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Abstract

Objective 
[bookmark: _Hlk77078371]The aim of this project was to identify gaps and research waste in the dissemination of fertility evidence in the Cochrane database of systematic reviews (CDSR). 
Design 
A research article. 
Setting 
The Cochrane Gynaecology and Fertility (CGF) Group’s specialised register of random controlled trials (RCTs). 
Sample 
Infertility trials contained in the CGF specialised register, published between the years 2010-2011.
[bookmark: _Hlk71200621]Methods 
Infertility trials from the CGF specialised register were matched, by the specific fertility issue and treatment, to existing Cochrane reviews. Unmatched trials were categorised to develop and prioritise new review topics. 
Main outcome measures 
Proportions
Results
564 trials, published from 2010 to 2011, were exported from the specialised register and after removing duplicates, 318 trials were found to be already included in a Cochrane review. 187 (37%) of trials were found to be unused, however 115 (23%) of these could be included in an existing CGF SR, if it were updated. 72 trials (14%) were not matched to any review topic and from these, eight new Cochrane review titles were developed. The topic with the largest number of associated ‘unused’ trials, was ‘Traditional Chinese Medicine for women undergoing assisted reproductive techniques’. 
Conclusions
[bookmark: _Hlk76987664]This project was used to consider unused trials, prioritise new review topics and identify those reviews that need to be updated, thereby identifying the gaps in evidence for couples with fertility problems.
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Tweetable abstract 
Research dissemination in fertility could be improved by ensuring existing Cochrane reviews are updated and creating new Cochrane reviews to include unused primary evidence.
Introduction
Cochrane is an international, independent charitable organisation that aims to produce high quality health care evidence, by the production of systematic reviews (SRs), network meta-analyses and overviews (1). Cochrane reviews are used in international guidelines, pathways, and by government health departments as well as international organisations such as the World Health Organisation. In order to disseminate research evidence Cochrane aims to ensure all-important RCT evidence is summarised and available to these organisations. The Gynaecology and Fertility Group (CGF) is one of 53 Cochrane review groups, responsible for the production of these reviews (2). In order to facilitate the production of SRs the CGF maintains a specialised register, containing over 20,000 randomised controlled trials (RCTs) in the scope of gynaecology and fertility. These trials are gathered, processed, coded, and then incorporated into SRs by review authors. The trials come from various sources, that include, weekly email alerts from MEDLINE, Embase, CINAHL and PsycINFO, conference abstracts and journal alerts. This database is used for research projects (3-5), and the records are exported to CENTRAL on a regular basis (6). 
The CGF Register of trials is a valuable asset, and the best way for RCT’s to add to the evidence base is through incorporation into Cochrane SRs (1). We know that between 250 to 350 fertility RCTs are published each year (2). However we had no data on the numbers and scope of trials that were either incorporated into systematic reviews or not. We were aware of the possibility that a number of RCT’s may not have been included in Cochrane SR’s, as evidenced by a project carried out by the Cochrane Acute Respiratory Infections Group, where they found that 41% of the RCTs in this field were not being used in Cochrane SRs (7). 
The CGF group also participated in an international priority setting exercise for fertility uncertainties, involving healthcare professionals and people with infertility. It identified ten priorities for future research (8). Any new research needs to reflect these priorities to avoid research waste. 
Unused research comes with huge costs, not only in monetary value but more importantly in ethical cost, in terms of the time and potential risk for the people who volunteer to be randomised into the trials (9). People become involved in trials for various reasons but an important one is that their experience will help improve the health of others (10). Ethically, it is important that the information gained from these trials contributes to the evolution of healthcare (11). 
The aim of this project was to identify gaps and extent of research waste due to the lack of  dissemination of fertility evidence in the Cochrane database of systematic reviews (CDSR). 
Methods
[bookmark: _Hlk71550608][bookmark: _Hlk64538953]All fertility RCTs from the CGF specialised register (ProCite® platform), with a date range from 2010-2011, were found by using the code “subfertility”, this keyword is coded to all fertility trials as they enter the database. A two-year time-period was a pragmatic decision and was chosen to give an indication of the scope of the problem. We considered that the time lag, from 2011 to present, should have allowed enough time for the trials to be incorporated into the appropriate SRs. 
[bookmark: _Hlk64539029][bookmark: _Hlk58502266]The list of selected RCTs was exported from the specialised register and imported into an Excel® (12) spreadsheet – the master sheet. Trials were then excluded if they were either not in the scope of this project or were an inappropriate publication type, these included letters, authors’ replies and errata. The scope of this project includes RCTs that look at interventions for infertility. The conditions of infertility included, problems of ovulation, endometriosis, polycystic ovary syndrome, tubal blockage, adhesions, premature ovarian failure, ectopic pregnancy, male infertility and unexplained infertility. The interventions for these conditions included, timed intercourse, medical, surgical procedures and assisted reproductive techniques such as ovulation induction, intrauterine insemination, in vitro fertilisation and intra-cytoplasmic sperm injections. 
[bookmark: _Hlk64539886][bookmark: _Hlk64540055]The CENTRAL Register of Studies (CRS Web), a web-based repository of Cochrane trials which records links between trials in the repository and Cochrane reviews, was searched by trial title and/or author’s name to discover whether it had been used in a Cochrane review. Trials were coded as ‘used’ or ‘unused’, as determined by whether the trial had or had not been linked to a Cochrane review. We then noted if the trial was in the included, excluded, awaiting assessment, or the ongoing trial sections of the Cochrane SR. The ‘used’ or ‘unused’ decisions were double-checked by manually searching the reference sections of appropriate systematic reviews in the Cochrane library.
The trials considered to be ‘out of scope’ (either not an RCT or not in the scope of infertility) or a ‘duplicate’ (the same trial appearing in the database more than once as either a duplicate or as a secondary publication), were excluded from the project. 
[bookmark: _Hlk64540266]The ‘unused’ trials were then categorised firstly by population: Women, Men, Embryos, Sperm and Oocytes and then by specific intervention. Following the coding of trials based on population and intervention, trials were checked against existing Cochrane review titles to determine if they could be included in an updated version of these reviews and they were coded as ‘existing reviews”.  
[bookmark: _Hlk57644836]Unused trials that could not be used in existing reviews were then grouped by categorising them by infertility condition and specific intervention. These were then used to formulate a list of potential new titles for CGF reviews. From this list, new topics were developed if they had three or more associated unused trials. The rationale for this decision was that a SR would require analysis of least two RCTs allowing for one to be potentially excluded from the SR. 
Results
[bookmark: _Hlk64540586]Between 2010 and 2011, 564 published trials of interventions for different infertility conditions were found by searching the CGF specialised register. Of the 564 trials we excluded 59 trials, 48 of these were duplicate or secondary publications and 11 were gynaecology trials and therefore out of scope. 
CRS Web classified 278 trials as used and 227 as unused. We also hand-searched the reference sections of Cochrane SRs to double check these decisions and found that 40 trials had been classified in CRS web as ‘unused’ when in fact they were found to be ‘used’. Which meant 318 trials were finally classified as used and 187 as unused.
Of the 318 trials that had already been incorporated into a Cochrane SR in some way: 172 had been included studies, 111 excluded, 24 had been both included and excluded by different SRs, 1 was an ongoing study, and 10 were in the ‘awaiting assessment’ section of the SR. 
187 trials, of the total 505, were classified as unused (37%) by any Cochrane systematic reviews. 115 of these could be linked to an existing Cochrane SR and could be used if or when the review was updated. Therefore 72 trials, of the total 505 (14%), were found to be unused and could be considered for new review titles (figure 1).
Grouping by population showed that the vast majority of unused trials were in the ‘women’ category followed by trials looking at embryo’s (table 1).            
These 72 unused trials were then divided by intervention category for each population. 
Traditional Chinese Medicine (TCM) reviews for fertility in both women was the largest category of unused trials. The use of antioestrogens in women without polycystic ovary syndrome who were undergoing assisted reproductive technologies or ovulation induction is the second largest gap in the reviews (figure 2). TCM was also the largest topic gap of unused trials for male infertility, with only five unused trials in this population category (figure 3). There were fewer trials performed on oocytes, sperm and embryos but some common intervention categories looked at selection markers and techniques for preserving and freezing.
We developed a number of new potential Cochrane SR titles from the 72 ‘unused trials’, however only six of these topics captured three or more trials, the number considered to be the minimum required to produce a useful SR (table 2).
Discussion
Main Findings
[bookmark: _Hlk58484079]There were a large number of RCT’s that have been performed but are not currently being disseminated via Cochrane reviews. The unused trials found in this project cover both women and men with fertility problems, these conditions might include problems of ovulation, endometriosis, tubal blockage, adhesions, premature ovarian failure, ectopic pregnancy, male subfertility and unexplained subfertility. 
Traditional Chinese Medicine and fresh versus frozen oocytes in assisted reproductive technology (ART) were the two most represented intervention categories among the unused trials that did not map to existing reviews. The high representation of Chinese traditional medicine (TCM) trials (particularly herbal) for ART reflects a growing patient and practitioner interest in the receiving and delivering more traditional or culturally appropriate treatments (13). 
Strengths and limitations
This study provided an answer to a previously unknown question regarding the numbers and scope of fertility trials that were not being included in Cochrane systematic reviews, however we were limited in practical terms in that we were only able to study those trials published from 2010-2011, and we did not have the opportunity  to match these unused trials to non-Cochrane reviews. However, this pragmatic approach allowed for a comprehensive collection of RCTs in fertility to be investigated in-depth, in terms of the population, intervention and inclusion status in any existing Cochrane review. 
Interpretation
The study could be a model for further wide-ranging investigations to aid in the prioritisation of review topics in fertility along with consumer and researcher viewpoints that have been covered in another project(8). Mapping these trials to already identified SR topics of interest show us that these trials fit broadly into the top 10 priorities for future infertility research (8), notably, treating co-morbidities associated with male infertility, sperm selection and problems of ovulation for women. TCM was determined to be of high priority topic by the CGF group (editors and patients) and a SR on this topic is now underway. 
Fifty-six (78%) of the 72 ‘unused’ trials could not be grouped into a SR topic due to the low numbers with less than three RCTs in any given topic area. We would expect this unused number in trials investigating new technologies or treatments, but not in these older trials. This could indicate research waste, these wasted trials may either be irrelevant to fertility stakeholders or need further investigation by prioritising research in this area if it maps to existing stakeholders’ priorities.  A complete audit of all the fertility trials in the specialised register is necessary to discover the truth behind this group of ‘unused’ trials’. 
[bookmark: _Hlk48138158]The number of unused trials replicates work done  in an audit of the Gynaecology trials over the same period of time which found 32% of trials were unused (14), and the Cochrane Acute Respiratory Infections Group (CARIG) paper (7) that found 41% of the RCTs in their specialised register were unused, although this difference could be attributed to the longer time period of this audit, as the CARIG group incorporated 5285 trials from 1930 to 2014 (7). Trials using TCM for women going through ART were the most commonly unused trials, representing increased stakeholder interest in this area. 
We found that 23% of the total trials in this time-period could have been used if the out of date reviews were updated. These reviews will be prioritised and updated accordingly as the inclusion of new studies that will improve the credibility of the reviews is one of the reasons to prioritise an update of an established Cochrane review (15).
Conclusion
This project considered unused fertility trials to prioritise new review topics and identified those reviews that need to be updated, thereby identified research that is not being optimally disseminated resulting in research waste and the gaps in dissemination of evidence for couples with fertility problems. 
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Table 1. Number of unused RCTs matched to existing reviews or for the creation of new review topics
	Population
	Trials to be included in existing review
	Trials for new review topics
	Total

	Women
	86 (75%)
	34 (47%)
	120

	Embryos
	18 (16%)
	18 (25%)
	36

	Oocytes
	2 (2%)
	12 (17%)
	14

	Men
	4 (3%)
	5 (7%)
	9

	Sperm
	5 (4%)
	3 (4%)
	8

	Total
	115
	72
	187
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Table 2: New fertility review titles with number of associated trials
	Clinical area (population)
	New Topic 
	Number of trials

	Women
	Chinese medicine for women undergoing assisted reproductive technologies
	6

	
	Anti-oestrogens for ovulation induction in non PCOS women
	3

	Embryos
	Embryo incubation environments for improved fertility outcomes in assisted reproductive technologies (including in vitro vs in vivo, different incubators)
	3

	
	Embryo selection markers and techniques for assisted reproductive technologies (including morphology vs markers, O2 consumption, assessment of early cleavage)
	3

	
	Embryo development from fresh versus frozen oocytes in assisted reproductive technologies 
	4

	Oocytes
	Fresh versus frozen oocytes in assisted reproductive technologies 
	4

	
	Techniques for oocyte vitrification for assisted reproductive technologies (including types of freezer, types of nitrogen, add-ons such as cytochalasin B)
	3









