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Abstract

Digital support tools, including smartphone apps, are increasingly being used alongside fertility treatments. These tools aim to harness the power of information and technology to improve care, facilitate communication and support patients through stressful treatment cycles. To warrant patient engagement, digital support tools have to be perceived as useful. This review identifies and narratively analyses tools developed for fertility patients to date, discusses salient included features and evaluates user reviews. 

A systematic search of the app markets and electronic literature databases identified 46 digital support tools for fertility patients. The identified web-based tools focused on psychosocial support, whereas the smartphone apps primarily have practical features, with some incorporating coping support. User feedback was collated from the Google and Apple app marketplaces and analysed using thematic analysis.  Patients have high expectations of support apps, in particular the user experience. Nine published studies of web-based digital support tools were identified, but there was a complete absence of peer-reviewed studies of smartphone support apps for fertility patients. This review identifies the increasing range of available digital tools to support patients having fertility treatments and highlights the very limited evidence on which clinicians and patients can currently evaluate these tools.
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Introduction

The use of digital tools throughout a patient’s fertility treatment is becoming more widespread, with use of virtual consultations, electronic consent and online peer-support forums now commonplace. Just under a decade ago, patient focused web-based interventions in reproductive medicine was identified as a key area of development  (Aarts, et al., 2012). More recent research demonstrates that women’s health apps do not appropriately address the needs of patients struggling with infertility and are of low quality with significant inaccuracies in content (Zwingerman, et al., 2019). The research evidence supporting mobile applications and internet-based technologies to mitigate the psychological effects of infertility is sparse (Meyers and Domar, 2021). 

In the current decade, more widespread use of apps and other digital tools in fertility care is likely, potentially with inclusion of prognostic calculators, decision support and support aiming to reduce the psychological burden of treatment. Development of patient support tools should be a priority, as the burden of infertility and of undertaking infertility treatments is known to be significant (Cousineau and Domar, 2007). As the UK HFEA patient support pathway states, ‘Emotional support is important from start to finish of every patient’s experience’ and the main drivers of patient satisfaction are the ‘interest shown in you as a person’, the quality of counselling and the coordination and administration of treatment (HFEA, 2019). Traditional counselling support offered by clinics is often underutilised (Boivin, et al., 1999). In other contexts, such as general anxiety disorders, digitalised versions of traditional psychological support have demonstrated significantly improved clinical outcomes in depression, anxiety, and stress (Linardon, et al., 2019). Evidence suggests digital tools can improve medication adherence (Morawski, et al., 2018), patient satisfaction and quality of life (Larson, et al., 2018). It is known that fertility patients have considerable interest in peer support offered through mobile technologies (Grunberg, et al., 2018), and further digital options for support may align with patient needs and preferences, increasing uptake. Digital tools are unlikely to replace the human interactions crucial for supportive care, but are likely to be increasingly used as an adjunct. 

This review aims to identify and comprehensively summarise all digital support tools for fertility patients developed to date. It combines narrative analysis exploring the included features and costs and thematic analysis of user reviews to highlight aspects of particular value and identify potential areas for future research. 

Methods and Materials

This review was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement recommendations. The review was prospectively registered with PROSPERO, registration number 156441. 

Search Strategy
Digital support tools include smartphone apps, SMS-based tools and web-based apps or programs that are used directly by a patient undertaking fertility treatment to support them during this experience.  We conducted a systematic search of the app market and scientific literature to identify relevant digital support tools for fertility patients that were available on the app marketplace in September 2020 or reported in a study or abstract published from 1 January 2000 to 1 October 2020. The start date was chosen to be in keeping with previous research capturing all relevant literature on apps and digital tools. The app market searches were conducted in the Google Playstore, Apple Appstore and Your Health App finder databases on 21st September 2020 with search terms including Fertility, IVF, In-vitro fertilization, ICSI, IUI, Intrauterine insemination, Support fertility and Assisted Reproduction. The search terms were developed through an iterative improvement process, working with a healthcare librarian, to capture the most relevant results.

We searched the electronic literature databases (PubMed, EMBASE, MEDLINE (Ovid), Web of Knowledge, Psycinfo and Cinahl) using a syntax composed of ‘Internet’ and ‘eHealth’, ‘smartphone apps’ and their synonyms, ‘psychological distress’, ‘emotional support’ and their synonyms and combined these with ‘Infertility’, ‘IVF’ and ‘Reproductive techniques, assisted’ and their synonyms. Supplementary material 1 provides the full syntax. Secondary reference searching was performed by hand in the Web of Knowledge platform for all included articles to avoid missing relevant citations. The search was restricted to apps, tools and studies available in English.  Grey literature was searched for non-peer reviewed articles, posters and abstracts, including Google Scholar, mHealth intelligence and clinical trials databases. 

Digital tools included are smartphone apps, web-based programs or SMS-based tools aimed at adult fertility patients. Fertility patients are defined as those under investigation or having treatment at a secondary or tertiary fertility centre. We excluded digital tools that were primarily menstrual trackers, aiming to prevent conception, those primarily for use by healthcare professionals and those containing solely pregnancy or antenatal content. Tools aimed at lifestyle factors only without a wider fertility support element were excluded. Mindfulness and relaxation focused support tools were included only if there was a clear fertility treatment focus. Digital tools specifically aimed at cancer patients to address fertility preservation decision making were excluded from this review as they have been previously reviewed elsewhere (Speller, et al., 2019). Tools were not included if they were peer discussion or forums only or were static websites with no interactive input from the patient.

Data Collection and Analysis

Following the app market and wider literature searches, relevant digital tools meeting the inclusion criteria of the review were identified. The search results were initially screened by title and Appstore summaries by two reviewers (IR/OO). Relevant results were then further screened for eligibility based on Appstore descriptions, articles, screenshots, downloading the apps/ tools, searching relevant websites, and contacting the developers, if required. Any discrepancies between reviewer decisions were discussed with a third reviewer (YC). Data was collated and analysed on the stated tool aims, salient features and associated costs or availability of in-app purchases. 

Thematic analysis was used to answer the research question ‘What are fertility patients’ experiences of using digital support tools during treatment?’.  Reviews from ‘App stores’ are a valuable source of insight that can be quickly and easily extracted (Pagano and Maalej, 2013). App reviews are unprompted and thus free of researcher bias. Reviews of included digital tools were downloaded and collated from the Apple App store and Google Playstore marketplaces using the ‘AppFollow’ tool (API, 2020). Reviews that gave a numerical score only or were irrelevant (e.g. review of clinic rather than digital tool) were excluded. The remaining reviews were analysed thematically followed the six-stage process outlined by Braun & Clarke (2006). Thematic analysis was chosen as it can identify key features and patterns of meaning across a large diverse dataset. An inductive approach to thematic analysis was used. The data was initially coded (using Nvivo software) based solely on the content of the written reviews and these codes were then evaluated to identify patterns of meaning and form themes. A thematic map was generated to determine whether the identified themes reflected the meaning of the coded extracts and the entire app review data set. Final themes were then defined, and results reported, with quoted examples from the review data presented as supportive evidence. 


Results

The Appstore search identified 1379 apps and a further 889 potentially relevant studies of digital tools were identified from the literature search (see Fig 1 PRISMA flowchart). After removal of duplicates, 1765 remained. After screening by title and Appstore summaries, 63 records were identified for further assessment, with 14 of these tools identified from the literature search. At completion, this search identified 46 digital support tools for fertility patients. There were 37 smartphone apps, eight web-based tools and one SMS based tool, as summarised in Figure 2. Table 1 and Fig 3 summarise the salient features of digital support tools included in this review. 

Information
The most frequent feature identified was the provision of information regarding infertility, fertility treatments and clinic processes (number of tools including n=33). 

Treatment and appointment calendars were the next most common feature (n=24).   Calendars ranged from those requiring a patient to manually enter all prescribed medication, to calendars auto populated and updated by the clinical team, to those with the ability to link to a user’s existing electronic calendars. Additional related features (n=7) included alerts and notifications to remind patients to take their prescribed medications. The medication information presented included drug dosage, information on how to give the injections and step-by-step instructional videos. One app (Wistim) also provided a photograph of the medication packaging to assist identification. These features aim to reduce the chance of medication errors and support patients who may struggle with the complex medication regimes of IVF. 

Communication 
A direct messaging feature was included in 39% of digital support tools (n=18). In 16 of these messaging was bidirectional, allowing the patient and clinic staff to both message and respond to each other. Two tools included one-way messaging enabling the clinic to message the patient, but without a function for patients to respond within the app. In one app (Wistim), bidirectional messaging was an optional feature that could be chosen by clinics, with some centres choosing not to receive messages from patients via the app interface. The value of direct messaging was raised in many positive reviews, with patients valuing the convenience of two-way messaging interaction. Integration of the digital tool with the electronic health care record was possible in only two of the apps and one of the web-based programs. 

Clinical Features
Psychological and emotional support was a feature in 21 of the identified tools. This support ranged from a discussion forum for peer support (n=6), to guided relaxation tracks, positive affirmations, and evidence-based psychological tools to support coping during stressful life circumstances. MediEmo additionally includes emotional tracking, with patients prompted to enter daily mood scores. 

Two of the identified apps included a link to prognostic calculators based on the latest IVF prognosis research.  In Kindbody:Fertility Care, these are presented as ‘Predict my success’ tools to ‘Explore the latest fertility research’ and includes a prognosis for the chance of live birth from an IVF cycle or for the predicted egg count from an egg freezing cycle. The SART mobile app includes a calculator to predict success rates for various treatment options based on individual information. 

Cost
Most tools were free to access and download. Costs to download for paid apps ranged from £2.79/ $3.67 (iMineIVF) to $9.99 (IVF Coaching). One charged a subscription of €15/month (Wistim) payable by the patient by monthly subscription or by the clinic and  6 (12%) offered optional in-app purchasing, with prices ranging from $0.99 to $99.99. For example, in one app (Embie), some features, including tracking symptoms and appointments and accessing the forum community, are free but logging and getting medication reminders requires a $9.99/month premium upgrade. Five included apps required login details provided by the clinic and are routinely included as part of the provider’s package of care (Apricity, MediEmo, Salve, eIVF mobile, Embryomobile). 

Ratings/ Reviews

To analyse user reviews, 484 reviews of the included smartphone apps were downloaded from the worldwide Google Playstore and Apple Appstore. These were analysed using thematic analysis by two reviewers (IR/OO) as described.  Twenty-six reviews were excluded as they were irrelevant (reviews of the clinic/ clinic team rather than the app, or one-word answers that it was not possible to classify), leaving 458 reviews for thematic analysis. 

Identified themes
Thematic analysis generated four main themes (Table 2). Firstly, ‘Easily accessibility of information and organisational tools was valued’. Most positive reviewers valued having helpful tools and the ability to communicate with their healthcare team at their fingertips. Reviewers noted that using an app made the complex process of IVF and communication with the clinical team easier. 

‘This app keeps me on my toes from appts, labs, email from nurses and doctors. THE Greatest communication between nurse, doctors, and patients this app has made my anxiety for my fertility more at ease, I love it’

 Secondly, there was a clear theme that ‘Patients felt cared for through the apps’. This was evident in statements such as ‘I think this was made for me’ and ‘should be prescribed along with the drugs’.

‘Great idea and made life during treatment easier for us... My partner could use it as well which kept us both on top of things.’

The main negative theme identified was ‘Technical problems impaired function, frustrating patients’. It was clear in many reviews that patients were motivated and had tried to use the app but encountered technical and usability issues.

‘Very bad app. Buggy and gets hung up on every command…. I am going to uninstall the app…. I hope they make some improvements, as I would love the opportunity to access my information via an app!’

Related issues around data security and the resultant need for repeated login to apps was mentioned by many negative reviews, with patients reporting that this issue significantly limited app utility. Reviewers made suggestions to improve tools and bypass the need for repeated password entry.  

‘Good app, which is useful to have reminders. But could have better sign in -why put the password every time - better to use the inbuilt phone security as many other apps do.’

The final identified theme was ‘Users felt additional costs associated with app use were unfair’.  Reviews suggested low willingness to pay for these services on top of existing high treatment costs. 

Most of the reviews which focused on app content were positive, with negative comments overwhelmingly focused on functionality and cost. These findings are further supported by the studies of included web-based tools that reported user feedback. These report high satisfaction ratings, but the single study reporting willingness to pay found ‘In 90% of all participants, there was no willingness to pay for this intervention’(Cousineau, et al., 2008, Haemmerli, et al., 2010, Tuil, et al., 2007, van Dongen, et al., 2016). Overall, thematic analysis suggests fertility patient users are likely to have a positive experience of using digital tools alongside care, if the tools developed are reliable, properly maintained and not associated with additional costs. 

Clinical validation/evidence
Despite some of these available tools having over 30,000 users so far, the literature search identified only nine published studies of web-based digital tools and twelve conference abstracts or posters presenting and evaluating various aspects of the use of digital support apps in fertility care. These identified studies are listed in Appendix 2.  




Discussion 

This systematic review of the App marketplaces and published literature has demonstrated that, of more than 1000 fertility related apps and other digital tools available, only 46 are designed to support those having fertility investigations and treatments. Others are available e.g. for cancer patients, but they were outside of the scope of this review. Most of the digital tools identified focused on giving patients information, including via multi-media, at the correct time in their treatment cycle and dependent on their cycle progress. This may improve understanding and avoid the need for overwhelming and generic written or verbal pre-cycle information. Overall, smartphone apps are largely focused on administrative and practical support, whereas the web-based tools identified were focused on both psychological support and information provision. This observed focus of app design may reflect physician bias with a primary focus on operational improvements, rather than optimal alignment with patient preferences. The tools that reported involvement of a psychologist in development included psychological support as a central feature, and this should be considered in future designs. 

The high prevalence of free to download apps may limit potential investment in developing these technologies, although payment models exist that can potentially continue to fuel their development (Gordon et al 2020). The thematic analysis of app reviews demonstrated the high expectations users have of fertility app functionality, expecting equivalent quality to their other familiar apps and thus being intolerant of poor login processes, technical glitches, and design flaws. The inclusion of psychological support, such as direct messaging with staff, is valued, and some patients feel more ‘cared for’ because of their use of a digital tool. However, providing this additional care is dependent on a staffing model with enough time to send secure, accurate, timely and empathetic responses to patient messages and queries. 

Although data security is critical and app developers must be aware of their responsibilities under the relevant law, effort should be made to ensure security features do not impede use of the tool as intended. Increased integration of apps into electronic health records and the provider workflow could improve both uptake and utility of digital tools (Gordon, et al., 2020). Integration would enable provider prescription, streamline communication, and allow data generated by the digital tool to be accessible to both patients and providers.  Involvement or co-production of digital support tools with potential users could optimize development. However, user satisfaction, although critical to engagement, does not always reflect clinical effectiveness (Singh, et al., 2016). 

Limitations
This review aims to identify a snapshot of digital support tools developed to date and the supportive literature. A  key limitation of the thematic analysis of app reviews is that it is only based on the opinions of a self-selecting population of app users who chose to post a review. It is likely people reporting strong negative or positive experiences would be more motivated to review and comment. Including only tools available in English and English language reviews is likely to have reduced the cultural diversity of participants and significantly reduced the number of reviews for some included apps, such as Wistim, which is currently predominantly in use in France. 

Digital support tools are a rapidly expanding field in medicine, but only a small percentage of all health apps have been studied, and evidence tends to be low quality for those that have (Gordon, Landman, Zhang and Bates, 2020). The development and availability of clear, reliable information on which patients and clinicians can evaluate digital tools is crucial. Available tools such as ORCHA's AppFinder, which underpins the ‘Your Health Appfinder’ used in this search, enables users to discover the strengths and weaknesses of an app before downloading or recommending it. However, evaluation studies and evidence of improvements in outcomes associated with use of digital support tools for IVF patients are very limited.  The eight web-based programmes and single SMS-based tool included have been evaluated in published randomised trials, but it is notable that none of the 37 smartphone apps identified in this review have yet been evaluated in any study subject to external peer review (see Appendix 2 for all identified research). As such, all the included smartphone apps lack robust evidence of clinical and/or cost effectiveness. 

If a digital tool aims to reduce anxiety, the impact of usage on validated anxiety scores should be evaluated and if aiming to prevent medication errors the effect on  compliance with prescribed regimen should be measured. If a digital tool is designed to optimize workflow and clinic efficiency, then objective measures such as the number/length of unscheduled calls should be recorded. Claims on websites for included tools in the review that are made without any reference to supportive evidence include ‘reduces by 5 treatment errors’, ‘create time for your staff enabling them to provide a higher quality of care’, ‘experience less non-urgent phone calls’, ‘turn those 20 minute phone calls into 1 minute conversational exchanges’,  ‘making the treatment more efficient and increasing the success rate’ and ‘reduce the risk of treatment failures’. 

The UK National Institute for Health and Care Excellence has recently published an evidence framework for digital health technologies (NICE, 2019). Fertility teams could utilize this framework and lead evidence-based implementation of digital technologies, with important benefits to the reputation of the sector. Although currently available digital tools are limited, apps/programs for fertility clinicians, embryologists and patients are likely to rapidly expand in coming years. Now is the time to establish optimal standards and develop useful, pragmatic methodologies to evaluate digital tools in fertility care.  Evaluation and validation are particularly important if, in due course, the digital tool is envisaged to be a clinician prescribed tool designed to add to, or replace, certain clinical processes or pathways to improve the patients’ experience and care within a fertility clinic. As with any new intervention, clinicians should be mindful of the potential of their tool to cause harm. If a digital support tool is a substitute for face-to-face counselling or educational nursing consultations, it should be proven to meet the clinical objectives at least as well as the existing paradigm.  
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Table(s) with caption(s) (on individual pages)
1) [bookmark: _Hlk58849779]Table 1: Features included within digital support tools
	Digital Tool
	Target population (1st if worldwide)
	Calendar
	Medication Notification
	Appointment booking
	Information
	Personalised Information/ Test results
	Psychological Support
	Forum
	2-way Direct messaging
	1-way Messaging Dr to pt 
	Prognostic 
calculators
	EHR integration

	Alhadi-ivflebanon 
	Lebanon
	
	
	x
	x
	
	
	
	
	
	
	

	Apricity - Your Fertility Care Companion
	UK
	x
	
	
	x
	
	x
	
	x
	
	
	

	Artisan Fertility Patient App
	USA
	x
	
	
	x
	
	
	
	x
	
	
	

	Bonzun IVF
	Sweden
	x
	x
	
	x
	
	x
	
	
	
	
	

	Child Wish Online Coaching
	Switzerland
	
	
	
	
	
	x
	x
	x
	
	
	

	City Fertility
	Australia
	x
	
	
	
	
	
	
	x
	
	
	

	DigiCoach
	The Netherlands
	
	
	
	
	
	x
	
	x                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          
	
	
	

	Dr Akash Gajjar
	India
	
	
	x

	x
	
	
	
	x
	
	
	

	eIVF mobile
	USA
	x
	
	x
	x
	x
	
	
	
	x
	
	x

	Embie
	Israel
	x
	x
	
	x
	
	x
	x
	
	
	
	

	Embryomobile
	Spain
	
	
	
	x
	x
	
	
	
	
	
	

	Fakih IVF
	UAE
	x
	
	
	x
	
	
	
	x
	
	
	

	FertiCalm
	USA
	
	
	
	
	
	x
	
	
	
	
	

	Fertility View - Fertility and IVF support
	USA
	x
	
	
	x
	
	x
	x
	
	
	
	

	Fertistrong
	USA
	
	
	
	
	
	x
	
	
	
	
	

	Ideal Fertility
	India
	x
	
	x
	x
	
	
	
	
	
	
	

	IHMED Fertility 
	Taiwan
	x
	
	x
	x
	x
	
	
	x
	
	
	

	iMineIVF
	USA
	x
	
	
	x
	x
	
	
	
	
	
	

	Infertility Source
	USA
	
	
	
	x
	
	x
	
	
	
	
	

	Infotility
	Canada
	
	
	
	x
	x
	x
	x
	
	
	
	

	Internet based PHR
	The Netherlands
	
	
	
	x
	x
	x
	x
	x 
	
	
	x

	IVF Coaching
	Iceland
	x
	
	
	x
	
	x
	
	
	
	
	

	IVF IMED
	Armenia
	
	
	
	x
	x
	
	
	x
	
	
	

	IVF Planner
	USA
	x
	
	
	
	
	
	
	
	
	
	

	IVF Positvity
	Australia
	
	
	
	
	
	x
	
	
	
	
	

	IVF Relax
	Australia
	
	
	
	
	
	x
	
	
	
	
	

	IVF Riga
	Latvia
	x
	
	x
	
	
	
	
	x
	
	
	

	Kindbody: Fertility Care
	USA
	x
	
	x
	x
	x
	
	
	
	
	x
	

	KNH Fertility Centre
	India
	
	
	x
	x
	
	
	
	
	
	
	

	MediEmo
	UK
	x
	x
	
	x
	
	x
	
	
	x
	
	

	Mindful IVF
	Ireland
	
	
	
	
	
	x
	
	
	
	
	

	Mindful Spot
	Portugal
	
	
	
	
	
	x
	
	
	
	
	

	My Fertility Diary - IVF Rx
	India
	x
	
	
	
	
	
	
	
	
	
	

	myEmbryolab
	Greece
	x
	
	x
	x
	x
	
	
	x
	
	
	

	Naula: Your IVF Treatment Simplified
	USA
	x

	x
	
	x
	
	
	
	
	
	
	

	Online MBI
	USA
	
	
	
	x
	
	x
	
	
	
	
	

	OnTrack
	USA
	
	x
	
	x
	
	
	
	x
	
	
	

	Pleasure and Pregnancy
	The Netherlands
	
	
	
	x
	
	x
	x
	
	
	
	

	ReUnite Fertility App
	USA
	x
	
	
	x
	
	
	
	
	
	
	

	Salve
	UK
	x
	x
	
	x
	x
	
	
	x
	
	
	x

	SART Mobile App
	USA
	x
	
	x
	x
	
	
	
	x
	
	x
	

	Smartphone PACI
	Germany
	
	
	
	
	
	x
	
	
	
	
	

	Sunfert International
	Malaysia
	
	
	x
	x
	
	
	
	
	
	
	

	The Barbados Fertility App
	Barbados
	x
	
	x
	x
	
	
	
	
	
	
	

	Web-based CWI
	USA
	
	
	
	x
	
	x
	
	
	
	
	

	WiStim 
	France
	x
	x
	
	x
	x
	
	
	x
	x
	
	



	Themes Identified
	Definition
	Subthemes
	Extracts

	Easily accessibility of information and organisational tools was valued
	Reviewers found having information and helpful tools easily accessible useful
	· Communication/ messaging valued
· Complex process made easier
	‘everything is at the tip of my fingers’
‘keeps me on my toes’

	User felt cared for through the app
	Users felt had additional layer of support through use of digital tool
	· Reduced anxiety
· Ability to access tool at any time valued
	‘It’s like they knew exactly what  needed to hear’
‘I love the care and attention I get’
‘I think this was made for me’

	Costs felt unfair 
	Additional out-of-pocket costs disliked on top of expensive treatment process. 
	· IVF treatment already expensive
· Dislike having to pay for the most useful features

	‘I don’t think asking people who are spending thousands of pounds on fertility treatment to spend even more on this is fair’
‘As many/most if not all of you know 
how expensive IVF is … who has the extra money to 
throw at an app’. 

	Technical problems frustrated otherwise motivated users 
	Users tried to use the app but encountered difficulties. 
	· Frequent login annoying
· Problem with tool added stress to already difficult experience
	‘I like that….however it often freezes’
‘I dislike it greatly…IVF already sucks this is the last thing I need’
‘The app is good....but just so slow moving between options and super frustrating to have to login every time’


Table 2: Results of thematic analysis of app reviews.
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Figure 1













	Tool Group
	Identified DIGITAL TOOLS
	

	Apps FOR Practical Support









	My Fertility Diary - IVF Rx
Naula: Your IVF Treatment Simplified
iMineIVF
Kindbody: Fertility Care
Artisan Fertility Patient App
IVF Riga
IHMED IVF
alhadi-ivflebanon
Dr Akash Gajjar
IVF Planner
Ideal Fertility
	SERUM Fertility-IVF Navigator
Salve
SART Mobile App
eIVF mobile
KNH Fertility Centre
City Fertility
Sunfert International
IVF IMED
myEmbryolab
Fakih IVF
Embryomobile
The Barbados Fertility App

	AppS FOR Practical and PSychological Support
	Bonzun IVF
WiStim
MediEmo
Apricity - Your Fertility Care Companion
	Infotility
Fertility View Fertility and IVF Support
Embie


	APPs For Psychological Support
	FertiCalm
FertiStrong
IVF Relax
IVF Positivity

	Das Wunschkind
Mindful IVF
MindfulSpot

	WEB-BASEd ProGRams for PSychological Support
	Infertility Source
Web based Coping with Infertility
Pleasure & Pregnancy programme

	DigiCoach
Child Wish Online Coaching
Online Mind/body intervention

	WEB-BASED PROGRAMS FOR Practical and PSYCHOLOGICAL SUPPORT
	Internet-based personal health record
OnTrack


	

	SMS (text message) BASED TOOL
	Smartphone-supported Positive Adjustment Coping Intervention
	










78%
49%
13%
24%
69%
24%
47%
36%
13%


Figure 3
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52%%
15%
24%%
72%%
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Figure captions 
1) PRISMA flowchart
2) Identified digital tools by type
3) Features available in the digital tools identified within the review. Pie chart below each feature indicates the percentage of included tools containing each feature (blue), not included as feature in the tool (red).  







Appendix 1: Search Strategy 
1. (digihealth* or digi-health* or digital health* or digital therap* or digital treat* or ehealth ore-health or etherap* or e-therap* or etreat* or e-treat* or mhealth or m-health or mobile health* or telehealth* or tele-health* or telemedic* or tele-medic* or telecommunicat* or telecommunicat* or tele-homecare or telehomecare or tele-monitor* or telemonitor* or telemanage*or tele-manage* or teleconsult* or tele-consult* or telecare* or tele-care* or telepharmac* ortele-pharmac* or telenurs* or tele-nurs* or tele-support or telesupport).tw.
2. ((digital* or mobile* or phone* or tablet* or portable) adj4 application*).tw.
3. exp Computers, Handheld/ or exp Smartphone/ or exp Internet/
4. exp Online Systems/
5. (app or apps).mp. or exp Mobile Applications/ [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
6. (web-based or android* or ipad* or iphone* or mobile phone* or cell phone* or personal digital assistant* or smartphone* or smart-phone* or sms or text messag* or computer-assisted instruction).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
7. exp Psychological Theory/ or exp Psychological Distress/ or exp Signal Detection, Psychological/ or exp Psychological Techniques/
8. (psychoeducational or psycho-educational or psycho educational).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
9. exp Cognitive Behavioral Therapy/ or psychological intervention*.mp. or exp Psychotherapy/ or CBT.mp. or therap*.mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
10. (psychological support or counselling or counseling or emotional support or treatment burden or drop-out or return rate or burden or psychological burden).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
11. (infertil* or fertil* or assisted reproduction).mp. [mp=title, abstract, original title, name of substance word, subject heading word, floating sub-heading word, keyword heading word, organism supplementary concept word, protocol supplementary concept word, rare disease supplementary concept word, unique identifier, synonyms]
12. exp Infertility, Female/ or Infertility/ or exp Infertility, Male/
13. exp Fertilization in Vitro/ or ivf.mp.
14. exp Insemination, Artificial/ or exp Ovulation Induction/
15. 7 or 8 or 9 or 10
16. 11 or 12 or 13 or 14
17. 1 or 2 or 3 or 4 or 5 or 6
18. 15 and 16 and 17
19. Animals/ not (Animals/ and Humans/)
20. 18 not 19







Appendix 2:  Relevant Identified Papers/ Abstracts/ Posters

	Digital Tool
	RCT
	Study Title
	Summary

	Digicoach
	x
	e-Therapy to reduce emotional distress in women undergoing assisted reproductive technology (ART): a feasibility randomized controlled trial. (van Dongen, et al., 2016)
	A feasibility randomised controlled trial of 120 patients of a personalised e-therapy program, evaluating demand, practicalities of implementation and engagement and efficacy.

	Web based coping with infertility
	x
	Web-based treatment for infertility-related psychological distress. (Sexton, et al., 2010)
	Randomised controlled trial of 31 women seeking medical reproductive technologies evaluating use of web-based approach to CBT on psychological outcome measures.

	Online mind body intervention
	x
	An internet-based mind/body intervention to mitigate distress in women experiencing infertility: A randomized pilot trial. (Clifton, et al., 2020)
	Randomised controlled feasibility trial of 71 women evaluating implementation, satisfaction and impact on anxiety, depression and pregnancy rates. 

	Smartphone assisted PACI
	x
	Predictors for the Early Termination of a Psychological Intervention During Treatment with Assisted Reproductive Technologies.  (Bernd, et al., 2020)
	Interim analysis of RCT study of SMS messaging positive adjustment technique. 

	Child wish Online Coaching
	x
	Internet-based support for infertile patients: a randomized controlled study. (Haemmerli, et al., 2010)
	Randomised controlled trial 124 patients evaluating use of an 8-week internet-based CBT intervention for infertile patients. 

	Pleasure and Pregnancy
	x
	The 'Pleasure&Pregnancy' web-based interactive educational programme versus expectant management in the treatment of unexplained subfertility (Dancet, et al., 2019)
	Protocol for RCT study evaluating programme for couples with unexplained infertility during 6 months of expectant management. 

	Pleasure and Pregnancy
	
	The stepwise development of an interactive web-based sex education programme for subfertile couples: The Pleasure & Pregnancy programme. (Dreischor, et al., 2020)
	Describes development of this digital tool according to MRC framework for development of complex interventions. 

	Infertility Source
	x
	Online psychoeducational support for infertile women: a randomized controlled trial. (Cousineau, Green, Corsini, Seibring, Showstack, Applegarth, Davidson and Perloe, 2008)
	Randomised controlled trial 190 patients evaluating web-based bio-psychosocial intervention on psychological outcomes. 

	Internet PHR
	x
	Empowering patients undergoing in vitro fertilization by providing Internet access to medical data. (Tuil, Verhaak, Braat, de Vries Robbe and Kremer, 2007)
	RCT study, 91 female 89 male, assessing differences in patient empowerment, satisfaction and anxiety and depression associated with use of electronic personal health record. 

	MindfulSpot
	
	A mindfulness mobile app for people dealing with infertility (Monteiro, et al., 2016).
	Mobile app for training mindfulness skills, including information regarding specific aspects of the emotional impact of infertility. Study addresses app development.

	FertiStrong
	x
	The impact of the Fertistrong app on anxiety and depression in men. (Domar, et al., 2019)
	Randomised study of 39 men assessing impact of app (cognitive behavioural and relaxation) for 30 days or routine care on anxiety, depression and FPI. No significant differences in HADS anxiety or depression domains or overall FPI. Significant differences in change in stress level favouring the intervention.

	MediEmo
	
	Tracking the emotional signature of patients undergoing IVF (Cheong, et al., 2019).
	Examine if use of a mobile app would be useful in IVF by establishing whether women were willing
to (1) use a medical digital technology; (2) empowering women to record mood data and; (3) determine sensitivity of mood tracking to
treatment outcome.

	Infotility
	
	An mHealth app designed for fertility patients: from conception to pilot testing (Zelkowitz, 2019).
	Describe the development, pilot tested with male and female fertility patients, Pre – post study
• Qualitative Interview sub-study. 259 users, 11 interviews. 

	
	
	Psychological Distress and the use of an app for social support among men and women with fertility concerns (Zelkowitz, 2019).
	Explores users’ experience of the forum and whether psychological distress is related to Infotility forum use. 159 women and 42 men (n=201) Pre-app use
Questionnaires • GAD-7 • PSS-4 and Post-app use questionnaires and open-ended questions

	
	
	Mobile health app engagement and counselling uptake in fertility patients: a preliminary study (Dawadi, 2019)
	169 participants from fertility clinics app use for 8 weeks. Participants completed surveys pre (T1) and post (T2) app use assessing their sociodemographic, fertility treatment, and psychological
characteristics. Women and those with greater stress were more engaged with the psychosocial app content

	
	
	Fertility Patients’ Empowerment and Engagement with an mHealth App (Brochu, 2019)
	N =152 participants rated empowerment scores at time 1 (pre) and time 2 (post) 6-8 weeks of app use. Scores did not differ between timepoints. People with lower initial empowerment scores were more engaged with the app. 

	
	
	Developing a fertility mHealth app: What features do patients want? (Dawadi, 2018)
	Needs assessment survey of 567 individuals undergoing fertility treatment.78.10% (N= 442) did not report using a fertility app, but 84.10% (N= 476) would be interested in using one. Those with
greater levels of stress wanted links to emotional and sexual counselling resources.

	Embryomobile
	
	Look at these! Visualizing the development of your embryos before the transfer improves the pregnancy rates in In Vitro Fertilization cycles (Moffa F., 2019)
	936 patient study analysing correlation between number of times embryos viewed and pregnancy rates. 

	Salve
	
	Enhancing the patient treatment, experience and improving communication and adherence by means of a digital platform (Wright K, 2019)
	Impact of introduction of Salve platform/app on patient experience. 

	On Track
	x
	Does a web-based app impact quality of life measures during in vitro fertilization?  (Martin, et al., 2020)

	N=110 randomised to use of On track web-based app versus no app and quality of life and anxiety measures compared.  When comparing the app arm to the control arm, there were lower CART scores at day 6 and a trend towards lower scores pre-retrieval. There was no significant effect of the application when assessing the FertiQoL scaled score and the STAI scores.

	
	x
	Does a web-based app decrease medication waste, medication errors and clinic messages during in vitro fertilization cycles?(Martin, et al., 2020)
	N=104 randomised to use of On track web-based app to assist with medication management versus no app with conventional medication management. The web-based application did not decrease medication errors, waste or patient-initiated messages
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