested by the community to proactively defend the integrity of 
research before publication.
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Infertility affects about one in seven of all couples that are trying to conceive.1,2 In 20 to 
25% of these couples, the woman suffers from ovulation disorders.2 The classification of 
the World Health Organization (WHO) distinguishes three classes of ovulation disorders. 
This thesis focused on WHO type II ovulation disorder, which concerns the majority, 
around 85%, of women with ovulation disorders. WHO type II ovulation disorder results 
from absent or irregular ovulation due to hypothalamic-pituitary-ovarian dysfunction and 
is also known as normogonadotropic anovulation. The majority of women with WHO type 
II have polycystic ovary syndrome (PCOS).2-4

If women with normogonadotropic anovulation and wish to conceive, strategies to induce 
ovulation include treatment with clomiphene citrate (CC), letrozole, gonadotrophins, 
and CC with metformin.5 Also, intrauterine insemination (IUI) can be added to replace 
intercourse2. CC and gonadotrophins are both well established and effective treatment 
options and have been used for many years2,6. Currently, letrozole is known to be more 
effective,5, 7 but the use of letrozole is in many countries off-label for this indication.

Randomized controlled trials (RCTs) are scientific investigations that have the least potential 
for bias when evaluating the effects of interventions. Findings of RCTs are considered to 
be the top level of evidence for clinical practice. Systematic reviews and meta-analyses 
combine the results of multiple RCTs and have an even higher reliability when adequately 
done. Individual participant data (IPD) can combine evidence of multiple comparisons 
and they have the power to evaluate effectiveness and safety of interventions within 
subgroups. As women with PCOS represent a heterogeneous population according to 
the diagnostic criteria, it is important to identify which individuals benefit most from a 
particular treatment so that clinicians can provide personalized care.8 Also, the availability 
of IPD and the willingness to share data may be an indicator of quality, methodological 
soundness and integrity of trials when they are being considered for inclusion in 
systematic reviews. Integrity problems in scientific research often occurs. About 2% of 
scientists admitted to having fabricated, falsified, or modified data or results at least once 
and on average over 14% of scientists observed these behaviors among their colleagues.9

In this thesis we evaluated the effectiveness, safety, costs and long-term results of the 
different treatment options in women with normogonadotropic anovulation. Secondly, 
we evaluated the quality of shared and non-shared RCT’s and give an overview of the 
available methods to investigate research misconduct in health-related research.

Chapter 1 gives a general introduction and describes the background and outline of this 
thesis.
In chapter 2 we performed a multicentre RCT, in which we included women with 
normogonadotropic anovulation not pregnant after six ovulatory cycles of CC. We 
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compared the effectiveness of gonadotrophins to continued treatment with CC, both 
with or without IUI. The primary outcome was conception leading to live birth within 
eight months. Between December 8th 2008 and December 16th 2015, 666 women were 
randomized to receive gonadotrophins plus IUI (N=166), gonadotrophins plus intercourse 
(N=165), CC plus IUI (N=163), or CC plus intercourse (N=172). We made two comparisons, 
one in which gonadotrophins was compared to CC and one in which IUI was compared 
to intercourse. Women allocated to gonadotrophins had more live births than women 
allocated to CC (167 of 327 women (51.5%) versus 138 of 334 (41.3%), RR 1.24, 95% CI 
1.05 -1.46). Addition of IUI did not increase live births compared to intercourse (161 of 
327 women (49.2%) vs. 144 of 334 (43.1%), RR 1.14, 95% CI 0.97-1.35). Multiple pregnancy 
rates for the two comparisons were low and not different.

The results of this RCT demonstrate that for women with normogonadotropic anovulation 
and CC failure, a switch of treatment to gonadotrophins increased the chance of livebirth 
over treatment with CC. There was no evidence that addition of IUI increased livebirth 
over intercourse. 

In chapter 3 we presented a cost-effectiveness analysis that was performed alongside 
the RCT of chapter 2. We calculated the direct medical costs of ovulation induction with 
gonadotrophins versus CC and of IUI versus intercourse. We included costs of medication, 
cycle monitoring, interventions, and pregnancy leading to live birth. Resource use was 
collected from the case report forms and unit costs were derived from various sources. We 
calculated the incremental cost-effectiveness ratios (ICER) for gonadotrophins compared 
to CC and for IUI compared to intercourse. 

Mean direct medical costs per woman receiving gonadotrophins or CC were €4495 versus 
€3006 (cost difference €1475 (95% CI €1457–€1493)). Live birth rates were 51.5% in 
women allocated to gonadotrophins and 41.3% in women allocated to CC (RR 1.24, 95% 
CI 1.05–1.46). The ICER was €15 258 (95% CI €8721 to €63 654) per additional live birth 
with gonadotrophins. Mean direct medical costs per woman allocated to IUI or intercourse 
were €4497 versus €3005 (cost difference €1510 (95% CI €1492–€1529)). Live birth rates 
were 49.2% in women allocated to IUI and 43.1% in women allocated to intercourse (RR 
1.14, 95% CI 0.97–1.35). The ICER was €24 361 (95% CI €−11 290 to €85 172) per additional 
live birth with IUI.

In summary we found that gonadotrophins are more effective, but more expensive than 
CC. The use of gonadotrophins depends on society’s willingness to pay for an additional 
child. In view of the uncertainty around the cost-effectiveness estimate of IUI, these data 
are not sufficient to make recommendations on the use of IUI in these women.



Summary, implications for practice and future research   |   201   

Ch
ap

te
r 9

In Chapter 4 we investigated whether endometrial thickness (EMT) could be used 
as a biomarker to identify women with CC failure who are better off switching to 
gonadotropins and those who could continue CC. This was a post hoc analysis of the RCT 
in chapter 2 in which 666 women with CC failure were randomly assigned to receive six 
cycles with gonadotropins (n = 331) or six cycles continuing with CC (n = 335), both with 
IUI or without IUI. EMT was measured mid-cycle before randomization during their sixth 
ovulatory CC cycle. The EMT was available in 380 women, of whom 190 were allocated to 
gonadotropins and 190 were allocated to CC. We performed a spline analysis to evaluate 
the association of EMT with chance to pregnancy leading to a live birth in the next cycles 
and to determine the best cut-off point. On the basis of the resulting cut-off point, we 
calculated the live birth rates for gonadotropins versus CC at EMT values below and above 
this cut-off point.

Mid-cycle EMT in the sixth cycle interacted with treatment effect (P < 0.01). Spline analyses 
showed a cut-off point of 7 mm. There were 162 women (45%) who had an EMT ≤ 7 mm 
in the sixth ovulatory cycle and 218 women (55%) who had an EMT > 7 mm. Among the 
women with EMT ≤ 7 mm, gonadotropins resulted in a live birth in 44 of 79 women (56%), 
while CC resulted in a live birth in 28 of 83 women (34%) (RR 1.57, 95% CI 1.13–2.19). Per 
additional live birth with gonadotropins, the ICER was €9709 (95% CI €5117 to €25 302). 
Among the women with EMT > 7 mm, gonadotropins resulted in a live birth in 53 of 111 
women (48%) while CC resulted in a live birth in 52 of 107 women (49%) (RR 0.98, 95% CI 
0.75–1.29).

This study showed that on basis of a cut-off of 7 mm for EMT, we are able to make a 
distinction between women who are better off switching to gonadotropins and those 
who could continue CC after six earlier failed ovulatory CC cycles. Women with six failed 
ovulatory cycles on CC and an EMT ≤ 7 mm in the sixth cycle are advised to switch to 
gonadotropins, since it improves live birth rate over continuing treatment with CC at 
an extra of €9709 to achieve one additional live birth. Women with an EMT > 7 mm are 
advised to continue treatment with CC, since live birth rates are similar to those with 
gonadotropins, without the extra costs.

In Chapter 5 we conducted a follow-up study to investigate the long-term outcomes of 
switching to gonadotrophins versus continuing treatment with CC. The study population 
comprised all women who participated in the RCT in chapter 2. The participating women 
were asked to complete a web-based questionnaire. The primary outcome of this study 
was cumulative live birth. Secondary outcomes included fertility treatments, clinical 
pregnancies, multiple pregnancies, miscarriage, stillbirth, and ectopic pregnancy. We 
retrieved follow-up data for 374 women (57%) of whom 184 had been originally allocated 
to gonadotrophins and 190 to CC. The median follow-up time was 8,2 years, 154 women 
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had a live birth (83.7%) in the gonadotrophin group and 150 women had a live birth 
(78.9%) in the CC group (RR 1.06, 95% CI 0.96 – 1.17). A second live birth occurred in 85 of 
184 women (46,2%) in the gonadotrophin group and in 85 of 190 women (44.7%) in the CC 
group (RR 1.03, 95% CI 0.83 – 1.29). Women allocated to gonadotrophins had a third live 
birth in 6 of 184 women (3.3%) and women allocated to CC had a third live birth in 14 of 
190 women (7.4%). There were respectively 12 and 11 twins in the gonadotrophin and CC 
groups. The use of fertility treatments in the follow-up period was comparable between 
both groups. Women with a mid-cycle EMT ≤7 mm in the sixth ovulatory cycle with CC 
before randomization had a higher first live birth rate with gonadotrophins compared to 
CC, respectively 95% versus 80%, while in women with an EMT >7mm the live birth rates 
were 79% in both the gonadotrophin and CC group.

This long-term follow-up study showed that about four in five women with 
normogonadotropic anovulation and CC failure had a live birth. In terms of pregnancy 
rates, the long-term differencesbetween switching to gonadotrophins are small compared 
to continued treatment with CC.

In Chapter 6 we aimed to evaluate the effectiveness of different ovulation induction 
agents, in particular letrozole alone and CC plus metformin, as compared to CC alone, 
as the first-line choice for ovulation induction in women with PCOS and infertility, and 
to explore interactions between treatment and participant-level baseline characteristics. 
We searched electronic databases including MEDLINE, EMBASE and Cochrane Central 
Register of Controlled Trials up to 20 December 2018. We included RCTs comparing the 
following interventions with each other or placebo/no treatment in women with PCOS 
and infertility: CC, metformin, CC plus metformin, letrozole, gonadotrophin and tamoxifen. 
We excluded studies on treatment-resistant women. The primary outcome was live birth. 
We contacted the investigators of eligible RCTs to share the IPD and performed IPD meta-
analyses. We assessed the risk of bias by using the Cochrane risk of bias tool for RCTs. 

IPD of 20 RCTs including 3962 women with PCOS were obtained. Six RCTs compared 
letrozole and CC in 1284 women. Compared with CC, letrozole improved live birth rates 
(3 RCTs, 1043 women, RR 1.43, 95% CI 1.17-1.75, moderate-certainty evidence). Meta-
analyses of effect modifications showed a positive interaction between baseline serum 
total testosterone levels and treatment effects on live birth (interaction RR 1.29, 95% CI 
1.01-1.65). Eight RCTs compared CC plus metformin to CC alone in 1039 women. There 
was insufficient evidence of a difference on live birth rates (5 RCTs, 907 women, RR 1.08, 
95% CI 0.87-1.35, low-certainty evidence). Meta-analyses of effect modifications showed 
a positive interaction between baseline insulin levels and treatment effects on live birth 
in the comparison between CC plus metformin and CC (interaction RR 1.03, 95% CI 1.01-
1.06).
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This IPD meta-analyses showed that in women with PCOS, letrozole improves live birth 
and clinical pregnancy rates and reduces time-to-pregnancy compared to CC and 
therefore can be recommended as the preferred first-line treatment for women with PCOS 
and infertility. CC plus metformin may increase clinical pregnancy and may reduce time-
to-pregnancy compared to CC alone, while there is insufficient evidence of a difference 
on live birth. Treatment effects of letrozole are influenced by baseline serum levels of total 
testosterone, while those of CC plus metformin are affected by baseline serum levels of 
insulin. These interactions between treatments and biomarkers on hyperandrogenaemia 
and insulin resistance provide further insights into a personalized approach for the 
management of anovulatory infertility related to PCOS.

In Chapter 7 we performed a meta-epidemiologic study to elucidate if RCTs without IPD 
sharing have lower quality and more methodological issues than those with IPD sharing 
in the IPD meta-analysis evaluating first-line ovulation induction for PCOS. We included 
RCTs identified for the IPD meta-analysis in chapter 6. We dichotomized RCTs according to 
whether they provided IPD (shared group) or not (non-shared group). 

In total, 45 trials (8697 women) were included. IPD was obtained from 17 trials and not 
available from 28 trials. Pooled risk rates obtained from the shared and non-shared groups 
were different. Overall low risk of bias was associated with 13/17 (76%) of shared RCTs 
versus 7/28 (25%) of non-shared RCTs. For RCTs that started recruitment after 1 July 2005, 
adequate trial registration was found in 3/9 (33%) of shared RCTs versus 0/16 (0%) in non-
shared RCTs. In total, 7/17 (41%) of shared RCTs and 19/28 (68%) of non-shared RCTs had 
issues with the statistical methods described. The median (range) of inconsistency rate 
per study, between reported and reproduced analyses for baseline variables, was 0% (0-
92%) (6 RCTs applicable) in the shared group and 54% (0-100%) (13 RCTs applicable) in 
the non-shared group. The median (range) of inconsistency rate of univariable statistical 
results for the outcome(s) per study was 0% (0-63%) (14 RCTs applicable) in the shared 
group and 44% (0-100%) (24 RCTs applicable) in the non-shared group. The distributions 
of simulation-generated P-values from comparisons of baseline continuous variables 
between intervention and control arms suggested that RCTs in the shared group are likely 
to be consistent with properly conducted randomization (P = 0.163), whereas this was not 
the case for the RCTs in the non-shared group (P = 4.535 × 10-8).

IPD meta-analysis on evaluating first-line ovulation induction for PCOS preserves validity 
and generates more accurate estimates of risk than meta-analyses using aggregate data, 
which enables more transparent assessments of benefits and risks. The availability of IPD 
and the willingness to share these data is a good indicator of quality, methodological 
soundness and integrity of RCTs when they are being considered for inclusion in systematic 
reviews and meta-analyses.
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In Chapter 8 we provided an overview of the available methods to investigate research 
misconduct in health-related research. In this scoping review, we conducted a literature 
search in MEDLINE, Embase, The Cochrane CENTRAL Register of Studies Online (CRSO), 
and The Virtual Health Library portal up to July 2020. We included papers that mentioned 
and/or described methods for screening or assessing research misconduct in health-
related research. 

We categorized identified methods into the following four groups according to their 
scopes: overall concern, textual concern, image concern, and data concern.

We included 57 papers reporting on 27 methods: two on overall concern, four on textual 
concern, three on image concern, and 18 on data concern. Apart from the methods to 
locate textual plagiarism and image manipulation, all other methods, be it theoretical or 
empirical, are based on examples, are not standardized, and lack formal validation.

We presented an overview of the available methods to investigate research misconduct in 
health-related research. We concluded that existing methods cover a wide range of issues 
regarding research misconduct. Although measures to counteract textual plagiarism 
are well implemented, tools to investigate other forms of research misconduct are 
rudimentary and labor-intensive until now. To cope with the rising challenge of research 
misconduct, further development of automatic tools and routine validation of these 
methods is needed.

IMPLICATIONS OF PRACTICE 

This thesis focused on women with normogonadotropic anovulation. We showed that 
over a long follow-up period women with normogonadotropic anovulation with CC-
failure have a chance of about 80% to conceive at least one live birth. A second live birth 
occurred in about half of the women. In the follow-up period of 8 months, gonadotrophins 
had a higher live birth in women with an endometrial thickness <7 mm at higher costs. 
There was no difference in live birth between gonadotrophins and CC in women with an 
EMT > 7mm nor was it in the long term follow up period. 

In neither M-ovin nor M-ovin follow-up study a difference was found in multiple pregnancy, 
miscarriage, ectopic pregnancy, and pregnancy complications.

The IPD meta-analyses showed that letrozole improves live birth rates and clinical 
pregnancy rates and reduces time-to-pregnancy compared to CC. Letrozole is 
recommended as the preferred first-line treatment for women with normogonadotropic 
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anovulation and infertility. If letrozole is not available or not a feasible treatment, ovulation 
induction with CC over 12 cycles is a good alternative. Using CC for a longer period of time 
reduces costs and is less invasive compared to gonadotrophins. If the EMT is 7 mm or 
thinner in the 6th CC cycle it could be considered to switch to gonadotrophins as in these 
women CC resulted in less live births.

Treatment effects of letrozole are influenced by baseline serum levels of total testosterone, 
while those of CC plus metformin are affected by baseline serum levels of insulin. These 
interactions between treatments and biomarkers on hyperandrogenaemia and insulin 
resistance provide further insights into a personalized approach for the management of 
anovulatory infertility related to PCOS. Together with the couples, counseling by fertility 
doctors would be in place with this information to form the most personalized fertility 
treatment. 

We showed that IPD meta-analysis preserves validity and generates more accurate 
estimates of risk than meta-analyses using aggregate data, which enables more 
transparent assessments of benefits and risks. The availability of IPD and the willingness 
to share these data may be a good indicator of quality, methodological soundness and 
integrity of RCTs when they are being considered for inclusion in systematic reviews and 
meta-analyses. This is why we suggest that future protocols, if available, should be based 
on the results of IPD meta-analyses. 

Regarding research misconduct, existing methods cover a wide range of issues. Although 
measures to counteract textual plagiarism and image manipulation are well implemented, 
tools to investigate other forms of research misconduct are rudimentary and labour-
intensive. Further development of automatic tools and routine validation of these methods 
is needed. To detect potential misconduct, we advise using multiple methods because a 
single method is usually insufficient. At this moment there is no particular method that we 
recommend using alone. Second, it helps to ask for the raw datasets and apply statistical 
checks. As an obligation of publication, a unified requirement to submit research data 
may be part of the solution against research misconduct.10 Also, it is important to check 
research governance including protocols, ethics approval, and documentation of study 
medication as this will contribute to either trust or distrust of the research. Not only should 
these checks be applied before publication of an article, but also post-publications should 
be checked for integrity issues. Especially articles of authors known to already having 
fabricated their articles.11 Last, we advise automating these methods as much as possible. 
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IMPLICATIONS FOR FUTURE RESEARCH

When the M-ovin study started, we did not collect data on EMT in the case record forms, 
but the participating centres performed EMT measurements during treatment according 
to their local protocol as part of their routine monitoring. We added the EMT in the case 
record forms after the trial had already included 286 women, and consequently, we only 
have EMT measurements of 380 women. We believe EMT has clinical implications, but this 
needs to be confirmed in future studies. Therefore, we advise in future studies evaluating 
ovulation induction to include measurements of the mid-cycle EMT. Unfortunately, EMT 
is not included in the international multi-stakeholder core outcome set to be reported in 
studies on PCOS.12  

For women with normogonadotropic anovulation it is currently known that letrozole is 
the most effective first-line treatment in terms of live birth rates.5, 7 The ESHRE guideline 
for PCOS does not state how many cycles letrozole should be used before switching to 
another ovulation induction treatment. Currently, no research has examined the use of 
letrozole for 12 months as we did in de M-ovin trial with CC.13 We recommend using a 
similar study protocol as the M-ovin trial, to study continued ovulation induction with 
letrozole versus switching to gonadotrophins in women who did not conceive after six 
cycles of letrozole. Possibly even with a third arm with switching to 6 cycles of CC.    

Metformin is an insulin-sensitizing agent that decreases gluconeogenesis and lipogenesis 
and enhances peripheral glucose uptake and therefore increases insulin sensitivity.14 The 
IPD-analyses provides preliminary evidence that there may be a role for assessing insulin 
resistance in PCOS and infertility, as addition of metformin may improve insulin resistance 
in women with higher fasting insulin levels and therefore improve pregnancy rates. The 
international evidence-based guideline does not recommend clinical measurement of 
insulin resistance at present due to the lack of accuracy.13 In addition, SHBG has been 
proposed as a measure of insulin resistance,15 but the findings in our IPD meta-analysis 
did not support treatment-by-SHBG interactions. Our work supports the need to assess 
insulin resistance in future infertility studies.

IPD meta-analyses are useful to inform the design, conduct, analysis and interpretation 
of trials.16 Given the consistent treatment benefits of letrozole across different fertility 
outcomes, future trials investigating new interventions for PCOS should choose letrozole 
as the reference arm. New trials are encouraged to incorporate treatment selection 
markers in their design to guide treatment decision,17 and the impact of these, including 
age, BMI and other biomarkers, needs to be confirmed in future trials. More specifically, 
biomarkers for hyperandrogenaemia and as mentioned above insulin resistance could be 
applied in trials that evaluate metformin. 
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The core outcome set for infertility and PCOS includes these biomarkers and this core 
outcome set12 should be used to ensure outcomes are reported and collected consistently 
across future trials on infertility and PCOS to reduce research waste.

Increasingly, researchers are agreeing to share IPD from RCTs to create databases of studies for 
secondary analysis. Apart from conducting IPD meta-analyses and, more generally, addressing 
questions requiring evidence synthesis, combining IPD across multiple studies allows for 
harmonization of variables, standardization of data analysis, uniform presentation of results 
across the contributing RCTs, the investigation of subgroup effects and the generation of new 
hypotheses.18, 19 We encourage authors and institutions to share their trial data. 

We can’t afford to include trials with compromised data integrity in meta-analyses because 
policy-makers, doctors and patients using these meta-analyses could be misled and harms 
are irreparable.20 At present, there is little consideration about data reproducibility and 
integrity of trials when performing meta-analyses using aggregate data, and guidelines 
on how to handle these critical issues are lacking.

The poor performance in the non-shared group regarding all pre-specified criteria 
challenges the legitimacy of the traditional approach to include all relevant trials in 
systematic reviews and meta-analyses. While this inclusive approach minimizes the risk of 
publication bias, methodological and integrity issues of included trials cannot be rectified 
by rigorous evidence synthesis. Therefore, we advise to perform more IPD meta-analyses 
and to primarily base guidelines and protocols on IPD meta-analyses. Although assessing 
data availability bias is an intrinsic part of IPD meta-analysis, only a minority analyzed 
the underlying reasons for the differences between results with or without aggregate 
data.19 The findings in our study highlight the importance of assessing data availability 
bias and the reasons beneath. We advise, after performing an IPD meta-analyses, to assess 
the studies and compare the shared trials with the non-shared trials in terms of quality, 
methodological soundness and integrity.
 
A thorough investigation of suspected research misconduct is currently a difficult, time-
consuming, and labour-intensive process. The scientific community needs to develop 
better detection tools that are validated. Subsequently, these tools can be automated 
for routine assessments and tested by the community to proactively defend the integrity 
of research before publication. Automation of “ready” methods would promote wide 
use. Automation of methods in development would encourage validation and testing. 
We also encourage new methods to be automated in advance to expedite the process 
of validation and application. Currently our group is developing and validating a data 
integrity checklist. The main research gap is that we need to know what minimal set of 
tests are required to optimize detection of misconduct; this includes the necessity of 
validation of available methods and determining their diagnostic capacity.
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Verminderde vruchtbaarheid komt voor bij ongeveer een op de zeven paren die proberen 
zwanger te worden.1,2 Bij 20 tot 25% van deze paren heeft de vrouw een ovulatiestoornis.2 
De classificatie van de Wereldgezondheidsorganisatie (WHO) onderscheidt drie typen 
ovulatiestoornissen. Dit proefschrift richt zich op de WHO type II ovulatiestoornis, dat de 
meerderheid, ongeveer 85%, van de vrouwen met ovulatiestoornissen betreft. WHO type 
II ovulatiestoornis is het gevolg van afwezige of onregelmatige ovulatie als gevolg van 
hypothalamus-hypofyse-ovarium disfunctie en is ook bekend als normogonadotrope 
anovulatie. De meerderheid van de vrouwen met WHO type II heeft polycysteus-
ovariumsyndroom (PCOS).

Bij vrouwen met een normogonadotrope anovulatiestoornis die zwanger willen worden, 
is ovulatie inductie mogelijk middels behandeling met clomifeencitraat (CC), letrozol, 
gonadotrofines en CC gecombineerd met metformine.5 Daarnaast kan intra-uteriene 
inseminatie (IUI) worden ingezet om coïtus te vervangen.2 Ovulatie-inductie met CC 
en gonadotrofinen zijn erkende, effectieve behandelopties die  al vele jaren worden 
ingezet.2,6 Van letrozol is bekend dat het de meest effectieve behandeling is,5, 7 maar het 
gebruik van letrozol is in veel landen niet geregistreerd voor deze indicatie.

Gerandomiseerde gecontroleerde onderzoeken (RCT’s) zijn wetenschappelijke 
onderzoeken die de minste kans op vertekening hebben bij het evalueren van de effecten 
van interventies. Bevindingen van RCT’s worden beschouwd als het hoogste niveau van 
bewijs voor de klinische praktijk. Systematische reviews en meta-analyses combineren 
de resultaten van meerdere RCT’s en hebben een nog hogere betrouwbaarheid als ze 
adequaat worden uitgevoerd. Door individuele patiëntengegevens uit de databases (IPD) 
te gebruiken, kunnen we meerdere vergelijkingen combineren en is het mogelijk om de 
effectiviteit en veiligheid van interventies binnen subgroepen te evalueren. Aangezien 
vrouwen met PCOS volgens de diagnostische criteria een heterogene populatie 
vertegenwoordigen, is het belangrijk om vast te stellen welke subgroep het meest baat 
heeft bij een bepaalde behandeling, zodat clinici zorg op maat kunnen bieden.8 Ook kunnen 
de beschikbaarheid van IPD en de bereidheid om gegevens te delen een indicator zijn van 
kwaliteit, methodologische correctheid en integriteit van onderzoeken. Problemen met 
integriteit in wetenschappelijke artikelen komen regelmatig voor. Ongeveer 2% van de 
wetenschappers gaf toe minstens één keer gegevens of resultaten te hebben verzonnen, 
vervalst of gewijzigd en gemiddeld meer dan 14% van de wetenschappers observeerde 
dit gedrag bij hun collega’s.9

In dit proefschrift evalueerden we de effectiviteit, veiligheid, kosten en lange termijn 
resultaten van de verschillende behandelopties bij vrouwen met normogonadotrope 
anovulatie. Ten tweede hebben we de kwaliteit van RCT’s waarvan de data wel of niet 
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gedeeld werden vergeleken en een overzicht gegeven van de beschikbare methoden om 
integriteitsproblemen in medische artikelen te onderzoeken.

Hoofdstuk 1 geeft een algemene introductie en beschrijft de achtergrond en opzet van 
dit proefschrift.

In hoofdstuk 2 hebben we een multicenter RCT uitgevoerd, waarin we vrouwen 
includeerden met normogonadotrope anovulatie, die niet zwanger waren na zes 
ovulatoire cycli met CC. We vergeleken de effectiviteit van gonadotrofinen met 
voortgezette behandeling met CC, zowel met als zonder IUI. De primaire uitkomstmaat 
was conceptie die binnen acht maanden tot een levend geboren kind leidde. Tussen 
8 december 2008 en 16 december 2015 werden 666 vrouwen gerandomiseerd om 
gonadotrofinen plus IUI (N=166), gonadotrofinen plus coïtus (N=165), CC plus IUI 
(N=163) of CC plus coïtus (N=172) te krijgen. We maakten twee vergelijkingen, één 
waarin gonadotrofinen werden vergeleken met CC en één waarin IUI werd vergeleken 
met coïtus. Vrouwen die gerandomiseerd waren voor behandeling met gonadotrofinen 
hadden vaker een levend geboren kind dan vrouwen toegewezen aan CC (167 van 327 
vrouwen (51,5%) versus 138 van 334 (41,3%), RR 1,24, 95% CI 1,05 -1,46). Toevoeging van 
IUI verhoogde het aantal levend geboren kinderen niet in vergelijking met coïtus (161 van 
327 vrouwen (49,2%) versus 144 van 334 (43,1%), RR 1,14, 95% CI 0,97-1,35). Het aantal 
meerlingzwangerschappen voor de twee vergelijkingen was laag en niet verschillend.

De resultaten van deze RCT laten zien dat voor vrouwen met normogonadotrope 
anovulatie en CC-falen, een switch naar gonadotrofinen de kans op een levend geboren 
kind vergroot ten opzichte van behandeling met CC. Er was geen bewijs dat toevoeging 
van IUI het percentage verhoogde.

In hoofdstuk 3 presenteerden we een kosteneffectiviteitsanalyse die werd uitgevoerd 
naast de RCT van hoofdstuk 2. We berekenden de directe medische kosten van ovulatie-
inductie met gonadotrofinen versus CC en van IUI versus coïtus. We hebben hierbij de 
kosten van medicatie, cyclusmonitoring, interventies en zwangerschap tot levend 
geboren kind meegenomen. Details omtrent het gebruik van interventies werd verkregen 
uit de patiëntformulieren. Voor de kosten per behandeleenheid zijn eerder vastgestelde 
kostprijzen gebruikt en voor bevallingskosten schattingen uit de literatuur. We berekenden 
de incrementele kosteneffectiviteitsratio’s (ICER) voor gonadotrofinen in vergelijking met 
CC en voor IUI in vergelijking met geslachtsgemeenschap.

De gemiddelde directe medische kosten per vrouw die gonadotrofinen of CC kregen, 
waren €4495 versus €3006 (kostenverschil €1475 (95% CI €1457–€1493)). Het aantal 
levend geboren kinderen was 51,5% bij vrouwen toegewezen aan gonadotrofinen en 
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41,3% bij vrouwen toegewezen aan CC (RR 1,24, 95% CI 1,05-1,46). De ICER bedroeg € 
15 258 (95% CI € 8721 tot € 63 654) per extra levend geboren kind met gonadotrofinen. 
De gemiddelde directe medische kosten per vrouw toegewezen aan IUI of coïtus waren 
€ 4497   versus € 3005 (kostenverschil € 1510 (95% CI € 1492–€ 1529). Het aantal levend 
geboren kinderen was 49,2% bij vrouwen toegewezen aan IUI en 43,1% bij vrouwen 
toegewezen aan coïtus (RR 1,14, 95% CI 0,97-1,35). De ICER bedroeg €24 361 (95% CI € 11 
290 tot € 85 172) per extra levend geboren kind met IUI.

Samenvattend vonden we dat gonadotrofinen effectiever zijn, maar duurder dan CC. Het 
gebruik van gonadotrofinen hangt af van de bereidheid van de samenleving om voor een 
extra kind te betalen. Gezien de onzekerheid rond de schatting van de kosteneffectiviteit 
van IUI, zijn deze gegevens niet voldoende om aanbevelingen te doen over het gebruik 
van IUI bij deze vrouwen.

In hoofdstuk 4 hebben we onderzocht of endometriumdikte (EMD) kan worden 
gebruikt als biomarker om vrouwen met normogonadotrope anovulatie en CC-falen 
te identificeren die beter af zijn om over te schakelen op gonadotrofinen en degenen 
die CC kunnen voortzetten. Dit was een post-hoc analyse van de RCT in hoofdstuk 2 
waarin 666 vrouwen willekeurig werden toegewezen aan zes cycli met gonadotrofinen 
(n = 331) of doorgingen met zes cycli met CC (n = 335), zowel met als zonder IUI. De EMD 
werd halverwege de cyclus gemeten vóór randomisatie tijdens hun zesde ovulatoire 
CC-cyclus. De EMD was beschikbaar bij 380 vrouwen, van wie 190 werden toegewezen 
aan gonadotrofinen en 190 werden toegewezen aan CC. We hebben een spline-analyse 
uitgevoerd om de associatie van EMD met kans op zwangerschap die leidt tot een levend 
geboren kind in de volgende cycli te evalueren en om het beste afkappunt te bepalen. 
Op basis van het resulterende afkappunt berekenden we het percentage levend geboren 
kinderen voor gonadotrofinen versus CC bij EMD-waarden onder en boven dit afkappunt.

Midcyclische EMD in de zesde cyclus interacteerde met het behandeleffect (P < 0.01). 
Spline-analyses toonden een afkappunt van 7 mm. Er waren 162 vrouwen (45%) met een 
EMD ≤ 7 mm in de zesde ovulatoire cyclus en 218 vrouwen (55%) met een EMD > 7 mm. 
Bij de vrouwen met EMD ≤ 7 mm resulteerden gonadotrofinen bij 44 van de 79 vrouwen 
(56%) in een zwangerschap die leidt tot een levend geboren kind, terwijl CC resulteerde 
in een levend geboren kind bij 28 van de 83 vrouwen (34%) (RR 1,57, 95% CI 1,13– 2.19). 
De ICER per extra levendgeborene na gonadotrofinen was de ICER €9709 (95% CI € 5117 
tot € 25.302). Bij de vrouwen met EMD > 7 mm resulteerden gonadotrofines in een levend 
geboren kind bij 53 van de 111 vrouwen (48%), terwijl CC resulteerde in een levend 
geboren kind bij 52 van de 107 vrouwen (49%) (RR 0,98, 95% CI 0,75-1,29).
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Deze studie toonde aan dat we op basis van een cut-off van 7 mm voor EMD een onderscheid 
kunnen maken tussen vrouwen die beter kunnen overstappen op gonadotrofinen en 
degenen die CC konden voortzetten na zes mislukte ovulatoire CC-cycli. Vrouwen met zes 
mislukte ovulatoire cycli op CC en een EMD < 7 mm in de zesde cyclus wordt geadviseerd 
om over te schakelen op gonadotrofinen, aangezien dit het percentage levend geboren 
kinderen verbetert ten opzichte van voortgezette behandeling met CC waarbij de 
kosten €9709 hoger zijn om één extra levendgeborene te bereiken. Vrouwen met een 
EMD > 7 mm wordt geadviseerd om de behandeling met CC voort te zetten, aangezien 
de geboortecijfers vergelijkbaar zijn met die met gonadotrofinen, zonder de extra kosten.

In hoofdstuk 5 hebben we een vervolgstudie uitgevoerd om de lange termijn uitkomsten 
van het overschakelen op gonadotrofines versus het voortzetten van de behandeling met 
CC te onderzoeken. De onderzoekspopulatie omvatte alle vrouwen die deelnamen aan 
de RCT in hoofdstuk 2. De deelnemende vrouwen werd gevraagd een online vragenlijst 
in te vullen. De primaire uitkomst van deze studie was het cumulatieve aantal levend 
geboren kinderen. Secundaire uitkomsten waren vruchtbaarheidsbehandelingen, 
klinische zwangerschappen, meerlingzwangerschappen, miskramen, IUVD’s 
en buitenbaarmoederlijke zwangerschappen. We hebben follow-up gegevens 
verkregen van 374 vrouwen (57%) van wie 184 oorspronkelijk waren toegewezen aan 
gonadotrofinen en 190 aan CC. De mediane follow-up duur was 8,2 jaar, 154 vrouwen 
hadden een zwangerschap die resulteerde in een levend geboren kind (83,7%) in de 
gonadotrofinegroep ten opzichte van 150 vrouwen (78,9%) in de CC-groep (RR 1,06, 95% 
CI 0,96 – 1,17). In de gonadotrofinegroep kregen 85 van de 184 vrouwen (46,2%) een 
tweede kind vergeleken met 85 van de 190 vrouwen (44,7%) in de CC-groep (RR 1,03, 
95% CI 0,83 – 1,29). Van de vrouwen toegewezen aan gonadotrofinen kregen 6 van de 
184 vrouwen (3,3%) een derde kind en in de CC-groep waren dit 14 van de 190 vrouwen 
(7,4%). Er waren respectievelijk 12 en 11 tweelingen in de gonadotrofine- en CC-groepen. 
Het gebruik van vruchtbaarheidsbehandelingen in de follow-up periode was vergelijkbaar 
tussen beide groepen. Vrouwen met een midcyclische EMD ≤7 mm in de zesde ovulatoire 
cyclus met CC vóór randomisatie hadden een hoger percentage eerste levend geboren 
kinderen na gonadotrofines vergeleken met CC, respectievelijk 95% versus 80%, terwijl 
bij vrouwen met een EMD >7 mm de levendgeborene percentages gelijk waren; 79% in 
zowel de gonadotrofine- als de CC-groep.
Deze follow-up studie toonde aan dat ongeveer vier op de vijf vrouwen met 
normogonadotrope anovulatie en CC-falen een levend geboren kind kreeg. De lange 
termijn verschillen in geboortecijfers tussen voortgezette behandeling met CC en 
overschakelen naar gonadotrofinen bleken klein. 

In Hoofdstuk 6 wilden we de effectiviteit evalueren van verschillende behandelingen 
voor ovulatie-inductie, in het bijzonder letrozol en CC in combinatie met metformine, 
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in vergelijking met CC alleen, als eerstekeuze voor ovulatie-inductie bij vrouwen met 
PCOS en anovulatie. Daarnaast is bekeken of er interacties waren tussen behandeling en 
baseline kenmerken op patiëntniveau. Elektronische databases zijn doorzocht, waaronder 
MEDLINE, EMBASE en Cochrane Central Register of Controlled Trials tot 20 december 
2018. We hebben RCT’s geïncludeerd waarin de volgende interventies met elkaar werden 
vergeleken of placebo/geen behandeling bij vrouwen met PCOS en anovulatie: CC, 
metformine, CC plus metformine, letrozol, gonadotrofine en tamoxifen. Studies over 
therapieresistente vrouwen zijn uitgesloten. De primaire uitkomstmaat was een levend 
geboren kind. We namen contact op met de onderzoekers van in aanmerking komende 
RCT’s om de IPD te delen en voerden IPD-meta-analyses uit. We hebben het risico op bias 
beoordeeld met behulp van de Cochrane risk of bias-tool voor RCT’s.

Er werden individuele patiënt data (IPD) verkregen vanuit 20 RCT’s, met een totaal van 
3962 vrouwen met PCOS. Zes RCT’s vergeleken letrozol en CC bij 1284 vrouwen. Vergeleken 
met CC leidde letrozol tot meer levend geboren kinderen (3 RCT’s, 1043 vrouwen, RR 1,43, 
95% CI 1,17-1,75, bewijs met matige zekerheid). Meta-analyses van effectmodificaties 
lieten een positieve interactie zien tussen baseline serum spiegels van totaal testosteron 
en de kans op een levend geboren kind bij het gebruik van letrozol (interactie RR 1,29, 
95% CI 1,01-1,65). Acht RCT’s vergeleken CC plus metformine met CC alleen bij 1039 
vrouwen en vonden onvoldoende bewijs voor een verschil in levendgeborenen (5 RCT’s, 
907 vrouwen, RR 1,08, 95% CI 0,87-1,35, bewijs met lage zekerheid). Meta-analyses van 
effectmodificaties lieten een positieve interactie zien tussen baseline insulinespiegels 
en behandelingseffecten op levend geboren kinderen in de vergelijking met CC plus 
metformine en CC (interactie RR 1,03, 95% CI 1,01-1,06).

Deze IPD-meta-analyses toonden aan dat letrozol bij vrouwen met PCOS de kans op een 
levend geboren kind en klinische zwangerschap verbetert en de tijd tot zwangerschap 
verkort in vergelijking met CC. Daarom kan letrozol worden aanbevolen als eerste 
keus voor vrouwen met PCOS en anovulatie. CC plus metformine  kan de klinische 
zwangerschapskans verhogen en de tijd tot zwangerschap verkorten in vergelijking met 
CC alleen, terwijl er onvoldoende bewijs is voor een verschil in percentage levend geboren 
kinderen. De effecten van de behandeling van letrozol worden beïnvloed door baseline 
serumspiegels van totaal testosteron, terwijl die van CC plus metformine worden beïnvloed 
door baseline serumspiegels van insuline. Deze interacties tussen behandelingen en 
biomarkers op het gebied van hyperandrogenemie en insulineresistentie bieden meer 
inzicht in een gepersonaliseerde aanpak voor vrouwen met PCOS en anovulatie.

In hoofdstuk 7 hebben we een meta-epidemiologische studie (IPD meta-analyse) 
uitgevoerd om op te helderen of RCT’s die hun database niet delen ten behoeve van een 
IPD, een lagere kwaliteit en meer methodologische problemen hebben dan RCTs die hun 
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database wel delen. Deze studie betrof de RCT’s die eerstelijns ovulatie-inductie voor 
PCOS onderzochten, zoals geïdentificeerd en geïncludeerd in hoofdstuk 6. We hebben 
RCT’s gedichotomiseerd al naar gelang ze hun data wel (gedeelde groep) of niet (niet-
gedeelde groep) aanleverden.

In totaal werden 45 trials (8697 vrouwen) geïncludeerd. Data ten behoeve van de IPD-
meta-analyse werd verkregen van 17 RCT’s en waren niet beschikbaar van 28 trials. 
Gepoolde risicopercentages verkregen uit de gedeelde en niet-gedeelde groepen waren 
verschillend. Over het algemeen was een laag risico op bias geassocieerd met 13/17 (76%) 
gedeelde RCT’s versus 7/28 (25%) niet-gedeelde RCT’s. Voor RCT’s die na 1 juli 2005 waren 
gestart met rekruteren, werd adequate registratie gevonden in 3/9 (33%) gedeelde RCT’s 
versus 0/16 (0%) in niet-gedeelde RCT’s. In totaal had 7/17 (41%) van de gedeelde RCT’s 
en 19/28 (68%) van de niet-gedeelde RCT’s problemen met de beschreven statistische 
methoden. De mediaan (bereik) van inconsistentie per onderzoek, tussen gerapporteerde 
en gereproduceerde analyses voor baselinevariabelen, was 0% (0-92%) (6 RCT’s van 
toepassing) in de gedeelde groep en 54% (0-100%) (13 RCT’s van toepassing) in de niet-
gedeelde groep. De mediaan (bereik) van inconsistentie van univariabele statistische 
resultaten voor de uitkomst(en) per onderzoek was 0% (0-63%) (14 RCT’s van toepassing) 
in de gedeelde groep en 44% (0-100%) (24 RCT’s) van toepassing in de niet-gedeelde 
groep. De verdelingen van door simulatie gegenereerde P-waarden uit vergelijkingen 
van continue variabelen bij baseline tussen interventie- en controle-armen suggereerden 
dat RCT’s in de gedeelde groep waarschijnlijk consistent zijn met correct uitgevoerde 
randomisatie (P = 0,163), terwijl dit niet het geval was voor de RCT’s in de niet-gedeelde 
groep (P = 4.535 × 10-8).

Het verrichten van een IPD-meta-analyse ten behoeve van de evaluatie welke ovulatie-
inductie behandeling bij PCOS het beste is heeft als voordeel het behoud van validiteit 
en genereert nauwkeurigere risicoschattingen dan gewone meta-analyses die gebruik 
maken van geaggregeerde gegevens. De beschikbaarheid van IPD en de bereidheid 
om deze gegevens te delen is een goede indicator voor kwaliteit, methodologische 
betrouwbaarheid en integriteit van RCT’s.

In hoofdstuk 8 hebben we een overzicht gegeven van de beschikbare methoden om 
problemen met wetenschappelijke integriteit in medische artikelen te onderzoeken. In 
deze scoping review hebben we tot juli 2020 literatuuronderzoek gedaan in MEDLINE, 
Embase, The Cochrane CENTRAL Register of Studies Online (CRSO) en The Virtual Health 
Library-portal. Artikelen zijn geïncludeerd die methoden voor screening of het beoordelen 
van wetenschappelijk integriteit in medisch onderzoek beschrijven.
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We hebben de geïdentificeerde methoden ingedeeld in de volgende vier groepen: 
algemeen, tekstueel, afbeelding en gerapporteerde gegevens. Er werden 57 publicaties 
geïncludeerd die rapporteerden over 27 verschillende methoden. Afgezien van de 
methoden om tekstplagiaat en manipulatie van afbeelding te beoordelen, zijn alle andere 
methoden, theoretisch of empirisch, gebaseerd op voorbeelden, niet gestandaardiseerd 
en ontberen formele validatie.

We presenteerden een overzicht van de beschikbare methoden om problemen met 
wetenschappelijke integriteit in medische artikelen te onderzoeken. We concludeerden 
dat met bestaande methoden een breed scala aan problemen met wetenschappelijk 
integriteit onderzocht kunnen worden. Hoewel maatregelen om tekstplagiaat tegen 
te gaan goed zijn geïmplementeerd, zijn methoden om andere vormen van potentiële 
wetenschappelijk fraude te onderzoeken tot nu toe rudimentair en arbeidsintensief. Om 
het hoofd te bieden aan de toenemende uitdaging van fraude in onderzoek, is verdere 
ontwikkeling van geautomatiseerde hulpmiddelen en routinematige validatie van deze 
methoden nodig.

IMPLICATIES VOOR DE PRAKTIJK

Dit proefschrift richt zich op onderzoek bij vrouwen met normogonadotrope anovulatie. 
We toonden aan dat vrouwen met normogonadotrope anovulatie met CC-falen na  een 
lange follow-up periode een kans van ongeveer 80% hebben om ten minste één levend 
geboren kind te baren. Een bevalling van een tweede kind vond plaats bij ongeveer 
de helft van de vrouwen. In de korte follow-up periode van 8 maanden resulteerden 
gonadotrofinen een hoger percentage levend geboren kinderen bij vrouwen met een 
endometriumdikte <7 mm tegen hogere kosten. Er was geen verschil in percentage 
levend geboren kinderen tussen gonadotrofines en CC bij vrouwen met een EMD > 7 
mm, en evenmin tijdens de follow-up op lange termijn.

Noch in M-ovin, noch het vervolgonderzoek werd een verschil gevonden in 
meerlingzwangerschappen, miskramen, buitenbaarmoederlijke zwangerschappen en 
zwangerschapscomplicaties.

De IPD-meta-analyses toonden aan dat letrozol het aantal levend geboren kinderen en 
klinische zwangerschappen verbetert en de tijd tot zwangerschap verkort in vergelijking 
met CC. Letrozol wordt aanbevolen als eerste keuze behandeling bij voorkeur voor 
vrouwen met normogonadotrope anovulatie. Als letrozol niet beschikbaar is of geen 
haalbare behandeling is, is ovulatie-inductie met CC gedurende 12 cycli een goed 
alternatief. Het gebruik van CC voor een langere periode verlaagt de kosten en is minder 
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invasief in vergelijking met gonadotrofines. Als de EMD 7 mm of dunner is in de 6e CC-
cyclus, kan worden overwogen om over te schakelen op gonadotrofines, aangezien CC bij 
deze vrouwen leidde tot minder levend geboren kinderen.

De effecten van de behandeling van letrozol worden beïnvloed door baseline serumspiegels 
van totaal testosteron, terwijl die van CC plus metformine worden beïnvloed door baseline 
serumspiegels van insuline. Deze interacties tussen behandelingen en biomarkers op 
hyperandrogenemie en insulineresistentie bieden meer inzicht in een gepersonaliseerde 
aanpak van behandelopties bij vrouwen met PCOS en anovulatie. Met deze informatie 
kunnen fertiliteitsartsen in samenenspraak met de paren de meest gepersonaliseerde 
vruchtbaarheidsbehandeling kiezen.

We toonden aan dat IPD-meta-analyse de validiteit verhoogd en nauwkeurigere 
risicoschattingen genereert dan meta-analyses die gebruik maken van geaggregeerde 
gegevens, wat een transparantere beoordeling van werkzaamheid en veiligheid van de 
behandelingen mogelijk maakt. De beschikbaarheid van IPD en de bereidheid om deze 
gegevens te delen, kunnen een goede indicator zijn voor de kwaliteit, methodologische 
betrouwbaarheid en integriteit van RCT’s wanneer ze worden opgenomen in systematische 
reviews en meta-analyses. Daarom stellen we voor om toekomstige protocollen, indien 
beschikbaar, te baseren op de resultaten van IPD-meta-analyses.

Met betrekking tot wetenschappelijke fraude bestrijken de bestaande methoden een 
breed scala aan problemen. Hoewel maatregelen voor het tegengaan van tekstplagiaat 
en manipulatie van afbeeldingen goed zijn geïmplementeerd, zijn instrumenten om 
andere vormen van wetenschappelijk fraude te onderzoeken nog rudimentair en 
arbeidsintensief. Verdere ontwikkeling van geautomatiseerde tools en validatie van 
deze methoden is nodig. Om mogelijke integriteitsproblematiek op te sporen, raden we 
aan om meerdere methoden te gebruiken, omdat één methode meestal niet afdoende 
is. Op dit moment is er niet één specifieke methode die we aanbevelen. Ten tweede 
helpt het om de ruwe datasets op te vragen en statistische controles uit te voeren. Als 
publicatieverplichting kan een uniforme eis om onderzoeksgegevens in te dienen een 
deel van de oplossing zijn ter voorkoming van wetenschappelijke fraude.10 Het is ook 
belangrijk om de toezichtsformulieren op het wetenschappelijke onderzoek te controleren, 
inclusief de studieprotocollen, ethische goedkeuringsprocedure en documentatie van 
de onderzoeksmedicatie, aangezien dit zal bijdragen aan vertrouwen van het medisch 
wetenschappelijk onderzoek. Deze controles moeten niet alleen worden uitgevoerd 
vóór publicatie van een artikel, maar ook na publicatie moet worden gecontroleerd op 
integriteitskwesties. In het bijzonder artikelen van auteurs van wie bekend is dat ze in 
eerdere artikelen hebben gefraudeerd.11 Tenslotte adviseren we deze methoden zoveel 
mogelijk te automatiseren.
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IMPLICATIES VOOR TOEKOMSTIG ONDERZOEK

Toen de M-ovin-studie begon, verzamelden we geen gegevens over de EMD in de 
dossierformulieren, maar de deelnemende centra voerden EMD-metingen uit tijdens 
de behandeling volgens hun lokale protocol als onderdeel van hun routinematige 
monitoring. We hebben de EMD toegevoegd aan de dossierformulieren nadat er al 286 
vrouwen waren geïncludeerd, met als gevolg dat we EMD-metingen van de resterende 
380 vrouwen hebben. Naar aanleiding van ons onderzoek denken we dat EMD mogelijk 
klinische implicaties heeft, maar dit moet in toekomstige studies worden bevestigd. 
Daarom adviseren we om in toekomstige studies die ovulatie-inductie evalueren om 
metingen van de midcyclische EMD op te nemen. Helaas is EMD niet opgenomen in 
de internationale multi-stakeholder kern uitkomsten die zullen worden geadviseerd te 
gebruiken in onderzoeken naar PCOS.12

Voor vrouwen met normogonadotrope anovulatie is op dit moment bekend dat letrozol 
de meest effectieve eerstelijnsbehandeling is in termen van levend geboren kinderen.5, 

7 De ESHRE-richtlijn voor PCOS geeft niet aan hoeveel cycli letrozol geadviseerd worden 
voordat wordt overgeschakeld op een andere ovulatie-inductie behandeling. Op dit 
moment is er geen onderzoek gedaan naar het gebruik van letrozol gedurende 12 
maanden, zoals wel onderzocht is in de M-ovin-studie voor CC.13 We raden aan om een   
vergelijkbaar onderzoeksprotocol te gebruiken als de M-ovin-studie, om voortgezette 
ovulatie-inductie met letrozol te bestuderen versus over te schakelen op gonadotrofinen 
bij vrouwen die na zes cycli letrozol niet zwanger zijn geworden. Eventueel zelfs met een 
derde arm bij overschakeling naar zes cycli CC.

Metformine is een insuline sensibiliserend middel dat de gluconeogenese en lipogenese 
vermindert en de perifere glucoseopname verhoogt en daardoor de insulinegevoeligheid 
verhoogt.14 De IPD-analyse levert voorlopig bewijs dat er een rol kan zijn voor het 
beoordelen van insulineresistentie bij PCOS en anovulatie. Door toevoeging van 
metformine kan de insulineresistentie bij vrouwen met hogere nuchtere insulinespiegels 
verbeteren en daardoor het zwangerschapspercentage verbeteren. De internationale 
evidence-based richtlijn beveelt momenteel geen klinische meting van insulineresistentie 
aan vanwege het gebrek aan nauwkeurigheid.13 Daarnaast is SHBG voorgesteld als een 
maatstaf voor insulineresistentie,15 maar in onze IPD-meta-analyse vond geen verbetering 
van behandeling door een SHBG-interactie. Ons werk ondersteunt de noodzaak om 
insulineresistentie te beoordelen in toekomstige vruchtbaarheidsstudies.

IPD-meta-analyses zijn nuttig voor het opzetten, uitvoeren, analyseren en interpreteren 
van onderzoeken.16 Gezien de consistente behandelvoordelen van letrozol bij 
verschillende vruchtbaarheidsresultaten, moeten toekomstige onderzoeken naar nieuwe 
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interventies voor PCOS letrozol als referentiearm kiezen. Nieuwe onderzoeken worden 
aangemoedigd om markers voor behandelingsselectie op te nemen in hun ontwerp om 
uiteindelijk zorg op maat te kunnen geven.17 Ook het effect van onder andere leeftijd, 
BMI en andere biomarkers, moet in toekomstige onderzoeken worden bevestigd. Meer 
specifiek zouden biomarkers voor hyperandrogenemie en zoals hierboven vermeld 
insulineresistentie kunnen worden toegepast in onderzoeken die metformine evalueren.
De kern uitkomsten set voor onderzoeken naar PCOS omvat deze biomarkers en moet 
worden gebruikt om ervoor te zorgen dat resultaten consistent worden gerapporteerd en 
verzameld in toekomstige onderzoeken naar PCOS en anovulatie. Zo ook dat verspilling 
van onderzoeksmiddelen wordt tegengegaan.12 

Steeds vaker stemmen onderzoekers ermee in IPD van RCT’s te delen zodat databases 
met studies voor secundaire analyse gecreëerd kunnen worden. Naast het uitvoeren 
van IPD-meta-analyses en -meer in het algemeen- het beantwoorden van vragen die 
synthese van bewijsmateriaal vereisen, maakt het combineren van IPD mogelijk om tot 
harmonisatie van variabelen, standaardisatie van data-analyse, uniforme presentatie 
van resultaten over de bijdragende RCT’s, het onderzoek van subgroepeffecten en het 
genereren van nieuwe hypothesen.18, 19 We moedigen auteurs en instellingen aan om hun 
onderzoeksgegevens te delen.

We kunnen het ons niet veroorloven om onderzoeken met integriteitsproblemen in 
meta-analyses op te nemen, omdat beleidsmakers, artsen en patiënten die deze meta-
analyses gebruiken, misleid kunnen worden en onherstelbare schade kan ontstaan. 20 Op 
dit moment wordt er weinig nagedacht over de reproduceerbaarheid en integriteit van 
onderzoeken bij het uitvoeren van meta-analyses met behulp van geaggregeerde data, 
en richtlijnen voor het omgaan met deze problemen ontbreken. De zwakke prestatie van 
de studies waarvan de data niet was gedeeld, daagt de legitimiteit van de traditionele 
benadering uit om alle relevante onderzoeken op te nemen in systematische reviews en 
meta-analyses. Hoewel deze benadering het risico op publicatiebias minimaliseert, kunnen 
methodologische en integriteitskwesties van geïncludeerde onderzoeken niet ongedaan 
gemaakt worden bij systematische reviews en meta-analyses.  Daarom adviseren wij om 
meer IPD-meta-analyses uit te voeren en richtlijnen en protocollen primair te baseren op 
IPD-meta-analyses.

Hoewel het beoordelen van data beschikbaarheidsbias een belangrijk onderdeel is 
van IPD-meta-analyse, analyseerde slechts een minderheid de onderliggende redenen 
voor de verschillen tussen resultaten van studies met of zonder gedeelde gegevens.19 
De bevindingen in ons onderzoek benadrukken het belang van het beoordelen van de 
redenen van al dan niet het beschikbaar stellen van de onderzoeksgegevens voor IPD. Wij 
adviseren om, na het uitvoeren van een IPD-meta-analyse, de onderzoeken te beoordelen 
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en de gedeelde onderzoeken te vergelijken met de niet-gedeelde onderzoeken op 
kwaliteit, methodologische betrouwbaarheid en integriteit.

Grondig onderzoek naar vermoedens van wetenschappelijke fraude is momenteel een 
moeizaam, tijdrovend en arbeidsintensief proces. De wetenschappelijke gemeenschap 
moet betere gevalideerde detectietools ontwikkelen. Vervolgens kunnen deze tools 
worden geautomatiseerd voor routinematige beoordelingen en getest door de 
gemeenschap om de integriteit van onderzoek proactief te verdedigen vóór publicatie. 
Automatisering van “ready” methoden zou een breed gebruik bevorderen en validatie en 
testen stimuleren. We moedigen ook aan om nieuwe methoden vooraf te automatiseren 
om het validatie- en toepassingsproces te versnellen. Momenteel ontwikkelt en valideert 
onze groep een checklist om data-integriteitsproblemen in studies op te sporen. 

Het belangrijkste hiaat in het onderzoek is dat we moeten weten welke minimale reeks 
tests nodig is om de detectie van integriteitsproblemen te optimaliseren; dit omvat de 
noodzaak van validatie van beschikbare methoden en het bepalen van hun diagnostische 
capaciteit.
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DANKWOORD 

Dr van Wely, beste Madelon, in 2015 zat ik in jaar 3 van de geneeskunde opleiding en 
ik moest een project vinden voor mijn bachelorthesis. Ik vond jouw emailadres via de 
website van het AMC en vroeg of je een onderwerp voor mij had. Dat werd uiteindelijk 
een heel PhD traject. Ik ben zo blij dat je mij toen die kans hebt gegeven. Bedankt voor de 
ontelbare meetings gedurende de afgelopen 7 jaar, zowel in het AMC, online, bij jou thuis 
en op congressen. Bedankt voor al je hulp bij het schrijven van de artikelen. Jij was altijd 
de eerste die mijn artikelen nakeek en goede feedback gaf. Tevens ook veel dank dat ik 
studenten via jou mocht begeleiden, dat je mij van alles over statistiek hebt geleerd, dat 
ik mijn presentaties bij jou kon oefenen en dat je mijn financiering voor een fulltime jaar 
onderzoek hebt geregeld. Samen werken we super samen en hoop dit te kunnen blijven 
doen. 

Professor Goddijn, beste Mariëtte, ik heb het als heel fijn ervaren hoe je mij mijn gang liet 
gaan rondom het bedenken en vormgeven van mijn proefschrift. Je gaf me altijd een goed 
gevoel over mijn artikelen, andere proefschrift onderdelen en gaf daarbij duidelijke en 
rustige instructies over hoe het misschien net iets beter kon. De afgelopen maanden heb 
je mij ook ontzettend geholpen met alles regelen rondom het daadwerkelijk promoveren. 
De samenvatting, discussie, contact met promotiezaken, proefpromotie, contact met de 
promotiecommissie en noem maar op. Heel hartelijk dank voor al je inzet en onze hele 
fijne samenwerking.  

Geachte leden van de leescommissie; prof dr van der Post, prof dr Painter, dr Mochtar, prof 
dr Dijkgraaff, prof dr Bouter, prof dr Hoek. Hartelijk dank voor jullie beoordeling van mijn 
proefschrift en de tijd die jullie op 25 november voor mij nemen. Ik kijk er naar uit om met 
u van gedachten te wisselen gedurende mijn verdediging.  

Professor Mol, beste Ben, nooit gedacht dat toen ik aan je vroeg of ik een tijdje naar 
Australië kon komen, ik mij zou gaan focussen op data integriteit problemen. En wat 
voor ontdekkingen hebben we gedaan! Ik heb heel veel respect voor je dat je je hier 
zo enorm voor inzet. Je hebt mij geleerd kritisch te kijken naar onderzoek en de moed 
gegeven om hierover te publiceren. Bedankt voor je discussies, de ruimte die je mij gaf 
om de onderzoeken vorm te geven en de kans om nog langer fulltime onderzoek te doen. 
Ook bedankt voor je vele voetbalquotes, het advies dat ik absoluut geen anesthesioloog 
moest gaan worden, en dat ik er geen moment over moest twijfelen om heen en weer te 
vliegen voor de begrafenis van mijn oma. Ik sluit zeker niet uit dat ik nog eens langskom 
in Australië, maar ook online zullen wij vast blijven samenwerken. 
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Dear Wentao and Rui, thank you for our great corporation before and in Melbourne, I 
really enjoyed working with both of you. The last three studies would not have been in 
this thesis if it weren’t for you. Both of you learned me a lot about statistics, data analysis, 
reviews, quality of studies and writing. I hope we will do more projects together in the 
future, so I can learn much more. Also, thanks for introducing the great Chinese ‘hot pot’ 
to me which we should definitely introduce to the Dutch cuisine. 

Professor van der Veen, beste Fulco, jouw eerste tip aan mij was om het boekje van 
Strunk and White te kopen en dat is voor mij nog steeds een leidraad bij Engels schrijven. 
Onder andere taaltechnisch heb je mijn stukken echt een niveau hoger getild. In mijn 
manuscripten stonden soms in Caps Lock zinnen met uitroeptekens, “dit moet echt 
anders.”  Als we dan samen een meeting hadden, kwamen we er altijd uit en stond elke 
zin net wat beter. Ook bedankt voor de 5 gouden regels van de discussie die ik nog altijd 
gebruik. Ook gebruik ik nu altijd het lettertype Arial en hou ik mijn PowerPoint zo leeg 
mogelijk. 

Beste Nienke Weiss, in 2015 zocht je een student om de missing data van de M-ovin studie 
op te vragen bij de 48 ziekenhuizen die hieraan mee hadden gedaan. Had ik even geluk dat 
ik een tussenjaar had. Hierdoor mocht ik jouw ‘opvolgster’ worden en is dit proefschrift tot 
stand gekomen. Dankjewel voor de hele fijne en gezellige samenwerking en de enorme 
kans die je mij hebt gegeven. 

Lieve Tamara, hoe leuk dat ik samen met jou, als oud-huisgenoot, ons laatste artikel kon 
schrijven. Dankzij jouw doorzettingsvermogen is het gelukt om zoveel vrouwen in de 
follow-up geïncludeerd te hebben gekregen. Ik had het echt niet zonder jou kunnen 
volbrengen. Op naar de volgende artikelen samen, want we beginnen pas net.  

Beste Rik, dankjewel dat je met mij door de enorme berg statistische studies heen bent 
gegaan voor het scoping review. Uiteindelijk is het voor mij begrijpelijk geworden dankzij 
jouw hulp.   

Dear Red Wing repropeeps, Myrthe, Miriam, Callista, Ivy, Ieva, Qijing, Joanna, Danal, Jitske, 
and Jan Willem, thank you for adopting me to the Red Wing during my parttime PhD. 
When I was working in the AMC I always felt super comfortable with you. Thanks for the 
coffee breaks and all the fun times. 

Beste Monique en Femke, wat was ik blij dat ik samen met jullie naar ASRM kon in San 
Antonio. Ik was natuurlijk mega zenuwachtig voor mijn eerste presentatie op een groot 
congres, maar door jullie kwam ik daar makkelijk doorheen. Het voelde echt als twee 
suikertantes die mij begeleidden (inclusief cocktails voeren en me aan de man helpen). 
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Bedankt Femke, voor het regelen van het telefoonnummer van die jongen in het vliegtuig. 
Na één date was al duidelijk dat het hem niet werd, maar we hadden wel een mooi verhaal. 

Beste Tessa de Vries, heel erg bedankt voor al je hulp bij de follow up van de M-ovin studie. 
Ook alvast hartelijk dank voor de hulp die je al hebt gestoken en gaat steken in de ANDES 
studie. Heel fijn om je bij ons team te hebben. 

Beste Hildegard, bedankt voor alles wat je voor mij hebt geregeld voor mijn komst naar 
Melbourne en de gezelligheid op het kantoor. En de overheerlijke Australische koffietjes 
die we daar gedronken hebben. 

Dear Karim and Mae, thank you for the great time we had in Melbourne. Ofcourse Karim 
for the great time at work, but most of all during the weekends. Renting the car and 
driving to Mornington Peninsula and the Great Ocean Road together was really one of the 
highlights of my time there. Happy to still follow your stories trough Instagram and see 
your beautiful daughter.   

Beste Beatrix, Valesca, Barbara en Madeleine, lieve dames van het secretariaat van het 
CVV: bedankt voor al het plannen en regelen rondom mijn promotie. 
Lieve Lidija, dank voor al je support tijdens onze master geneeskunde. We hebben het 
echt fantastisch gehad met als hoogtepunt Sri Lanka. Dankjewel dat je mijn paranimf bent 
voor mijn promotie en dit fantastisch regelt. Ik ben super trots op jou dat je helemaal je 
eigen pad hebt gevonden en je wordt sowieso de leukste psychiater die er is. 

Lieve Roselie, als clubgenoot hebben we vooral heel veel gefeest. Allebei geneeskunde 
studeren maar elk op een andere universiteit; klagen over coschappen, deadlines en 
examens. Dankjewel dat je alles tot in de puntjes regelt voor mijn promotie als paranimf. 
Jij gaat een fantastische dermatoloog worden en het duurt niet lang voordat ook jij je 
prachtige proefschrift mag verdedigen. Ik ben heel trots op jou. 

Beste Tatjana, wat heeft Diakonessenhuis een geluk met jou als opleider. Heel erg bedankt 
voor het leuke sollicitatiegesprek via zoom in coronatijd waar jullie mij aannamen als 
anios. Je liet altijd heel duidelijk aan mij merken dat je veel vertrouwen in mij had en 
dat zorgde er ook voor dat ik het super naar mijn zin had en heb. Echt fantastisch hoe 
je mij geholpen hebt vertrouwen te krijgen in de sollicitatie. En dat heeft zijn vruchten 
afgeworpen. Ik zat thuis heel zenuwachtig te zijn toen je belde: “Je bent aangenomen!” En 
je was net zo blij als ik. Echt super. Heel fijn dat je nu nog steeds mijn opleider bent. 
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Beste Floor, wat ik niet meer vergeet is dat je bij het sollicitatiegesprek zei: “Nou zullen we 
het maar gewoon gaan zeggen, want eigenlijk weten we al dat we Esmée gaan aannemen 
toch?” En ook het moment dat je het nieuws kwam brengen dat jullie mij wilden 
voordragen voor de opleiding van het Amsterdam UMC, echt super. Dankjewel voor al je 
vertrouwen in mij. Ook bedankt voor wat je me nu allemaal leert in het Diakonessenhuis, 
ik ben blij dat ik zeker nog 2 jaar van je mag blijven leren. 

Beste Jan, heel veel dank voor je fijne gesprekken tijdens mijn anios periode en nu als 
mentor in mijn beginnende aios tijd. Als er iemand af en toe door mij heen kan prikken, 
dan ben jij het wel. Ik waardeer het ontzettend dat je zoveel tijd neemt om mij veel dingen 
te leren, een goed persoonlijk leerpad uit te stippelen en mij kritisch te laten nadenken. 
Daarnaast ook natuurlijk heel veel dank voor alle gezelligheid en hilarische verhalen. 

Lieve Amber, dankjewel dat je mijn buddy was tijdens mijn anios periode en ik af en toe 
mijn onzekerheden bij je kon spuien. Je hebt me veel tips gegeven en je was iemand 
waarop ik helemaal kon terugvallen in mijn beginperiode als arts-assistent. Je gaat het 
zeker weten fantastisch doen in het Antonius.  
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jaar. Jullie zijn een topteam. 

Lieve (oud) aiossen en anniossen van het Diak, wat een mega toptijd heb ik met jullie 
(gehad). Dank voor alle gezelligheid, leerzame momenten, skireis, feestjes en ook heel 
veel steun. 
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op het werk en jullie support.

Lieve verpleegkudingen van het Diak, dank voor alle enorme steun die ik van jullie krijg. 
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Lieve Rovers, Charlotte, Roselie, Puck, Margreet, Malou, Julia, Jessie, Shinta en Annefloor, 
dank jullie wel voor alle steun en mega veel gezelligheid van de afgelopen bijna 10 jaar 
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ESHRE ging, ook al hadden jullie eigenlijk soms geen idee waar het over ging. 
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Lieve Marthe, Tessa, Lieke, Jip, Tessa, Maike en Fien, dank voor alle gezelligheid en steun 
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Lieve familie, dank voor jullie superfijne steun die ik al mijn hele leven van jullie krijg. Ik 
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Lieve mama, dankjewel dat je mij hebt geleerd om doorzettingsvermogen te hebben. Dat 
dromen uitkomen als je ervoor gaat. En zelfs bij de grootste tegenslag die je kan hebben 
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een goed humeur, dan ben jij dat wel. Je bent mijn beste voorbeeld. 

Lieve Bas, jij bent echt de allerliefste en beste broer die ik maar kan bedenken. Je steunt 
me in alles en als ik vraag om me te helpen met wat dan ook, dan ben je er. Ik ben heel 
trots op je. 

Lieve papa, dankjewel dat als je naar mij, Bas of mama keek altijd de trots van je afstraalde. 
En dat je ontzettend trots was dat ik dokter ging worden. Hierdoor weet ik dat als je hier 
nog was, je naar mij zou kijken als die hele lieve trotse vader. 
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