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STUDY QUESTION: We aim to develop, disseminate and implement a minimum data set, known as a core outcome set, for future

male infertility research.

WHAT IS KNOWN ALREADY: Research into male infertility can be challenging to design, conduct and report. Evidence from random-

ized trials can be difficult to interpret and of limited ability to inform clinical practice for numerous reasons. These may include complex

issues, such as variation in outcome measures and outcome reporting bias, as well as failure to consider the perspectives of men and their

partners with lived experience of fertility problems. Previously, the Core Outcome Measure for Infertility Trials (COMMIT) initiative, an in-

ternational consortium of researchers, healthcare professionals and people with fertility problems, has developed a core outcome set for

general infertility research. Now, a bespoke core outcome set for male infertility is required to address the unique challenges pertinent to

male infertility research.

STUDY DESIGN, SIZE, DURATION: Stakeholders, including healthcare professionals, allied healthcare professionals, scientists,

researchers and people with fertility problems, will be invited to participate. Formal consensus science methods will be used, including the

modified Delphi method, modified Nominal Group Technique and the National Institutes of Health’s consensus development conference.

PARTICIPANTS/MATERIALS, SETTING, METHODS: An international steering group, including the relevant stakeholders outlined

above, has been established to guide the development of this core outcome set. Possible core outcomes will be identified by undertaking

a systematic review of randomized controlled trials evaluating potential treatments for male factor infertility. These outcomes will be en-

tered into a modified Delphi method. Repeated reflection and re-scoring should promote convergence towards consensus outcomes,

which will be prioritized during a consensus development meeting to identify a final core outcome set. We will establish standardized defi-

nitions and recommend high-quality measurement instruments for individual core outcomes.
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Introduction

Infertility is defined as the failure to achieve a clinical pregnancy follow-

ing 12months of regular unprotected sexual intercourse (Zegers-

Hochschild et al., 2009). Male factor infertility affects 18 million men

globally and is recognized by the World Health Organization (WHO)

as a critical public health issue (Mascarenhas et al., 2012; Winters and

Walsh, 2014; Agarwal et al., 2015; Lotti and Maggi, 2018). Identifiable

and therefore potentially modifiable causes of male factor infertility in-

clude congenital (genetic), acquired, idiopathic and many other causes

(Kovac and Lamb, 2014; Tüttelmann et al., 2018; European

Association of Urology, 2019). Despite extensive investigations, most

cases of male infertility remain unexplained (Turner et al., 2020). The

exploration of factors that impair male fertility is growing and has

resulted in randomized trials investigating a wide range of potential

interventions. Factors that may impair male fertility include occupa-

tional risks, exposure to reproductive toxicants, chemotherapy and ra-

diation therapy, heat exposure, manual work, lifestyle factors such as

tight underwear, poor nutrition, genital trauma, genetic traits, testicular

maldescent, infection and iatrogenic causes (Cherry et al., 2008;

Chung and Brock, 2011; Povey et al., 2012; Cherry et al., 2014; Punab

et al., 2016; Schuppe et al., 2017; Mackenzie and Gellatly, 2019;

Skoracka et al., 2020; Zhang et al., 2020; Hallast et al., 2021).

The Priority Setting Partnership for Infertility, involving 179 health-

care professionals, 153 patients and 56 others, from 40 countries, has

co-produced a research agenda for male infertility (Table I) (Duffy

et al., 2020b, 2021a). The majority of these research priorities will

need to be addressed within a randomized controlled trial (RCT) set-

ting. When appropriately designed, conducted and reported, RCTs

can generate robust evidence (Hariton and Locascio, 2018). Although

an individual RCT is useful, pooling data across multiple RCTs provide

the best evidence base to inform clinical decision-making (Ahn and

Kang, 2018). In order to pool data across several studies, homoge-

neous outcomes and outcome definitions must be used. This has led

to considerable attention being paid to standardizing randomized trial

methods and reporting. This includes the Harbin Consensus, which

developed an extension, termed the ‘Consolidated Standards of

Reporting Trials’ (CONSORT) known as the ‘Improving the Reporting

of randomized trials of Infertility Treatment’ (IMPRINT) statement

(Schulz et al., 2010; Harbin Consensus Conference Workshop Group

et al., 2014a,b). However, the selection, collection and reporting of

outcomes and outcome measures have been neglected.

Published male infertility research has reported diverse outcomes

and outcome measures. A systematic review in preparation for this

protocol reviewed the 100 largest RCTs evaluating potential treat-

ments for male infertility (Rimmer et al., 2022). Live birth was

reported as the primary outcome in only four RCTs and as a second-

ary outcome in a further eight RCTs. Clinical or biochemical pregnancy

was reported by 51 RCTs. Semen parameters were reported by 75

RCTs. Fifty-seven RCTs used the WHO reference standards and a

single RCT measured strict criteria, frequently referred to as Kruger

strict criteria (Menkveld et al., 1990; Franken et al., 2000; Ketabchi

et al., 2018). The remaining RCTs did not define how semen parame-

ters were measured or the quality control standards used to carry out

this analysis (Björndahl et al., 2016).

Inconsistent outcome selection, measurement and reporting can be

addressed and overcome by developing, disseminating and implement-

ing core outcome sets. A core outcome set represents a minimum

data set of outcomes developed using robust consensus science meth-

ods engaging diverse stakeholders including healthcare professionals,

WHAT DOES THIS MEAN FOR PATIENTS?
Male infertility affects millions of men world-wide, and many different treatments have been proposed for this. How effective these treat-

ments are can only be truly understood if clinical trials report the same outcomes, which are measured and defined in the same way. The

protocol described here sets out the process by which we will develop a multinational, multiprofessional driven ‘core outcome set’ for fu-

ture male infertility research.

Currently, there is no agreed consensus on what outcomes clinical trials should collect and report when evaluating treatments for male

infertility. This means that when new trials are published to evaluate a treatment for male infertility, researchers and clinicians may not be

able to fully understand its potential benefit for patients, in the context of previously published research. A core outcome set allows

researchers to measure a consistent set of clinical endpoints.

By developing a core outcome set for male infertility research, we hope to harmonize the outcomes collected and published in future re-

search. We hope this will better inform clinical decision-making for healthcare professionals and improve the care patients receive.

Developing core outcomes for male infertility research 3
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allied healthcare professionals, scientists, researchers and people with

fertility problems. Core outcomes should be routinely utilized by

researchers, collected in a standardized manner and reported consis-

tently in the final publication (Williamson et al., 2017; Duffy et al.,

2017a,b).

The Core Outcome Measure for Infertility Trials initiative

(COMMIT) is an international collaboration committed to improving

outcome selection, collection and reporting across fertility research. A

core outcome set has been developed for general infertility research,

which primarily focuses on female infertility; however, the challenges

to be addressed in male infertility are different (Duffy et al., 2020c,

2021b). The nature of male infertility trials means they have up to

three potential participants, a male and female participant and their

offspring, all with potential outcomes to be reported. To address this

challenge, the development of a unique core outcome set relevant to

male infertility research is required (Fig. 1) (Duffy et al., 2020c, 2021b).

We aim to produce, disseminate and implement a core outcome

set for future male infertility research assessing the efficacy of new

interventions to improve the quality of evidence produced through

RCTs.

Materials and methods

Steering group

An international steering group, including healthcare professionals, al-

lied healthcare professionals, healthcare scientists, researchers and

people with fertility problems, has been formed to guide the develop-

ment of this core outcome set (Fig. 2). Members of the steering group

represent various disciplines, geographical areas and expertise.

Prospective registration

This study has been registered prospectively with the Core Outcome

Measures in Effectiveness Trials (COMET) initiative; the registration

number is 1586 and is available online (www.comet-initiative.org/

Studies/Details/1586).

The study methods have been informed by reviewing previous core

outcome sets in women’s and newborn health (Williamson et al.,

2012; Khalil et al., 2017; Whitehouse et al., 2017; Duffy et al., 2018;

Al Wattar et al., 2020; Duffy et al., 2020a; Doumouchtsis et al., 2020;

Ghai et al., 2020; Kim et al., 2020).

Step 1: Identification of potential core

outcomes (what outcomes have been

reported before?)

The Cochrane Central Register of Controlled Trials (CENTRAL) is a

bibliographical database containing randomized trial reports identified

by searching other bibliographical databases, including EMBASE,

Medline and PubMed. We will search CENTRAL to identify RCTs

evaluating potential treatments for male infertility. The screening of

........................................................................................................................................................

Table I Top 10 research priorities formale infertility.

Top 10 consensus driven research priorities for male infertility

(1) Are sperm tests other than bulk parameters useful in evaluating male fertility? If so, which?

(2) What is the emotional and psychological impact of male infertility? Can addressing it improve outcomes?

(3) Do environmental factors cause male infertility? If so, which?

(4) Does treating specific causes of male infertility improve outcomes?

(5) Can we improve surgical sperm extraction outcomes by using endocrine stimulation protocols?

(6) What modifiable risk factors cause male infertility?

(7) Does treating modifiable risk factors improve outcomes?

(8) What co-morbidities are associated with infertility?

(9) Does treating co-morbidities improve outcomes?

(10) Are nutraceuticals useful in improving male reproductive potential? If so, which?

The Priority Setting Partnership for Infertility, involving 179 healthcare professionals, 153 patients and 56 others including scientists, researchers and methodologists from 40 countries,

co-produced a research agenda for male infertility. Ten research priorities were identified.

Figure 1. Core outcome set for infertility research. A core

outcome set for general infertility research has been developed by

The Core Outcome Measures for Infertility Trials initiative, which

primarily focuses on female infertility. However, the challenges to be

addressed in male infertility differ: the nature of male infertility trials

means they have up to three potential participants, namely a male

and female participant and their offspring, all with potential outcomes

to be reported. To address this challenge, the development of a

unique male infertility core outcome set is required.

4 Rimmer et al.
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title and abstracts will be performed in duplicate and disagreements

will be resolved by discussion with a third reviewer. No language

restrictions will be applied, and translations will be sought for non-

English language reports. Full-text reports will be reviewed for eligible

trials. Data will be extracted in duplicate using a standardized and

piloted data extraction proforma recording study characteristics and

primary and secondary outcome reporting. Disagreements will be re-

solved by discussion with a third reviewer. Individual outcomes will be

entered into the outcome inventory, which will be incorporated into a

modified Delphi method (Dalkey and Helmer, 1963).

Step 2: Determining core outcomes

(combining the views of healthcare

professionals, researchers and people with

fertility problems)

The modified Delphi method enables key stakeholders to participate

in a process that assesses the extent of agreement (consensus mea-

surement) and resolves disagreement (consensus development)

(Williamson et al., 2017). Key stakeholders, including healthcare pro-

fessionals, allied healthcare professionals, scientists, researchers and

people with fertility problems, will be invited to participate. Although

some Delphi’s have focused on expert opinions to reach a consensus,

the development of previous core outcome sets as part of the

COMMIT initiative has included patients in all aspects of the Delphi

process. Patients play an active role in ranking the importance of pro-

posed outcomes as well as participating in discussion on how they

should be measured and defined.

No robust methodology is available to calculate the required sample

size for a Delphi consensus; however, we aim to recruit a minimum of

16 participants from each stakeholder group based on previous work

in the field of infertility (Duffy et al., 2020c, 2021b).

During the first round of the Delphi consensus, participants will be

asked to provide their demographic details and be allocated a unique

identifying number to ensure future anonymity. Proposed core out-

comes will be presented within each domain. Participants will be in-

vited to score individual outcomes using a nine-point scale from one

(labelled no importance for decision-making) to nine (labelled critical

importance for decision-making) (Guyatt et al., 2011; Williamson et al.,

2017). This scale was devised by the Grading of Recommendations

Assessment, Development and Evaluation (GRADE) working group to

facilitate the ranking of outcomes according to their importance and

has been adopted widely by core outcome set developers (Guyatt

et al., 2011; Williamson et al., 2012). Participants will be presented

with the opportunity to add additional outcomes before completing

the survey.

All outcomes will be carried forward from round one to round two.

Participant’s scores will be calculated for each outcome, and the

results obtained for each outcome will be represented in a histogram

based on the stakeholder groups responses. The steering group will

consider additional outcomes proposed by stakeholders. Those in-

cluded will be presented with the initial round one outcomes and cir-

culated in round two of the Delphi consensus.

During round two of the survey, participants will receive the sum-

mary scores from all participants in round one. Participants will be in-

vited to reflect on the summarized stakeholder group feedback, re-

score round one outcomes, and score the additional outcomes sug-

gested by participants in round one.

On completion of round two, a consensus definition would be iden-

tified when >70% of participants in each stakeholder group scored the

outcome ‘critical for decision-making’ (score seven to nine) and <15%

of participants in each stakeholder group scored the outcome ‘of lim-

ited importance for decision-making’ (score one to three).

Although the modified Delphi process allows a multinational, multi-

professional consensus to be reached, there are limitations to this ap-

proach. A lack of robust methods to determine the number of

participants required means a sample size calculation cannot be under-

taken: instead numbers of participants in previous studies are used to

guide researchers planning future studies. Answering large numbers of

questions in multiple rounds of the Delphi process can lead to partici-

pant fatigue and attrition throughout subsequent rounds. The global

reach of a modified Delphi delivered online means non-English speak-

ing participants may not engage as effectively with some aspects of the

Delphi as native English speakers.

On completion of the modified Delphi, a consensus development

workshop will be conducted using a modified Nominal Group

Technique. Healthcare professionals, researchers and men with infertil-

ity who completed both rounds of the Delphi survey will be invited to

participate in the consensus development meeting. The modified

Nominal Group Technique does not depend on statistical power and

there is no robust method for calculating the required number of par-

ticipants (Murphy et al., 1998). The study will aim to recruit a mini-

mum of 10–15 participants, ensuring representation from healthcare

professionals, researchers and men with lived experience of infertility.

Consensus development meetings of 10–15 participants have been

used to reach an agreement in other settings and will be used in this

consensus development meeting (Murphy et al., 1998; Duffy et al.,

2020c, 2021b).

Figure 2. Developing a core outcome set for male infertil-

ity trials. An international steering group, including healthcare pro-

fessionals, allied healthcare professionals, healthcare scientists,

researchers and people with fertility problems, has been formed to

guide the development of a male infertility core outcome set.

Members of the steering group represent various disciplines, geo-

graphical areas and expertise.

Developing core outcomes for male infertility research 5
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Prior to the meeting, participants will be asked to provide demo-

graphic details and commit to active participation. All consensus out-

comes will be entered into the process. Participants can enter

additional outcomes which do not reach the consensus threshold

upon request. Outcomes will be divided into three provisional catego-

ries: outcomes to be considered for inclusion in the final core out-

come set; outcomes where no consensus was reached; and outcomes

that will not be considered for inclusion in the final core outcome set.

Participants will be invited to discuss the ordering of the outcomes

within each category, considering contextual information, including the

relative importance of individual outcomes, feasibility to collect the

outcome data in future trials and the availability of suitable definitions

and measurement instruments. They will be encouraged to reformu-

late outcomes to improve clarity or comprehension. The discussion

among participants will focus on ranking outcomes to be considered

for inclusion in the final core outcome set and the outcomes where

no consensus existed. During the discussion, outcomes can be moved

between categories. Finally, the core outcomes will be agreed upon.

Step 3: Identification and standardization

of core outcome measures (ensuring

outcome measures are fit for purpose)

Once core outcomes have been agreed upon by the Delphi consen-

sus, we will determine how these outcomes should be defined and

measured. A systematic review of clinical national and international

guidelines, Cochrane reviews and randomized trials will be undertaken

to identify potential definitions, from inception until July 2021.

Development initiatives relevant to infertility research will be identified

by systematically reviewing the COMET initiative register. In addition,

a systematic review of national and international male fertility guide-

lines as well as Cochrane reviews will be undertaken to source defini-

tions as well as reviewing definitions used in the 100 largest RCTs

published in male fertility over the past 10 years. Combining these

sources, an inventory of potential definitions will be developed. These

definitions will be entered into a consensus development conference

involving stakeholders from each group, as previously described

(Ferguson, 1996). This method was developed to incorporate judicial

decision-making, scientific conferences and the town hall meeting.

During the consensus development, participants hear evidence on

which they will deliberate and ask questions as the evidence is

presented.

Healthcare professionals, allied healthcare professionals, scientists,

researchers and men with lived experience of fertility problems will be

invited to participate in the consensus development workshop. The

number of individuals to include in the consensus development study

does not depend on statistical power but requires representation

from each stakeholder group. Previous consensus group meetings to

establish core outcomes and core outcome definitions have had 17–

41 participants but can be as few as 10 participants (World Health

Organization, 2014; Duffy et al., 2020b,c,d, 2021a,b,c).

Potential measurement instruments will be inventoried against na-

tional and international guidelines, Cochrane reviews and randomized

trials. The quality of these instruments will be assessed using the

COMET initiative and the Consensus-Based Standards for the

Selection of Health Measurements instruments (COSMIN) initiative

quality assessment framework (Prinsen et al., 2016).

Ethical review

The National Research Ethics Service, UK, advised that the study does

not require formal review.

Discussion

The COMMIT initiative has developed a strategic plan in consultation

with a broad range of stakeholders across the research pipeline to uti-

lize available enablers to secure the routine selection, collection and

reporting of core outcomes across future fertility research (Devall

et al., 2020). We are now developing a core outcome set for future

male infertility research.

To reduce research waste, funding bodies are increasingly advocat-

ing using core outcome sets within the work they fund (Ioannidis

et al., 2014). It is deemed good practice for researchers planning

RCTs to follow the Standard Protocol Items: Recommendations for

Interventional Trials (SPIRIT) statement, which outlines the scientific,

ethical and administrative elements incorporated in a clinical trial pro-

tocol (Chan et al., 2013). This statement specifically recommends that

researchers collect and report core outcomes.

This study will set out to develop a core outcome set for male in-

fertility research. However, during this work, we systematically

reviewed outcome reporting in the 100 largest randomized trials in

male infertility in the past 10 years. We identified that when trials did

report the same outcome, different definitions were often used for

these outcomes, e.g. semen analysis, pregnancy rate or live birth. We

did not evaluate how these trials undertook these assessment, for ex-

ample how semen analysis was conducted or if this was in an

International Standards Organization accredited laboratory (Björndahl

et al., 2016). The COMMIT collaborative has recently developed stan-

dardized definitions for general infertility research, much of which is fo-

cused on female infertility (Duffy et al., 2020d, 2021c). These

definitions were developed using formal consensus development meth-

ods for individual core outcomes; however, a core outcome set specif-

ically for male infertility research is required. This additional

congruence across future male infertility trials should ensure secondary

research can be undertaken prospectively, efficiently and harmoniously

(Duffy et al., 2020d, 2021c). This standardization will be supported by

developing a freely available electronic case report form and data re-

pository (COMMIT-Collection), which future researchers will be en-

couraged to use for data collection.

The Core Outcome in Women’s Health (CROWN) initiative, sup-

ported by 84 specialty journals, including the Cochrane Gynaecology and

Fertility Group, Fertility and Sterility and Human Reproduction, has re-

solved to implement this male infertility core outcome set (Khan,

2016). CROWN initiative journals will advise researchers to collect

and report the core outcome set for male infertility within-trial reports

and offer conclusions based on these outcomes. Where core outcome

sets have not been collected, the researchers will be asked to report

this and its implications for their findings. The COMMIT initiative is

currently developing reporting tools and templates to assist research-

ers in clearly reporting core outcomes within their manuscripts

(COMMIT-Reporting).

The Cochrane Gynaecology and Fertility Group have published over

100 systematic reviews evaluating potential treatments for infertility

6 Rimmer et al.
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and has committed to implementing the core outcome set for male in-

fertility when new and updated reviews are being prepared. Secondary

research, including pairwise meta-analyses, individual participant data

meta-analyses and network meta-analyses, will be more influential

when male infertility trials routinely collect and report core outcomes.

The COMMIT initiative has committed to undertaking further re-

search to assess the uptake and implementation of the core outcome

set for male infertility (COMMIT-Implementation). Objectively demon-

strating the uptake of the core outcome set for infertility is important

to quantify its contribution to improving the value of future research.

Assessing the uptake of the core outcome set will be undertaken by

examining registry records, published protocols, RCT and systematic

reviews, and undertaking a citation analysis. Further research is

planned to examine and understand why researchers do, and do not,

implement the core outcome set for male infertility. By identifying the

perceived barriers to the utilization of a core outcome set for male in-

fertility trials, strategies informed by implementation science will be de-

veloped to limit, and hopefully overcome, this.
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