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Abstract 

Background: Randomised controlled trials (RCTs) constitute the gold-standard design for 

evaluating interventions. However, their design, conduct and validity can be threatened by slow 

recruitment of invited patients and/or attrition of already recruited participants. Given such 

challenges, the research community is increasingly interested in identifying effective 

recruitment and retention strategies via the conduct of Studies Within A Trial (SWATs).  

Aims: This thesis applies economic techniques to demonstrate the significance of trial 

recruitment and retention, and to introduce economic methods for improving the evaluation of 

recruitment and retention strategies via SWATs. 

Methods: The thesis employs a wide range of health economic methods, including decision 

modelling, costing analysis, systematic review and Value of Information (VoI) analysis.  

Results: Chapter 2 presents the impact of slow recruitment to the RECOVERY trial generated 

opportunity costs due to the delayed dissemination of a more cost-effective, available treatment 

for hospitalised COVID-19 patients. Chapter 3 highlights that participant loss to follow-up 

from the Occupational Therapist Intervention Study (OTIS) trial generated significant financial 

costs to the trial team and funder, despite its low attrition rate. Chapter 4 critically appraises 

the evidence surrounding the cost-effectiveness of recruitment and retention strategies, 

concluding that no cost-effective strategy exists with high certainty of evidence, due to the 

limited availability of economic evaluations alongside most SWATs. Finally, considering the 

limited resources for funding future SWATs, Chapter 5 introduces and applies a Value of 

Information (VoI) analysis framework to telephone reminders (recruitment strategy) and pens 

(retention strategy), showing that such a methodology can be feasibly used as a tool, alongside 

Trial Forge Guidance 2, for prioritising research on recruitment and retention strategies.  

Conclusion: Integrating economic evaluations into SWATs and using VoI analyses can 

strengthen future SWAT-related research, allowing trial methodologists to improve the 

conduct of their studies. 
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Chapter 1: Introduction 

1.1. Randomised Controlled Trials 

Randomised Controlled Trials (RCTs) are experimental prospective “comparative studies with 

an intervention group and a control group; the assignment of the participant to a group is 

determined by the formal procedure of randomisation” (Friedman et al., 2015). Randomisation 

means that the enrolled participants are randomly, and equally likely to be, allocated to the 

control and intervention groups. In contrast to nonrandomised study designs, such as case-

control, cohort, and cross-sectional studies, RCTs ensure that selection and allocation bias 

when allocating participants to the intervention or to the control groups are minimal. Therefore, 

any differences in outcome measures between the intervention and the control group(s) can be 

statistically reliable (Torgerson and Torgerson, 2008). In other words, randomisation ensures 

that the groups are comparable in the sense that both measurable and unmeasurable, as well as 

known and unknown, variables can all be balanced so that any detected differences observed 

in outcomes between the control and the intervention groups are due to the intervention(s) in 

question (Torgerson and Torgerson, 2008). If the sample size is sufficient, the statistical 

analysis of effect differences between the intervention and the control groups in RCTs should 

be straightforward, since the outcome differences between the two (or more) groups follow a 

parametric probability distribution, which can be used for estimating statistical measures such 

as the confidence intervals of risk differences. Therefore, if an RCT is not subject to other 

issues and biases- such as patient and clinician subversion, technical bias, attrition bias, 

recruitment bias, dilution bias, effect dilution due to a delay between intervention allocation 

and intervention, resentful demoralisation, exclusion bias, and unplanned subgroup analysis- it 

is highly likely that such an RCT will; 1) achieve high internal validity 2) reliably capture the 

effectiveness of a given intervention (Drummond et al., 2015), and; 3) identify any differences 

in the outcomes of the intervention and control groups due to the intervention itself, and not 

due to any other known or unknown confounder (Torgerson and Torgerson, 2008).  

However, even if designed perfectly, RCTs are subject to some significant limitations. First, 

under a clinical research question explored via an RCT, it is likely that rare or longer-term 

adverse events not be captured (Saldanha et al., 2022). Second, there may be ethical concerns, 

especially in placebo-controlled RCTs where participants under a severe clinical condition may 

be denied receiving a potentially effective treatment (Saldanha et al., 2022, Resnik, 2008). 

Third, due to financial or practical reasons the exploration of longer-term outcomes with 
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regards to the effectiveness of an intervention or treatment under evaluation may be limited or 

unavailable. This can be a challenge particularly when longer-term outcomes are critical to 

assess the clinical or cost effectiveness of an intervention or treatment for a given clinical 

condition (Saldanha et al., 2022). Fourth, it may be challenging to recruit patients when the 

disease under exploration is rare in terms of prevalence and/or incidence. Finally, whereas 

RCTs can achieve sufficient internal validity, the requirements for doing so may impede on 

producing findings that could be generalisable for different patient populations in different 

sociographic contexts (Saldanha et al., 2022). Hence, alternative research methodologies such 

as case-control or cohort studies, which could explore longer-term outcomes and are rarely 

restricted from ethical considerations, could be explored in instances where a research question 

presents challenges to the conduct or the interpretation of findings from a relevant RCT. 

Despite the aforementioned limitations, RCTs are commonly used in healthcare settings for 

assessing the effectiveness of a new or existing intervention, provided that the experimentation 

is feasible for the research question(s) being addressed and that there are no significant ethical, 

political, and legal obstacles (Black, 1996), because of their huge potential for achieving 

internal validity. Thus, major research funders such as the Medical Research Council (MRC) 

regard the RCT to be the “most scientifically rigorous, unbiased way of comparing alternative 

healthcare interventions” (Warlow, 2003). Depending upon the sample size, the existence of 

potential confounders that may affect an outcome in question, the likelihood of obtaining 

balanced groups, and the available clinical settings, RCTs can be designed in different forms 

of randomisation, including simple randomisation, matched randomisation, blocked 

randomisation, and pairwise randomisation (Torgerson and Torgerson, 2008). Within the 

healthcare research context, and when feasible, it is often recommended that RCTs are double-

blind, meaning that neither the participants nor the trial team/data collectors are aware of the 

treatment a participant receives, for the purpose of minimising several biases such as 

ascertainment bias (Friedman et al., 2015). 

1.2. Recruitment Challenges for RCTs  

Despite the distinguishing design features of RCTs, recruitment of participants remains one of 

the major challenges in achieving strong internal and external validity in RCTs, as recruitment 

is usually poor. Systematic reviews that attempted to capture the recruitment rates in RCTs 

have concluded that, despite some recent improvements, approximately 50% of the trials fail 

to meet their original recruitment targets (Treweek et al., 2018b, Fletcher et al., 2012). In 
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addition, there seems to be a challenge in the speediness of recruiting participants in RCTs, 

with a review of 388 trials, which were funded by the National Institute for Health & Care 

Research (NIHR) from 1997 to 2020, having concluded that the recruitment period was 

extended in 33% of trials and the recruitment target was revised downward in 20% of trials 

(Jacques et al., 2022). Moreover, only 74% of trials managed to reach 80% of their original 

recruitment target (Jacques et al., 2022). 

Several studies have attempted to identify the barriers to successful recruitment in RCTs. For 

instance, in a mental health trial (RefraMED), which evaluated the clinical and the cost-

effectiveness of a radically open dialectical behaviour therapy for refractory depression (Lynch 

et al., 2020), the main barriers for trial rejecters were their pre-existing perceptions against 

participating in a trial, their disagreements with the way the clinical practitioners viewed their 

illness and clinical management, their beliefs that the suggested trial treatment would not help 

in treating their illness, and their concerns that the personal costs of participating in a trial 

exceeded the personal benefits (Parker et al., 2016). From the clinical staff’s perspective, a 

qualitative study concluded that regional and national competition for participants, clinical 

workload, lack of clarity over regulation by the ethical committee’s regulation and 

intrapersonal relationships among trialists all impinged on achieving successful recruitment to 

RCTs (Adams et al., 2015). In addition, there is evidence that barriers to recruitment in RCTs 

can be more sensitive to participants suffering from mental health disorders, e.g. depression 

(Parker et al., 2015).  

To understand the implications of poor recruitment for RCTs, the principles of prior RCT 

sample size estimation should be introduced. In general, there are several multidimensional 

aspects that need to be considered when estimating a desirable sample size for an RCT, 

including:  

1) The study design, which is usually a parallel group design in RCTs  

2) The type of hypothesis testing (i.e. one-sided vs two-sided) 

3) The primary endpoints (i.e. continuous vs discrete outcomes)  

4) The appraisal of previous evidence on the expected response of the intervention compared 

to the control treatment that accumulates the effectiveness of the intervention treatment, the 

effectiveness of the control treatment and the standard deviation  

5) The magnitude of the clinical significance, which specifies the extent to which the 

intervention in question should be effective for it to be approved  
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6) The significance level, which is inversely related to Type I error; Type I error occurs when 

an ineffective intervention is wrongly estimated to be effective  

7) The power, which is inversely related to Type II error; Type II error occurs when it is not 

statistically shown that an effective intervention is effective  

8) The expected retention rate  

9) The potential for unequal treatment allocation (Sakpal, 2010) 

In other words, sample size calculations are useful for determining the number of participants 

needed to observe whether the null hypothesis of no statistical difference in clinical outcomes 

between the intervention and the control treatment is rejected for a given significance level and 

clinical significance, whilst minimising Type II errors. Therefore, when the expected desirable 

sample size for a given RCT is not achieved, criterion 7 is directly affected, as the power of 

the trial is correlated with the recruited sample size (Sakpal, 2010). This implies that low 

recruitment leads to underpowered trials that are subject to an increased likelihood of 

mistakenly rejecting the clinical effectiveness of a given intervention. The implications of an 

increased probability of Type II errors in under-recruited RCTs consist of research waste, 

rejecting effective healthcare interventions, taking longer for meta-analyses to obtain the 

effectiveness of rejected yet effective interventions, ethical issues through exposing 

participants to uncertainty during and after the trial and, most importantly, extension of the 

length of a given trial which puts a huge strain on the existing budget of such trial (Treweek et 

al., 2018b). Alternatively, if trialists try to extend the recruitment period to achieve their 

recruitment target, the trial may need to be extended, thus increasing the protocol-driven costs, 

or delaying the introduction of an effective intervention/treatment into practice, or terminating 

the trial prematurely (McDonald et al., 2006). To highlight the magnitude of costs arising from 

poor recruitment an American study has estimated the aggregate uncompensated costs of poor 

recruitment in 837 clinical studies to be approximately $1 million after estimating a wide range 

of start-up, maintenance, and close-out costs (Kitterman et al., 2011). The clinical study 

preparation costs had the largest share of the total uncompensated costs, followed by the 

necessary study modification costs because of poor recruitment. More recently, a study 

modelled the impact on human lives lost due to poor recruitment in the COVID-19 

RECOVERY trial, which showed that over 2,600 lives were lost due to poor recruitment 

(Knowlson and Torgerson, 2020). Evidently, poor recruitment in RCTs can lead to huge direct 

and indirect economic costs reflecting the high opportunity costs (i.e. in terms of not allocating 

resources forgone towards other research activities that could have a stronger impact on clinical 
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practice) and the poor economic and clinical benefits of running an under-recruited trial 

(Kitterman et al., 2011). The large magnitude of such costs could also be a primary concern for 

research councils which may be incentivised to invest in faster but less robust research designs 

instead of an RCT (Watson and Torgerson, 2006). 

The thesis aims to take a broader perspective from that of trial teams in order to highlight the 

costs of slow and hence poor patient recruitment into randomised trials, related to national 

healthcare systems through a case study. This thesis examines the RECOVERY trial, and the 

aforementioned clinical findings with regards to the epidemiological costs of slow recruitment 

to the RECOVERY trial, in terms of excess mortality. In Chapter 2 I develop a decision model 

to evaluate the cost-effectiveness of dexamethasone as a treatment for hospitalised COVID-19 

patients, whose results are used to estimate the cost-effectiveness of increasing patient 

recruitment rate from 15% to 50% in the RECOVERY trial by hiring or redeploying two 

research nurses into each hospital participating in the study.  

1.3. Challenges of attrition from RCTs  

Another main challenge with RCTs, one which can cancel out the main statistical advantages 

of RCTs over non-experimental study designs, is attrition, meaning that already recruited 

participants fail to complete their participation in a trial. Despite the fact that recruitment and 

retention are both related to participation in RCTs, recruitment of participants occurs before 

the start of a trial, whereas retention of participants occurs after the start of the trial and, 

therefore, arguably, is a more potent threat to a successful RCT as it not only diminishes the 

power of the trial but also can introduce selection bias. This means that even if recruitment of 

participants into a trial has been successful, it is not guaranteed that the attrition rate will be 

low.  

The implications of poor retention in RCTs can affect their internal and external validity, as 

well as the statistical analysis of RCTs. If the attrition rate is non-random (i.e. the attrition is 

related to the outcomes of the trial and/or to confounders), the recruited participants remaining 

in the trial may systematically differ from the recruited participants deciding to leave the trial 

prematurely, in terms of unknown covariates, implying that the retained participants may not 

necessarily be representative of the general population. Whereas randomisation can account 

for such unknown confounders, attrition might imply selection bias and therefore larger 

uncertainty in the statistical analysis of the intermediate and final outcomes (Torgerson and 
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Torgerson, 2008). For example, if a new drug has adverse effects that lead to the participants 

to miss clinical appointments, the attrition rate between the intervention and the control group 

will be different and the new drug could be biasedly favoured (Friedman et al., 2015). 

Therefore, selection bias induced by attrition can lead to a change in the direction of effect and 

hence to a wrong conclusion that an intervention of interest is beneficial (harmful), whereas in 

fact it is harmful (beneficial). Then, even if the attrition rates were similar between the control 

and the intervention groups, selection bias would never be eliminated (Torgerson and 

Torgerson, 2008). To disentangle attrition, there exist statistical methods which, however, are 

based on assumptions that are implausible with RCTs of healthcare interventions (Friedman et 

al., 2015). For example, regression models can act as imputation methods for handling missing 

data; however, their assumption is that the missing data are random, whereas it is usually the 

case that attrition is non-random in clinical trials. Another method is endpoint analysis, but the 

assumption of the missing future observations being constant with past observations is 

unfeasible within the healthcare context. The financial costs of poor attrition can be also 

significant, with the time costs of researchers dealing with follow- up being dominant (Peterson 

et al., 2012). 

Many RCTs may struggle with achieving strong retention, i.e. the ability to retain participants 

in an RCT after it has started. A systematic review of 151 trials associated with the UK’s NIHR 

HTA Programme has found the median retention rates to be 89%, with the lower interquartile 

range being 80% and the upper interquartile range being 97% (Jacques et al., 2022). In other 

words, 25% of NIHR-funded trials were reported to have attrition rates exceeding 20% 

(Jacques et al., 2022). 

To identify the barriers to successful retention in RCTs, a qualitative study approached 

participants who dropped out from the EXercise for Type 1 Diabetes (EXTOD) trial, with time 

costs of participation, travel costs, long duration of trial, frequency of visits, change of 

residence and personal preferences acting as the main factors in participants prematurely 

leaving the trial (Henshall et al., 2018). Similar findings have been found in a qualitative study 

of participants experiencing depression and cancer simultaneously, with financial costs and 

familial relationships further acting as barriers to successful retention (Wells et al., 2015). In 

addition, retention rates might vary according to the participants’ ethnic background (Villarruel 

et al., 2006). Finally, some participants may simply and for non-specific reasons disagree to 
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continue undertaking a treatment/intervention having previously consented to the trial 

(Friedman et al., 2015). 

The thesis aims, through a case study, to adopt the economic perspective of trial teams in order 

to highlight the financial costs of participant attrition from randomised trials. By looking into 

the Occupational Therapist Intervention Study (OTIS), Chapter 3 collects the direct economic 

costs of attrition in terms of recruitment and retention costs for recruited participants that were 

lost to follow-up. Such costs are protocol-driven and include the administrative, print and 

shipping costs of trial materials sent to participants who were randomised but eventually were 

lost to follow-up. In addition, this chapter considers the timepoint at which attrition occurred 

for each participant. 

1.4. Evidence for preventing attrition and improving recruitment  

Given the threats to internal validity and statistical reliability that poor recruitment and attrition 

pose to RCTs, there has been a growing literature on identifying strategies that could improve 

recruitment and/or retention in RCTs.  

A review of 14 RCTs has concluded that telephone reminders, questionnaires rather than 

interviews, financial incentives, adopting an open instead of a placebo trial, and adjusting the 

trial materials favourably towards participants’ cultural characteristics can improve recruitment 

rates in RCTs; however, few trials have been included in the review and therefore these results 

are uncertain (Watson and Torgerson, 2006). Another review of 13 trials failed to find 

strategies for improving recruitment in mental health RCTs, but it did identify strategies for 

improving retention, including financial incentives, follow-up, and shorter questionnaires (Liu 

et al., 2018). The most recent Cochrane recruitment review has found with high 

GRADE
1

certainty that an open trial design and use of telephone reminders can boost 

recruitment in randomised trials; however, telephone reminders were successful only in trials 

with very low recruitment rates, i.e. it is unknown whether reminders would be effective in 

trials with moderate recruitment rates, and many included trials were subject to a high risk of 

 
1 A high-GRADE evidence means that “the authors have a lot of confidence that the true effect is similar to the estimated 

effect”. The GRADE ratings are applicable to systematic reviews and can be used to make clinical practice recommendations. 

The five main factors that could affect the four GRADE certainty ratings (i.e. very low, low, moderate, high) are the extents 

of; 1) risk of bias; 2) imprecision; 3) inconsistency; 4) indirectness, and; 5) publication bias, that are found in the reviewed 

studies (Sieminiuk and Guyatt). 
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bias, implying that more needs to be done to identify recruitment strategies with higher 

certainty (Treweek et al., 2018b). 

A review of 38 retention trials found that monetary and high-valued incentives boosted 

retention through postal questionnaires, and that monetary incentives boosted retention through 

electronic questionnaires (Brueton et al., 2014). Nevertheless, the effectiveness of other 

retention strategies remains unclear, implying that more evidence is needed before coming to 

conclusions on effective retention strategies (Brueton et al., 2014). The most recent Cochrane 

retention review has not found any intervention to be effective in improving retention with high 

GRADE certainty (Gillies et al., 2021). The only intervention that may reduce attrition is 

adding a diary to the follow-up process (Gillies et al., 2021). The latter review questioned the 

use of monetary incentives as means of improving retention, as two of the three included 

studies were assessed with high risk of bias. 

Both Cochrane recruitment and retention reviews highlighted that the evaluations of additional 

novel recruitment and retention strategies, rather than the replication of trials with the existing 

recruitment and retention strategies in different settings, have implied poor progress on 

identifying effective recruitment and retention strategies. Further factors behind such 

uncertainty include the high or uncertain Cochrane risks of bias of many studies which explored 

the effectiveness of recruitment and retention interventions and, if more than one study 

explored the effectiveness of a recruitment or retention strategy, the low overall quality of the 

evidence (GRADE) for most strategies. Therefore, there is limited and uncertain evidence on 

strategies that could improve recruitment and/or retention in RCTs, or, more broadly, on how 

researchers could make well-informed decisions on administering and running RCTs 

effectively and with more certainty (Treweek et al., 2015). 

1.5. Studies within a Trial (SWATs)  

Due to the recognition of the lack of evidence of methods for improving the methodology and 

conduct of randomised trials, there is  growing support in the research community for the use 

of Studies Within A Trial (SWATs) (Bower et al., 2014, Treweek et al., 2018a).  The first 

initiative on SWATs was founded through a partnership involving the All-Ireland Hub for 

Trials Methodology Research, along with the MRC Network of Hubs in the UK, and various 

other collaborators (Clarke et al., 2015) . As a result, Trial Forge, a collaborative group led by 

Shaun Treweek of the University of Aberdeen, has been formed to improve and disseminate 
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rigorous evidence for improving the conduct of RCTs (Trial Forge, 2023). Trial Forge 

Guidance 1 outlines a comprehensive guidance on planning a SWAT, with respect to costs, 

randomisation, ethics, statistical analysis, implementation, and publication (Treweek et al., 

2018a). According to this guidance (Treweek et al., 2018a): 

A Study Within a Trial (SWAT) is a “self-contained research study that has been embedded 

within a host trial with the aim of evaluating or exploring alternative ways of delivering or 

organising a particular trial process.”  

The primary objective of SWATs is to improve trial methodology and efficiency (Treweek et 

al., 2018a). Thus, SWATs could also work as a useful study design for identifying strategies 

to improve recruitment and retention in RCTs. The key features of SWATs are that they should 

have their distinct trial protocol,  can have the same or different randomisation process from 

the host trial, depending on the context,  can be embedded within one or more trials, 

simultaneously or sequentially,  may help inform decisions about the original host trial(s) and 

future trials, and should not affect the protocol, randomisation and statistical analysis of the 

host trial(s) (Treweek et al., 2018a).  

Additionally, Trial Forge Guidance 2 outlines the five criteria which could be applied for 

deciding whether a further evaluation of a recruitment/retention intervention would be needed 

in a future SWAT; these are GRADE certainty, cumulated evidence, PICOT , balance of benefit 

and disadvantage to participants, and balance of benefit and disadvantage to the host trial 

(Treweek et al., 2020). More details about Trial Forge Guidance 2 can be found in Table 1.1. 
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Table 1.1: Trial Forge Guidance 2, adapted from (Treweek et al., 2020: p.3): 

 

“The five proposed criteria for deciding whether the intervention needs another evaluation in a SWAT. 

The more criteria that are met, the more likely we are to conclude that further evaluation in a SWAT is 

appropriate. 

 1. GRADE: the GRADE certainty in the evidence for all key outcomes is lower than ‘high’ 

 2. Cumulated evidence: the cumulative meta-analysis shows that the effect estimate for each outcome 

essential to make an informed decision has not converged 

 3. Context: the range of host trial contexts evaluated to date does not translate easily to the context of 

the proposed SWAT.d For the proposed SWAT consider PICOT: 

  • P – is the population in the host trial so different from those already included that the current 

evidence does not provide sufficient certainty? 

  • I – are the health interventions in the host trial so different from those already included that the 

current evidence does not provide sufficient certainty? 

  • C – is the comparator in the host trial so different from those already included that the current 

evidence does not provide sufficient certainty? 

  • O – is the SWAT outcome(s) so different to those used in the existing evaluations that that the 

current evidence does not provide sufficient certainty? 

  • T – in the time since the existing evaluations were done, have regulatory, technological or societal 

changes made those evaluations less relevant? 

 4. Balance – participants: the balance of benefit and disadvantage to participants in the host trial 

and/or the SWAT is not clear 

 5. Balance – host trial: the balance of benefit and disadvantage to the new host trial is not clear” 

There is a formal SWAT repository, developed by Professor Mike Clarke at Queen’s 

University Belfast, which attempts to capture the existing SWATs for the purpose of avoiding 

effort duplication and for motivating researchers on how they could adopt SWATs in their host 

trials (Medical Research Council, 2020). Moreover, there are registered Trial Forge Centres 

across the UK, Switzerland, Australia, Canada and Ireland that have been conducting SWATs, 

including the York Trials Unit (YTU). Examples of recruitment interventions that have been 

evaluated in SWATs include leaflet advertisement, pen printed with the trial logo, financial 

incentives, social media advertisement, site visits by clinical team and video clip (Medical 

Research Council, 2020). Examples of retention interventions that have been evaluated in 

SWATs include financial incentives, sending pre-notification cards before outcome 

measurement, birthday cards with nudge (i.e. a behavioural intervention aiming to change 

people’s decisions without altering their personal preferences and choices), Christmas cards, 

telephone follow-up and differential timing of offering incentives to participants (Medical 

Research Council, 2020). In general, the aforementioned recruitment and retention 



 24 

interventions have been designed to act as facilitators to the aforementioned barriers to 

recruitment and retention, by affecting the trust and relationships between invited/recruited 

participants and trial units, and by lowering the tangible and intangible participant costs.  

Currently, there is a funding stream for SWATs across the UK for the purpose of making 

embedded recruitment and retention trials a routine task in more RCTs. The NIHR has 

highlighted the ongoing uncertainty that exists in the preparation and conduct of a clinical trial, 

and therefore has introduced a new funding scheme of up to £30,000 for a newly registered 

SWAT. Such initiative signals the growing interest by funders and the research community 

more generally in finding ways that could significantly improve trial efficiency (National 

Institute for Health & Care Research, 2023).  Also, the PROMETHEUS programme was a 

SWAT funding stream, funded by the UK Medical Research Council (MRC) and Clinical 

Trials Unit (CTU) infrastructure from the NIHR. It reimbursed main trials with up to £5,000 

for undertaking an embedded trial of a recruitment or retention intervention (Clark et al., 2022). 

At the international level, the Health Research Board (HRB) in Ireland and the government-

funded Accelerating Clinical Trials (ACT) Consortium in Canada have started funding SWATs 

(HRB-Trials Methodology Research Network, 2023, Accelerating Clinical Trials Consortium, 

2023). 

1.6. The motivation for doing economic evaluations of SWATs to improve 

recruitment and reduce attrition in RCTs  

1.6.1. Economic evaluation of recruitment and retention strategies alongside SWATs 

Given the direct and indirect costs of poor recruitment and retention rates, as well as the urgent 

need for improving trial efficiency, an economic evaluation of recruitment and retention 

interventions alongside SWATs is crucial. In this way, when evaluating a new recruitment 

and/or retention intervention, trialists, healthcare providers and research councils could make 

better-informed decisions on how to conduct trials more efficiently, whilst considering the 

direct and indirect incremental effects and costs of such an intervention to the researchers (or 

clinical units running the trial), the trial participants and the general population. More broadly, 

an “economic evaluation offers an organised consideration of the range of possible alternative 

courses of action and the evidence of the possible effects of each. This is more likely to lead to 

better decisions that improve overall social value. It also requires that the scientific judgements 

needed to interpret evidence are made explicitly so they can be scrutinised and the impact of 
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alternative but plausible views examined. More importantly, it can provide a clear distinction 

between these questions of fact and the unavoidable questions of value. Indeed, the main 

contribution of economic evaluation may not be in changing the decisions that are made but 

how they are made as it offers the opportunity for proper accountability for choices made on 

behalf of others” (Drummond et al., 2015). 

The questions surrounding economic evaluation alongside SWATs should be similar to those 

of doing an economic evaluation alongside their host trials, as SWATs are also RCTs that are 

directly associated with their host trials. Challenges for a proper economic evaluation could be: 

the identification, measurement and valuation of costs and outcomes of recruitment/retention 

strategies; the proper attribution of direct and indirect health benefits, health costs, non-health 

benefits and non-health costs to recruitment/retention interventions; the determination of the 

relevant and feasible perspectives for economic evaluation of recruitment/retention strategies; 

and the decision of whether subgroup analysis should take place (Edwards et al., 2013). To 

date, there is no economic framework for SWATs that has been developed and shared with the 

research community.  

In Chapter 4, the existing evidence around economic evaluations alongside SWATs for 

improving recruitment and retention in randomised trials is gathered through a comprehensive 

systematic review, which also makes recommendations about economic evaluations alongside 

future SWATs. This review has also been published as a peer-reviewed research article at 

Research Methods in Medicine and Health Sciences (Gkekas et al., 2023).  

1.6.2. Value of Information (VoI) analysis related to recruitment and retention 

interventions 

Another area of economic evaluation which could improve the embedded trial research on 

recruitment and retention to RCTs is the Value of Information (VoI) analysis that originates 

from statistical decision theory. By definition, a “VoI is a means of valuing the expected gain 

from reducing uncertainty through some form of data collection exercise (e.g., a trial or 

epidemiological study). As such, it is a tool which can be used to assess the cost effectiveness 

of alternative research projects” (Wilson, 2015). In trial research, a key measurement in VoI 

analysis is the expected value of sample information (EVSI), which equals “the expected 

maximum expected net benefit with the new information yielded from a study of sample size n 
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per arm less the maximum expected net benefit with current information, multiplied by the 

beneficial population less those enrolled in the study” (Wilson, 2015).  

Within the context of SWATs, VoI analyses related to already evaluated recruitment and 

retention interventions are highly encouraged. The Cochrane recruitment and retention reviews 

have concluded high uncertainty in the effectiveness of several recruitment and retention 

interventions. As a result, trialists should cautiously determine whether further trials are needed 

for such interventions. Whereas the Trial Forge Guidance 2 is a comprehensive tool to enable 

researchers to determine whether undertaking additional SWATs of a given intervention is 

beneficial, the criteria it uses are mainly implicit (Treweek et al., 2020). Also, this guidance 

does not clarify how future SWATs of a given intervention should be undertaken, e.g. there is 

no framework for determining the financial impact of funding an additional SWAT of a 

recruitment or retention strategy. Therefore, whereas the five criteria specified in the Trial 

Forge Guidance 2 should be considered, an additional VoI analysis related to a given 

intervention could augment the quality of decision making by estimating the value of additional 

research. For instance, the Cochrane retention review (Gillies et al., 2021) concluded that the 

addition of a pen compared to no pen may increase retention by up to 5%; however, the 

certainty of the evidence (GRADE) is low. As a result, the review argued that further SWATs 

need to be undertaken to reduce the uncertainty in the effectiveness of the pen intervention. 

Similarly, Trial Forge Guidance 2 itself (Treweek et al., 2020) recommends that further 

SWATs on telephone reminders as a recruitment strategy be undertaken to enhance the 

certainty of evidence, even if such reminders have been estimated to be effective with high 

GRADE certainty of evidence in the Cochrane review of recruitment strategies (Treweek et 

al., 2018b) 

In the context of SWATs, Chapter 5 develops a VoI analysis framework which follows closely 

the methodology developed by (Claxton et al., 2015a) and (McKenna et al., 2016), to determine 

if it would be cost-effective to undertake and finance further SWATs of telephone reminders 

and pens from the economic perspective of a SWAT commissioner such as the NIHR, which 

currently offers up to £30,000 in financial support towards SWATs (National Institute for 

Health & Care Research, 2023). This study could work as a guidance for decision makers, 

alongside Trial Forge Guidance 2, for optimising future SWAT-related research. 
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1.7. Research questions and structure of the thesis 

1.7.1. Research questions 

 

As a result, given: 

• randomised trials are the gold-standard research design for evaluating interventions 

• poor patient recruitment and participant attrition from randomised trials threaten trial 

efficiency and can generate economic costs 

• SWATs are widely used for evaluating the effectiveness of recruitment and retention 

strategies 

• trial teams can benefit from economic evaluations alongside SWATs in terms of 

implementing effective recruitment and retention strategies in randomised trials while 

considering the costs of doing so 

• the absence of evidence surrounding the cost-effectiveness of recruitment and retention 

strategies 

• the main source of funding for SWATs comes from the NIHR (up to £30,000 per trial), and 

previously from the PROMETHEUS programme (up to £5,000 per trial) 

• future SWAT-related research should be optimised given the existing budget constraints 

This thesis aims to highlight the economic implications of slow patient recruitment and 

participant attrition from randomised trials from the perspective of trial teams, national 

healthcare systems and funders, by applying economic techniques such as decision modelling 

and cost analysis. The thesis also aims to critically appraise the existing evidence on the cost-

effectiveness of existing recruitment and retention strategies via a novel systematic review of 

economic evaluations alongside SWATs. Finally, it aims to make recommendations for the 

direction of future SWAT-related research; it will show how Value of Information (VoI) 

analysis methods could demonstrate whether it would be cost-effective for a SWAT 

commissioner to fund additional SWATs of a given recruitment or retention intervention, given 

the existing evidence and budget constraints. 

The research questions to be addressed by this thesis are the following: 

1. What is the economic impact of poor patient recruitment into RCTs? 

2. What is the economic impact of participant attrition from RCTs? 

3. What is the cost-effectiveness of existing recruitment and retention strategies?  
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4. How could VoI analyses related to retention or recruitment interventions inform decision 

makers on whether additional SWATs are needed for improving the evidence on the (cost) 

effectiveness of such interventions? 

1.7.2. Structure of the thesis 

 

Chapter 2 highlights the opportunity costs of slow recruitment to RCTs from the National 

Health Service (NHS) perspective, using as a case study the RECOVERY trial which evaluated 

the effectiveness of dexamethasone in reducing the mortality incidence for UK patients 

admitted to hospital with severe symptoms of COVID-19. While dexamethasone proved to be 

efficacious in reducing the death rates in hospitalised patients (Horby et al., 2021), the 

recruitment rate was low (15%), meaning that over 2600 more lives could have been saved had 

the recruitment rate been 50% (Knowlson and Torgerson, 2020). This chapter goes on to 

estimate the cost-effectiveness of faster recruitment to the RECOVERY trial from the NHS 

perspective had a recruitment rate of 50% been achieved by recruiting or redeploying two 

research nurses to each hospital participating in the trial. To do so, it applies decision-model 

methods to evaluate the cost-effectiveness of dexamethasone, then of updated clinical practice 

following the dissemination of the results, and subsequently of faster recruitment to the 

RECOVERY trial. 

 

Chapter 3, in a similar fashion to Chapter 2, demonstrates the financial impact of participant 

attrition from randomised trials, using as a case study the OTIS trial. Despite the low attrition 

rate reported in this trial (9.8%), there are still direct costs related to the recruitment and 

retention of participants lost to follow-up, which were incurred by the trial team. To identify 

these costs, the chapter applies a costing analysis which considers the protocol-driven costs of 

trial materials sent to participants lost to follow-up and the timepoint at which they withdrew 

from the study or died. In addition, the analysis presented could be used as a guidance for 

research teams to estimate the financial costs resulting from participant attrition in their 

randomised trials. 

Given the threats of poor recruitment and attrition for trial teams, funders and national 

healthcare systems, Chapter 4 discusses the existing evidence on SWATs by summarising the 

evidence from two Cochrane systematic reviews of recruitment and retention strategies 

(Treweek et al., 2018b; Gillies et al., 2021). Then, a systematic review of economic evaluations 

alongside SWATs for improving recruitment and retention in RCTs is undertaken for the first 
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time, in order to critically appraise the cost-effectiveness of recruitment and retention 

strategies. The review identifies the frequency at which, as well as the mechanisms under 

which, economic evaluations or costs of recruitment and retention strategies are reported in 

SWATs. Furthermore, it makes recommendations about economic evaluations alongside future 

SWATs. 

Chapter 5 undertakes Value of Information (VoI) analyses related to a pre-existing recruitment 

strategy, i.e. telephone reminders to non-responders, and a retention strategy, i.e. addition of a 

pen in follow-up questionnaires. The meta-analysis data from two SWATs of telephone 

reminders from the Cochrane recruitment review (Treweek et al., 2018b) and five SWATs of 

pen retention studies included in the Cochrane retention review (Gillies et al., 2021) were 

considered. The purpose of this chapter is to show how a VoI analysis can be undertaken in 

SWATs, and to demonstrate why this economic and statistical approach should be considered 

when deciding on whether an additional SWAT of a given recruitment or retention intervention 

is needed, in addition to the Trial Forge Guidance 2 (Treweek et al., 2020). The methodology 

presented in this chapter could work as a guidance for decision makers on optimising future 

SWAT-related research. 
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Chapter 2: The cost-effectiveness of improving patient recruitment 

to RCTs: a case-study of dexamethasone from the RECOVERY 

trial  

 

2.1. Abstract 

 
Background: The RECOVERY trial assessed the effectiveness of medicinal treatments for preventing 

severe outcomes from COVID-19 disease in hospitalised patients from 176 NHS hospitals. Of the 9,355 

eligible recruited COVID-19 patients, 6,425 participated in the comparison of dexamethasone plus 

usual care versus usual care only.  Mortality benefits of dexamethasone were observed for COVID-19 

patients who either stayed in acute hospital wards or were treated in intensive care units (ICUs) by 

receiving invasive mechanical ventilation and/or non-invasive ventilation. Despite the urgency for 

results, the average recruitment rate across the participating hospitals was only 15%. 

Aim: The aim of this chapter is to estimate the cost-effectiveness of improving recruitment to the 

RECOVERY trial from 15% to 50%, related to the evaluation of dexamethasone as a COVID-19 

treatment, by employing as a recruitment strategy two research nurses to each hospital affiliated with 

the RECOVERY trial.  

Methods: A decision tree model of 28 clinical pathways is developed to estimate the cost-effectiveness 

of dexamethasone plus usual care (i.e. Dexamethasone) against usual care only (i.e. No 

Dexamethasone). Probability, utility, and cost inputs are estimated for each clinical pathway and 

treatment group. Given the dexamethasone cost-effectiveness findings, a cost-utility analysis of clinical 

practice post-RECOVERY trial versus previous clinical practice is undertaken; the latter analysis is 

aggregated at the population level and includes the cost of recruiting or redeploying two research nurses 

at each hospital, to estimate the incremental cost-effectiveness ratio (ICER) of faster recruitment to the 

RECOVERY trial and the associated incremental net benefit. 

Results: Following probabilistic sensitivity analysis, faster recruitment to the RECOVERY trial could 

have generated an incremental net benefit of £13,955,476.42 (95% CI: £12,457,048.54, 

£15,453,904.30) thus highlighting the magnitude of the foregone population health benefits due to not 

having updated clinical practice earlier with faster recruitment.  If recruiting two research nurses to each 

involved hospital increased recruitment rates from 15% to 50%, only £10,641 would need to be invested 

by a decision maker in order to generate an additional quality-adjusted life year (QALY).  

Conclusion: The effect of poor recruitment to randomised controlled trials (RCTs) can have severe 

implications for national healthcare systems. 
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2.2. Introduction 
 

When the COVID-19 pandemic struck the United Kingdom one of the initial responses was to 

rapidly implement the RECOVERY trial to evaluate the effectiveness of potential medicinal 

treatments on preventing severe outcomes from COVID-19 disease in hospitalised patients 

(Horby et al., 2021). Patients who were admitted to one of the 176 participating hospitals and 

had suspected or Polymerase Chain Reaction (PCR) -test-confirmed SARS-Cov-2 infection 

received one of the five treatments originally available, i.e. dexamethasone, 

hydroxychloroquine, lopinavir–ritonavir, azithromycin, or usual care only. RECOVERY was 

designed as a controlled, open-label, adaptive, multi-armed platform trial. The recruitment 

began on March 19th, 2020, and by June 8th, 2020, 11,303 COVID-19 patients consented and 

underwent randomisation, of whom 9,355 (83%) could receive dexamethasone, i.e. because 

the drug was available at a hospital and these patients did not have any contraindications to 

dexamethasone. Of the 9,355 eligible COVID-19 patients, 6,425 participated in the comparison 

of dexamethasone plus usual care versus usual care only for assessing their effectiveness in 

reducing 28-day mortality (Horby et al., 2021). The results of the dexamethasone arm from the 

RECOVERY trial were announced on June 16th, 2020 (Wise and Coombes, 2020). 

 

Most benefits of dexamethasone were observed for COVID-19 patients who received invasive 

mechanical ventilation and non-invasive ventilation (Horby et al., 2021). The incidence of 

COVID-19-related death in the dexamethasone group was significantly lower compared to the 

usual care group, with the risk ratio being 0.64 (95% confidence interval (CI): 0.51, 0.81), for 

patients who received invasive ventilation, and 0.82 (95% CI: 0.72, 0.94), for patients who 

received non-invasive ventilation as their most intensive treatment for COVID-19.  

 

Whereas the dexamethasone results of the trial were produced rapidly, the average recruitment 

rate across the participating hospitals was only 15%, with recruitment ranging from 3% to 80% 

per hospital (Wise and Coombes, 2020). Interestingly, despite the calls from the National 

Institute for Health & Care Research (NIHR) and Professor Chris Whitty, the Chief Medical 

Officer for England, to increase recruitment in the RECOVERY trial as “useful evidence could 

be available within weeks” (National Institute for Health & Care Research, 2020), recruitment 

rates remained low overall. Consequently, the RECOVERY trial, despite its flexible design, 

did not manage to escape from the potential consequences of slow (and hence poor) recruitment 

to randomised controlled trials (RCTs) (Treweek et al., 2018b), such as policymakers indirectly 
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rejecting an effective healthcare intervention (e.g. dexamethasone) through the delay of the 

dissemination of the RECOVERY trial’s results, and the extension of the length of the 

RECOVERY trial, which may have put a strain on its allocated budget.  

 

A study has estimated the potential clinical benefits of improving recruitment to the 

RECOVERY trial in lowering COVID-19-related mortality in the UK (Knowlson and 

Torgerson, 2020). Considering the original recruitment rate of 15% and the number of COVID-

19 patients randomised in the RECOVERY trial (n=11,303), 75,353 COVID-19 hospitalised 

patients were identified between March 19th, 2020 (i.e. when the first COVID-19 patient was 

recruited to the trial) and June 8th, 2020 (i.e. when all COVID-19 patients associated with the 

dexamethasone trial groups of the RECOVERY trial had been randomised). Assuming a 50% 

recruitment rate instead, only 22,606 hospitalised COVID-19 patients would need to have been 

identified for recruitment to end, a target that could have been met by April 1st, 2020 

(Knowlson and Torgerson, 2020). Therefore, as the RECOVERY results were originally 

disseminated eight days after the end of patient recruitment, the trial’s results could have been 

disseminated on April 9th rather than June 16th. Consequently, since 77,310 COVID-19 patients 

were admitted between April 9th and July 15th (i.e. one month after the dissemination of the 

trial’s results), and if 83% of the patients had had access to and were eligible for 

dexamethasone, 2,880 deaths from COVID-19 could have been prevented, with a 50% 

recruitment rate to the RECOVERY trial. This is a much higher figure than the estimate of 260 

deaths that were actually prevented due to the RECOVERY trial following the dissemination 

of the results by press conference rather than waiting for journal publication (Knowlson and 

Torgerson, 2020). Therefore, at least 2,620 more lives could have been saved with more rapid 

recruitment.  

 

By closely following both the RECOVERY Collaborative Group’s findings (Horby et al., 

2021) and the paper on the effectiveness of improving recruitment to the RECOVERY trial on 

preventing COVID-19-related mortality (Knowlson and Torgerson, 2020), this chapter 

developed a comprehensive decision tree model and used appropriate probability, utility and 

cost inputs, in order to assess the cost-effectiveness of improving recruitment to the 

RECOVERY trial from 15% to 50% by employing two full-time research nurses, to assist with 

recruitment, at each hospital involved in the study. The robustness of the findings was assessed 

by applying deterministic sensitivity analysis and probabilistic sensitivity analysis (PSA). The 

aim of this chapter is to demonstrate that poor recruitment to RCTs may put a huge strain on a 
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national healthcare system in terms of foregone health benefits, due to delays in the 

dissemination of a potentially cost-effective intervention, or treatment such as dexamethasone 

plus usual care for reducing the incidence of COVID-19-related death for hospitalised COVID-

19 patients. 

2.3. Methods 
2.3.1. Hypothesis and rationale for using a decision tree model for cost-utility analysis 

 

Improving patient recruitment to the RECOVERY trial from a rate of 15% to 50% would have 

been an effective thing to do due to the foregone health benefits of not having updated the 

clinical practice with a more clinically effective treatment (i.e. dexamethasone plus usual care, 

instead of usual care only) in the shortest possible time during a global pandemic (Knowlson 

and Torgerson, 2020). A recruitment strategy which could potentially achieve such an increase 

in the recruitment rates could be the hiring or redeployment of two Band 5 research nurses to 

each National Health Service (NHS) hospital affiliated with the study. Assuming it would take 

an hour on average to speak to each patient about the study, it would be feasible for each 

research nurse to recruit up to six patients per day. Given a 17% exclusion rate in the study 

(Jolly et al., 2021) and an assumed refusal rate of 20%, this figure would fall to 3.78 patients a 

day. Given the proposed recruitment strategy of 352 research nurses, this implies they would 

be able to recruit 1,331 patients a day, thus 10.5 days (including five working days in one week 

and two days off work, followed by another 3.5 working days in the following week) would be 

needed to reach the desirable recruitment figure of 11,303 patients. Therefore, it could be 

feasible for the proposed recruitment strategy to have accelerated the recruitment rate from 

15% to 50%. 

 

Given the low prescription costs and the remarkable effectiveness of dexamethasone in 

reducing the mortality risk from COVID-19 for ventilated hospitalised patients (National 

Institute for Health and Care Excellence, 2023, Horby et al., 2021), hypothesis of the chapter 

is that improving patient recruitment to the RECOVERY trial from a rate of 15% to 50%, by 

employing two research nurses to each NHS hospital affiliated with the study, would also have 

been a cost-effective strategy. The mechanisms that could confirm such a hypothesis are the 

following: 1) given the remarkably low prescription costs of dexamethasone and its reported 

clinical effectiveness in the RECOVERY trial, it is expected that dexamethasone will be a cost-

effective treatment for the clinical management of hospitalised patients with COVID-19; 2) if 

dexamethasone is a cost-effective treatment, there will be foregone health benefits in terms of 
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not having updated in the shortest possible time the clinical practice with a more cost-effective 

treatment earlier than June 2020 (i.e. dexamethasone plus usual care, instead of usual care only 

during a global pandemic); 3) the incremental costs of the recruitment strategy (i.e. the annual 

wages of two newly-hired Band 5 full-time nurses) may be low enough to justify the earlier 

dissemination of the RECOVERY trial’s results, for the population to have gained the 

‘foregone health benefits’ of the more cost-effective treatment, thus demonstrating faster 

recruitment to the RECOVERY trial to be a cost-effective strategy. 

 

To determine whether a faster recruitment to the RECOVERY trial would have been a cost-

effective strategy, the cost-effectiveness of dexamethasone is assessed in advance. For the 

latter, a cost-utility analysis framework is adopted throughout the chapter. Before proceeding 

to such an analysis, the health benefits of treatments corresponding to COVID-19 disease are 

defined. These are restricted to COVID-19-related deaths averted for SARS-Cov-2 positive 

hospitalised patients in the original paper of the RECOVERY trial and the study which 

explored the potential clinical effects of improving recruitment to the RECOVERY trial from 

15% to 50% (Horby et al., 2021, Knowlson and Torgerson, 2020). The chapter, however, uses 

another dimension of health benefits, which has a broader perspective and considers not only 

the deaths averted from/with COVID-19 due to a proposed treatment (e.g. dexamethasone plus 

usual care) but also the associated gains in the expected quality-of-life following COVID-19, 

for survived hospitalised patients, due to this treatment. Such a dimension is referred to as 

Quality-Adjusted Life Years (QALYs), which is estimated by summing up an individual 

patient’s yearly health utility weights whose range, in a given year, lies between 0 (i.e. 

corresponding to death) and 1 (i.e. corresponding to a year of perfect, disease-free health). For 

any condition reducing the quality of life for an individual patient, there is an associated 

disutility value that reduces their health utility weight and hence their QALYs. A proposed 

treatment reducing (increasing) the incidence of such a condition, implies that the probability 

of a patient experiencing disutility in their health as a result of this condition falls (increases), 

and hence their expected QALYs increase (decrease). In the comparison of two or more 

treatments, the corresponding expected QALYs for an individual patient are usually estimated 

for up to the period when the associated treatments would have an effect on their quality of 

life; such a period may also be dependent upon the condition itself. 

 

Therefore, if dexamethasone plus usual care reduces the incidence of death from COVID-19, 

it is highly likely that such treatment generates additional expected QALYs for the population 
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that could not be gained under the baseline treatment of usual care only. However, the expected 

QALYs gained from dexamethasone plus usual care are also dependent upon the type of usual 

care a hospitalised SARS-Cov-2-positive patient receives and the likelihood of them 

experiencing long COVID for up to six months post-infection. Long COVID could potentially 

be a disease for some patients who survived from COVID-19 and were discharged from 

hospital, with similar severity for myalgic encephalomyelitis/chronic fatigue syndrome 

(ME/CFS) patients (Taquet et al., 2021). By aggregating the individual-level gains in expected 

QALYs, the population-level gains in expected QALYs, i.e. the incremental health benefit used 

for undertaking the cost-utility analysis, are estimated. The time horizon is of one year, 

assuming that a patient would not be reinfected with Sars-Cov-2 within that time period.  

 

To determine whether dexamethasone plus usual care is a cost-effective treatment for reducing 

the incidence of death from COVID-19 and/or increasing the population QALYs during the 

COVID-19 pandemic, a cost-utility analysis is undertaken accordingly, to also account for the 

incremental costs associated with dexamethasone, such as prescription costs. The outcome of 

interest is the incremental cost per additional QALY gained with dexamethasone plus usual 

care. The comparator treatment is usual care only. If the ratio of incremental costs to 

incremental benefits, i.e. the incremental cost-effectiveness ratio (ICER), is lower than a 

prespecified cost-effectiveness threshold, dexamethasone plus usual care is a cost-effective 

treatment and the incremental gain in a unit of health outcome, i.e. QALYs gained, can be 

obtained at a cost less than the maximum value a decision maker is willing to pay to obtain it. 

The cost-effectiveness threshold is set at £20,000, the minimum value the National Institute for 

Health and Care Excellence (NICE) uses when it evaluates the cost-effectiveness of proposed 

treatments or interventions (McCabe et al., 2008). An alternative outcome describing the cost-

effectiveness of dexamethasone (and subsequently of faster recruitment to the RECOVERY 

trial) is the incremental net benefit, defined as: 

 

Incremental net benefitA,B= Incremental benefitA,B *cost-effectiveness threshold – incremental 

costA,B                                                                                                                                                                              (Equation 2.1) 

 

where A is the proposed treatment, i.e. dexamethasone plus usual care, and B is the baseline 

treatment, i.e. usual care only. By the definition of Equation 2.1, if the incremental net benefit 

is positive (negative), then dexamethasone is more (less) cost-effective compared to usual care. 
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Finally, determining which perspective should be adopted in the cost-utility analysis for 

including appropriate benefits and costs is a crucial question, as there can be several different 

decision-makers, informed by economic evaluation and interested in different benefits and 

costs related to a proposed treatment or intervention; these could include patients, clinicians, 

hospital administrators, national governments, etc. (Drummond et al., 2015). Given the focus 

of the chapter i.e. clinical management of hospitalised COVID-19 patients, the NHS 

perspective is followed, which considers the health benefits for the population, such as 

expected gains in population QALYs, but not non-health benefits such as potential 

improvements in labour productivity following the dissemination of dexamethasone for 

hospitalised COVID-19 patients. All costs are health-related and associated with the delivery 

of COVID-19-related hospital care and the administration of dexamethasone, but do not 

include non-health-related ones such as compensation payments for workers, e.g. the Furlough 

Scheme that was introduced by the UK government as a financial support to the self-employed, 

employees and employers following the imposition of national lockdown (Stuart et al., 2021). 

A type of economic evaluation that considers both health and non-health benefits and costs, by  

adopting a societal perspective, is the cost-benefit analysis, which is not considered in the 

chapter due to lack of relevant data (Drummond et al., 2015).  Failure to undertake an analysis 

from the societal perspective may, in this instance, make the results more conservative as some 

savings from productivity losses, such as time lost from work due to illness by the patient, are 

not included.  

 

To undertake such a cost-utility analysis, economic modelling was applied as a tool to develop 

a model that could represent the real-world healthcare options and the corresponding health 

outcomes hospitalised patients face with a SARS-Cov-2 positive infection. The design of the 

modelling is a decision tree. A decision tree is an analytical model that visually represents all 

possible outcomes for a cohort of patients, via distinct branches. It consists of nodes 

representing choices or probabilities, which are combined to generate branches. Each node may 

represent a decision or a chance event, with probabilities totalling to one. Costs and outcomes 

are assigned to each branch, and these are combined to evaluate different alternatives. Finally, 

the tree is analysed to compare expected outcomes and costs for each decision point (York 

Health Economics Consortium, 2016a). 

 

In the chapter’s decision tree, the “choice node” refers the assignment of dexamethasone plus 

usual care or usual care only as available treatments at the point of admission of a SARS-Cov-
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2-positive patient to hospital. For each treatment, there are seven “probability nodes” that 

consider the likelihood of all possible combinations of types of usual care during a patient’s 

hospitalisation with COVID-19; their probabilities are obtained from the findings of the 

RECOVERY trial (Horby et al., 2021). For each of these probability nodes, there are also two 

further “probability nodes” of survival and death, with their probabilities also obtained from 

the findings of the RECOVERY trial (Horby et al., 2021). Therefore, by considering all choice 

and probability nodes, there are 28 pathways, 14 related to dexamethasone plus usual care and 

14 related to usual care only. These are presented in Table 2.2, along with their respective 

probabilities. In line with the definition of decision trees (York Health Economics Consortium, 

2016a), expected health outcomes and expected costs were estimated for each of the 28 

pathways. The estimation of health outcomes and costs is presented in Section 2.3.3 and Section 

2.3.4.  

 

Such a framework allows for undertaking a cost-utility analysis of dexamethasone plus usual 

care versus usual care only. Since 83% of patients are assumed to be eligible for receiving 

dexamethasone (Horby et al., 2021), a subsequent cost-utility analysis was undertaken, of 

updated clinical practice following the dissemination of the RECOVERY trial’s results, i.e. 

83% of hospitalised COVID-19 patients receive dexamethasone plus usual care and the 

remaining patients receive usual care only. The incremental QALYs and costs of faster 

recruitment from 15% to 50%, by employing two full-time nurses to each hospital, are 

calculated by multiplying the expected QALYs and costs of updated practice by the number of 

patients that would have benefited from it with a 50% recruitment rate or the number of patients 

that benefited from it with a 15% recruitment rate, until mid-July 2020 (Knowlson and 

Torgerson, 2020). In the former case, the labour costs of 352 research nurses are the 

incremental costs for improving patient recruitment to the study and are considered in the 

respective cost-utility analysis. More details about the cost-utility analysis of faster recruitment 

to the RECOVERY trial, from 15% to 50%, are available in Section 2.3.5. The incremental net 

benefit of faster recruitment is an outcome of interest, as defined in Equation 2.1, where A 

refers to 50% recruitment rate by hiring or redeployment of two research nurses to each 

participating hospital, and B refers to the achieved 15% recruitment rate. 

 

It should be noted that the main alternative type of decision modelling, i.e. Markov model, is 

not considered in this chapter. A Markov model involves “recurring events at uncertain times 

over the lifetime of an individual” (Kuntz et al., 2013), where ‘lifetime’ may be restricted to a 



 38 

specific time period. Such recurrent events can be represented concisely in a Markov model, 

which is structured around mutually exclusive disease states and can therefore evaluate the 

cost-effectiveness of treatments associated with chronic diseases, such as gastroesophageal 

reflux disease (GERD). The present study recognises that, due to the recent emergence of the 

COVID-19 pandemic, there is noticeable uncertainty with respect to several long-term disease-

related outcomes; hence outcomes such as reinfection with Sars-Cov-2, rehospitalisation with 

COVID-19, and mortality following rehospitalisation with COVID-19, are not considered at 

this time. The nature of this uncertainty arises from the uncertain effectiveness of future 

COVID-19 vaccines in reducing the incidence of infection, hospitalisation and death from 

COVID-19 disease, the potential emergence of immunity-resistant (from infection or 

vaccination) variants of SARS-Cov-2 and the future public health response to the trajectory of 

the COVID-19 pandemic.  At the time of the RECOVERY trial, when the original strain of 

SARS-Cov-2 was transmitted across the UK, there were no COVID-19 vaccines available for 

use and the UK Government implemented a nationwide lockdown. However, the study still 

considers longer-term outcomes such as recovery from COVID-19 disease for a patient having 

received invasive mechanical ventilation versus a patient not having received invasive 

ventilation, and the risk of long COVID for up to six months following infection with SARS-

Cov-2. Such outcomes are feasibly modelled using a decision tree, within the model’s time 

horizon of one year. The choice of one year as a time horizon also implies that the cost-

effectiveness findings presented may be conservative, as improved recruitment to the trial may 

have longer-term effects, which however remain uncertain to be identified given the existing 

evidence. Moreover, peer-reviewed, published studies that assessed the cost-effectiveness of 

dexamethasone and other treatments evaluated from the RECOVERY trial have also applied 

decision tree methods (Águas et al., 2021, Carta and Conversano, 2021). Finally, using a 

Markov model for the decision problem presented in this chapter would imply the development 

of a model consisting of variable daily/weekly cycles, something which would be 

computationally demanding whereas it would not significantly alter the cost-effectiveness 

findings presented in this chapter. 

2.3.2. Decision problem 

 

A decision tree model is set up in Microsoft Excel to evaluate the cost-effectiveness of 

improving recruitment to the RECOVERY trial, from the economic perspective of the UK’s 

National Health Service (NHS).  A patient enters the model with suspected or PCR-test-

confirmed SARS-Cov-2 infection and is admitted to hospital. At the point of entry, the patient 
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either receives 6mg of dexamethasone per day for up to 10 days following hospital admission 

or does not receive dexamethasone. In addition, regardless of whether they are prescribed with 

dexamethasone, they receive hospital treatment, i.e. usual care. Then, there are several 

probabilities for which this patient may receive different types of usual care during their 

hospitalisation, such as admission to an acute hospital ward with no ventilation support, or to 

an Intensive Care Unit (ICU) with non-invasive (oxygen only but no mechanical ventilation) 

or invasive ventilation (mechanical ventilation). These probabilities are also dependent on 

whether or not the patient is treated with dexamethasone at the point of entry, for up to 10 days. 

Such a set of choice nodes describes the potential different types of usual care a patient 

hospitalised with COVID-19 may receive. This setting aligns with the RECOVERY trial’s 

design (Horby et al., 2021). Thus, the patient may enter one of the following decision nodes, 

i.e. treatments: 

 

1) Dexamethasone arm2: 6mg of dexamethasone per day plus usual care for up to 10 days, 

followed by usual care only if hospitalised for longer, or; 

2) No Dexamethasone arm: Usual care only for as long as needed.  

 

As already mentioned, these treatments are the choice nodes of the decision tree, whereas the 

choice nodes are related to the different combinations of types of usual care a COVID-19 

patient may receive during their hospitalisation. 

 

In the setting of the trial, a COVID-19 inpatient receiving no ventilation support at the start of 

their treatment, and in case they have been prescribed with dexamethasone, may either: survive 

(Pathway 1; P1) or die (P2) without any ventilation support; survive (P3) or die (P4) following 

subsequent admission to ICU with non-invasive ventilation, but without invasive ventilation; 

survive (P5) or die (P6) following subsequent admission to ICU with non-invasive ventilation 

and another admission to ICU and invasive ventilation; survive (P7) or die (P8) following 

admission to ICU with invasive ventilation, but without non-invasive ventilation. A COVID-

19 inpatient admitted to ICU with non-invasive ventilation at the start of their treatment, in 

case they have been prescribed with dexamethasone, may either: survive (P9) or die (P10) 

without invasive ventilation; survive (P11) or die (P12) following subsequent admission to ICU 

with invasive ventilation. A COVID-19 inpatient admitted to ICU with invasive ventilation at 

 
2 Note: hereafter this will be referred as the Dexamethasone arm. 
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the start of their treatment, in case they have been prescribed with dexamethasone, may either: 

survive (P13) or die (P14).  

 

Then, a COVID-19 inpatient receiving no ventilation support at the start of their treatment, and 

in case they have not been prescribed with dexamethasone, may either: survive (P15) or die 

(P16) without any ventilation support; survive (P17) or die (P18) following subsequent 

admission to ICU with non-invasive ventilation, but without invasive ventilation; survive (P19) 

or die (P20) following subsequent admission to ICU with non-invasive ventilation and another 

admission to ICU and invasive ventilation; survive (P21) or die (P22) following admission to 

ICU with invasive ventilation, but without non-invasive ventilation. A COVID-19 inpatient 

admitted to ICU with non-invasive ventilation at the start of their treatment, in case they have 

not been prescribed with dexamethasone, may either: survive (P23) or die (P24) without 

invasive ventilation; survive (P25) or die (P26) following subsequent admission to ICU with 

invasive ventilation. A COVID-19 inpatient admitted to ICU with invasive ventilation at the 

start of their treatment, in case they have not been prescribed with dexamethasone, may either: 

survive (P27) or die (P28).  

 

These 28 pathways are developed according to the clinical outcomes reported in the 

RECOVERY trial (Horby et al., 2021). The pathways that are associated with survival from 

COVID-19 disease also capture the possibility of a patient experiencing long COVID for up to 

6 months after SARS-Cov-2 infection. The probability inputs for long COVID are 

differentiated for patients who received invasive ventilation from those who did not (Taquet et 

al., 2021). Long COVID is incorporated in the model as being characterised by persistent 

fatigue, with severity assumed to be similar to myalgic encephalomyelitis/chronic fatigue 

syndrome (ME/CFS). Due to the uncertain trajectory of the pandemic with respect to the 

emergence of future antibody-resistant variants (Servellita et al., 2022), the case where a 

COVID-19 inpatient becomes reinfected with SARS-Cov-2 in the future is not considered. 

Consequently, outcomes such as reinfection with Sars-Cov-2, rehospitalisation with COVID-

19 and mortality following rehospitalisation with COVID-19 are not considered. The 

pathways’ corresponding probabilities, shown in Table 2.2, are differentiated by treatment 

arms and have been computed using the probabilities of types of usual care received at 

admission and clinical outcomes (e.g. death, transition to a more invasive type of care) (see 

Table 2.1 and Supplemental Material 2.1 for more details) (Horby et al., 2021). The 

corresponding decision tree is shown in Figure 2.1. 
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Table 2.1: Probability inputs with respect to decision nodes at admission, clinical outcomes 

and long COVID 

 
Probabilities related to decision nodes available at admission Source All groups 

P(acute hospital ward at admission) (Horby et al., 2021) 0.239 

P(non-invasive ventilation received at admission) (Horby et al., 2021) 0.604 

P(invasive ventilation received at admission) (Horby et al., 2021) 0.157 

Probabilities of clinical outcomes during admission with COVID-19 Source Dexamethasone No 

Dexamethasone 

P(death|acute hospital ward) (Horby et al., 2021) 0.166 0.132 

P(non-invasive ventilation|acute hospital ward) (Horby et al., 2021) 0.032 0.044 

P(invasive ventilation|acute hospital ward) (Horby et al., 2021) 0.018 0.029 

P(survival|acute hospital ward) (Horby et al., 2021) 0.784 0.794 

P(death| non-invasive ventilation) (Horby et al., 2021) 0.206 0.217 

P(invasive ventilation|non-invasive ventilation) (Horby et al., 2021) 0.079 0.107 

P(survival|non-invasive ventilation) (Horby et al., 2021) 0.715 0.676 

P(death| invasive ventilation) (Horby et al., 2021) 0.293 0.414 

P(survival| invasive ventilation) (Horby et al., 2021) 0.707 0.586 

Probabilities related to long COVID Source All groups 

P(long COVID; population total) (Taquet et al., 2021) 0.128 

P(long COVID, ICU all) (Taquet et al., 2021) 0.262 
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Figure 2.1: Decision tree 
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Table 2.2: Pathways and their associated probabilities in the two arms 

 
Pathway 

number 

Clinical pathway Treatment Probability 

1 Acute hospital ward (survival) Dexamethasone 0.187 

2 Acute hospital ward (death) Dexamethasone 0.040 

3 Acute hospital ward, non-invasive 

ventilation (survival) 

Dexamethasone 0.005 

4 Acute hospital ward, non-invasive 

ventilation (death) 

Dexamethasone 0.002 

5 Acute hospital ward, non-invasive 

ventilation, invasive ventilation 

(survival) 

Dexamethasone 0.003 

6 Acute hospital ward, non-invasive 

ventilation, invasive ventilation 

(death) 

Dexamethasone 0.001 

7 Acute hospital ward, invasive 

ventilation (survival) 

Dexamethasone 0.000 

8 Acute hospital ward, invasive 

ventilation (death) 

Dexamethasone 0.000 

9 Non-invasive ventilation 

(survival) 

Dexamethasone 0.432 

10 Non-invasive ventilation (death) Dexamethasone 0.125 

11 Oxygen, invasive ventilation 

(survival) 

Dexamethasone 0.034 

12 Oxygen, invasive ventilation 

(death) 

Dexamethasone 0.014 

13 Invasive ventilation (survival) Dexamethasone 0.111 

14 Invasive ventilation (death) Dexamethasone 0.046 

15 Acute hospital ward (survival) No Dexamethasone 0.190 

16 Acute hospital ward (death) No Dexamethasone 0.032 

17 Acute hospital ward, non-invasive 

ventilation (survival) 

No Dexamethasone 0.007 

18 Acute hospital ward, non-invasive 

ventilation (death) 

No Dexamethasone 0.002 

19 Acute hospital ward, non-invasive 

ventilation, invasive ventilation 

(survival) 

No Dexamethasone 0.004 

20 Acute hospital ward, non-invasive 

ventilation, invasive ventilation 

(death) 

No Dexamethasone 0.003 

21 Acute hospital ward, invasive 

ventilation (survival) 

No Dexamethasone 0.001 

22 Acute hospital ward, invasive 

ventilation (death) 

No Dexamethasone 0.000 

23 Non-invasive ventilation 

(survival) 

No Dexamethasone 0.408 

24 Non-invasive ventilation (death) No Dexamethasone 0.131 

25 Oxygen, invasive ventilation 

(survival) 

No Dexamethasone 0.038 

26 Oxygen, invasive ventilation 

(death) 

No Dexamethasone 0.027 

27 Invasive ventilation (survival) No Dexamethasone 0.092 

28 Invasive ventilation (death) No Dexamethasone 0.065 
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2.3.3. Quality-Adjusted Life Years (QALYs) 

 

To estimate the Quality-Adjusted Life Years (QALY) gained for each pathway, data on the 

utility and day weights for each (combination of) decision node and health outcome (i.e. 

survival, death) are collected. Each pathway’s appropriate utility weights are then multiplied 

by the corresponding day weights (relative to a year of 365.25 days) to generate their yearly 

QALYs. A time horizon of one year is used to estimate the aggregate individual QALYs 

associated with each of the 28 pathways. 

 

Population-wide and age-specific utility weights related to the average health state of the 

population residing in England are collected (Szende et al., 2014). Stratified QALYs for the 

45-64, 65-74 and 75+ age groups are estimated, as these groups had the highest risk of hospital 

admission along with/due to SARS-Cov-2 infection (St Sauver et al., 2021). Following this, 

age-independent disutility weights are obtained for SARS-Cov-2 infection, hospitalisation in 

an acute ward, and hospitalisation along with non-invasive and invasive ventilation support 

(Sheinson et al., 2021). In addition, an age-independent disutility weight for long COVID, 

identical to that of ME/CFS (Hvidberg et al., 2015), is incorporated. For each decision node 

and outcome, population-wide and age-specific utility weights are generated by subtracting 

from the initial utility weights the corresponding disutility weights, for the population as a 

whole and the age groups. The corresponding inputs are shown in Table 2.3. 

 

To obtain the appropriate day weights, estimates of the duration of Sars-Cov-2 infection before 

admission to hospital (Sutherland et al., 2021), hospitalisation days associated with each 

pathway (Sheinson et al., 2021, Vekaria et al., 2021), and the duration of long COVID 

following survival (Taquet et al., 2021) are collected, all of which are divided by 365.25 days 

to obtain the corresponding weights. The remaining days each year are treated as COVID-free 

days, and the corresponding day weights are attached and multiplied by the appropriate utility 

weight of the average health state (Sutherland et al., 2021). All patients are assumed to be 

directly discharged from hospital following the relapse of their COVID-related symptoms, as 

there is an absence of relevant data from the RECOVERY trial and the literature. Long COVID 

is incorporated into the estimation of QALYs gained by multiplying the likelihood of it (not) 

occurring (see Table 2.1), by the corresponding disutility weight. 
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Hospitalisation days are estimated, for each combination of decision nodes, by the best study 

to date regarding the length of stay (LoS) in NHS hospitals due to COVID-19 disease (Vekaria 

et al., 2021). However, since there is no distinction between non-invasive ventilation and 

invasive ventilation in the study’s estimates, estimates from an American study are additionally 

used to differentiate the LoS between non-invasive ventilation and invasive ventilation 

(Sheinson et al., 2021). For clinical pathways, where a clinical course involves a less invasive 

and a more invasive choice node, the assumption is that the maximum expected number of 

days with the less invasive node are needed before a patient is transferred to a more invasive 

node. Finally, due to lack of sufficient evidence, there is no difference in the hospitalisation 

days for each clinical scenario by the type of treatment COVID-19 inpatients received (i.e. 

Dexamethasone versus No Dexamethasone). It was possible to derive differentiated 

hospitalisation days for those who survived and those who died, with those dying from COVID 

staying in hospital for fewer days (Vekaria et al., 2021). Due to absence of empirical evidence, 

the number of days spent in non-invasive ventilation for patients dying from COVID-19, are 

assumed to be equal to the lowest bound estimate provided by (Sheinson et al., 2021). All 

QALYs gained for each of the 28 pathways, stratified by age group, are shown in Table 2.4. 

 

2.3.4. Costs 

 

Daily costs per capita are included for: treatment in an acute hospital ward (code: XC07Z) 

(Department of Health and Social Care, 2019); supplying non-invasive ventilation (code: 

XC06Z, DZ37A) (Department of Health and Social Care, 2019); supplying invasive ventilation 

(code: XC06Z, DZ37A) (Department of Health and Social Care, 2019); and providing 6mg of 

dexamethasone, according to NICE Tariff Prices (National Institute for Health and Care 

Excellence, 2023). As the NHS Reference costs make no distinction between non-invasive and 

invasive ventilation (Department of Health and Social Care, 2019), the cost of supplying 

invasive ventilation is calculated through a multiplication of the cost of non-invasive 

ventilation reported from the NHS Reference Costs by a multiplier, i.e. 1.258, from a review 

that has estimated the impact of invasive ventilation on the daily costs of ICU care (Kaier et 

al., 2019). Where costs are only available in 2018 price levels, such as the daily costs of 

different types of usual care, the UK GDP deflator is used to adjust the figures to 2020 prices 

(World Bank, 2020). Note that daily costs related to hospitalisation were multiplied by the 
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expected number of hospitalisation days corresponding to each pathway (Sheinson et al., 2021, 

Vekaria et al., 2021). 

Table 2.3: Inputs associated with pathways’ QALYs 

 

Input Source Utility weight 

(45 to 64 age 

group) 

Utility weight (65 

to 74 age group) 

Utility weight 

(75+ age 

group) 

Utility weight 

(Population total) 

Disutility 

weight (all 

age groups) 

Average healthy state (Szende et al., 2014) 0.849 0.785 0.734 0.856 N/A 

COVID-19 Infection (Szende et al., 2014, 

Sheinson et al., 2021) 

0.579 0.515 0.464 0.586 0.27 

Hospitalisation (Acute 

ward, no ventilation 

received) 

(Szende et al., 2014, 

Sheinson et al., 2021) 

0.469 0.405 0.354 0.476 0.11 (plus 

SARS-Cov-

2 infection) 

Hospitalisation (Non-

invasive ventilation 

received) 

(Szende et al., 2014, 

Sheinson et al., 2021) 

0.219 0.155 0.104 0.226 0.36(plus 

SARS-Cov-

2 infection) 

Hospitalisation (Invasive 

ventilation received) 

(Szende et al., 2014, 

Sheinson et al., 2021) 

0.019 0 0 0.026 0.56 (plus 

SARS-Cov-

2 infection) 

Death N/A 0 0 0 0 N/A 

Long COVID (post-

COVID syndrome) 

(Szende et al., 2014, 

Hvidberg et al., 2015) 

0.559 0.495 0.444 0.566 0.29 

Input Source Figure 

Days of COVID-19 

infection 

(Sutherland et al., 2021) 6.7 

Days of long COVID 

(from the beginning of 

infection with SARS-Cov-

2) 

(Taquet et al., 2021) 182.63 

Maximum hospitalisation 

days (acute hospital ward, 

survival) 

(Vekaria et al., 2021) 9.4 

Maximum hospitalisation 

days (acute hospital ward, 

death) 

(Vekaria et al., 2021) 8.3 

Maximum hospitalisation 

days (non-invasive 

ventilation, survival) 

(Sheinson et al., 2021) 12.58 

Maximum hospitalisation 

days (non-invasive 

ventilation, death) 

(Sheinson et al., 2021, Vekaria et al., 2021) 9.41 

Maximum hospitalisation 

days (invasive ventilation, 

survival) 

(Sheinson et al., 2021, Vekaria et al., 2021) 24.5 

Maximum hospitalisation 

days (non-invasive 

ventilation, death) 

(Sheinson et al., 2021, Vekaria et al., 2021) 15.8 
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Table 2.4: QALYs gained by clinical pathway and age group 

 
Pathway 

number 

Clinical pathway Quality-Adjusted Life Years (QALYs) gained 

  45-64 age group 65-74 age group 75+ age group Population 

1,15 Acute hospital ward (survival) 0.816 0.748 0.697 0.824 

2, 16 Acute hospital ward (death) 0.021 0.019 0.017 0.022 

3, 17 Acute hospital ward, non-invasive ventilation (survival) 0.806 0.737 0.686 0.814 

4, 18 Acute hospital ward, non-invasive ventilation (death) 0.018 0.015 0.013 0.018 

5, 19 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(survival) 

0.755 0.691 0.640 0.762 

6, 20 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(death) 

0.014 0.010 0.006 0.014 

7, 21 Acute hospital ward, invasive ventilation (survival) 0.761 0.740 0.646 0.768 

8, 22 Acute hospital ward, invasive ventilation (death) 0.018 0.014 0.010 0.019 

9, 23 Non-invasive ventilation (survival) 0.805 0.736 0.685 0.813 

10, 24 Non-invasive ventilation (death) 0.016 0.013 0.011 0.017 

11, 25 Oxygen, invasive ventilation (survival) 0.764 0.700 0.649 0.771 

12, 26 Oxygen, invasive ventilation (death) 0.017 0.013 0.010 0.017 

13, 27 Invasive ventilation (survival) 0.757 0.693 0.642 0.764 

14, 28 Invasive ventilation (death) 0.011 0.008 0.004 0.012 

 

 

If a patient survives COVID-19 disease, they have a chance of getting long COVID. In this 

case, it is assumed they would need up to two GP consultations in a 6-month period for 

screening and treatment purposes. Therefore, the unit costs of two GP appointments are also 

included, reported in 2020 price levels (Curtis and Burns, 2020).  The dexamethasone arm 

faces the same costs as the No Dexamethasone arm, but with the addition of the daily cost of 

receiving 6mg of dexamethasone for up to 10 days. 28 Dexamethasone 2mg tablets have an 

NHS indicative price of £2.10, 50 tablets £3.43 and 100 tablets £8.93 (National Institute for 

Health and Care Excellence, 2023), implying that three tablets of 2mg (leading to the daily 

intake of 6mg of dexamethasone) cost £0.23, £0.21, and £0.27 correspondingly. The median 

value of £0.23 is considered for the baseline cost-effectiveness analysis, whereas the other two 

prices are considered for sensitivity analyses. Note that dexamethasone prices are reported in 

2023 levels, as it was not possible to obtain accurate pricing figures of dexamethasone reported 

in 2020. Since all relevant costs are expected to occur within the first year of a patient being 

hospitalised with/due to SARS-Cov-2 infection, there is no discounting of future costs. In 
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addition, all costs are independent of age groups. The corresponding cost inputs are presented 

in Table 2.5. Each pathway’s cumulative costs, by treatment arm, are shown in Table 2.6.  

 

The annual salary cost of a Band 5 research nurse is also reported, although it will not be 

considered as a cost input for the cost-utility analysis of dexamethasone; instead, it will be 

considered for the subsequent cost-utility analysis of faster recruitment to the RECOVERY 

trial as it is considered to be the strategy which would have raised the recruitment rate from 

15% to 50%. The salary cost (i.e. £39,841) reflects the annual gross wage of a Band 5 research 

nurse (i.e. £30,615 (National Health Service, 2020)) plus the salary oncosts (i.e. employer’s 

national insurance contributions plus 20.68% of gross salary for employer’s contribution to 

superannuation (Curtis and Burns, 2020)). The consideration of additional overhead costs for 

research nurses is excluded due to uncertainty about the extent of potential employment of new 

nurses by the NHS for patient recruitment purposes to the RECOVERY trial. This scenario 

would involve assessing overhead costs, which may differ from those reported in the Personal 

Social Services Research Unit (PSSRU) unit cost estimates given the tasks a research nurse 

would undertake for the study at the onset of a global pandemic, which may be different to 

those a Band 5 nurse normally undertakes (Kaier et al., 2019). 

 

Table 2.5: Cost inputs 

 

Input Source Cost (£) 

Unit cost of GP appointment (long COVID 

patients) 

(Curtis and Burns, 

2020) 

£39.23 

Daily cost of staying in acute hospital ward 

(Department of Health 

and Social Care, 2019) £748.41 

Daily cost of non-invasive ventilation (oxygen) 

(Department of Health 

and Social Care, 2019) £1,394.23 

Daily cost of invasive ventilation 

(Department of Health 

and Social Care, 2019, 

Kaier et al., 2019, 

World Bank, 2020) £1,753.94 

Daily cost of providing 6mg of dexamethasone 

(National Institute for 

Health and Care 

Excellence, 2023) £0.23 

Annual cost of research nurse (Band 5 

maximum) 

(National Health 

Service, 2020, Curtis 

and Burns, 2020) 

£39,840.77 
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Table 2.6: Costs by clinical pathway and treatment arm 

 
Pathway 

number 

Clinical pathway Costs (£) 

Dexamethasone No 

Dexamethasone 

1,15 Acute hospital ward (survival) £7,047.23 £7,045.11 

2, 16 Acute hospital ward (death) £6,213.67 £6,211.80 

3, 17 Acute hospital ward, non-invasive ventilation (survival) £16,260.08 £16,257.83 

4, 18 Acute hospital ward, non-invasive ventilation (death) £11,830.18 £11,828.06 

5, 19 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(survival) 

£44,480.69 

£44,478.44 

6, 20 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(death) 

£29,211.34 

£29,209.09 

7, 21 Acute hospital ward, invasive ventilation (survival) £40,674.95 £40,672.70 

8, 22 Acute hospital ward, invasive ventilation (death) £26,545.88 £26,543.63 

9, 23 Non-invasive ventilation (survival) £17,551.72 £17,549.47 

10, 24 Non-invasive ventilation (death) £13,121.82 £13,119.70 

11, 25 Oxygen, invasive ventilation (survival) £38,458.70 £38,456.45 

12, 26 Oxygen, invasive ventilation (death) £24,329.64 £24,327.39 

13, 27 Invasive ventilation (survival) £42,983.87 £42,981.62 

14, 28 Invasive ventilation (death) £27,714.52 £27,712.27 

 

2.3.5. Cost-effectiveness of faster recruitment to the RECOVERY Trial 

 

A multi-step approach is followed so as to estimate the cost-effectiveness of increasing 

recruitment to the RECOVERY trial from 15% to 50%. The increased recruitment would not 

be targeted only at the dexamethasone plus usual care, i.e. Dexamethasone, and usual care only 

comparison, i.e. No Dexamethasone, since at the time there were multiple treatments under 

evaluation in the RECOVERY as it was a ‘platform’ trial.  One ineffective treatment 

comparison (hydroxychloroquine) was reported before the dexamethasone comparison; the 

arm was closed early due to treatment ‘futility’.   

 

Step 1: For each treatment arm and age group, each pathway’s QALYs (Table 2.4) and costs 

(Table 2.6) are multiplied by the corresponding probabilities from Table 2.2, to find each 

pathway’s expected QALYs and costs. 

 

Step 2: The incremental QALYs and costs of Dexamethasone against No Dexamethasone are 

calculated, to estimate the cost-effectiveness of dexamethasone on reducing the incidence of 

COVID-related mortality, for different age groups and the population. Results are presented in 

terms of the incremental cost-effectiveness ratio (ICER), i.e. the incremental cost per QALY, 

and as incremental net benefit, using a £20,000 cost-effectiveness threshold, the threshold used 

for all analyses. 
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Step 3: As dexamethasone was (cost-) effective for reducing the incidence of COVID-related 

mortality, the updated clinical practice encouraged the 10-day provision of dexamethasone to 

hospitalised COVID patients. However, only 83% of hospitalised COVID patients can receive 

Dexamethasone; hence the remaining (17%) hospitalised COVID patients still receive No 

Dexamethasone. Therefore, the cost-effectiveness of updated practice (83% Dexamethasone, 

17% No Dexamethasone) against previous clinical practice (100% No Dexamethasone) is 

estimated, by weighting appropriately the expected QALYs and costs from Step 1, for different 

age groups and the population, with findings presented as ICERs and incremental net benefit 

estimates. 

 

Step 4: With a 15% recruitment rate, 6,980 hospitalised patients originally benefited from the 

updated practice up to mid-July 2020 (15% recruitment rate) (Knowlson and Torgerson, 2020).  

With a 50% recruitment rate, 77,310 hospitalised patients would have benefited from the 

updated practice up to mid-July 2020 (Knowlson and Torgerson, 2020).  The main incremental 

cost of increasing recruitment would be a corresponding recruitment strategy; the assumption 

is that employing two research nurses for each NHS hospital involved in the study (176 

participating hospitals) would have been a sufficient recruitment strategy. The maximum 

2020/21 annual gross salary for a Band 5 nurse is £30,615(National Health Service, 2020),with 

the estimated annual salary cost being £39,841 (NHS 2020; Curtis and Burns 2020). To break 

down the number of benefited patients and the costs of nurses into age groups, estimates for 

the proportion of COVID-19 inpatients at NHS hospitals is used, according to the daily 

averages of the age distribution from 12/10/2020 to 04/01/2022 (National Health Service, 

2023). 

 

Step 5: The incremental QALYs and costs of increasing recruitment from 15% to 50%, by 

employing two full-time nurses to each hospital, are calculated by multiplying the expected 

QALYs and costs of updated practice (Step 3), by the number of patients that would have 

benefited from it with a 50% recruitment rate or the number of patients that benefited from it 

with a 15% recruitment rate (Step 4). In the former case, the annual labour costs of 352 nurses 

(i.e. two nurses per site) are additional costs for improving patient recruitment to the study. The 

outcome is the incremental net benefit of faster recruitment to the RECOVERY trial, and the 

ICER. The cost-utility analyses are stratified by age group, in addition to the presentation of 

findings for the population overall.  
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2.3.6. Sensitivity analysis 

2.3.6.1. Deterministic sensitivity analysis  

 

In decision tree models, there is usually a suspicion of uncertainty about the input values used 

for interpreting the results of the cost-effectiveness of a given strategy (Gray et al., 2011). To 

evaluate the impact of parameter uncertainty on the cost-effectiveness of faster recruitment to 

the RECOVERY trial from 15% to 50% by hiring or redeploying two research nurses to each 

hospital, ranges of several probability, utility and cost inputs in Table 2.1, Table 2.3 and Table 

2.5 were collected from the literature. Such ranges were used to observe the variations in the 

primary outcome of interest, i.e. the incremental net benefit of faster recruitment to the 

RECOVERY trial. This process is defined as sensitivity analysis, and more specifically as 

deterministic sensitivity analysis, where a single (one-way sensitivity analysis) or double (two-

way sensitivity analysis) input values are changed to estimate the variations, assuming 

everything else constant, in the incremental net benefit of faster recruitment to the 

RECOVERY trial. In this way the deterministic sensitivity analysis can evaluate the impact of 

input parameter uncertainty on the robustness of the chapter’s findings.  

 

The input parameter ranges, alongside the sources that were used, are shown in Table 2.7. Note 

that no sensitivity analysis of the incremental net benefit of faster recruitment to the 

RECOVERY trial is undertaken, with respect to the utility weight of the average health state, 

as there is no recommended range associated with this figure (Szende et al., 2014). 

Furthermore, the sensitivity analysis with respect to costs of hospitalisation in an acute hospital 

ward, non-invasive ventilation, and invasive ventilation is undertaken manually due to lack of 

confidence intervals from the original studies and datasets. One-way sensitivity analyses are 

undertaken with respect to all inputs shown in Table 2.7. Two-way sensitivity analyses are 

undertaken with respect to the mortality risk from COVID-19, for different combinations of 

final decision nodes and treatments, to explore whether increasing recruitment to the 

RECOVERY trial would have been a cost-effective strategy even if Dexamethasone were an 

ineffective, or a less effective, treatment compared to No Dexamethasone for lowering the 

incidence of COVID-19-related deaths for COVID-19 hospitalised patients.  No deterministic 

sensitivity analysis stratified by age groups is undertaken. The inputs used for the deterministic 

sensitivity analyses are shown in Table 2.7. 
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Table 2.7: Ranges of inputs for deterministic sensitivity analysis 

 
Input Source Range 

Probability inputs 

All probability inputs except long COVID (Horby et al., 2021, 

Taquet et al., 2021) 

(0.0, 1.0) 

P (long COVID; population total) (Taquet et al., 2021) (0.1256, 0.1309) 

P (long COVID; ICU all) (Taquet et al., 2021) (0.249, 0.2754) 

Disutility of COVID-19 Infection (Sheinson et al., 2021, 

Vekaria et al., 2021) 

(0.0, 0.95) 

Disutility of Hospitalisation (Acute ward, no 

ventilation received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 

(0.0, 1.0) 

Disutility of Hospitalisation (Non-invasive 

ventilation received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 

(0.0, 0.96) 

Disutility of Hospitalisation (Invasive ventilation 

received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 

(0.03, 0.99) 

Cost inputs 

Unit cost of GP appointment (long COVID patients) 
(5-15 minutes of GP consultation; £4.3 per minute) 

(Curtis and Burns, 2020) (£21.5, £64.5)  

Daily cost of staying in acute hospital ward Manual, (Department of 

Health and Social Care, 

2019) 

(£500, £1,250) 

Daily cost of non-invasive ventilation (oxygen) Manual, (Department of 

Health and Social Care, 

2019) 

(£800, £1,800 

Daily cost of invasive ventilation Manual, (Department of 

Health and Social Care, 

2019) 

(£1,400, £4,800) 

Daily cost of providing 6mg of dexamethasone (National Institute for 

Health and Care 

Excellence, 2023) 

(£0.21, £0.27) 

Annual salary cost of a research nurse (Band 5 

minimum to Band 6 maximum) 

(National Health Service, 

2020, Curtis and Burns, 

2020) 

(£35,097, £43,958) 

 

2.3.6.2. Probabilistic Sensitivity Analysis (PSA) 

 

Whereas a deterministic sensitivity analysis can capture the level of confidence in the estimate 

of the incremental net benefit of faster recruitment, with respect to variations in one (or two) 

of the model’s input values, it cannot wholly and simultaneously capture the findings’ 

robustness with respect to the uncertainty of inputs of all models. Consequently, another 

technique in health economic modelling is needed to capture such an uncertainty; this is called 

probabilistic sensitivity analysis (PSA).  

 

Under PSA, all input parameters “are represented as distributions around the point estimate”, 

for which statistical measures such as the mean and the standard error were collected from 

other studies (York Health Economics Consortium, 2016b). Such distributions reflect the 

domain of the input values, implying that different distributions were considered for utility 

(Beta), probability (Beta) and cost (Gamma) inputs.  
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The Beta distribution Beta (α, β) is a continuous probability distribution which is defined on 

the interval [0,1] in terms of two parameters α>0 and β>0, where α-1 reflects the number of 

successes and β-1 the number of failures. If a random variable, such as the probability of death 

following invasive ventilation and treatment with dexamethasone or the disutility weight of 

hospitalisation with invasive ventilation, is defined as X ~ Beta (α, β), then its mean 

 and variance   which implies that: 

 , where E(X) is the reported value of the parameter from 

other studies, such as the results from the RECOVERY Trial (Horby et al., 2021), and Var(X) 

is approximated as the standard error of E(X). Given E(X) and Var(X), the alpha and beta 

values of all probability and utility inputs were obtained using Excel to generate their 

corresponding Beta distributions used for PSA, as shown in Table 2.8. 

 

The Gamma distribution Gamma (α, β) is a continuous probability distribution which is strictly 

positive in terms of two parameters α>0 and β>0, where α reflects the shape of the distribution 

and β is a strictly positive rate parameter. Such distribution accounts for the strictly positive 

figures of the costs, as well as for the skewness observed with cost data. If a random variable, 

such as the daily cost of a patient staying in an acute hospital ward, is defined as X ~ Gamma 

(α, β), then its mean is and variance is  , which implies that: 

 

 , where E(X) is the reported value of the parameter from other studies, such  

as the NHS Reference Costs (Department of Health and Social Care, 2019) and Var(X) is 

approximated as the standard error of E(X). Given E(X) and Var(X), the alpha and beta values 

of all probability and utility inputs were obtained using Excel to generate their corresponding 

Gamma distributions used for PSA as shown in Table 2.8. In the case of an effectiveness input 

(such as risk ratio (RR)), which is not applicable in this chapter, its chosen distribution would 

have been a log-normal distribution.  

 

Following these distributions, a random sampling of 10,000 iterations of input parameter values 

across all the generated distributions is applied to yield distributions of incremental QALYs 

and incremental costs, and therefore a distribution of the incremental net benefit of faster 
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recruitment to the RECOVERY trial. Under this distribution, it also becomes feasible to 

estimate the 95% confidence interval of the incremental net benefit of faster recruitment to the 

RECOVERY trial, an important estimate to confirm whether the estimated mean value of the 

incremental net benefit of faster recruitment is statistically robust and not significantly 

influenced by the underlying parameter uncertainty. The distributions of the incremental 

QALYs and the incremental costs are also graphically presented on a cost-effectiveness plane, 

showing the random joint values of incremental QALYs and incremental costs under which 

faster recruitment to the RECOVERY trial is (or is not) a cost-effective strategy, in relation to 

the £20,000 cost-effectiveness threshold. Finally, a cost-effectiveness acceptability curve 

(CEAC) is also generated from the PSA findings, representing the probability of faster 

recruitment to the RECOVERY trial being cost-effective under different values of the cost-

effectiveness threshold (which was ranged from £0 to £50,000). No PSA stratified by age 

groups is undertaken. The PSA is undertaken in Excel, through the conversion of the baseline 

deterministic decision model to a probabilistic one and the use of Excel Visual Basic for 

Applications (VBA) to generate random values of input parameter values and consequently of 

incremental QALYs and incremental costs.  

 

The 32 inputs used for PSA, together with their mean, standard error, alpha and beta values, 

are shown in Table 2.8. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 55 

Table 2.8: Inputs for probabilistic sensitivity analysis (PSA) 

 
Input Source Mean Standard 

error 

Alpha Beta Distribution 

Probability inputs       

Proportion of patients who can have 

dexamethasone 

(Horby et al., 2021) 0.8277 

 

0.0036 9354.17 1947.83 Beta 

P (acute hospital ward) (Horby et al., 2021) 0.2389 0.0053 1534.76 4889.24 Beta 

P (non-invasive ventilation) (Horby et al., 2021) 0.6044 0.0061 3882.40 2541.60 Beta 

P (invasive ventilation) (Horby et al., 2021) 0.1567 0.0045 1006.84 5417.16 Beta 

P (death|acute hospital ward, 

Dexamethasone) 

(Horby et al., 2021) 0.1657 0.0166 82.83 417.17 Beta 

P (non-invasive ventilation|acute hospital 

ward, Dexamethasone) 

(Horby et al., 2021) 0.0319 0.0079 15.97 484.03 Beta 

P (invasive ventilation|acute hospital 

ward, Dexamethasone) 

(Horby et al., 2021) 0.0180 0.0059 8.98 491.02 Beta 

P (death|acute hospital ward, No 

Dexamethasone) 

(Horby et al., 2021) 0.1325 0.0105 136.87 896.13 Beta 

P (non-invasive ventilation|acute hospital 

ward, No Dexamethasone) 

(Horby et al., 2021) 0.0445 0.0064 45.96 987.04 Beta 

P (invasive ventilation|acute hospital 

ward, No Dexamethasone) 

(Horby et al., 2021) 0.0290 0.0052 29.97 1003.03 Beta 

P (death| non-invasive ventilation, 

Dexamethasone) 

(Horby et al., 2021) 0.2064 0.0113 263.79 1014.21 Beta 

P (invasive ventilation|non-invasive 

ventilation, Dexamethasone) 

(Horby et al., 2021) 0.0790 0.0075 100.92 1177.08 Beta 

P (death| non-invasive ventilation, No 

Dexamethasone) 

(Horby et al., 2021) 0.2170 0.0081 564.78 2038.22 Beta 

P (invasive ventilation|non-invasive 

ventilation, No Dexamethasone) 

(Horby et al., 2021) 0.1071 0.0061 278.89 2324.11 Beta 

P (death| invasive ventilation, 

Dexamethasone) 

(Horby et al., 2021) 0.2932 0.0089 763.23 1839.77 Beta 

P (death| invasive ventilation, No 

Dexamethasone) 

(Horby et al., 2021) 0.4143 0.0097 1078.55 1524.45 Beta 

P (long COVID; population total) (Taquet et al., 2021) 0.1282 0.0006 35077.87 238539.13 Beta 

P (long COVID; ICU all) (Taquet et al., 2021) 0.2623 0.0008 71769.74 201847.26 Beta 

Utility inputs       

Disutility of COVID-19 Infection (Sheinson et al., 2021, Vekaria 

et al., 2021) 

0.27 0.3 0.32 0.87 Beta 

Disutility of Hospitalisation (Acute ward, 

no ventilation received) 

(Sheinson et al., 2021, Vekaria 

et al., 2021) 

0.11 0.3 0.01 0.08 Beta 

Disutility of Hospitalisation (Non-

invasive ventilation received) 

(Sheinson et al., 2021, Vekaria 

et al., 2021) 

0.36 0.3 0.56 1.00 Beta 

Disutility of Hospitalisation (Invasive 

ventilation received) 

(Sheinson et al., 2021, Vekaria 

et al., 2021) 

0.56 0.3 0.97 0.76 Beta 

Disutility of long COVID (Szende et al., 2014, Hvidberg 

et al., 2015) 

0.29 0.0306 63.43 155.29 Beta 

Cost inputs       

Unit cost of GP appointment (long 

COVID patients) 

(Curtis and Burns, 2020) £39.23 10.9694 12.79 3.07 Gamma 

Daily cost of staying in acute hospital 

ward 

Manual, (Department of Health 

and Social Care, 2019) 

£748.41 191.3265 15.30 48.91 Gamma 

Daily cost of non-invasive ventilation 

(oxygen) 

Manual, (Department of Health 

and Social Care, 2019) 

£1,394.23 255.1020 29.87 46.68 Gamma 

Daily cost of invasive ventilation Manual, (Department of Health 

and Social Care, 2019) 

£1,753.94 867.3469 4.09 428.91 Gamma 

Daily cost of providing 6mg of 

dexamethasone 

(National Institute for Health 

and Care Excellence, 2023) 

£0.23 0.0362 38.63 0.01 Gamma 

Annual salary cost of research nurse  (National Health Service, 2020, 

Curtis and Burns, 2020) 

£39,840.77 2260.4592 310.64 128.25 Gamma 
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2.4. Results 

2.4.1. Cost-effectiveness of faster recruitment to the RECOVERY Trial 

2.4.1.1. Step 1: Expected QALYs and costs 

 

For both the Dexamethasone and the No Dexamethasone arms, their pathway QALYs (as 

shown in Table 2.4) and costs (as shown in Table 2.6) are multiplied by their pathway 

probabilities (as shown in Table 2.2) to estimate the expected QALYs and costs. The expected 

QALYs, stratified by age group and the population in total, are shown in Table 2.9.1 for the 

Dexamethasone arm and Table 2.9.2 for the No Dexamethasone arm. The expected costs are 

shown in Table 2.10 for the Dexamethasone and the No Dexamethasone arms. 

 

Table 2.9.1: Expected QALYs (Dexamethasone arm) 

 

 

 

 

 

 

Pathway 

number 

Clinical pathway Expected QALYs (Dexamethasone arm) 

  45-64 age group 65-74 age group 75+ age group Population 

1 Acute hospital ward (survival) 0.153 0.140 0.131 0.154 

2 Acute hospital ward (death) 0.001 0.001 0.001 0.001 

3 Acute hospital ward, non-invasive ventilation (survival) 0.004 0.004 0.004 0.004 

4 Acute hospital ward, non-invasive ventilation (death) 0.000 0.000 0.000 0.000 

5 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(survival) 

0.002 0.002 0.002 0.002 

6 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(death) 

0.000 0.000 0.000 0.000 

7 Acute hospital ward, invasive ventilation (survival) 0.000 0.000 0.000 0.000 

8 Acute hospital ward, invasive ventilation (death) 0.000 0.000 0.000 0.000 

9 Non-invasive ventilation (survival) 0.348 0.318 0.296 0.351 

10 Non-invasive ventilation (death) 0.002 0.002 0.001 0.002 

11 Oxygen, invasive ventilation (survival) 0.026 0.024 0.022 0.026 

12 Oxygen, invasive ventilation (death) 0.000 0.000 0.000 0.000 

13 Invasive ventilation (survival) 0.084 0.077 0.071 0.085 

14 Invasive ventilation (death) 0.001 0.000 0.000 0.001 
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Table 2.9.2: Expected QALYs (No Dexamethasone arm) 

 
Pathway 

number 

Clinical pathway Expected QALYs (No Dexamethasone arm) 

  45-64 age group 65-74 age group 75+ age group Population 

15 Acute hospital ward (survival) 0.155 0.142 0.132 0.156 

16 Acute hospital ward (death) 0.001 0.001 0.001 0.001 

17 Acute hospital ward, non-invasive ventilation (survival) 0.006 0.005 0.005 0.006 

18 Acute hospital ward, non-invasive ventilation (death) 0.000 0.000 0.000 0.000 

19 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(survival) 

0.003 0.003 0.003 0.003 

20 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(death) 

0.000 0.000 0.000 0.000 

21 Acute hospital ward, invasive ventilation (survival) 0.001 0.000 0.000 0.001 

22 Acute hospital ward, invasive ventilation (death) 0.000 0.000 0.000 0.000 

23 Non-invasive ventilation (survival) 0.329 0.301 0.280 0.332 

24 Non-invasive ventilation (death) 0.002 0.002 0.001 0.002 

25 Oxygen, invasive ventilation (survival) 0.029 0.027 0.025 0.029 

26 Oxygen, invasive ventilation (death) 0.000 0.000 0.000 0.000 

27 Invasive ventilation (survival) 0.069 0.064 0.059 0.070 

28 Invasive ventilation (death) 0.001 0.000 0.000 0.001 

 

Table 2.10: Expected costs (Dexamethasone and No Dexamethasone arm) 

 

Pathway 

number 

Clinical pathway Costs (£) 

Dexamethasone No 

Dexamethasone 

1,15 Acute hospital ward (survival) £1,320.71 £1,336.43 

2, 16 Acute hospital ward (death) £245.94 £196.63 

3, 17 Acute hospital ward, non-invasive ventilation (survival) £88.66 £116.79 

4, 18 Acute hospital ward, non-invasive ventilation (death) £18.63 £27.28 

5, 19 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(survival) 

£134.93 £180.56 

6, 20 Acute hospital ward, non-invasive ventilation, invasive ventilation 

(death) 

£36.76 £83.89 

7, 21 Acute hospital ward, invasive ventilation (survival) £17.32 £27.13 

8, 22 Acute hospital ward, invasive ventilation (death) £4.69 £12.52 

9, 23 Non-invasive ventilation (survival) £7,580.66 £7,168.53 

10, 24 Non-invasive ventilation (death) £1,636.90 £1,720.39 

11, 25 Oxygen, invasive ventilation (survival) £1,297.27 £1,458.36 

12, 26 Oxygen, invasive ventilation (death) £340.45 £652.71 

13, 27 Invasive ventilation (survival) £4,761.59 £3,945.29 

14, 28 Invasive ventilation (death) £1,273.63 £1,799.68 
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2.4.1.2. Step 2: Cost-utility analysis of Dexamethasone versus No Dexamethasone 

 

Following the aggregation of each pathway’s expected QALYs and costs for both the 

Dexamethasone and the No Dexamethasone arms, it is possible to undertake a cost-utility 

analysis of Dexamethasone against No Dexamethasone, stratified by age groups and the 

population in total.  

 

Dexamethasone is found to be cost-effective relative to No Dexamethasone, with the ICER 

being £1,236, which is significantly lower than the £20,000 cost-effectiveness threshold 

recommended by the National Institute for Health and Care Excellence (NICE) (McCabe et al., 

2008) and below the £12,936 per QALY of existing NHS treatments according to an empirical 

analysis by Claxton et al. (2015b). Under the same threshold, the incremental net benefit of 

Dexamethasone, against No Dexamethasone, is £480.67. Dexamethasone remains cost-

effective across all age groups. The summary of the cost-utility analysis of Dexamethasone 

versus No Dexamethasone, for the population as a whole and by age group, is shown in Table 

2.11. Note this analysis assumes 100% patients receive Dexamethasone versus 100% patients 

receiving No Dexamethasone. 

Table 2.11: Cost-utility analysis of Dexamethasone versus No Dexamethasone 

 

Treatment Group 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental 

net benefit (£) ICER 

Dexamethasone  0.621 £18,757.84 0.025 £31.66 £476.02  £1,247.27  

No Dexamethasone 
0.596 £18,726.18 

 

Patients aged 45-64 

years old  

Treatment Group 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental 

net benefit (£) ICER 

Dexamethasone  0.568 £18,757.84 0.023 £31.66 £434.44 £1,358.53 

No Dexamethasone 0.544 £18,726.18  

Patients aged 65-74 

years old  

Treatment Group 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental 

net benefit (£) ICER 

Dexamethasone  0.529 £18,757.84 0.022 £31.66 £403.12 £1,456.39 

No Dexamethasone 0.507 £18,726.18  

Patients aged 75+ 

years old  

Treatment Group 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental 

net benefit (£) ICER 

Dexamethasone  0.627 £18,757.84 0.026 £31.66 £480.67 £1,235.94 

No Dexamethasone 0.601 £18,726.18  

Population (total)  

*All Incremental net benefit and ICER calculations used a cost-effectiveness threshold of £20,000. 
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2.4.1.3. Step 3: Cost-utility analysis of updated versus old clinical practice 

 

The updated clinical practice following the dissemination of the results from the RECOVERY 

trial (i.e. where 83% of patients receive Dexamethasone and 17% of patients receive No 

Dexamethasone) is found to be cost-effective compared with previous clinical practice (i.e. 

100% of patients received No Dexamethasone), with the ICER being £1,236, which is 

significantly lower than the £20,000 cost-effectiveness threshold recommended by NICE 

(McCabe et al., 2008) and the £12,936 threshold recommended by Claxton et al. (2015b). The 

ICER figure remains identical to that of the cost-utility analysis of Dexamethasone, versus No 

Dexamethasone, as 17% of the incremental QALYs and costs associated with Dexamethasone 

were simultaneously foregone with the updated clinical practice. Using the same threshold, the 

incremental net benefit of updated clinical practice is £397.83. The updated clinical practice 

remains cost-effective across all age groups. The summary of the cost-utility analysis of 

updated clinical practice versus previous clinical practice, for the population as a whole and by 

age group, is shown in Table 2.12. 

Table 2.12: Cost-utility analysis of updated clinical practice against previous clinical 

practice 

 

Clinical practice 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental net benefit 

(£) ICER 

Updated clinical practice 0.617 £18,752.38 
0.021 £26.20 £393.98 £1,247.27 

Old clinical practice 
0.596 £18,726.18 

Patients aged 45-64 years 

old  

Clinical practice 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental net benefit 

(£) ICER 

Updated clinical practice 0.564 £18,752.38 
0.019 £26.20 £359.57 £1,358.53 

Old clinical practice 0.545 £18,726.18 

Patients aged 65-74 years 

old  

Clinical practice 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental net benefit 

(£) ICER 

Updated clinical practice 0.525 £18,752.38 
0.018 £26.20 £333.65 £1,456.39 

Old clinical practice 0.507 £18,726.18 

Patients aged 75+ years 

old  

Clinical practice 

Expected 

QALYs 

Expected 

costs 

Incremental 

QALYs 

Incremental 

costs 

Incremental net benefit 

(£) ICER 

Updated clinical practice 0.623 £18,752.38 
0.021 £26.20 £397.83 £1,235.94 

Old clinical practice 0.601 £18,726.18 

Population (total)  

*All Incremental net benefit and ICER calculations used a cost-effectiveness threshold of £20,000.  

Updated clinical practice: 83% receive Dexamethasone and 17% receive No Dexamethasone; previous 

clinical practice: 100% receive No Dexamethasone. 
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2.4.1.4. Steps 4 and 5: The cost-effectiveness of faster recruitment to the RECOVERY 

trial 

With a 15% recruitment rate, 6,980 UK COVID-19 patients benefited from the updated clinical 

practice by mid-July 2020 (Knowlson and Torgerson, 2020). Had the recruitment rate been 

50%, 77,310 UK COVID-19 patients would have benefited from the updated clinical practice 

by mid-July 2020 (Knowlson and Torgerson, 2020). Following the aggregation of the figures 

from Table 2.12, achieving a 50% recruitment rate by employing two research nurses at each 

NHS hospital is found to be a cost-effective strategy compared to the 15% recruitment rate, 

with the ICER being £10,641, which is below the cost-effectiveness threshold ranges of 

£20,000 and £30,000 suggested by NICE (McCabe et al., 2008) and the £12,936 threshold 

recommended by Claxton et al. (2015b). Under the £20,000 cost-effectiveness threshold, the 

incremental net benefit of faster recruitment to the RECOVERY trial is £13,955,476.42. 

Improving the recruitment rate remains cost-effective across all age groups. The summary of 

the cost-utility analysis of 50% recruitment rate against 15% recruitment rate, for the 

population as a whole and by age group, is shown in Table 2.13. 

Table 2.13: Cost-utility analysis of faster recruitment to the RECOVERY Trial 

 

Recruitment Status 

Incremental 

QALYs of 

updated 

practice 

Incremental costs 

of updated 

clinical practice 

Incremental 

QALYs of 

faster 

recruitment 

Incremental costs 

of faster 

recruitment 

Incremental net 

benefit of faster 

recruitment (£) ICER 

50% Recruitment 

Rate to the 

RECOVERY Trial 410.364 £4,055,041.46 
373.314 £4,008,829.90 £3,457,453.67 £10,738.49 

15% Recruitment 

Rate to the 

RECOVERY Trial 37.050 £46,211.56 

Patients aged 45-64 

years old  

Recruitment Status 

Incremental 

QALYs of 

updated 

practice 

Incremental costs 

of updated 

clinical practice 

Incremental 

QALYs of 

faster 

recruitment 

Incremental costs 

of faster 

recruitment 

Incremental net 

benefit of faster 

recruitment (£) ICER 

50% Recruitment 
Rate to the 

RECOVERY Trial 232.007 £2,497,095.64 
211.060 £2,468,638.55 £1,752,561.72 £11,696.38 

15% Recruitment 

Rate to the 

RECOVERY Trial  20.947 £28,457.09 

Patients aged 65-74 

years old  

Recruitment Status 

Incremental 

QALYs of 

updated 

practice 

Incremental costs 

of updated 

clinical practice 

Incremental 

QALYs of 

faster 

recruitment 

Incremental costs 

of faster 

recruitment 

Incremental net 

benefit of faster 

recruitment (£) ICER 

50% Recruitment 

Rate to the 

RECOVERY Trial  456.333 £5,265,326.73 
415.1329 £5,205,322.66 £3,097,335.57 £12,538.93 

15% Recruitment 
Rate to the 

RECOVERY Trial  41.200 £60,004.07 

Patients aged 75+ 

years old  



 61 

*All Incremental net benefit and ICER calculations used a cost-effectiveness threshold of £20,000. 

 

2.4.2. Deterministic (one-way and two-way) sensitivity analysis  

 

For the one-way sensitivity analysis, the ranges of the incremental net benefit of faster 

recruitment to the RECOVERY trial with respect to variations in each of the input parameters 

from Table 2.7, assuming everything else constant, are presented in Table 2.14.  

 

With respect to the probability inputs obtained from the original study of the RECOVERY trial 

(Horby et al., 2021), the incremental net benefit of faster recruitment would remain positive 

even if the proportion of patients eligible for dexamethasone fell to a low level, that of 43%; in 

the original study this figure was much higher, at 83%. The findings would remain robust when 

the probabilities of the any type of usual care a COVID-19 patient initially receives varied. 

Interestingly, in both arms the estimate of the incremental net benefit is more sensitive to 

variations in the probabilities of death when the most intensive type of usual care received 

during hospitalisation is either a stay in an acute hospital ward (no oxygen supply) or non-

invasive ventilation (oxygen supply but no mechanical ventilation), rather than to variations in 

the probabilities of death in both arms when invasive ventilation is the most intensive type of 

usual care received during hospitalisation for which the incremental net benefit remains 

positive. The incremental net benefit turns negative when the probability of death in the 

Dexamethasone (No Dexamethasone) arm following treatment in acute hospital wards is 0.33 

and above (0.07 and below); however, the reported probability from the trial is significantly 

lower (higher), at 0.17 (0.13) (Horby et al., 2021).Similarly, the incremental net benefit turns 

negative when the probability of death in the Dexamethasone (No Dexamethasone) arm 

following non-invasive ventilation in an ICU is 0.24 and above (0.19 and below); however, the 

reported probability from the trial is lower (higher), at 0.21 (0.22) (Horby et al., 2021). The 

findings are robust with respect to variations in the probability of long COVID following 

discharge from hospital. Nevertheless, uncertainty as to the incremental net benefit of faster 

recruitment persisted with respect to variations in the probabilities of a hospitalised patient 

Recruitment Status 

Incremental 

QALYs of 

updated 

practice 

Incremental costs 

of updated 

clinical practice 

Incremental 

QALYs of 

faster 

recruitment 

Incremental costs 

of faster 

recruitment 

Incremental net 

benefit of faster 

recruitment (£) ICER 

50% Recruitment 

Rate to the 

RECOVERY Trial  1639.106 £16,049,788.75 
1491.118 £15,866,884.13 

 

£13,955,476.42  
£10,640.93 

15% Recruitment 

Rate to the 

RECOVERY Trial  147.988 £182,904.62 

Population (total)  
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being transferred to a more invasive type of care, for all possible (combinations of) types of 

usual care delivered for patients receiving Dexamethasone during their hospitalisation. 

However, the corresponding cut-off values remained well above the reported probability inputs 

from Table 2.1. 

 

The findings have remained robust with respect to variations in the ranges of all cost and utility 

inputs. This implies that the effectiveness of dexamethasone in reducing the incidence of 

COVID-19 mortality is a key factor behind the cost-effectiveness findings with respect to faster 

recruitment to the RECOVERY trial. 

 

The findings from the two-way sensitivity analyses are presented in Table 2.15.1, Table 2.15.2, 

and Table 2.15.3. Regardless of the probability range and the final decision node, when the 

probability of a COVID-19 inpatient dying remained the same across both treatments, the net 

benefit of faster recruitment to the RECOVERY trial was positive for two types of usual care 

received during hospitalisation with COVID-19 (i.e. invasive ventilation (when probability of 

death is equal or above 0.10) and acute hospital ward) assuming everything else remains 

constant. Therefore, even if Dexamethasone had the same clinical effectiveness on reducing 

the incidence of COVID-19-related mortality as No Dexamethasone after mechanical 

ventilation (when the probability of death is equal to or above 0.10) or stay in acute hospital 

wards, improving patient recruitment would still generate positive incremental net benefits, 

assuming everything else constant. Nevertheless, the same conclusion cannot be drawn with 

respect to the probability of death following non-invasive ventilation, as the incremental net 

benefit of faster recruitment would remain negative if dexamethasone was not effective in 

reducing the incidence of COVID-19-related mortality. 
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Table 2.14: One-way sensitivity analysis of the Incremental Net Benefit of faster recruitment 

to the RECOVERY Trial 

 
Input Source Range for one-way sensitivity analysis Range of INB>0 Input range Mean value 

Probability inputs      

Proportion of patients who can have 

dexamethasone 

(Horby et al., 2021) 
(-£14,023,949.72, £19,781,657.30) 

(0.42,1) (0,1) 0.8277 

P (acute hospital ward) (Horby et al., 2021) (£12,154,661.16, £19,692,275.53) (0,1) (0,1) 0.2389 

P (non-invasive ventilation) (Horby et al., 2021) (-£12,497,944.39, £31,273,167.82) (0.29,1) (0,1) 0.6044 

P (invasive ventilation) (Horby et al., 2021) (£13,704,272.31, £14,230,286.36) (0,1) (0,1) 0.1567 

P (death|acute hospital ward, 

Dexamethasone) 

(Horby et al., 2021) 
(-£53,136,227.60, £27,277,513.35) 

(0, 0.33) (0,1) 0.1657 

P (non-invasive ventilation|acute 

hospital ward, Dexamethasone) 

(Horby et al., 2021) 
(-£44,893,838.32, £15,896,897.11) 

(0, 0.26) (0,1) 0.0319 

P (invasive ventilation|acute 

hospital ward, Dexamethasone) 

(Horby et al., 2021) 
(-£384,072,187.05, £21,236,470.26) 

(0, 0.05) (0,1) 0.0180 

P (death|acute hospital ward, No 

Dexamethasone) 

(Horby et al., 2021) 
(-£14,091,727.31, £197,593,007.38) 

(0.07,1) (0,1) 0.1325 

P (non-invasive ventilation|acute 

hospital ward, No Dexamethasone) 

(Horby et al., 2021) 
(£4,883,303.71, £208,809,968.45) 

(0,1) (0,1) 0.0445 

P (invasive ventilation|acute 

hospital ward, No Dexamethasone) 

(Horby et al., 2021) 
(-£1,597,023.47, £534,445,805.91) 

(0.01,1) (0,1) 0.0290 

P (death| non-invasive ventilation, 

Dexamethasone) 

(Horby et al., 2021) 
(-£310,956,948.52, £98,464,717.98) 

(0,0.24) (0,1) 0.2064 

P (invasive ventilation|non-invasive 

ventilation, Dexamethasone) 

(Horby et al., 2021) 
(-£710,112,659.75, £76,036,021.20) 

(0,0.0.09) (0,1) 0.0790 

P (death| non-invasive ventilation, 

No Dexamethasone) 

(Horby et al., 2021) 
(-£75,314,635.50, £336,117,880.33) 

(0.19,1) (0,1) 0.2170 

P (invasive ventilation|non-invasive 

ventilation, No Dexamethasone) 

(Horby et al., 2021) 
(-£71,191,645.91, £723,514,829.16) 

(0.09,1) (0,1) 0.1071 

P (death| invasive ventilation, 

Dexamethasone) 

(Horby et al., 2021) 
(£13,618,182.74, £14,095,401.74) 

(0,1) (0,1) 0.2932 

P (death| invasive ventilation, No 

Dexamethasone) 

(Horby et al., 2021) 
(£13,378,645.55, £14,770,785.07) 

(0,1) (0,1) 0.4143 

P (long COVID; population total) 

(Taquet et al., 2021) 
(£13,947,184.74, £13,963,464.80) 

(0.1256, 0.1309) (0.1256, 

0.1309) 

0.1282 

P (long COVID; ICU all) 

(Taquet et al., 2021) 
  (£13,930,641.09, £13,980,690.89) 

(0.249, 0.2754) (0.249, 
0.2754) 

0.2623 

Utility inputs 
     

Disutility of COVID-19 Infection (Sheinson et al., 2021, 

Vekaria et al., 2021) 
(£13,861,844.96, £13,967,048.85) 

(0, 0.95) (0.0, 0.95) 0.27 

Disutility of Hospitalisation (Acute 

ward, no ventilation received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 
(£13,893,405.95, £13,992,718.70) 

(0,1) (0.0, 1.0) 0.11 

Disutility of Hospitalisation (Non-

invasive ventilation received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 
(£13,916,162.97, £13,987,372.23) 

(0.0, 0.96) (0.0, 0.96) 0.36 

Disutility of Hospitalisation 

(Invasive ventilation received) 

(Sheinson et al., 2021, 

Vekaria et al., 2021) 
(£13,775,105.11, £14,135,847.72) 

(0.03, 0.99) (0.03, 0.99) 0.56 

Disutility of long COVID (Szende et al., 2014, 
Hvidberg et al., 2015) 

(£13,943,060.13, £13,964,187.96) 
(0.23,0.35) (0.23, 0.35) 0.29 

Cost inputs      

Unit cost of GP appointment (long 

COVID patients) 

(Curtis and Burns 2020) 
(£13,943,060.13, 13,964,187.97)  

(£21.5, £64.5) (£21.5, £64.5) £39.23 

Daily cost of staying in acute 

hospital ward (no oxygen) 

Manual, (Department of 
Health and Social Care, 

2019) 

(£12,991,778.60, £14,432,743.06) 
(£500, £1250) (£500, £1250) £748.41 

Daily cost of non-invasive 

ventilation (oxygen) 

Manual, (Department of 

Health and Social Care, 

2019) 

(£13,078,867.38, £15,078,137.26) 

(£800, £1800) (£800, £1800) £1,394.23 

 

Daily cost of invasive ventilation  Manual, (Department of 

Health and Social Care, 

2019) 

(£13,476,011.57, £18,081,804.39) 

(£800, £4,800) (£800, 

£4,800) 

£1,753.94 

Annual salary cost of a research 

nurse  

(National Health Service, 

2020) 
(£12,506,210.14, £15,340,162.14) 

(£35097, £43958) (£35097, 

£43958) 

£39,840.77 
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Table 2.15.1: Two-way sensitivity analysis of the Incremental Net Benefit of faster recruitment 

to the RECOVERY Trial (with respect to the risk of COVID-19-related death following invasive 

ventilation) 

 
P (death| invasive ventilation, Dexamethasone) 

P (death| 

invasive 

ventilation, No 

Dexamethasone) 

 0 0.1 0.2 0.3 0.4 0.5 

0 -£769,690.39 £20,398,783.08 £41,567,256.55 £62,735,730.02 £83,904,203.49 £105,072,676.96 

0.1 -£8,811,064.48 £12,357,408.99 £33,525,882.46 £54,694,355.93 £75,862,829.40 £97,031,302.87 

0.2 -£16,852,438.57 £4,316,034.90 £25,484,508.36 £46,652,981.83 £67,821,455.30 £88,989,928.77 

0.3 -£24,893,812.67 -£3,725,339.20 £17,443,134.27 £38,611,607.74 £59,780,081.21 £80,948,554.68 

0.4 -£32,935,186.76 -£11,766,713.29 £9,401,760.18 £30,570,233.64 £51,738,707.11 £72,907,180.58 

0.5 -£40,976,560.86 -£19,808,087.39 £1,360,386.08 £22,528,859.55 £43,697,333.02 £64,865,806.49 

0.6 -£49,017,934.95 -£27,849,461.48 -£6,680,988.01 £14,487,485.46 £35,655,958.93 £56,824,432.39 

0.7 -£57,059,309.05 -£35,890,835.58 -£14,722,362.11 £6,446,111.36 £27,614,584.83 £48,783,058.30 

0.8 -£65,100,683.14 -£43,932,209.67 -£22,763,736.20 -£1,595,262.73 £19,573,210.74 £40,741,684.21 

0.9 -£73,142,057.23 -£51,973,583.76 -£30,805,110.30 -£9,636,636.83 £11,531,836.64 £32,700,310.11 

1 -£81,183,431.33 -£60,014,957.86 -£38,846,484.39 -£17,678,010.92 £3,490,462.55 £24,658,936.02 

Table 2.15.2: Two-way sensitivity analysis of the Incremental Net Benefit of faster recruitment 

to the RECOVERY Trial (with respect to the risk of COVID-19-related death following non-

invasive ventilation) 

 
P (death| non-invasive ventilation, Dexamethasone) 

P (death| non-

invasive 

ventilation, No 

Dexamethasone) 

 0 0.1 0.2 0.3 0.4 0.5 

0 -£9,111,101.13 £70,359,546.38 £149,830,193.88 £229,300,841.39 £308,771,488.90 £388,242,136.40 

0.1 -£87,725,969.22 -£8,255,321.72 £71,215,325.79 £150,685,973.30 £230,156,620.80 £309,627,268.31 

0.2 -£166,340,837.32 -£86,870,189.81 -£7,399,542.31 £72,071,105.20 £151,541,752.71 £231,012,400.22 

0.3 -£244,955,705.41 -£165,485,057.91 -£86,014,410.40 -£6,543,762.89 £72,926,884.61 £152,397,532.12 

0.4 -£323,570,573.51 -£244,099,926.00 -£164,629,278.49 -£85,158,630.99 -£5,687,983.48 £73,782,664.03 

0.5 -£402,185,441.60 -£322,714,794.10 -£243,244,146.59 -£163,773,499.08 -£84,302,851.58 -£4,832,204.07 

0.6 -£480,800,309.70 -£401,329,662.19 -£321,859,014.68 -£242,388,367.18 -£162,917,719.67 -£83,447,072.16 

0.7 -£559,415,177.79 -£479,944,530.29 -£400,473,882.78 -£321,003,235.27 -£241,532,587.77 -£162,061,940.26 

0.8 -£638,030,045.89 -£558,559,398.38 -£479,088,750.87 -£399,618,103.37 -£320,147,455.86 -£240,676,808.35 

0.9 -£716,644,913.98 -£637,174,266.48 -£557,703,618.97 -£478,232,971.46 -£398,762,323.96 -£319,291,676.45 

1 -£795,259,782.08 -£715,789,134.57 -£636,318,487.06 -£556,847,839.56 -£477,377,192.05 -£397,906,544.54 

 

P (death| 

invasive 

ventilation, No 

Dexamethasone) 

 0.6 0.7 0.8 0.9 1 

0 £126,241,150.43 £147,409,623.90 £168,578,097.37 £189,746,570.84 £210,915,044.31 

0.1 £118,199,776.33 £139,368,249.80 £160,536,723.27 £181,705,196.74 £202,873,670.21 

0.2 £110,158,402.24 £131,326,875.71 £152,495,349.18 £173,663,822.65 £194,832,296.12 

0.3 £102,117,028.15 £123,285,501.62 £144,453,975.08 £165,622,448.55 £186,790,922.02 

0.4 £94,075,654.05 £115,244,127.52 £136,412,600.99 £157,581,074.46 £178,749,547.93 

0.5 £86,034,279.96 £107,202,753.43 £128,371,226.90 £149,539,700.36 £170,708,173.83 

0.6 £77,992,905.86 £99,161,379.33 £120,329,852.80 £141,498,326.27 £162,666,799.74 

0.7 £69,951,531.77 £91,120,005.24 £112,288,478.71 £133,456,952.18 £154,625,425.65 

0.8 £61,910,157.67 £83,078,631.14 £104,247,104.61 £125,415,578.08 £146,584,051.55 

0.9 £53,868,783.58 £75,037,257.05 £96,205,730.52 £117,374,203.99 £138,542,677.46 

1 £45,827,409.49 £66,995,882.96 £88,164,356.42 £109,332,829.89 £130,501,303.36 

P (death| invasive ventilation, Dexamethasone) 

P (death| non-

invasive 

ventilation, No 

Dexamethasone)) 

 0.6 0.7 0.8 0.9 1 

0 £467,712,783.91 £547,183,431.42 £626,654,078.92 £706,124,726.43 £785,595,373.94 

0.1 £389,097,915.82 £468,568,563.32 £548,039,210.83 £627,509,858.34 £706,980,505.84 

0.2 £310,483,047.72 £389,953,695.23 £469,424,342.74 £548,894,990.24 £628,365,637.75 

0.3 £231,868,179.63 £311,338,827.13 £390,809,474.64 £470,280,122.15 £549,750,769.65 

0.4 £153,253,311.53 £232,723,959.04 £312,194,606.55 £391,665,254.05 £471,135,901.56 

0.5 £74,638,443.44 £154,109,090.94 £233,579,738.45 £313,050,385.96 £392,521,033.46 

0.6 -£3,976,424.66 £75,494,222.85 £154,964,870.36 £234,435,517.86 £313,906,165.37 

0.7 -£82,591,292.75 -£3,120,645.25 £76,350,002.26 £155,820,649.77 £235,291,297.27 

0.8 -£161,206,160.85 -£81,735,513.34 -£2,264,865.83 £77,205,781.67 £156,676,429.18 

0.9 -£239,821,028.94 -£160,350,381.44 -£80,879,733.93 -£1,409,086.42 £78,061,561.09 

1 -£318,435,897.04 -£238,965,249.53 -£159,494,602.02 -£80,023,954.52 -£553,307.01 

P (death| non-invasive ventilation, Dexamethasone) 
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Table 2.15.3: Two-way sensitivity analysis of the Incremental Net Benefit of faster 

recruitment to the RECOVERY Trial (with respect to the risk of COVID-19-related death 

following admission to an acute hospital ward) 

 
P (death| acute hospital ward, Dexamethasone) 

P(death| 

acute 

hospital 

ward, 

No 

Dexamet

hasone)) 

 0 0.1 0.2 0.3 0.4 0.5 

0 £36,870,920.10 £72,178,949.77 £107,486,979.43 £142,795,009.10 £178,103,038.76 £213,411,068.42 

0.1 £4,372,239.86 £39,680,269.52 £74,988,299.19 £110,296,328.85 £145,604,358.52 £180,912,388.18 

0.2 -£28,126,440.39 £7,181,589.28 £42,489,618.94 £77,797,648.61 £113,105,678.27 £148,413,707.94 

0.3 -£60,625,120.63 -£25,317,090.97 £9,990,938.70 £45,298,968.36 £80,606,998.03 £115,915,027.69 

0.4 -£93,123,800.87 -£57,815,771.21 -£22,507,741.54 £12,800,288.12 £48,108,317.78 £83,416,347.45 

0.5 -£125,622,481.12 -£90,314,451.45 -£55,006,421.79 -£19,698,392.12 £15,609,637.54 £50,917,667.21 

0.6 -£158,121,161.36 -£122,813,131.70 -£87,505,102.03 -£52,197,072.37 -£16,889,042.70 £18,418,986.96 

0.7 -£190,619,841.60 -£155,311,811.94 -£120,003,782.28 -£84,695,752.61 -£49,387,722.95 -£14,079,693.28 

0.8 -£223,118,521.85 -£187,810,492.18 -£152,502,462.52 -£117,194,432.86 -£81,886,403.19 -£46,578,373.53 

0.9 -£255,617,202.09 -£220,309,172.43 -£185,001,142.76 -£149,693,113.10 -£114,385,083.43 -£79,077,053.77 

1 -£288,115,882.34 -£252,807,852.67 -£217,499,823.01 -£182,191,793.34 -£146,883,763.68 -£111,575,734.01 

 

2.4.3. Probabilistic sensitivity analysis (PSA) 

 

Following 10,000 random iterations on the distributions of all input parameters, as specified 

from Table 2.8, distributions of the incremental QALYs and costs related to faster recruitment 

to the RECOVERY trial were generated, both of which led to the generation of distributions 

of the incremental net benefit at the £20,000 cost-effectiveness threshold, and the ICER.  

 

The generated 10,000 combinations of incremental QALYs and incremental costs are 

visualised in Figure 2.2, which represents a cost-effectiveness plane. Combinations of 

incremental QALYs and incremental costs on the top left quadrant would indicate that faster 

recruitment to the RECOVERY trial would strictly be dominated by prior recruitment, as the 

incremental QALYs associated with faster recruitment would be negative and the incremental 

costs would be positive. Combinations of incremental QALYs and incremental costs on the 

bottom right quadrant would indicate that faster recruitment to the RECOVERY trial would 

strictly dominate prior recruitment, as the incremental QALYs associated with faster 

recruitment would be positive but also the incremental costs would be negative. Combinations 

of incremental QALYs and incremental costs on the bottom left and top right quadrants, 

P(death| acute 

hospital ward, 

No 

Dexamethasone)) 

 0.6 0.7 0.8 0.9 1 

0 £248,719,098.09 £284,027,127.75 £319,335,157.42 £354,643,187.08 £389,951,216.75 

0.1 £216,220,417.85 £251,528,447.51 £286,836,477.17 £322,144,506.84 £357,452,536.50 

0.2 £183,721,737.60 £219,029,767.27 £254,337,796.93 £289,645,826.60 £324,953,856.26 

0.3 £151,223,057.36 £186,531,087.02 £221,839,116.69 £257,147,146.35 £292,455,176.02 

0.4 £118,724,377.11 £154,032,406.78 £189,340,436.44 £224,648,466.11 £259,956,495.77 

0.5 £86,225,696.87 £121,533,726.53 £156,841,756.20 £192,149,785.86 £227,457,815.53 

0.6 £53,727,016.63 £89,035,046.29 £124,343,075.96 £159,651,105.62 £194,959,135.28 

0.7 £21,228,336.38 £56,536,366.05 £91,844,395.71 £127,152,425.38 £162,460,455.04 

0.8 -£11,270,343.86 £24,037,685.80 £59,345,715.47 £94,653,745.13 £129,961,774.80 

0.9 -£43,769,024.11 -£8,460,994.44 £26,847,035.22 £62,155,064.89 £97,463,094.55 

1 -£76,267,704.35 -£40,959,674.68 -£5,651,645.02 £29,656,384.64 £64,964,414.31 

P (death| acute hospital ward, Dexamethasone) 
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however, require the consideration of a cost-effectiveness threshold, because in the former case 

faster recruitment would be associated with less QALYs but also with less costs, whereas in 

the latter case faster  recruitment would be associated with more QALYs but also with more 

costs; in other words, no intervention or strategy strictly dominates or is strictly dominated by 

another one. For these quadrants, any combinations of incremental QALYs and incremental 

costs positioned on the right-hand side of the gradient (£20,000 threshold), would imply that 

their ICER was less than the cost-effectiveness threshold and therefore faster recruitment to 

the trial would dominate prior recruitment. On the contrary, any combinations of incremental 

QALYs and incremental costs positioned on the left-hand side of the gradient (£20,000 

threshold), would imply that their ICER was less than the cost-effectiveness threshold and 

therefore faster recruitment would be weakly dominated by prior recruitment to the trial. As 

the figure demonstrates, the vast majority of the random combinations of incremental QALYs 

and incremental costs lie to the right-hand side of the gradient on the top right and bottom left 

quadrants, with combinations also observed on the bottom right quadrant that imply dominance 

for faster recruitment. Therefore, by considering the overall parameter uncertainty related to 

the decision model for estimating the cost-effectiveness of faster recruitment, it is highly likely 

that increasing recruitment to the RECOVERY trial by hiring or redeploying research nurses 

would be a cost-effective strategy, compared to not increasing recruitment to the trial. 
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Figure 2.2: Cost-effectiveness plane 

 

The mean of the distribution of the incremental net benefit is equal to the estimated incremental 

net benefit figure of £13,955,476.42, as reported in Table 2.13. Under the assumption of 

normality, it was also possible to generate the 95% confidence intervals (CI) of the incremental 

net benefit to faster recruitment to the RECOVERY trial from its generated distribution. Thus, 

by considering all the distributions of input parameters and accounting for parameter 

uncertainty, the incremental net benefit of faster recruitment to the RECOVERY trial was 

estimated to be: £13,955,476.42 (95% CI: £12,457,048.54, £15,453,904.30). Such an estimate 

confirms that the model is robust with respect to parameter uncertainty and raises the 

confidence in the statistical validity and significance of the baseline cost-effectiveness findings. 

Under the same distribution, it was also possible to estimate the probability of faster 

recruitment being a cost-effective strategy, by counting the proportion of the incremental net 

benefits that were above zero under the 10000 iterations. At the £20,000 cost-effectiveness 

threshold, this probability was 0.75, which also means that 75% of the combinations of 

incremental QALYs and incremental costs shown on the cost-effectiveness plane in Figure 2.2 

are positioned on the right-hand side of the threshold gradient. It was also possible to vary the 

cost-effectiveness thresholds, to observe the probability of faster recruitment being cost-

effective under different thresholds and following the 10000 iterations. At the £30,000 cost-

effectiveness threshold, which is the upper limit that NICE recommends for the evaluation of 
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health technologies (McCabe et al., 2008), the probability increases to 81%. At the £12,936 

threshold (Claxton et al. (2015b)), the probability falls to 61%, which remains a significant 

figure. The combinations of the probabilities of faster recruitment being cost-effective and 

cost-effectiveness thresholds are graphically represented through a cost-effectiveness 

acceptability curve (CEAC), available in Figure 2.3. 

 

Figure 2.3: Cost-effectiveness acceptability curve (CEAC) 

 

2.5. Discussion  

2.5.1. Summary of findings 

The chapter’s findings highlight the importance of improving recruitment of patients to RCTs, 

from the economic perspective of a healthcare system, by considering a noticeable case study 

related to the COVID-19 pandemic. By the time the results of the RECOVERY trial were 

originally disseminated, 39,961 deaths and 122,638 hospitalisations (UK Health Security 

Agency, 2022) from COVID-19 had already been reported across the UK, thus signalling the 

detrimental impact of the COVID-19 pandemic on public health and the provision of healthcare 

services. Therefore, it is crucial to ensure that cutting edge adaptive trials, such as the 

RECOVERY trial, reach their full potential through faster recruitment so as to be beneficial 

for all affected patients, the healthcare system, society overall and the national economy.  
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Improving the recruitment rate of the RECOVERY trial from 15% to 50% would have saved 

at least 2,620 more lives, in the UK, by mid-July 2020 (Knowlson and Torgerson, 2020). In 

addition, this improvement could have generated an incremental net monetary benefit of £14 

million, thus highlighting the magnitude of the foregone population health benefits due to the 

absence of implementing a more effective recruitment strategy in the beginning of a trial. If 

employing two research nurses to each involved hospital were to constitute such an effective 

strategy, less than £10,641 would need to be invested to generate an incremental QALY for 

COVID-19 hospitalised patients, a figure significantly below the minimum value of the cost-

effectiveness threshold NICE recommends, i.e. £20,000 (McCabe et al., 2008), and below the 

lower cost-effectiveness threshold of £12,936 recommended by Claxton et al. (2015b). As the 

NHS is a fixed budget national healthcare system, it is essential for policy makers to prioritise 

research and resources into improving the recruitment of participants to future RCTs that 

evaluate healthcare treatments or public health interventions.  

 

The principal method of sensitivity analysis, the probabilistic sensitivity analysis (PSA), which 

considers simultaneously the ranges of all parameter inputs to estimate the 95% confidence 

interval of the incremental net benefit, has found the incremental net benefit of faster 

recruitment to be £13,955,476.42 (95% CI: £12,457,048.54, £15,453,904.30). This means that 

improving recruitment to the RECOVERY trial would have been a statistically significant, 

cost-effective strategy, accounting for parameter uncertainty. Also, the cost-effectiveness 

acceptability curve (CEAC) shows that the likelihood of faster recruitment being a cost-

effective strategy is 75% and 81% under the £20,000 and £30,000 cost-effectiveness thresholds 

respectively ; these are the thresholds NICE recommends for use for the economic evaluation 

of health technologies (McCabe et al., 2008). From a different angle, the one-way sensitivity 

analyses confirm that even if a very low share of COVID-19 inpatients were treated with 

Dexamethasone, increasing recruitment to the RECOVERY trial would still generate positive 

incremental net benefits. Such findings highlight benefits that improved trial efficiency could 

have generated for the healthcare system during the COVID-19 pandemic and demonstrate the 

robustness of this decision tree with respect to variations in its input parameter values. 

2.5.2. Strengths and limitations of the study 

 

This is the first study that evaluates how costly poor patient recruitment could be for a 

healthcare system, by using conventional economic evaluation methods such as a decision tree 
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model. The study attempts to estimate such costs in the context of a global pandemic, which 

caused significant mortality and deterioration in the health-related quality of life for patients 

exposed to Sars-Cov-2 virus. The study also highlights how crucial clinical evidence, as well 

as its timely dissemination, are for improving health outcomes for national populations and 

making the treatment decisions of national healthcare systems more cost-effective. Whereas 

the impact of poor recruitment is usually discussed for statistical reasons such as reduced power 

and selection bias, or financial reasons related to a potentially extended trial period, this study 

demonstrates that the adoption of appropriate recruitment strategies would be a cost-effective 

strategy for national healthcare systems. In fact, it is highly likely that the chapter’s estimate 

of the net benefit of faster recruitment to the RECOVERY trial is underestimated, since it is 

based solely upon the UK hospitalisation and death data. As the COVID-19 pandemic was 

significantly affecting the operations of multiple healthcare systems around the globe from 

March 2020 onwards, a lot more than 2,620 lives would have been saved globally had the 

results of the RECOVERY trial been disseminated in April rather than mid-June and had all 

countries updated their clinical practices accordingly.  

 

Improving recruitment to randomised trials can be shown to be cost-effective for a national 

healthcare system in three distinct scenarios. Firstly, since the use of dexamethasone as a 

treatment for COVID-19 patients leads to an increase in QALYs, more QALYs could have 

been gained had its implementation been faster through faster recruitment to the RECOVERY 

trial. Alternatively, if a treatment under evaluation was deemed ineffective, there would be an 

indirect QALY gain from the earlier identification of an alternative, efficacious treatment. This 

is facilitated via faster recruitment to trials assessing the (cost-) effectiveness of the former 

treatment, leading to its premature cessation. Finally, if a treatment under evaluation was found 

to be harmful, an overall decrease in QALYs would occur. In this case, there could be a 

potential cost gain, as well as a direct QALY gain from the avoidance of a prolonged use of 

such a treatment. For instance, the RECOVERY trial observed an increase in mortality (albeit 

not statistically significant) among patients randomised to the hydroxychloroquine arm, which 

would have led to a reduction in the worldwide prescription of this treatment for COVID-19; 

thus, hydroxychloroquine falls into the last scenario.  The current analysis did not take these 

additional benefits into account.  Thus, speeding up knowledge about which treatments are 

ineffective is also important as many of these are costly (e.g., plasma) as well as having no 

clinical value.   
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The disadvantage of the study lies in the model’s structural assumptions, which had to be made 

because of the statistical uncertainty associated with the pandemic. For instance, it is assumed 

that no recovered COVID-19 patient would catch the SARS-Cov-2 infection within a year. 

Given the observed re-emergence in COVID-19 infections as a result of the immunity-resistant 

variants, this assumption seems not to be realistic ex post. However, the trajectory of an 

ongoing pandemic remains uncertain, and each assumption has its own expected benefits and 

risks. Another assumption is that survived ventilated patients would fully recover outside of 

hospital; whereas this is true for some patients, many would remain in acute hospital beds for 

a smooth recovery. However, neither the findings from the RECOVERY trial nor from any 

other COVID-related study, did not provide any information on the likelihood and the length 

of stay of survived ventilated COVID-19 patients in acute hospital beds. A further assumption 

was around the costs incurred by long COVID patients, namely that they would incur two GP 

visits on average; this could be an over-estimate, or indeed an under-estimate, of the costs 

encountered. 

 

Despite the strength of the findings, employing additional research nurses is not an evidence-

based recruitment strategy; the most recent Cochrane review of recruitment strategies to RCTs 

has not included any studies associated with this strategy (Treweek et al., 2018b). 

Theoretically, however, research nurses could actively support hospitalised COVID-19 

patients during their participation in the RECOVERY trial and effectively communicate the 

benefits and risks of participating in the trial. Assuming it would take an hour on average to 

speak to each patient about the study, it would be feasible for each research nurse to recruit up 

to six patients per day, which implies it would take approximately 10.5 days (assuming five 

working days a week) to reach the desirable recruitment figure of 11,303 patients. Therefore, 

it would be feasible for the proposed recruitment strategy to have accelerated the recruitment 

rate from 15% to 50%. Such support would be valuable given the RECOVERY chief 

investigator’s remarks, which related slow recruitment to the poor willingness of some patients 

to enter a trial, and the lack of promotion of the RECOVERY trial to some patients (Wise and 

Coombes, 2020). Furthermore, an increase in the recruitment rate of 15% to 50% can be 

realistic, as several NHS hospitals had already achieved overall recruitment rates above 50% 

(Wise and Coombes, 2020); recruiting research nurses could have significantly improved the 

recruitment performance of the worst-affected hospitals. Moreover, the cost attached to such a 

recruitment strategy may have been strict, as it was assumed that the NHS would incur the 

costs of hiring or redeploying such research nurses for an entire year. Thus, the cost-
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effectiveness estimates of faster recruitment to the RECOVERY are likely to be conservative. 

However, this approach also signals that if there was a significantly effective recruitment 

strategy, which would also be considerably costly, accelerating recruitment to the RECOVERY 

trial would have remained a cost-effective strategy from the NHS perspective. A disadvantage 

of hiring or redeploying research nurses for recruitment purposes is the concern that, at the 

onset of a global pandemic, it might not have been feasible to employ 352 research nurses 

across the country. However, as many elective operations and primary care appointments were 

cancelled due to the emergence of the pandemic, it may also have been feasible for such a 

recruitment strategy to have been implemented feasibly due to potential redirection of duties 

for research nurses. Interestingly, a senior NHS research nurse reported that during the 

COVID-19 pandemic, the intensive care units (ICUs) were adequately staffed, implying that 

research nurses could swift from clinical duties to research responsibilities (Great Ormond 

Street Hospital, 2021), an argument that supports the feasibility of considering research nurses 

as a potential recruitment strategy in the RECOVERY trial. 

2.5.3. Direction for future research 

 

The model of the cost-effectiveness of improving patient recruitment to a real-life RCT was 

based upon an ex-post analysis where dissemination of a cost-effective treatment was delayed 

because of slow recruitment. Such an analysis was undertaken to demonstrate that the 

detrimental effects of poor recruitment to trials are not limited to trial teams and statisticians 

but can also impact an entire healthcare system. Alternatively, if a treatment was not cost-

effective, as was the case with hydroxychloroquine in the RECOVERY trial, faster recruitment 

could still be cost-effective but would have to be modelled alternatively by considering aspects 

such as: QALYs saved from rejecting earlier a harmful treatment and switching research to an 

alternative, cost-effective treatment; resource use costs saved from finishing the trial earlier 

than originally. A useful tool, which could determine ex ante whether improving recruitment 

is cost-effective, could be the Expected Value of Perfect Information (EVPI) or the Expected 

Value of Sample Information (EVSI), the value of which could be subtracted by the 

incremental costs of a recommended recruitment strategy to generate the ex-ante incremental 

net benefit of faster recruitment to a corresponding RCT. In the case of the RECOVERY trial, 

simulations of different effectiveness scenarios of Treatments A and B could be undertaken ex 

ante to estimate (and update) the EVPI in real time; the EVPI could then be subtracted by the 

incremental cost of hiring or redeploying two research nurses to each hospital in order to 
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estimate the ex-ante incremental net benefit of faster recruitment to the RECOVERY trial. 

There is no study that has estimated ex ante the cost-effectiveness of accelerating patient 

recruitment to a randomised trial. 

With respect to improving patient recruitment to randomised trials, the conduct of Studies 

Within A Trial (SWATs) is highly suggested, in order for effective and cost-effective patient 

recruitment strategies to be identified.  According to Trial Forge Guidance 1, a SWAT is a 

“self-contained research study that has been embedded within a host trial with the aim of 

evaluating or exploring alternative ways of delivering or organising a particular trial 

process.” (Treweek et al., 2018a). A Cochrane review, which critically appraised the evidence 

surrounding the effectiveness of existing recruitment strategies, included studies whose study 

design was predominantly identical or similar to that of a SWAT (Treweek et al., 2018b). 

2.5.4. Concluding remarks  

 

This is the first study that presents, using conventional economic evaluation methods, the 

importance of achieving sufficient recruitment rates in randomised trials, from the economic 

perspective of a national healthcare system. In the case of the RECOVERY trial, a randomised 

study related to the treatment of hospitalised patients with COVID-19, improving recruitment 

to the RECOVERY trial could have generated an incremental net benefit of £13,955,476.42 

(95% CI: £12,457,048.54, £15,453,904.30). Thus, it is imperative that effective and cost-

effective recruitment strategies be identified, so that national healthcare systems could benefit 

from faster and improved patient recruitment to randomised trials. The conduct of SWATs for 

novel and existing recruitment strategies could positively contribute to the aim of improving 

trial efficiency, with benefits for patients, trial teams and national healthcare systems. 
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Chapter 3: Economic costs of participant attrition from RCTs: a 

case study from the OTIS trial 

3.1. Abstract 

 
Background: Attrition of participants can threaten the statistical validity of randomised trials. In 

addition, it can have financial consequences for trial teams and their funders. This chapter explores the 

Occupational Therapist Intervention Study (OTIS) where, despite a withdrawal rate of less than 10%, 

the trial team incurred opportunity costs related to participants who were initially recruited but 

subsequently decided to withdraw from the trial. 

Aim: To estimate the cost of participant losses to follow-up in the OTIS trial and thus introduce a 

costing framework to research teams on how they could estimate the direct financial costs of attrition 

in their randomised trials. 

Methods: The participants lost to follow-up were differentiated by: 1) the time point at which they were 

lost to follow-up; 2) the treatment group they were allocated to; 3) their response patters to follow-up 

questionnaires These factors were used to produce the relevant types and subtypes of attrition; the 

numbers of participants belonging to each type of attrition were obtained by the trial team.  Data 

regarding protocol-driven costs of each trial materials were collected from the trial team, including 

administration, print and shipping costs. The trial materials corresponding to each type of attrition were 

determined, following which unit costs by type of attrition were estimated. For each type of attrition, 

the unit costs were multiplied by the corresponding number of participants to obtain the aggregate 

figures. Following the summation of the aggregate cost figures by type of attrition, it became possible 

to obtain the aggregate and the average cost of participant attrition to the trial team. 

Results: The average cost per participant loss to follow-up in the OTIS trial is £98.41. The aggregate 

cost of participant loss to follow-up to the trial team, and hence to the trial funder, is £10,234.90.  

Conclusion: Despite the low attrition rate of the OTIS trial, which is lower than the median attrition rate 

usually observed in randomised trials, loss to follow-up has still generated considerable financial costs 

for the trial team. It is strongly recommended that decision makers focus on identifying strategies which 

could improve participant retention in randomised trials. 
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3.2. Introduction  

3.2.1. Participant loss to follow-up in randomised trials 

 

Attrition remains one of the key challenges to the statistical validity of randomised controlled 

trials (RCTs) (Leon et al., 2006), which naturally benefit from the feature of randomisation 

holding other things constant (Hariton and Locascio, 2018). Attrition occurs when already 

recruited participants withdraw from a trial during follow-up, die during the study or are lost 

to follow-up while they receive the intervention they were randomly allocated thus generating 

missing data for trial teams (Leon et al., 2006). This phenomenon is capable of introducing 

selection bias if the dropout rate is differential by trial group (e.g. dependent upon the 

intervention or treatment received) and/or participants’ baseline characteristics (e.g. health 

status, age, sex, etc.), thus introducing uncertainty in a trial’s findings and its dissemination 

(Leon et al., 2006). Thus, attrition may reduce the external validity of the study’s results, as the 

sample size can be skewed so that the final sample differs significantly from the original sample 

in terms of baseline characteristics (Torgerson and Torgerson, 2008). It is also likely that the 

patient population be indirectly affected by trial attrition as the treatment they will be receiving 

after the dissemination of the findings may not necessarily improve their health outcomes as 

much as other available treatments could, as the treatment effects of proposed (rejected) 

interventions or treatments may have been wrongly estimated (Akl et al., 2012). 

 

Loss to follow-up in a trial is also expected to have economic consequences for trial teams, 

clinical and health research funders, and healthcare systems overall. With respect to trial teams, 

economic costs may be related to the original costs of recruiting patients who are eventually 

lost to follow-up, the time costs of delay in an affected trial, as well as the protocol-driven costs 

for preparing and sending reminders to those lost to follow-up. With respect to clinical and 

health research funders, investing in a trial affected by attrition may generate a lower return on 

investment due to the direct opportunity costs arising from financial resources used for 

recruiting and retaining participants who eventually were lost to follow-up. Finally, a resource-

limited healthcare system could be affected by trial attrition. If no statistical method was valid 

for addressing missing data such as multiple imputation (MI) (Heymans and Twisk, 2022), it 

would be challenging to determine which interventions or treatments could maximise 

population health outcomes within the existing financial constraints. 
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3.2.2. The OTIS trial 

 

Although it is believed that “the cost of loss to follow-up…is very hard to assess” (Grimsby 

and Jacobs, 2016) , this chapter introduces a framework for estimating the direct financial costs 

of participant losses to follow-up by using a case study from the Occupational Therapist 

Intervention Study (OTIS), a cohort, pragmatic, two-arm, open RCT (Cockayne et al., 2021). 

This trial was completed in December 2019 and explored the efficacy of a home environmental 

assessment and modification tool administrated by occupational therapists (OTs), versus usual 

care for patients subject to a higher risk of falling. The primary outcome was the number of 

falls per recruited participant within a year of randomisation (Cockayne et al., 2021). With 

respect to patient recruitment, 19308 packs were distributed to patients from GP surgeries, as 

well as from previous trials. 3100 patients returned their screening questionnaire and an 

appropriate screening form. Following eligibility checks, falls calendar packs, including falls 

calendars and a baseline questionnaire, were sent to 1496 patients, of whom 1410 returned a 

baseline questionnaire. 1331 patients were eventually randomised to the trial. 901 participants 

were allocated to the usual care group, whereas 430 were allocated to the intervention group 

following 2:1 randomisation. The number of participants recruited was slightly above the 

desired sample size of n=1299, allowing for an attrition rate of 10% and 90% power (two-sided 

5% significance level). 

 

With respect to participant retention the duration of follow-up was 12 months, consisting of 

four-monthly follow-up questionnaires, sent to the trial participants, along with a return 

envelope (Cockayne et al., 2021). If someone did not return their questionnaire within 21 days 

of the due date, they would also receive a reminder letter along with an extra copy of the 

questionnaire. All participants received £5 with their final follow-up questionnaire. 53 out of 

430 participants (12.3%) in the intervention group, and 77 out of 901 participants (8.5%) in the 

control group were lost to follow-up; thus, the overall attrition rate was 9.8% (130 out of 1331 

randomised participants). Excluding deaths and considering exclusively participants who 

decided to withdraw from the study, which is the relevant figure for the chapter, 41 out of 430 

participants (9.53%) in the intervention group, and 63 out of 901 participants (7.00 %) in the 

control group were lost to follow-up; thus, the attrition rate, excluding deaths, is even lower, at 

7.8% (104 out of 1,331 randomised participants). Nevertheless, there may be significant 

administration costs, as well as print and shipping costs of trial materials related to the 

recruitment and the follow-up of randomised participants lost to follow-up, acting as resource 
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misallocation to the trial commissioner’s budget of £722,096.59 (NIHR Health Technology 

Assessment Programme 14/49/149). This chapter introduces a cost analysis for estimating such 

costs, the framework of which can be used for research teams to estimate the cost of participant 

loss to follow-up in their randomised trials. 

3.2.3. Cost-utility analysis and missing data in the OTIS trial 

 

The researchers concluded that a home environmental assessment and modification tool, 

administrated by OTs, was not found to reduce the incidence of falls for patients subject to a 

higher risk of falling, compared to usual care (Cockayne et al., 2021). In addition, following 

10,000 bootstrap estimates of the incremental  quality-adjusted life years (QALYs) and costs, 

the intervention was found to be more costly per patient (i.e. by £18.78, 95% confidence 

interval (CI): £16.33 to £21.24) and also less effective (i.e. by 0.0042 (95% CI 0.0041 to 

0.0043) QALYs compared to usual care), thus indicating that the intervention was dominated 

by usual care under the base case analysis, a type of analysis using the most likely range of 

inputs and assumptions for producing economic evaluation results (Cockayne et al., 2021). In 

other words, usual care was found to be a dominant strategy, compared to the intervention, as 

it is both more effective and cheaper.   

 

However, the sensitivity analysis challenged the cost-utility findings, as the complete case 

analysis, i.e. a type of analysis considering utility and costing data exclusively from participants 

whose responses did not have any missing data for producing economic evaluation results, 

concluded that the OT home visit intervention was less costly per patient but not significantly 

so (i.e. by £68.60, 95% CI: -£315.92 to £178.73) and also more effective but not significantly 

so (i.e. by 0.0076 (95% CI -0.0107 to 0.0259) QALYs) compared to usual care. The difference 

between base- and complete-case analysis is that the former applies multiple imputation (MI) 

methods to fill in missing data from participants who were either lost to follow-up or did not 

respond to follow-up questionnaires, whereas the latter considers data only from participants 

who provided complete data throughout the trial. In the case of the OTIS trial, observed data 

from 412 participants (121 in the intervention group and 291 in the usual care group) were used 

for the complete-case cost-utility analysis, whereas observed and multiply imputed data from 

1331 participants (430 in the intervention group and 901 in the usual care group) were used for 

the base-case cost-utility analysis.  
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Thus, it is evident that missing data, for which participant loss to follow-up is partly 

responsible, creates uncertainty on trial health economists about which methods to use for 

handling missing data. To address this, the identification of the mechanism behind missing data 

should be identified. There are three mechanisms: data missing completely at random (MCAR), 

data missing at random (MAR) and data missing not at random (MNAR). MCAR “means that 

missing values are randomly distributed over the data sample” (Heymans and Twisk, 2022) , 

MAR “means the probability of missing data is related to other variables” (Heymans and 

Twisk, 2022) and MNAR means that “the probability of missing data is dependent on the 

values of the variable itself”(Heymans and Twisk, 2022). Unless data are MCAR, complete 

case analysis is not recommended. MI methods are recommended only when data are MAR. 

Neither method is valid when data are MNAR, which implies that the cost-utility or cost-

effectiveness findings would be unreliable regardless of the approach adopted. Biasedness 

around the cost-effectiveness results could lead to significant costs for national healthcare 

systems as a result of having inconclusive or uncertain evidence surrounding the cost-

effectiveness of treatments evaluated in a given randomised trial. 

 

The authors demonstrated that the missing at random (MAR) assumption was likely to be 

reliable in the OTIS trial, following logistic regressions that assessed the correlation between 

missing data and control variables, and that between missing data and reported costs and utility 

scores (Cockayne et al., 2021). The only significant predictor behind participant loss to follow-

up was the case where a participant had had at least one previous fall, which increased the 

likelihood of missing outcome data (odds ratio (OR): 5.84 (95% CI: 1.13, 30.21); p = 0.04). 

When this factor was used as a covariate in the primary analysis, the intervention effect 

estimate remained unchanged at the 5% significance level (adjusted incidence rate ratio (IRR): 

0.17 (95% CI: 0.99,1.38); p = 0.07) (Cockayne et al., 2021). These results imply that the base-

case analysis cost-utility findings were likely to be reliable, in contrast to those observed under 

the complete-case analysis.  

3.2.4. Aim of Chapter 3 

The primary aim of this chapter is to estimate the opportunity cost of participant losses to 

follow-up in the OTIS trial by estimating the aggregate and average protocol-driven costs 

related to participant loss to follow-up. This estimation will provide insights into the average 

cost of participant loss from the economic perspective of the trial team, and its impact on 

resource misallocation for trial teams and funders. Given the limited evidence on the 
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opportunity costs of participant attrition, the chapter intends to offer guidance to research teams 

on estimating these costs in their own randomised trials, facilitating informed budget decisions. 

3.3. Methods 

3.3.1. Types of participant loss to follow-up 

There were multiple periods where follow-up occurred in the OTIS trial after randomisation, 

at 4, 8, and 12 months through follow-up questionnaires (Cockayne et al., 2021). Therefore, 

prior to estimating the average cost per participant lost to follow-up, it was recognised that 

attrition in the case study was differential by the following elements: 

1) Time point at which a participant was lost to follow-up (i.e. (a) before receiving the 4-month 

follow-up questionnaire, due to withdrawal from trial; (b) after having received the 4-month 

follow-up questionnaire but before receiving the 8-month follow-up questionnaire, due to 

withdrawal from trial; (c) after having received the 4- and 8-month follow-up questionnaires 

but before receiving the 12-month follow-up questionnaire, due to withdrawal , and; (d) after 

having received all follow-up questionnaires, due to not responding to the 12-month follow-up 

questionnaire. Distinguishing the latest follow-up questionnaires that the participants, lost to 

follow-up received was necessary for estimating the actual indirect and direct costs the trial 

team incurred as a result of attrition. 

2) The group they were allocated to (i.e. intervention group or usual care group).  

3) Whether the participants lost to follow-up had responded to any of the follow-up 

questionnaires they received (i.e. excluding those lost to follow up before receiving the 4-

month follow-up questionnaire). If someone did not respond to any follow-up questionnaire 

within 21 days of receipt, the trial team would incur an additional cost of sending a reminder 

letter plus an extra copy of the questionnaire (Cockayne et al., 2021). Please note that if a 

participant did not withdraw from the study or die, the trial team continued to send them future 

follow-up questionnaires (Cockayne et al., 2021). 

By considering these differential elements, four different types of participant loss to follow-up 

were identified for the OTIS trial with regards to whether participants lost to follow-up had 

actually responded to any of the follow-up questionnaires. Table 3.1 presents these different 

types of participant loss to follow-up in the OTIS trial plus the number of participants 
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associated with each of these types, based upon Table 5 of the published study (Cockayne et 

al., 2021) . Supplemental Material 3.1 provides details about the allocation of participants lost 

to follow-up by type and subtype of attrition. The reported follow-up and response rates from 

the published study were considered to determine the sample size for each type and subtype of 

attrition (Cockayne et al., 2021). For ethical reasons, losses to follow-up generated by death 

events (12 in the intervention group and 14 in the control group) are not considered in the 

analysis. 

3.3.2. Protocol-driven costs 

Having defined attrition in the OTIS trial, the next step was to define the protocol-driven 

opportunity costs by following the economic perspective of the trial team.  

Initially, the trial team incurred costs for recruiting patients with a higher risk of falling to the 

trial. Given the published trial report, the recruitment packs that all potentially eligible patients 

received consisted of the following case report forms (CRFs): invitation letters, participant 

information sheets (PIS), consent forms and screening forms (Cockayne et al., 2021). 

Evidently, the trial team incurred costs for administering, printing, and shipping recruitment 

packs to patients, as well as for processing and managing data collected from potentially 

eligible patients, who were eventually recruited but decided to withdraw from the trial.  

Secondly, the trial team incurred costs related to the data management of recruited participants, 

as well as for administering, printing and shipping falls calendar packs (consisting of monthly 

falls calendars, the falls prevention leaflet and the baseline questionnaire), reminder letters, and 

the 4-, 8-, and 12-month follow-up questionnaires to randomised participants. Third, it incurred 

such costs for group newsletters, which were sent to recruited participants at three months after 

randomisation and two weeks before receiving their 12-month follow-up questionnaire 

(Cockayne et al., 2021). Fourth, the trial team incurred financial costs for paying £5 in cash to 

participants alongside the 12-month questionnaire.  
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Table 3.1: Types of participant loss to follow-up in the OTIS trial 

* Note due to unequal randomisation (i.e. 2:1 in favour of the usual care group) it would be expected 

that twice as many patients be lost to follow-up from the control group if the percentage loss to follow-

up was the same. 

Type of loss to follow-up Intervention group Usual care group All participants 

1. Attrition before receiving 

4-month questionnaire due 

to withdrawal or death  

16 12 28 

2. Attrition before receiving 

8-month questionnaire due 

to withdrawal or death 

9 15 24 

2a. Responded to 4-month 

questionnaire 

0 0 0 

2b. Not responded to 4-month 

questionnaire 

9 15 24 

3. Attrition before receiving 

12-month questionnaire 

due to withdrawal or death 

4 12 16 

3a. Responded to both 4-month 

and 8-month questionnaires 

0 0 0 

3b. Not responded to neither 4-

month nor 8-month 

questionnaires 

2 10 12 

3c. Responded to the 4-month, 

but not to the 8-month 

questionnaire 

2 2 4 

3d. Responded to the 8-month, 

but not to the 4-month 

questionnaire 

0 0 0 

4. Attrition due to not 

responding to 12-month 

questionnaire 

12 24 36 

4a. Responded to the 8-month 

questionnaire, but not to the 12-

month questionnaire 

11 16 27 

4b. Responded to neither 8-

month nor 12-month 

questionnaires 

1 8 9 

All types (total)* 41 63 104 
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Fifth, shipping costs of monthly falls calendars sent by trial participants were incurred by the 

trial team; however, data regarding the frequency of participants lost to follow-up in responding 

to monthly falls calendars are not available. Information regarding the assumption I made to 

estimate the number of falls calendars returned by participants lost to follow-up to the trial 

team can be found in Supplemental Material 3.2. These costs are not differentiated by treatment 

group. Evidently, there seem to be three main costing components from the economic 

perspective of the trial team: administration, print, and shipping costs.  

• Administration costs reflect the time required for trial staff to perform administrative tasks 

related to the recruitment of potentially eligible patients and retention of randomised 

participants. Relevant tasks include recording participant ID numbers, preparing and 

distributing trial materials, keeping records of questionnaire delivery and data entry for 

previous timepoints. Under this category fall both the administration costs related to trial 

materials and the costs associated with data management. The time dedicated to 

administering trial materials and data for participants lost to follow-up reflect an 

opportunity cost, in the sense it could have been allocated to other tasks within the trial if 

the marginal rates of productivity in other tasks were positive. 

• Print costs are direct costs related to printing the relevant material any potentially eligible 

patient or recruited participant should receive before and after randomisation.  

• Shipping costs are direct costs related to sending by post the relevant material any 

potentially eligible patient or recruited participant should receive before and after 

randomisation. In the OTIS trial, shipping costs consist of financial costs of pre-paid 

freepost envelopes, free-post licences, return freepost postages, and outgoing postages.  

The sum of the administration, print and shipping costs represents the unit cost of a trial 

material (e.g.4-month follow-up questionnaire) from the economic perspective of the trial 

team.  

3.3.3. Administration costs related to participants lost to follow-up 

The administration team in the OTIS trial consisted of a part-time data clerk (annual salary cost 

of £10,228 based on 50% full-time equivalent (FTE)), a part-time Grade 8 data manager 

(annual salary cost of £10,795, based on 20% full-time equivalent (FTE)) and a full-time Grade 

5 trial support officer (annual salary cost of £32,033). These salaries were reported, at 2015 

price levels, in the grant application of the York Trials Unit (YTU) to the National Institute for 
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Health & Care Research (NIHR), including employer national insurance and workplace 

pension contributions. Access to the grant application, and thus to staff costs, has been given 

confidentially by the trial team.  

The following formula estimates the aggregate administration cost, considering the data team’s 

salary costs and proportion of time related to administrative tasks relevant for the analysis. 

Administration costs = Data clerk’s salary costs*υ + Data manager’s salary costs*β + Trial 

support officer’s salary costs*γ                                                                             (Equation 3.1) 

, where υ, β and γ correspond to the proportion of labour time devoted to administration tasks 

in relation to trial materials. Given the difficulty in estimating these parameters due to differing 

staff workloads, the following assumptions were made: υ=100% to reflect the primary focus 

of data clerks on data entry and processing, β=40% to account for the data management 

oversight by data managers, and γ=60% considering the dual role of trial support officers in 

providing administrative assistance for trial materials (plus keeping records of questionnaire 

delivery) and supporting trial researchers and investigators. Assuming υ=100%, a two-way 

sensitivity analysis was undertaken to explore the impact of varying β and γ jointly between 

30% and 100% to evaluate the robustness of the findings given these assumptions. Moreover, 

since information on task allocation could not be obtained, the trial staff were assumed to have 

distributed equally their time in administration tasks across the trial materials. 

After solving Equation 3.1, and considering the assumptions made, the total administration 

costs are estimated to be £33,765.80, with the administration costs per trial material being 

£4,823.69. To express the administration costs in terms of unit costs, the aforementioned figure 

is divided by the number of potentially eligible patients or recruited participants to whom the 

following trial materials were sent: the recruitment pack (n=19,308), the falls calendar pack 

(n=1,496), the 4-month follow-up questionnaire (n=1,301), the 8-month follow-up 

questionnaire (n=1,268), the 12-month follow-up questionnaire (n=1,237), the first group 

newsletter (n=1,301) and the second group newsletter (n=1,237) (Cockayne et al., 2021). Note 

that the administration costs of monthly falls calendar returns, and reminder letters are assumed 

to be included already in the unit administration costs of the follow-up questionnaires, as they 

formed part of the administrative follow-up efforts by the trial team. 
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3.3.4. Print and shipping costs of trial materials related to participant loss to follow-up 

Following correspondence from YTU’s member of staff, data about the unit print and shipping 

costs of the OTIS trial’s CRFs (i.e. recruitment pack, falls calendar pack, follow-up 

questionnaires and group newsletters) were collected and reported at 2017 price levels. Hence, 

the administrative unit costs are later converted from 2015 price levels to 2017 price levels, 

using the Consumer price inflation time series data from the World Bank, for homogeneity 

purposes; the two-year UK inflation rate from 2015 to 2017 was 3.7% (World Bank, 2023).  

The unit shipping costs were formed using the following costing figures: with regards to the 

recruitment pack, a non-window A4 envelope costed £0.03, on which a printed address label 

with a unit cost of £0.02 was added. With respect to the recruitment pack, the falls calendar 

pack and the follow-up questionnaires, the unit cost of a pre-paid A4 freepost envelope was 

£0.19, the unit cost of a return freepost postage for A4 letter was £0.66, and the unit cost of 

outgoing postage (A4 size) was £0.76 per envelope. With respect to the falls calendar and the 

follow-up questionnaires, the unit cost of window A4 envelope was £0.05. The unit shipping 

costs of the two group newsletters consisted of the outgoing postage (A5/C5 size: (£0.56)) and 

an envelope (£0.02). In relation to monthly falls calendar returns, the unit cost of a return 

freepost postage was £0.44. 

The unit printing cost related to the recruitment pack includes the unit printing costs of the 

participant information sheet (£0.34), the invitation letter (£0.15), the consent form (£0.13), the 

screening form (£0.10), the contact form (£0.10), the baseline questionnaire (£0.32), the falls 

calendar (£1.23) and the falls prevention leaflet (£3.92). The unit printing cost related to the 

follow-up questionnaires includes the unit printing costs of the cover letter (£0.02) and the 

follow-up questionnaires (£0.36). Finally, the unit printing cost of a group newsletter is £0.25. 

3.3.5. Unit costs related to participant loss to follow-up 

By aggregating the unit administrative, print and shipping costs of each of the study’s materials, 

it became possible to estimate their corresponding unit costs.  

Unit cost= Unit administrative cost + Unit print cost + Unit shipping cost         (Equation 3.2)  

In addition to the unit costs of trial materials, the trial team incurred an incremental cost for 

delivering the intervention to participants who were randomised to the intervention group. This 

incremental cost consisted of the training the occupational therapists (OTs) received to 
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undertake home visits, the time spent at home visit and on follow-up telephone call, and the 

equipment/adaptations installed following the home visit. The figure, expressed in per 

participant terms, is provided in the published NIHR report related to the trial, i.e. £136.53 

(Cockayne et al., 2021). 

3.3.6. Average and aggregate costs related to participant loss to follow-up 

The next step was to estimate the unit costs by type of attrition, from the economic perspective 

of the trial team. To do so, it was crucial to detect which materials participants lost to follow-

up had received, so that the unit costs be estimated accordingly using the unit cost figures. A 

description of which trial materials participants lost to follow-up received, by type of attrition, 

is presented on Table 3.2.  

It is assumed that participants who were lost to follow-up and had responded to a previous 

follow-up questionnaire did so without the need for receiving an additional copy of this 

questionnaire. Combining the information from Table 3.2 and the unit costs of trial materials 

and the intervention, the unit costs by type of attrition, from the economic perspective of the 

trial team, were estimated. 

The unit cost figures, by type of attrition and intervention group, were multiplied by the number 

of participants falling into each of these attrition types and intervention groups from Table 3.1, 

to estimate the aggregate monetary cost of participants lost to follow-up to the trial team. For 

simplicity purposes and due to absence of relevant information regarding intervention delivery 

in the study’s report, it  is assumed that all participants from the intervention group who were 

lost to follow-up had received an OT home visit; in the trial’s original NIHR report, it is 

reported that 88.6% of the recruited participants in the intervention group received the home 

visit (Cockayne et al., 2021). The cost per participant lost to follow-up, from the economic 

perspective of the trial team, was also obtained. 
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Table 3.2: Trial materials received by participants lost to follow-up, by type of attrition 

Type of loss to follow-up Intervention group  Usual care group 

1. Attrition before receiving 4-month questionnaire due to withdrawal or death  1x Recruitment pack 

1x Falls calendar pack 

1x OT home visit 

1x First group newsletter 

1.56x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x First group newsletter 

1.56x Falls calendar monthly return 

2. Attrition before receiving 8-month questionnaire due to withdrawal or death   

2a. Responded to 4-month questionnaire 1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire  

1x OT home visit                   

1x First group newsletter 

6.32 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire  

1x First group newsletter 

6.32 x Falls calendar monthly return 

2b. Not responded to 4-month questionnaire 1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire 

1x OT home visit                  

1x First group newsletter 

6.32 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire      

1x First group newsletter 

6.32 x Falls calendar monthly return 

 

3. Attrition before receiving 12-month questionnaire due to withdrawal or death   

3a. Responded to both 4-month and 8-month questionnaires 1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire 

1x OT home visit                  

1x First group newsletter 

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire      

1x First group newsletter 

10.51 x Falls calendar monthly return 

 

3b. Not responded to neither 4-month nor 8-month questionnaires 1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire 

2x 8-month questionnaire 

1x OT home visit                  

1x First group newsletter 

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire 

2x 8-month questionnaire      

1x First group newsletter 

10.51 x Falls calendar monthly return 

3c. Responded to the 4-month, but not to the 8-month questionnaire 1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

2x 8-month questionnaire 

1x OT home visit                  

1x First group newsletter 

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

2x 8-month questionnaire      

1x First group newsletter 

10.51 x Falls calendar monthly return 

3d. Responded to the 8-month, but not to the 4-month questionnaire 1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire 

1x 8-month questionnaire 

1x OT home visit                  

1x First group newsletter 

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

2x 4-month questionnaire 

1x 8-month questionnaire     

1x First group newsletter 

10.51 x Falls calendar monthly return 

4. Attrition due to not responding to 12-month questionnaire   
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3.4. Results 

3.4.1. Unit administration costs of trial materials related to participant loss to follow-up 

At 2015 price levels, the unit administration cost of a recruitment pack is £0.25; the unit 

administration cost of a falls calendar pack, including the baseline questionnaire, is £3.22; the 

unit administration cost of a 4-month follow-up questionnaire is £3.70; the unit administration 

cost of an 8-month follow-up questionnaire is £3.80; the unit administration cost of a 12-month 

follow-up questionnaire is £3.90; the unit administration cost of the first group newsletter is 

£3.70; and the unit administration cost of the second group newsletter is £3.90. These are the 

unit administration costs reported at 2015 price levels. 

Following the conversion to 2017 price levels  (World Bank, 2023) , the unit administration 

cost of a recruitment pack is £0.26; the unit cost of a falls calendar pack, including the baseline 

questionnaire, is £3.34; the unit administration cost of a 4-month follow-up questionnaire is 

£3.84; the unit administration cost of an 8-month follow-up questionnaire is £3.94; the unit 

administration cost of a 12-month follow-up questionnaire is £4.04; the unit administration 

cost of the first group newsletter is £3.84 ; and the unit administration cost of the second group 

4a. Responded to the 8-month questionnaire, but not to the 12-month 

questionnaire 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire 

1x 12-month questionnaire 

1x 12-month questionnaire + reminder letter  

1x OT home visit                   

1x First group newsletter       

1x Second group newsletter 

1x £5 monetary reward 

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire 

1x 12-month questionnaire 

1x 12-month questionnaire + reminder 

letter  

1x First group newsletter    

1x Second group newsletter 

1x £5 monetary reward  

10.51 x Falls calendar monthly return 

4b. Responded to neither 8-month nor 12-month questionnaires 1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire 

1x 8-month questionnaire + reminder letter  

1x 12-month questionnaire 

1x 12-month questionnaire + reminder letter  

1x OT home visit                   

1x First group newsletter       

1x Second group newsletter 

1x £5 monetary reward  

10.51 x Falls calendar monthly return 

1x Recruitment pack 

1x Falls calendar pack 

1x 4-month questionnaire 

1x 8-month questionnaire 

1x 8-month questionnaire + reminder 

letter  

1x 12-month questionnaire 

1x 12-month questionnaire + reminder 

letter  

1x First group newsletter    

1x Second group newsletter 

1x £5 monetary reward  

10.51 x Falls calendar monthly return 
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newsletter is £4.04. The unit administration costs also consider the administration costs related 

to the monthly falls calendar returns, as they formed part of the follow-up efforts related to data 

collection from follow-up questionnaires by the trial team and the administration costs of the 

falls calendar pack. 

3.4.2. Unit print costs of trial materials related to participant loss to follow-up 

The unit print cost of a recruitment pack was £0.82, including the unit print costs of an 

invitation letter (£0.15), a PIS (£0.34), a consent form (£0.13), a screening form (£0.10), and a 

contact form (£0.10), all colour printed and sized in A4 papers. The unit print cost of a full falls 

calendar, consisting of 18 C5 cards, was £1.23. The unit print cost of a baseline questionnaire 

was £0.32. The unit print cost of the patient falls prevention leaflet was £3.92. The unit print 

cost of the falls calendar packs, including a copy of the baseline questionnaire, was £1.55. The 

unit print cost of a copy of the 4-, 8-, and 12-month follow-up questionnaires, each of which 

included an additional page with a cover letter, was £0.38. The unit print cost of a group 

newsletter (both first and second) was £0.25. In addition, the print costs of the reminder letter 

(1 page-coloured), i.e. £0.15, are considered for participants not responding to follow-up 

questionnaires. Note that these costs were reported at the 2017 price levels. 

3.4.3. Unit shipping costs of trial materials related to participant loss to follow-up 

The unit shipping cost of a recruitment pack was £1.66. The unit shipping costs of a falls 

calendar pack (including falls calendar plus baseline questionnaire) and a 4-, 8- and 12-month 

follow-up questionnaire were identical, at £1.66. The unit shipping cost of a group newsletter 

(both first and second), printed on A5 or C5 paper, was £0.58, which includes the unit cost of 

an envelope and outgoing postage. Note that these costs were reported at the 2017 price levels. 

Finally, the shipping costs of the falls calendar monthly returns are considered, with the return 

freepost postage for a C5 letter costing £0.44 to the trial team. 

3.4.4. Unit costs related to participant loss to follow-up 

By aggregating the administration, print and shipping unit costs, the unit cost of a recruitment 

pack is £2.74, the unit cost of a falls calendar pack, including a copy of the baseline 

questionnaire, falls calendars and the falls prevention leaflet, is £10.47, the unit cost of a 4-

month follow-up questionnaire is £5.88, the unit cost of an 8-month follow-up questionnaire is 

£5.98, the unit cost of a 12-month follow-up questionnaire is £6.08, the unit cost of the first 
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group newsletter is £4.67, the unit cost of the second group newsletter is £4.87, the unit 

shipping cost of the monthly falls calendar return is £0.44, the unit print cost of reminder letters 

is £0.15 and the unit cost of the monetary reward is £5.The NIHR report of the study estimated 

the total unit cost of the OT home visit intervention to be £136.53 at 2017 price levels 

(Cockayne et al., 2021),  which is also used in this chapter for estimating the costs of attrition 

to the OTIS trial. All unit costs from the economic perspective of the trial team are summarised 

in Table 3.3. 

Table 3.3: Unit costs from the economic perspective of the trial team 

 

* Unit administration costs for falls calendar monthly returns already considered in the unit administration costs related to 

the falls calendar pack and the follow-up questionnaires. Unit print costs related to falls calendars already included in the 

unit print cost of the falls calendar pack. 

** Unit administration costs for reminder letters already considered in the unit administration costs related to the follow-up 

questionnaires. Reminder letters were sent alongside an extra copy of a follow-up questionnaire; hence their additional unit 

shipping cost is zero. 

3.4.5. Average and aggregate costs related to participant loss to follow-up 

The unit costs by type of attrition, from the economic perspective of the trial team, are available 

in Table 3.4. The unit cost figures, by type of attrition and intervention group, were multiplied 

by the number of participants falling into each of these attrition types and intervention groups 

from Table 3.1, to generate an aggregate monetary cost of participants lost to follow-up to the 

trial team, expressed as the sum of the costing figures included in Table 3.4. The aggregate, 

Item Unit administration cost 

(£, 2017) 

Unit 

print 

cost (£, 

2017) 

Unit 

shipping 

cost (£, 

2017) 

Unit 

cost  

(£, 2017) 

Recruitment pack 0.26 0.82 1.66 2.74 

Falls calendar pack 3.34 5.47 1.66 10.47 

4-month follow-up questionnaire 3.84 0.38 1.66 5.88 

8-month follow-up questionnaire 3.94 0.38 1.66 5.98 

12-month follow-up questionnaire 4.04 0.38 1.66 6.08 

First group newsletter 3.84 0.25 0.58 4.67 

Second group newsletter 4.04 0.25 0.58 4.87 

OT home visit intervention NA NA NA 136.53 

Falls calendar monthly return NA* NA* 0.44 0.44 

Reminder Letter NA** 0.15 0.00** 0.15 

£5 monetary reward in cash NA NA NA 5.00 



 90 

direct financial costs of participant loss to follow-up, from the economic perspective of the trial 

team, were estimated to be £10,234.90. 

Therefore, the average cost per participant lost to follow-up, from the economic perspective of 

the trial team, was: 

Average cost per participant lost to follow-up = £98.41                                       (Equation 3.3) 

Given that; (1) the estimated cost of attrition is £10,234.90 and; (2) the NIHR awarded 

£722,096.59 to the trial team, it means that (£10,234.90/£722,096.59) *100% = 1.42 % of the 

funding has been lost because of participant loss to follow-up. 

The two-way sensitivity analysis, which jointly varied the proportion of labour time dedicated 

by the data manager and the trial support officer for administration tasks related to our analysis 

between 30% and 100%, suggests that the findings remain robust despite the assumptions made 

on the parameters υ,β and γ, with the aggregate cost of attrition varying between £ 9,618.98 

(when β= γ= 30%) and £11,346.50 (when β= γ= 100%). 

Table 3.4: Unit and aggregate costs by type of attrition, from the economic perspective of the 

trial team 

 
Type of loss to follow-up Intervention 

group (unit cost; 

£, 2017 level) 

Usual care group 

(unit cost;  

£, 2017 level) 

Intervention group 

(aggregate cost; £, 

2017 level) 

Usual care group 

(aggregate cost; £, 

2017 level) 

1.  Loss to follow-up before receiving 4-

month questionnaire due to withdrawal or 

death  

155.10 18.57 2481.66 222.89 

2.  Loss to follow-up before receiving 8-

month questionnaire due to withdrawal or 

death 

  

 

 

2a. Responded to 4-month questionnaire  163.77 27.24 0 0 

2b. Not responded to 4-month questionnaire 172.59 36.06 1553.27 540.83 

3.  Loss to follow-up before receiving 12-

month questionnaire due to withdrawal or 

death 

  

 

 

3a. Responded to both 4-month and 8-month 

questionnaires 

174.38 37.85 0 0 

3b. Not responded to neither 4-month nor 8-

month questionnaires 

191.17 54.64 191.17 273.22 
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3.5. Discussion 

3.5.1. Summary of findings 

The OTIS trial had an overall attrition rate of 9.8%. Given that such a rate is low, the likelihood 

of attrition bias, the main source of threat to the statistical validity of a trial’s findings, is low. 

Nevertheless, participant attrition still occurred, albeit in small numbers, and generated 

significant economic costs for trial teams and research commissioners.  

The average cost per participant lost to follow-up is estimated to be £98.41. Such a figure 

includes the administration costs of data management, as well as administration, print, and 

shipping costs of trial materials, including the recruitment pack, the falls calendar pack, 

reminder letters, the follow-up questionnaires and newsletters, as well as the cost of the trial’s 

intervention of OT home visit, related to participants lost to follow-up, plus the final £5 

monetary reward. Given the timepoints and frequency of attrition, the aggregate direct cost is 

estimated to be £10,234.90. This figure also reflects the direct financial costs of attrition in the 

OTIS trial to the trial’s funding source, the NIHR (Cockayne et al., 2021), as £10,234.90 from 

its allocated funding to the OTIS trial has been lost instead of invested in another clinical 

study/studies that could have generated additional health benefits for the population.  

In 2016/17, the NIHR allocated £67.6 million for pilot or full-scale randomised trials (National 

Institute for Health & Care Research, 2024) (see Supplemental Material 3.3 for more details). 

The OTIS trial, approved during that period, received £722,096.59 in funding (National 

Institute for Health & Care Research, 2024) . Assuming other RCTs experienced comparable 

losses to follow-up as a percentage of their funding, i.e. (£10,234.90/£722,096.59) *100%           

= 1.42 %), the estimated annual cost of attrition for the NIHR would be approximately 1.42%*  

£67,553,088 = £957,491. In other words, approximately £960,000 invested from the UK’s 

3c. Responded to the 4-month, but not to the 

8-month questionnaire 

189.76 53.23 569.29 372.63 

3d. Responded to the 8-month, but not to the 

4-month questionnaire 

189.66 53.13 0 0 

4.  Loss to follow-up due to not responding 

to 12-month questionnaire 

    

4a. Responded to the 8-month questionnaire, but 

not to the 12-month questionnaire 

201.19 64.66 2213.14 1034.64 

4b. Did not respond to neither 8-month nor 12-

month questionnaires 

207.33 70.80 207.33 566.40 
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main health research funder may have not led to improvements in health outcomes for the UK 

population because of foregone resources originating from participant attrition in its funded 

studies. Considering that the average cost per funded feasibility or full-scale RCT was 

£1,535,297 in the 2016/17 period (National Institute for Health & Care Research, 2024) , these 

findings illustrate that had resource waste not existed as a result of attrition, the NIHR could 

have invested in 0.62 additional RCTs instead. In addition, a resource misallocation of 

£960,000 suggests that if the £20,000 cost-effectiveness threshold recommended by the 

National Institute for Health and Care Excellence (NICE) (Claxton et al., 2015b)  , which 

corresponds to a maximum of £20,000 invested per additional Quality-Adjusted Life Year 

(QALY) gained, at least 48 QALYs could have been saved had attrition not occurred in NIHR-

funded trials, and these economic resources were invested in cost-effective health technologies 

and treatments instead. This estimate, however, will understate the opportunity costs for those 

trials where follow up includes a clinical, face to face, appointment.  Therefore, the estimate of 

the attrition cost to the NIHR HTA programme is probably very conservative.  

3.5.2. Strengths and limitations of the study 

 

Aside from the statistical implications of attrition, trial teams face opportunity costs because 

of administering data related to and providing trial materials for recruited participants lost to 

follow-up ; this chapter highlights such costs for a case study which, despite its low attrition 

rate, faced significant financial costs due to participant losses to follow-up. To estimate such 

costs, this chapter presents a detailed cost analysis which considers the unit protocol-driven 

costs of administering, printing and shipping each trial material participants lost to follow-up 

received. In addition, the methodology differentiates the nature of participants lost to follow-

up, according to the time point at which they were lost to follow-up, the treatment group they 

were allocated to, and their history of responding to previous follow-up questionnaires. It is 

the first time a study attempts to estimate the direct financial costs of attrition associated with 

a specific randomised trial.  

 

These findings highlight the importance for trial teams to find methods to reduce participant 

losses to follow-up, as the resources foregone could have been allocated more efficiently 

towards other trial-related activities. These activities may include the recruitment of additional 

participants to improve the statistical power of a trial, improving the delivery of interventions, 

extending the follow-up period to explore clinical or health outcomes in the longer term, 
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optimising data collection and statistical analysis methods, or implementing a more intensive 

monitoring of trial-related activities. This analysis could also be important for trial funders as 

attrition, which causes resource misallocation, can undermine their efforts to maximise 

population health outcomes (e.g. a net loss of 48 QALYs if the cost of attrition accounts for 

1.42% of the funding allocated by the NIHR to randomised trials) and their return on 

investment (ROI) within their constrained budget. Finally, trial teams could consider the 

methodology presented to estimate the economic costs of attrition in their randomised trials, 

even before commencing the trials, in order to optimise their budget by considering alternative 

retention strategies that could reduce loss to follow-up. Given the opportunity costs of attrition, 

such a course of action could enhance the research impact of their studies given the budget 

constraints. 

 

However, the generalisability of the costing methodology may be limited, as the follow-up data 

collection methods are not solely limited to postal follow-up questionnaires. If a trial involves 

clinical appointments for follow-up data collection, costs such as staff costs related to follow-

up activities, frequency of clinic visits for follow-up or reimbursable participant transport costs 

(e.g. parking fees) to the clinic may also need to be considered in the estimation of the 

opportunity costs of attrition. Alternatively, if a trial involves telephone interviews, duration of 

calls, call charges and trial staff costs related to the conduct of telephone interviews could be 

relevant opportunity costs. On the other hand, if a trial involves electronic and web-based 

questionnaires, costs related to electronic data collection and management may be relevant 

rather than print and shipping costs of trial materials delivered to participants by post. If a trial 

involves postal follow-up methods, the framework presented can be more easily adapted in 

such a trial. Moreover, if a trial involves alternative interventions, there can be variations in 

terms of resource utilisation that may require an adjustment to the estimation of the opportunity 

costs of attrition. For instance, trials of nursing interventions may involve more intensive 

ongoing training, administrative and monitoring activities, whose costs are incurred by the trial 

team. On the other hand, trials of medical interventions may involve medical technologies for 

intervention delivery such as diagnostic tests and more intensive monitoring of adverse events. 

Thus, trial teams need to adjust the relevant resource items that should be considered for the 

estimation of the opportunity costs of attrition in their trials according to the follow-up data 

collection methods and intervention design. Nevertheless, the framework presented offers a 

detailed methodology as to how the opportunity costs of attrition were estimated in a case 
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study, the rationale and the approach of which could be applicable to trials of different follow-

up methods or intervention designs. 

 

In addition, several assumptions were made for the estimation of the opportunity cost of 

attrition in the OTIS trial because of the unavailability of relevant data. For instance, 

assumptions have been made with regards to the sample size of participants lost to follow-up 

corresponding to each type and subtype of attrition in the OTIS trial (Supplemental Material 

3.1), as well as with respect to the number of monthly falls calendars that were returned by post 

to the trial, by type and subtype of attrition (Supplemental Material 3.2). It was also difficult 

to assign precise proportions of labour time devoted to trial-related administrative activities, 

something which led to assumptions regarding such proportions; however, the two-way 

sensitivity analysis has confirmed the robustness of the findings despite the assumptions made. 

3.5.3. Direction for future research 

 

The analysis presented could work as a guidance for research teams to estimate the average 

and aggregate costs of participant attrition in their randomised trials, even prior to their 

recruitment phase. In addition, estimates of the aggregate and average cost of attrition could be 

stated in grant applications to trial commissioners, such as the NIHR, as participant losses to 

follow-up affect indirectly these institutions due to resource waste as discussed already. 

Given the costs of participant attrition, it seems imperative that trial teams and decision makers 

identify strategies that could improve participant retention in randomised trials. A study design 

which could identify such strategies is Studies Within A Trial (SWATs) (Treweek et al., 

2018a). Research on SWATs of retention strategies is already in place (Gillies et al., 2021). 

Improving retention in randomised trials could reduce the direct financial costs of attrition and 

ensure statistical accuracy. So far, no retention strategy has been found to be effective with 

high certainty of evidence (Gillies et al., 2021). In addition to SWATs, individualised 

approaches  and removing barriers to participation for improving participant retention are 

mentioned as solutions in the literature although further evidence would be necessary to 

explore the impact of such approaches (Brueton, 2022). Finally, I hope the findings of this 

chapter will encourage trial teams to understand the wider implications of participant losses to 

follow-up in their studies; according to a recent scoping review, only 36.8% of RCT protocols 

have made reference to plans for promoting participant retention (Murphy et al., 2022a). 



 95 

In addition, whereas MI methods managed to address missing data because they were MAR, 

they would not have been able to do so had data been MNAR. Given this scenario, it would be 

interesting for health economists to explore the costs of missing data, and thus attrition, from 

the economic perspective of a healthcare system as established statistical methods for dealing 

with missing data would be invalid under MNAR data. 

 

3.5.4. Concluding remarks  

 

Despite the low attrition rate of the OTIS trial, which is lower than the median attrition rate 

usually observed in randomised trials, loss to follow-up has still generated considerable 

financial costs for the trial team. It is strongly recommended that decision makers focus on 

identifying strategies which could improve participant retention in randomised trials. The 

conduct of SWATs for novel and existing retention strategies could positively contribute to the 

aim of improving trial efficiency, with benefits for patients, trial teams and funders. 
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Chapter 4: Existing evidence on SWATs for improving 

recruitment and retention in RCTs 

Given the remarkable costs poor recruitment and attrition can generate to trial teams and 

national healthcare systems, as evidenced by Chapter 2 and Chapter 3, it is strongly suggested 

that strategies addressing such challenges be identified. The following chapter aims to gather 

and critically appraise the evidence on the effectiveness and the cost-effectiveness of existing 

recruitment and retention strategies that have been evaluated from SWATs.  

 

With regards to the effectiveness of recruitment and retention strategies, two systematic reviews 

have been published in Cochrane (Treweek et al., 2018b) (Gillies et al., 2021). The chapter 

summarises the methodology and the findings of the two reviews, before proceeding to the first 

systematic review that has ever been undertaken, with respect to the cost-effectiveness of 

recruitment and retention strategies. 

4.1. Overview of Cochrane reviews on strategies to improve recruitment and 

retention in RCTs 

4.1.1. Cochrane systematic review of recruitment strategies (Treweek et al., 2018b) 

The latest Cochrane review focusing on recruitment aimed to “quantify the effects of strategies 

for improving recruitment of participants to randomised trials” (Treweek et al., 2018b). 

4.1.1.1. Methods 

The study selection process focused on randomised and quasi-randomised trials, i.e. trials that 

allocate participants to treatments using non-random techniques such as treatment allocation 

according to age or baseline clinical status, (including SWATs and other types of RCTs) related 

to healthcare and non-healthcare settings, in order to appraise the existing evidence on the 

effectiveness of strategies for improving recruitment. In addition to randomised trials recruiting 

real-life participants making real decisions, the authors included studies of hypothetical trials, 

although they later suggested that future associated reviews avoid hypothetical trials due to a 

potentially high risk of bias. The considered population consisted of potential trial participants, 

trial collaborators and research ethics committees. The interventions were any strategies 

designed to improve recruitment of participants to RCTs. The primary outcome was “the 

proportion of eligible participants or centres recruited” (Treweek et al., 2018b).  Given the 
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context of this review, no comparators were pre-specified. Studies related to retention 

interventions and qualitative studies related to improving questionnaire response were 

excluded from this review.  

To identify the relevant studies, the reviewers applied a search strategy to electronic databases, 

such as the Cochrane Methodology Review Group Specialised Register (CMR), MEDLINE, 

Embase, Science Citation Index & Social Science Citation Index (ISI) and ERIC, with records 

searched up to 11 February 2015. The data extraction generated records on methods evaluated, 

country, population, study setting, nature of the study to be recruited into, randomisation or 

quasi-randomisation, and numbers and proportions of participants in the intervention and 

control groups of the study that compared recruitment interventions. The Cochrane Risk of 

Bias tool was used to assess the risk of bias of the included studies. A GRADE assessment was 

also undertaken for all interventions, regardless of whether they were associated with a single 

or more studies. Hypothetical and high-risk-of-bias studies were considered in the data 

analysis. Heterogeneity of the included trials was captured through the i-squared (I2) test, whilst 

the factors the authors believed to have determined substantial heterogeneity across the affected 

studies could be the following: type of design and allocation concealment, setting of the study 

recruiting participants, disease area, design of the study recruiting participants, target group 

and recruitment to hypothetical versus real trials. The data synthesis categorised trials based 

on the Online Resource for Recruitment research in Clinical triAls (ORRCA) project: design; 

pre-trial planning; trial conduct changes; modifications to the consent process; modification to 

the information given to potential participants about the trial; interventions aimed at the 

recruiter or recruitment site; incentives (Kearney et al., 2018). All results were reported in 95% 

confidence intervals (CI) associated with fixed-effect and random-effect risk differences (RD). 

4.1.1.2. Results 

In total, 25,432 titles and abstracts were screened, with 377 deemed eligible for full text based 

on the inclusion and exclusion criteria. In addition, the full texts of six studies were obtained. 

Studies totalling 68 were included, and thus were eligible for data extraction. Out of the 68 

included studies, 63 were designed for trial participants, whereas the remaining five were 

designed for professionals recruiting trial participants. The included studies were undertaken 

in 12 countries, but most frequently in the USA and the UK. The Cochrane risk of bias was 

assessed to be low for 22 studies, high for 32 studies and unclear for 14 studies.  
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With respect to the design, an open design, i.e. a design where the participants and/or trial 

researchers are aware of participants’ treatment allocation,  compared to a placebo-controlled 

design, i.e. a design where the participants and/or trial researchers are not aware of participants’ 

treatment allocation, was shown to increase recruitment by RD=10% (95% CI: 7% to13%), 

with high GRADE certainty of evidence; this figure was obtained following a meta-analysis of 

two studies (Avenell et al., 2004, Hemminki et al., 2004). In addition, the review found that 

patient preference designs, i.e. designs allowing participants to express their preference on the 

treatment they would receive and whose preferences are eventually considered for treatment 

allocation, may not improve the recruitment rate; internet-based data collection may reduce 

recruitment compared to paper-based data collection; cluster-randomised design, i.e a design 

where the unit of randomisation is not individual patients but groups of patients such as clinical 

practices. may improve recruitment, compared to a Zelen’s design, i.e. an alternative design 

under which patients are allocated to treatment groups before giving informed consent.; and 

up-front randomisation may be preferable to delayed randomisation for recruitment purposes.  

With respect to trial conduct changes, a telephone reminder to contact participants who did not 

respond to postal trial invitations was found to improve recruitment by RD= 6% (95% CI: 3% 

to 9%) with high GRADE certainty of evidence; this figure was obtained following a meta-

analysis of two studies (Nystuen and Hagen, 2004, Wong et al., 2013). Nevertheless, the RD 

figure has low uncertainty when the baseline recruitment rate, i.e. proportion of eligible patients 

randomised, is less than 10%; otherwise, if the baseline recruitment rate is above 10%, the 

GRADE of evidence is downgraded to moderate. According to single studies, and with 

moderate GRADE of evidence, several trial conduct modifications may enhance recruitment, 

such as quotes from previous participants in SMS messages and highlighting shortage of trial 

places in SMS messages. 

With respect to modifications to the consent process, five out of eight included related studies 

were disregarded from reporting results as they were assessed to have a high risk of bias. The 

main finding in this category is that opt-out consent forms are likely to increase recruitment by 

RD=19% (95% CI: 3% to 35%) (Trevena et al., 2006). 

With respect to modifications to the information given to potential participants about the trial, 

a bespoke process that incorporates formal user-testing for improving the participant 

information leaflet (PIL) makes a small or no improvement in recruitment rates [RD = 1% 

(95% CI = -1% to 3%)], with high GRADE certainty of evidence (Cockayne et al., 2017, Man 
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et al., 2015). Results were reported for further 17 information modification-related recruitment 

interventions. Findings from the review indicated that, with a moderate GRADE of evidence 

and a low risk of bias in the corresponding included study, the use of a brief patient information 

leaflet (PIL) compared to a lengthier standard PIL may have mixed effects on recruitment rates. 

Additionally, including a questionnaire that focuses on trial issues alongside the invitation 

could potentially enhance recruitment. Furthermore, the inclusion of user feedback in PIL 

forms may slightly or may not improve recruitment rates. The use of a primer letter may or 

may not lead to improved recruitment. On the other hand, the provision of trial information via 

telephone does not appear to significantly improve recruitment. The results of the remaining 

interventions were not reported by the review authors, as the reviewers assessed the GRADE 

of evidence to be either low or very low and the risk of bias of the related studies to be unclear. 

With respect to interventions aimed at the recruiter or the recruitment site(s), using a postcard 

teaser campaign might slightly or might not improve recruitment, with moderate GRADE 

certainty of evidence. Finally, financial incentives appear to improve recruitment by RD = 4% 

(95% CI = -1% to 8%), with moderate GRADE certainty of evidence due to heterogeneity 

among the included studies (Free et al., 2010, Jennings et al., 2015).   

4.1.1.3. Conclusions of the review 

In summary, the reviewers concluded that an open design, compared to a placebo-controlled 

design, and using telephone reminders to non-responders are effective interventions to improve 

recruitment to RCTs; these findings are judged to be generalisable. In addition, a bespoke 

process incorporating formal user-testing for improving the participant information leaflet 

(PIL) was found to make a small or no improvement in recruitment rates, with high GRADE 

certainty of evidence. Whereas the review includes results for many potential recruitment 

interventions, the uncertainty regarding their generalisability in improving trial efficiency 

originates from the conduct of single studies exploring different potential recruitment 

interventions. Thus, the reviewers suggested that “the research community...establish a 

process for prioritising which recruitment interventions are most in need of evaluation” 

(Treweek et al., 2018b) , and further recruitment trials, related to interventions associated with 

a moderate GRADE of evidence (e.g. brief PIL vs lengthier PIL, postcard teaser campaign, 

etc.), be undertaken (Treweek et al., 2018b). Most importantly, as the results of the recruitment 

interventions with high GRADE of evidence were based upon SWATs, the authors recommend 

that future recruitment interventions be assessed with SWAT designs and that Trial Forge be 

informed of such recruitment trials for optimising coordination and research efficiency. The 
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priority interventions are the following: 1) telephone reminders for host trials having a reported 

recruitment of more than 10%; 2) moderate financial incentives (i.e. significantly less than 

£100 per participant recruited (Free et al., 2010)) to reduce heterogeneity among studies; 3) 

text messaging interventions which had a moderate GRADE certainty of evidence. Finally, the 

conduct and development of recruitment interventions for paediatric trials in the future is 

highly encouraged, as the difficulties of recruitment to paediatric trials are differential in nature 

to other trials because of the additional ethical requirements. 

4.1.2. Cochrane systematic review of retention strategies (Gillies et al., 2021) 

The latest Cochrane review focusing on retention aimed to “quantify the effect of strategies to 

improve retention of participants in randomised trials” (Gillies et al., 2021). 

4.1.2.1. Methods 

The study selection process focused on participant randomised and quasi-randomised trials 

involving patients, members of the public, healthcare professionals, etc., in order to appraise 

the existing evidence on the effectiveness of strategies for improving retention in RCTs. There 

were no restrictions with respect to the age, gender, ethnicity, language, and geographic group 

of the participants of host trials. The trial setting was not constrained to healthcare settings only 

since education and social sciences topics were additionally considered. However, for inclusion 

purposes, the outcomes of the host trials were health related or clinical. In contrast to the 

Cochrane recruitment review, hypothetical trials were excluded from data extraction, as such 

trials were assessed to have a high Cochrane risk of bias (Treweek et al., 2018b). The 

interventions were any strategies designed to improve retention of participants in RCTs. 

Related retention trials could include randomised comparisons of two or more retention 

strategies, or randomised comparisons of one or more retention strategies with a usual 

procedure. Retention interventions could be related to data collection, participant strategies, 

sites and staff, central study management, and study design. The primary outcome was the 

proportion of participants retained at the primary analysis point; if unspecified, the first time 

point of the statistical analysis of the retention trial was considered, or, if multiple points were 

reported, the data for the time point closest to the retention intervention were collected.  

To screen the relevant studies, the reviewers identified trial retention studies published up to 

the end of December 2017 from ORRCA. This is a helpful database including a wide range of 

electronic databases, in order to capture studies evaluating strategies to improve recruitment 
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and retention to RCTs. For studies published from 2018 and onwards, the reviewers applied a 

search strategy to electronic databases, such as Cochrane Central Register of Controlled Trials 

(CENTRAL), MEDLINE (OVID), CINAHL, PsycINFO, SCOPUS, and Web of Science Core 

Collection, with records searched up to January 2020. In addition, they searched the SWAT 

repository to capture retention SWATs that were either ongoing or unpublished. For the host 

trial, the data extraction form provided information about the design, location, setting, 

population, intervention, and comparator. For the retention SWAT, the data extraction 

provided information about the type of design (i.e. randomised, or quasi-randomised trial), 

design, aim, definition of retention used, retention period, the source of the retention trial 

sample, and participant characteristics. For the retention strategy, the data extraction provided 

information about the type, whether it is theoretically based, the frequency, mode of delivery, 

co-interventions, economic information, resource requirements, and the numbers and 

proportions of participants in the intervention and control groups of the retention SWAT. The 

Cochrane risk of bias tool was applied to assess the quality of the included studies. For any 

retention strategy, the GRADE tool was applied to assess the quality of its cumulated evidence, 

in a similar fashion to the Cochrane recruitment review. Studies reported to have a high risk of 

bias were not excluded from the data analysis. The RD and 95% CIs were reported for retention 

strategies. In the case of cluster RCTs, the standard error was inflated to derive an adjusted 

standard error. Heterogeneity across the included trials relevant to a specific retention strategy 

was assessed through the Chi2 statistic, the I2 statistic and subgroup analyses. The latter 

considered the type of design used, the host trial setting, the disease area, the follow-up 

duration, and the amount of the financial incentive. The data synthesis distinguished trials into 

the following categories, in line with the ORRCA project: data collection, participants, sites 

and site staff, central study management, and study design. All results were reported in 95% 

confidence intervals associated with fixed-effect and random-effect RD. Results were not 

pooled if heterogeneity was substantial. Overall, the methodology of this review tends to be 

similar to the methodology of the most recent Cochrane recruitment review (Treweek et al., 

2018b); the key methodological differences are that the retention review excluded hypothetical 

trials, and that it did not pool results when heterogeneity was unexplainable. 

4.1.2.2. Results 

 

In total, 18,756 titles and abstracts (18,655 from electronic databases, 76 from ORRCA 

database, and 25 from SWAT repository) were screened, of which 150 were eligible for full 

text, given the inclusion criteria. Eventually, 72 studies were included; these were undertaken 
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in eight countries, but most frequently in the USA and the UK. 70 studies were designed for 

trial participants, whereas the remaining two studies were associated with individuals involved 

in trial retention. The trial settings of these studies were broad and mainly clinical. The 

Cochrane risk of bias was assessed to be low for 14 studies, high for eight studies and unclear 

for 50 studies. The reviewers obtained 52 comparisons that included no study with a high risk 

of bias.   

With respect to data collection, relevant findings were obtained from 14 low or uncertain risk 

of bias studies with 9 comparisons and n=35,215 participants. No findings for any associated 

retention intervention were yielded with high GRADE certainty of evidence. The review found 

that using a diary versus no diary for follow-up may reduce retention by -3% (95% CI: -4% to 

-2%), with moderate GRADE certainty of evidence (Griffin et al., 2019, Marques et al., 2013). 

Another finding, with moderate GRADE certainty of evidence, is that self-sampling kits (sent 

directly by post or proposed via invitation to order) may increase retention by 9% (95% CI: 

4% to 13%) (Tranberg et al., 2018); however, given the limited applicability of such a strategy 

to most trials, the reviewers did not consider it a priority retention strategy Several results were 

reported for alternative retention strategies; however, their GRADE certainty of evidence was 

either low or very low due to single associated studies or multiple studies with unclear or high 

risk of bias. 

With respect to retention strategies targeting recruited trial participants, the GRADE certainty 

of evidence for 35 interventions was either low or very low; hence no generalisable conclusions 

can be made from the findings. Reminders was one sub-category of such interventions, with 

electronic reminders having a highly uncertain RD of 1 % (95% CI: -4% to 6%) (Starr et al., 

2015, Ashby et al., 2011, Keding et al., 2016), personalised reminders having a highly 

uncertain RD of -1% (95% CI: -11% to 8%) (Nakash, 2007) and telephone reminders also 

having a highly uncertain RD of -1% (95% CI: -18% to 15%) (Severi et al., 2011).  Prompts 

was another sub-category of such interventions, with electronic prompts versus no prompts 

having a very low GRADE certainty of evidence and RD of 2% (95% CI: -1% to 6%) (Clark 

et al., 2015, Bradshaw et al., 2020, Keding et al., 2016, Man et al., 2011, Starr et al., 2015), 

telephone prompts having RD of 1% (95% CI: -10% to 12%) (Edwards et al., 2016, 

MacLennan et al., 2014) and prenotification cards having RD of 3% (95% CI: -3% to 10%) 

(Treweek et al., 2021). Similar uncertainty persists on monetary incentives, non-monetary 

incentives, participant engagement and behavioural interventions. However, the results from 
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the introduction of a monetary reward to both host trial intervention and control groups 

alongside with a cover letter are more certain. The RD is 9% (95% CI: 3% to 15%), with a 

moderate GRADE certainty of evidence (Hardy et al., 2016).  

With respect to retention interventions targeting sites and site staff or central study 

management, only three studies explored comparisons, with prompts being uncertain with a 

RD of -3% (95% CI: -13% to 7%) (Land et al., 2007), monitoring visits being uncertain with 

a RD of -5% (95% CI: -20% to 10%) (Liénard et al., 2006) and a peer led follow-up 

intervention having a positive RD of 22% (95% CI: 14% to 30%), but a low GRADE certainty 

of evidence (Fouad et al., 2014). Finally, five studies considering two comparisons explored 

potential retention interventions targeting study design. Whilst the uncertainty of the evidence 

persists, giving a pen during recruitment may improve retention rates, with a moderate GRADE 

certainty of evidence and a positive RD of 20% (95% CI: 7% to 32%) (Whiteside et al., 2019). 

4.1.2.3. Conclusions of the review 

In summary, there is limited evidence to recommend an effective strategy improving retention 

in RCTs. With moderate GRADE certainty of evidence, adding a pen to recruitment, adding 

self-sampling kits to follow-up, and introducing a monetary reward to both host trial 

intervention and control groups, alongside a cover letter, can increase retention in RCTs. In 

addition, adding a diary to follow-up may reduce retention with moderate GRADE certainty of 

evidence. Similar to the recruitment review, the uncertainty of the evidence primarily originates 

from the assessment of many potential retention interventions from single studies, with no 

existing replications for 33 out of 51 comparisons. Nevertheless, nearly 50% of the included 

studies were published recently, i.e. from 2016 to 2020, thus signalling the key role of SWATs 

in gathering evidence to identify effective retention strategies. Similar to the Cochrane 

recruitment review, the reviewers summarised several retention strategies that could be 

prioritised for replication. These are electronic reminders versus usual follow-up; personalised 

prompts versus no prompt; adding a pen versus no pen; adding monetary rewards to all trial 

arms; adding a social incentive to a cover letter versus a standard cover letter; personalising a 

card versus no card; using a telephone reminder versus usual follow-up; comparing an 

electronic reminder with an electronic prompts; introducing a societal benefit message versus 

normal follow-up; adding a pen during recruitment versus no pen; and using self-sampling kits 

versus no self-sampling kits. It is believed that for retention strategies with a moderate GRADE 

certainty of evidence, a single replication might improve their overall GRADE certainty of 
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evidence. The authors also encourage further SWATs associated with patient and public 

involvement (PPI) interventions in case a trial team believes the effects of such interventions 

can outweigh their costs, as PPI consists one of the key unanswered research questions about 

trial retention (Brunsdon et al., 2019) Moreover, the reviewers viewed the reporting of many 

included trials to be poor, due to lapses of CONSORT diagrams, unclear primary outcomes, 

unclear sample sizes and invariable participant sociodemographic characteristics (e.g. findings 

came mainly from high income countries and white participants). Thus, considering these 

reporting aspects is important for deciding whether further trials of a particular retention 

intervention need to be undertaken in different contexts. Finally, the reviewers assert that 

“future evaluations (of any retention intervention) should also consider economic evaluation” 

(Gillies et al., 2021) . 
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4.2. A systematic review of economic evaluations alongside Studies 

Within a Trial (SWATs) for improving recruitment and retention 

in RCTs 

 

Note: This study is published in a peer-reviewed journal (Gkekas et al., 2023). The work 

presented is identical to the published study, including the supplemental material. 

 

4.2.1. Abstract 
 

Aim: To review the cost-effectiveness of strategies to improve participant recruitment and 

retention in randomised controlled trials. 

Methods: All included studies from the latest Cochrane recruitment and retention reviews were 

considered (Treweek et al., 2018b, Gillies et al., 2021). To identify articles published since the 

Cochrane reviews, electronic databases were searched until March 2021. Hand searching of 

conference databases and journals was also undertaken. The inclusion criteria included Studies 

within a Trial (SWATs). The main outcome was the incremental cost-effectiveness ratio 

(ICER). Quality assessment of papers used the Cochrane risk of bias 1 tool. The CRD guidance 

was used to assess the quality of economic evaluation. Random-effect meta-analyses were 

undertaken.  The GRADE certainty of evidence was applied for each strategy, and Trial Forge 

Guidance 2 was used for strategies included in meta-analyses to evaluate the uncertainty of the 

findings. Cost-effectiveness ranks summarises the cost-effectiveness of all strategies. 

Results: We identified 6569 records and included 29 SWATs (earliest conducted in 1999 and 

latest in 2021) including more than 35800 participants. There is no strategy which we would 

recommend trial teams and researchers adopt with complete statistical certainty. Recruitment 

strategies which could be cost-effective include financial incentives, trial-branded pens, 

telephone reminders and pre-notification leaflets. Retention strategies which could be cost-

effective include vouchers and trial-branded pens. 

Conclusion: Future SWATs should replicate existing recruitment and retention strategies, 

rather than evaluate novel ones. We recommend that economic evaluations be carried out 

alongside all future SWATs, costs and benefits be recorded transparently, and the cost-

effectiveness of existing recruitment or retention strategies be evaluated. 
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4.2.2. Introduction 

 

Recruitment of participants into randomised controlled trials (RCTs) is usually poor (Fletcher 

et al., 2012). Under-recruited, and hence under-powered, trials result in research waste 

(Treweek et al., 2018b).  Another main challenge with RCTs is attrition, when recruited 

participants fail to complete follow-up assessments. A systematic review of 151 trials 

associated with the National Institute for Health & Care Research (NIHR) Health Technology 

Assessment (HTA) Programme has found the median retention rates to be 89% (Walters et al., 

2017). Poor retention not only diminishes the power of the trial but also can introduce attrition 

bias, thus threatening the statistical analysis of RCTs (Torgerson and Torgerson, 2008).  

 

Studies Within A Trial (SWATs) are a study design for identifying strategies to improve 

recruitment and retention in RCTs (Bower et al., 2014, Treweek et al., 2018a). SWATs’ 

primary objective is to improve trial methodology and efficiency Treweek et al. (2018a). Two 

systematic reviews have appraised the evidence on the effectiveness of strategies for improving 

recruitment and retention in RCTs (Treweek et al., 2018b, Gillies et al., 2021). Both reviews 

have implied poor progress on identifying effective recruitment/retention strategies. 

 

Moreover, no appraisal of the evidence on the cost-effectiveness of recruitment and retention 

strategies has been undertaken so far. Given the anticipated high direct and indirect costs of 

poor recruitment and retention rates (McDonald et al., 2006, Kitterman et al., 2011), economic 

evaluations of recruitment and retention strategies alongside SWATs are useful. More broadly, 

an “economic evaluation offers an organised consideration of the range of possible alternative 

courses of action and the evidence of the possible effects of each. This is more likely to lead to 

better decisions that improve overall social value” (Drummond et al., 2015). There is an urgent 

need to strengthen the evidence arising from SWATs towards identifying strategies that could 

improve recruitment and retention in RCTs. There is a further need to develop a framework for 

the economic analysis of SWATs to enable research organisations to make more informed 

decisions. 

 

This review accumulates and critically appraises the existing evidence on economic 

evaluations alongside SWATs for improving recruitment and retention in SWATs. The primary 

aim is to improve trial efficiency by increasing the evidence available for making trial process 
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decisions. The secondary aim is to make recommendations for improvement of future 

economic evaluations alongside recruitment and retention SWATs. 

 

4.2.3. Methods 
 

A protocol is registered on PROSPERO (CRD record code: 42021236824), in line with the 

2020 PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses) 

guidelines (Page et al., 2021). 

 

The studies eligible for inclusion were quasi- or fully randomised SWATs. The corresponding 

host trials of SWATs had to be quasi- or fully randomised, and within the context of healthcare 

or any field applicable to healthcare settings. Hypothetical studies (i.e. studies that ask potential 

patients whether they would participate in a trial that will not take place in reality) were 

excluded as these were assessed to have a high Cochrane risk of bias (Treweek et al., 2018b), 

and hence were also excluded from the retention review (Gillies et al., 2021).  

 

Any strategies designed to improve recruitment and/or retention of participants in RCTs were 

eligible for inclusion in the study. The target population was any potentially eligible trial 

participants. For SWATs associated with improving recruitment, the strategies were aimed at 

potential trial participants who could be recruited to a host trial. For SWATs associated with 

improving retention, the strategies were aimed at already randomised trial participants who 

were asked to provide follow-up data. In contrast to the Cochrane recruitment and retention 

reviews, strategies aimed at collaborators or research ethics committees were not considered 

(Treweek et al., 2018b, Gillies et al., 2021). There were no restrictions regarding comparators. 

There are several potential types of economic evaluation alongside SWATs, including cost-

effectiveness analysis, cost-benefit analysis, cost-consequence analysis, and cost-utility 

analysis. Therefore, the primary outcome was reported in terms of the incremental cost-

effectiveness ratio (i.e. the incremental cost per additional patient recruited or per additional 

participant retained), the (monetary) net benefit of a given strategy or the willingness to pay 

(WTP) for a given strategy. The secondary outcomes were any costs and health utilities 

(benefits) of recruitment/retention strategies. The measures of effect could be reported as 

incremental/unit/total costs, or incremental utilities/effects/benefits expressed in recruitment or 

retention rates. If the primary outcome in a study was unavailable but its secondary outcomes 

were reported appropriately, such a study would not be excluded on these grounds. 
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As this review focused on SWATs of recruitment or retention strategies that included economic 

evaluations in their analyses, the SWATs from the most recent Cochrane recruitment and 

retention reviews were considered in the study selection process (Treweek et al., 2018b, Gillies 

et al., 2021). Further potential SWATs were identified after the final dates of the study searches 

in these Cochrane reviews, i.e. on and after 12 February 2015 until 3 March 2021 for 

recruitment strategies (Treweek et al., 2018b),  and on and after 1 March 2020 until 3 March 

2021 for retention strategies (Gillies et al., 2021). Thus, we developed a search strategy for the 

identification of more recent SWATs on recruitment and/or retention strategies that involved 

economic evaluation. The search strategy is available in Supplemental Material 4.2.  

 

We searched the following electronic databases:  

• MEDLINE (OVID) 

• Embase (OVID) 

• CINAHL 

• Cochrane Methodology Review Group Specialised Register (CMR) in the Cochrane Library 

• Science Citation Index and Social Citation Index 

• ERIC (EBSCO) 

• PsycINFO (OVID) 

• Scopus 

 

Hand searching of conference abstracts associated with SWATs was also undertaken. Journals 

were also hand searched, including ClinicalTrials.gov, OpenTrials, EU Clinical Trials Register, 

Cochrane Central Register of Controlled Trials (CENTRAL) and the Online Resource for 

Recruitment research in Clinical triAls (ORRCA). The search dates were the same as those for 

the electronic databases.  

 

The titles, abstracts, and full texts of identified records were independently screened by two 

authors (AG and AE). We independently extracted the data through a standardised data 

extraction form on Microsoft Word, which included information on both the host trial and the 

SWAT. The data extraction form provided information about the host trial name, design, 

location, clinical setting, population, intervention(s), and comparator(s) (Supplemental 

Material 4.1). With respect to SWATs, the data extraction form provided information about 

the design, the strategy(-ies), the comparator(s), study objective, time horizon, frequency and 
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timing of strategy, measure(s) of benefit and costs, type of economic evaluation, numbers, and 

proportions of participants in the intervention and control groups, results of health economic 

outcomes in the intervention and control groups, and perspective adopted in the economic 

evaluation (Supplemental Material 4.1). No automation tools were applied in the data 

collection process. We did not need to contact any study investigators to obtain further data or 

to ask for clarification of published data. 

 

In line with the Cochrane recruitment and retention reviews’ methodology, the Version 1 

Cochrane risk of bias tool was used to appraise the quality of the included studies (Higgins et 

al., 2011) .For included studies that were obtained from the recruitment and retention reviews, 

the risk of bias presented in these reviews was assumed to be valid, and hence their quality 

appraisal was adapted from the corresponding reviews to avoid duplication of effort (Treweek 

et al., 2018b, Gillies et al., 2021). In addition, a descriptive quality assessment was 

independently undertaken to assess the quality of the included SWATs (including those from 

the Cochrane reviews) with respect to their economic evaluation. Such assessment followed 

explicitly the University of York’s Centre for Reviews and Dissemination (CRD) guidance on 

systematic reviews of economic evaluations by considering the following: methods of deriving 

the effectiveness data, cost analysis, valuation and measurement of health benefit, methods of 

synthesising the costs and effects, and, if applicable, analysis of uncertainty (Tacconelli, 2010). 

To allow for broader inclusion of studies associated with economic evaluations alongside 

SWATs, studies with a high risk of bias, or studies with a low quality of economic evaluation, 

or studies that were not peer-reviewed, were still included if they met the inclusion criteria. 

 

Random-effect meta-analyses, through the Cochran-Menthel-Haenszel weighting method, 

were undertaken for the primary outcome. Since all included SWATs were associated with 

cost-effectiveness analysis, this was carried out by initially obtaining the odds ratios (ORs) of 

the recruitment or retention rates for each strategy. Then, the ORs were converted to effect 

sizes, i.e. incremental recruitment or retention rates, by dividing the natural logarithm of the 

OR with 1.81 (Chinn, 2000). This conversion is assumed for both continuous and dichotomous 

outcomes (Chinn, 2000), and hence we applied such a conversion in our study. 

 

(i.e. effect size= incremental recruitment rate/retention rate= ln(OR)/1.81 ).  
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The Cochran-Menthel-Haenszel method was applied for weighting the incremental costs of 

each strategy from each included study, to obtain the aggregate figure for the incremental cost 

of each strategy. The final step was to calculate the incremental cost per patient recruited or 

participant retained for each strategy by dividing the incremental cost with the incremental 

recruitment or retention rate. 95% confidence intervals are presented for the primary outcome, 

the OR, and the incremental recruitment or retention rate. RevMan was the software used for 

meta-analysis (Nordic Cochrane Centre, 2014). The figures for the primary outcome were 

adjusted to 2019 USD Purchasing Power Parity (PPP) rates. The use of PPP, defined by the 

International Monetary Fund (IMF) as “the rate at which the currency of one country would 

have to be converted into that of another country to buy the same amount of goods and services 

in each country” (Callen, 2012) can reflect more accurately any cost variations among 

countries. We anticipated the included studies to be potentially subject to between-group 

(study) heterogeneity; hence the I2 statistic, ranging from 0% to 100%, was computed for all 

strategies, whose primary outcome was obtained through the inclusion of multiple SWATs. 

The greater a reported value of I2, the greater the extent of between-study heterogeneity. More 

details about the meta-analyses of each recruitment and retention strategy can be found in 

Supplemental Material 4.3 and Supplemental Material 4.4 respectively. 

 

Following meta-analysis, the GRADE approach was applied to the effect measure (i.e. the OR) 

and consequently the primary outcome (i.e. the ICER), to assess the certainty of the evidence 

for each recruitment and retention strategy; this tool explores the extents of risk of bias, 

imprecision, inconsistency, indirectness, and publication bias in the included studies.  Such an 

assessment was undertaken by the two reviewers (AG and AE), and details about the GRADE 

assessment of each recruitment and retention strategy can be found in Supplemental Material 

4.5. Furthermore, the Trial Forge Guidance 2 was explicitly used to qualitatively assess 

whether more SWATs should be conducted for recruitment and/or retention strategies included 

in the study’s meta-analyses (Treweek et al., 2020). The assessment using Trial Forge Guidance 

2 comprises of five criteria: risk of bias, imprecision, inconsistency, balance of benefit and 

disadvantage to participants, and balance of benefit and disadvantage to the host trial (Treweek 

et al., 2020). Such an assessment was undertaken by the two reviewers (AG and AE), and 

details about the application of Trial Forge Guidance 2 to each recruitment and retention 

strategy comprising of at least two SWATs can be found in Supplemental Material 4.6. 
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Cost-effectiveness ranks of strategies for improving recruitment and retention in RCTs are 

presented. The rank was based on the mean ICER of each recruitment or retention strategy, 

whether the lower 95% odds ratio confidence intervals indicate the associated strategy is 

significantly effective, and the GRADE certainty of evidence. 

4.2.4. Results 
 

4.2.4.1. Searching of records 

 

The full texts of 68 studies from the recruitment review (Treweek et al., 2018b) and 71 studies 

from the retention review (Gillies et al., 2021) were assessed for inclusion to our study. 

Following the searches, 8113 records were retrieved from the electronic databases overall. 28 

additional studies were identified from manually searched registers. Nine studies were 

identified from hand searching reference lists of two studies that were retrieved from the 

electronic databases. After deduplication, 6569 records were screened, and 267 full texts were 

assessed for eligibility. 22 studies were included in this review. A PRISMA flow diagram is 

shown in Figure 4.1.  

4.2.4.2. Characteristics of the included studies 

 

Three studies had more than one SWAT (Jennings et al., 2015, Free et al., 2010, Khadjesari et 

al., 2011), and hence 29 SWATs were included in this review. Nine studies (15 SWATs) 

assessed recruitment strategies, whereas 15 studies (16 SWATs) evaluated retention strategies. 

Two studies included SWATs with strategies targeting both recruitment and retention  

(Whiteside et al., 2019, Jolly et al., 2019). The characteristics of the included studies, i.e. study 

(author, date, country), host trial design, participants, SWAT intervention(s) (and 

comparator(s)), and SWAT outcome(s), are presented in Table 4.1. 

 

All SWATs of retention strategies were already included in the retention review (Gillies et al., 

2021). However, two of these SWATs had data that were publicly inaccessible at the time of 

the publication of the retention review (Cook et al., 2021, Dorling et al., 2020). These SWATs 

eventually became publicly accessible in journals. As there was an uncertainty regarding which 

data the reviewers from the retention review had accessed, the papers’ risk of bias was re-

assessed.  
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For recruitment strategies, four included studies (four SWATs) were retrieved from the 

electronic databases(Jolly et al., 2019, Bracken et al., 2019, Arundel et al., 2017, Rogers et al., 

2019), one study (one SWAT) was retrieved from manual searching (Hancocks et al., 2019), 

four studies (10 SWATs) were already included in the recruitment review (Treweek et al., 

2018b), and one study (one SWAT) was already included in the retention review (Khadjesari 

et al., 2011).  

 

Most SWATs had individually randomised designs; however, two studies (two SWATs) were 

quasi-randomised (Miller et al., 1999, Gates et al., 2009), and two studies (two SWATs) were 

cluster randomised (Jolly et al., 2019) (Marsh and Kendrick, 1999).  

 

Primary outcomes were available in seven out of 22 studies (11 out of 29 SWATs) and reported 

in terms of the incremental cost per additional patient recruited/ incremental cost per additional 

participant retained, respectively. Accordingly, the incremental cost-effectiveness ratio 

(ICER), for recruitment strategies, was defined as: 

ICER= Incremental cost per additional patient recruited=                           

 

                                                                                                                              (Equation 4.1) 

 

For retention strategies, the ICER was defined as: 

ICER= Incremental cost per additional participant retained=                        

  

                                                                                                                               (Equation 4.2) 

Therefore, cost-effectiveness analysis was the sole method of economic evaluation available 

alongside the included SWATs. The primary outcome was manually computed by the 

reviewers in the remaining 15 studies (18 SWATs), using the incremental costs and the 

incremental recruitment and/or retention rates of a given strategy to obtain the ICER. The 

perspective adopted by all economic evaluations related to the trial teams, i.e. the reported 

effects and costs of recruitment or retention strategies were direct and associated with the trial 

teams’ budget. In total, 35864 participants from 29 SWATs were involved. 

 

The Cochrane risk of bias was assessed to be high for four included studies, unclear for nine 

studies, and low for nine studies (Table 4.2). In terms of the quality of the economic evaluation, 

this was assessed to be low for seven studies, moderate for six studies, unclear for one study, 
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and high for eight studies (Table 4.3). One included study affected the quality appraisal 

detrimentally, as a full text was unavailable (Hancocks et al., 2019). 

Figure 4.1: PRISMA Flow Diagram for the systematic review 
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Table 4.1: Characteristics of the included studies 

 
Study Host trial design Participants SWAT Interventions SWAT 

Outcome(s) 

Jennings et al. 

(2015a) 

Country: United 

Kingdom 

Prospective Randomised 

Open Blinded End point 

(PROBE) design. 

People aged 60 or 

over taking long‐term 

NSAIDS for arthritis 

Intervention: Invitation letter with a 

fixed payment of £100. Comparator: 

An invitation letter with no fixed 

payment incentive. 

Increase in 

consented 

patients with 

incentive. 

Jennings et al. 

(2015b) 

Country: United 

Kingdom 

Prospective Randomised 

Open Blinded End point 

(PROBE) design. 

People aged 60 or 

over with chronic 

hyperuricaemia in 

conditions where 

Intervention: Invitation letter with a 

fixed payment of £100. Comparator: 

An invitation letter with no fixed 

payment incentive. 

Increase in 

consented 

patients with 

incentive. 

Records identified from*: 
Databases (n =8113) 
Registers, conferences (n = 28) 
Cochrane Recruitment Review (n=68) 
Cochrane Retention Review (n=71) 
Hand search reference lists (n=9)  

Records removed before screening: 

Duplicate records removed among databases 
 (n = 1712) 
Duplicate records from the Cochrane Recruitment 
Review (n=7) 
Duplicate records from the Cochrane Retention 

Review (n=1) 

 
 

Records screened 
(n = 6569) 

Records excluded** 
(n =6302) 
Reasons for exclusion: 
- Not a SWAT (n=6301) 

- Absence of recruitment and/or retention interventions 
(n=1) 

Full texts assessed for eligibility 
(n =267) 

Full texts excluded: 
(n=245) 
Reasons for exclusion: 

- Absence of primary/secondary outcomes (n=240) 
- Not a SWAT (n=2) 
- Hypothetical SWAT/study (n=2) 
- Not targeted at participants (n=1) 

 Studies included in review 
(n = 22) 
SWATs included in review: 
(n=29) 

 

Identification of studies via databases and registers 
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urate deposition has 

already occurred. 

Jennings et al. 

(2015c) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); open, 

parallel, double-blind 

People aged 18-79 

with newly diagnosed 

hypertension 

Intervention: Invitation letter with a 

fixed payment of £100. Comparator: 

An invitation letter with no fixed 

payment incentive. 

Increase in 

consented 

patients with 

incentive. 

Jennings et al. 

(2015d) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); open, 

parallel, double-blind 

People aged 18-79 

with uncontrolled 

blood pressure. 

Intervention: Invitation letter with a 

fixed payment of £100. 

Comparator: An invitation letter with 

no fixed payment incentive. 

Increase in 

consented 

patients with 

incentive. 

Jennings et al. 

(2015e) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); open, 

parallel, double-blind 

People aged 18-80 

with at least one 

component of the 

metabolic syndrome. 

Intervention: Invitation letter with a 

fixed payment of £100. 

Comparator: An invitation letter with 

no fixed payment incentive. 

Increase in 

consented 

patients with 

incentive. 

Free et al. 

(2010a) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); pilot, 

single-blind 

People aged 16 and 

above who are 

smokers and willing 

to stop smoking in 

next month. 

Intervention: Research staff sending a 

text message regarding the newly 

available online registration facility. 

Comparator: Research staff calling the 

participants’ mobile numbers to 

register them for the trial (no text 

message). 

Consent to be 

randomised into 

the Txt2stop trial 

(i.e. host trial) 

within 2 weeks. 

Free et al. 

(2010b) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); pilot, 

single-blind 

People aged 16 and 

above who are 

smokers and willing 

to stop smoking in 

next month. 

Intervention: Letter containing study 

and consent information and a £5 note. 

Comparator: Participants received the 

normal trial procedures. 

Consent to be 

randomised into 

the Txt2stop trial 

(i.e. host trial) 

within 2 weeks. 

Free et al. 

(2010c) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); pilot, 

single-blind 

People aged 16 and 

above who are 

smokers and willing 

to stop smoking in 

next month. 

Intervention: Four text messages over 

one week containing quotes from 

existing participants 

Comparator: No text messages. 

Consent to be 

randomised into 

the Txt2stop trial 

(i.e. host trial) 

within 2 weeks. 

Miller et al. 

(1999) 

Country: United 

States 

Two Randomised 

Controlled Trials 

(RCTs). No further 

information about their 

designs. 

Participants aged 18-

75 with DSM‐IV 

dysthymic disorder, 

double depression 

(major depression 

superimposed on 

antecedent 

dysthymia), or 

chronic major 

depression. 

Intervention: Phone screening by a 

Senior Investigator. 

Comparator: Phone screening by a 

trained Research Assistant. 

Proportion of 

participants 

recruited to the 

two host trials. 

Bell et al. (2016) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT);  pragmatic, 

unblinded, two-arm, 

parallel 

Females aged 70-85 

who are not currently 

on prescription 

medication to prevent 

osteoporotic fractures 

before randomisation. 

Intervention: Trial-branded pen with 

the 60-month follow-up questionnaire. 

Comparator: 60-month follow-up 

questionnaire alone 

Questionnaire 

return rate. 

Cunningham-

Burley et al. 

(2020) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); two-arm, 

1:1 randomisation 

NHS staff who are 

subject to a Trust 

dress code 

Intervention: Trial-branded pen with 

the 14-week follow-up questionnaire. 

Comparator: 14-week follow-up 

questionnaire alone. 

Questionnaire 

return rate. 

Clark et al. 

(2015) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); two-arm, 

1:1 block randomisation 

Smokers who are 

aged 35 or more, who 

are invited to 

undertake a series of 

case-finding tools, 

Intervention: Electronic prompt (i.e. 

SMS or e-mail) to return the study 

questionnaire. 

Comparator: No prompt. 

Questionnaire 

return rate. 
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which comprise lung 

function tests and 

several symptom 

based case-finding 

questionnaires, for 

the potential 

identification of 

COPD. 

Cochrane et al. 

(2020) 

Country: United 

Kingdom 

Cohort, pragmatic, two-

arm, open Randomised 

Controlled Trial (RCT) 

People aged 65 or 

older who either have 

experienced a fall in 

the last year or feel 

worried about falling 

in the future. 

Intervention: Personalised text 

message, as a retention strategy. 

Comparator: Generalised text message 

Questionnaire 

return rate. 

Hardy et al. 

(2016) 

Country: United 

Kingdom 

Multicentre Randomised 

Controlled Trial (RCT). 

Adult women who 

are nulliparous, have 

a single cephalic 

presentation, greater 

than or equal to 37 

weeks’ gestation, 

intend spontaneous 

vaginal birth, are in 

second stage of 

labour and with an 

effective mobile 

epidural in situ. 

Interventions: 

1) an incentive cover letter with a 

promise of a £10 gift voucher on the 

return of a completed questionnaire. 

The covering letter thanked 

participants for their time and effort. 

All reminder letters included a 

sentence about the incentive. 

Comparator: no incentive mentioned 

in the cover letter.  If the questionnaire 

was not returned, all reminder letters 

included the promise of a £10 gift 

voucher on the return of a completed 

questionnaire. 

Questionnaire 

return rate. 

Gates et al. 

(2009) 

Country: United 

Kingdom 

Cluster Randomised 

Controlled Trial (RCT) 

Participants who 

attended Emergency 

Departments (EDs) 

with an acute 

whiplash injury of 

whiplash-associated 

disorder grades I-III 

were eligible for Step 

1. People who 

attended EDs with 

whiplash injuries and 

had persistent 

symptoms 3 weeks 

after ED attendance 

were eligible for Step 

2. 

Intervention: £5 gift voucher, 

redeemable at a range of shops with 

their questionnaire, and a covering 

letter thanking participants for their 

time and effort. 

Comparator: No gift voucher, and a 

standard covering letter. 

Questionnaire 

return rate. 

James et al. 

(2020) 

Country: United 

Kingdom 

Cohort, pragmatic, two-

arm, open Randomised 

Controlled Trial (RCT) 

People aged 65 or 

older who either have 

experienced a fall in 

the last year or feel 

worried about falling 

in the future. 

Interventions: 

1) a branded pen and a standard cover 

letter. 

2) a branded pen and a social incentive 

cover letter. 

3) no pen and a social incentive cover 

letter. 

Comparator: no pen and a standard 

cover letter. 

Questionnaire 

return rate. 

Kenyon et al. 

(2005) 

Country: United 

Kingdom 

Cohort, pragmatic, two-

arm, open Randomised 

Controlled Trial (RCT) 

Children whose 

mothers joined the 

MRC ORACLE 

Trial. Their mothers 

Intervention: monetary incentive (£5 

voucher redeemable at high 

street stores) together with the 

reminder questionnaire. 

Questionnaire 

return rate. 
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have had preterm, 

prelabour rupture of 

the fetal membranes 

(pROM). The parents 

of the survived 

children are the 

participants in the 

SWAT. 

Comparator: No monetary incentive. 

The same reminder questionnaire was 

sent. 

Khadjesari et al. 

(2011a) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); 2-arm, 

randomisation stratified 

by age and gender. 

People who visited 

DownYourDrink 

while browsing the 

web, and who had an 

AUDIT-C score 

greater than 5. 

Intervention: Participants who did not 

complete the first follow-up 

questionnaire within 1 week received 

either a £5 Amazon.co.uk voucher, £5 

donation to Cancer Research UK, or 

entry in a £250 prize draw in the 

second prompt for completion of 

questionnaires. 

Comparator: No incentive. The 

participants received another prompt 

for completion of questionnaires. 

Questionnaire 

return rate. 

Khadjesari et al. 

(2011b) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); 2-arm, 

randomisation stratified 

by age and gender. 

People who visited 

DownYourDrink 

while browsing the 

web, and who had an 

AUDIT-C score 

greater than 5. 

Intervention: Participants received a 

£10 Amazon.co.uk voucher in the first 

prompt for completion of 

questionnaires. Comparator: No 

incentive. The participants received 

another prompt for completion of 

questionnaires. 

Questionnaire 

return rate. 

Marsh et al. 

(1999) 

Country: United 

Kingdom 

Cluster Randomised 

Controlled Trial (RCT) 

Parents of children 

aged 3-12 months 

registered with 36 

participating practices 

in Nottingham.  

Intervention: 

1) postal administration with financial 

incentive (£2 voucher) once the 

completed diary had been received or 

postal group without financial 

incentive. 

2) telephone administration with 

financial incentive (£2 voucher) once a 

completed diary had been received or 

telephone group without financial 

incentive. 

Comparator: no postal or telephone 

administration; either with or without 

financial incentive. 

Diary return rate. 

Treweek et al. 

(2021) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT); four-centre, 

1:1 parallel group 

Women aged 50-70 

who are overweight 

and attending routine 

breast screening in 

four Scottish breast 

screening service 

centres. 

Intervention: pre-notification card 

Comparator: no pre-notification card 

Proportion of 

participants 

attending the host 

trial primary 

outcome 

measurement 

visit (i.e. 

retention). 

Whiteside et al. 

(2019) 

Country: United 

Kingdom 

Cohort, pragmatic, two-

arm, open Randomised 

Controlled Trial (RCT) 

People aged 65 or 

older who either have 

experienced a fall in 

the last year or feel 

worried about falling 

in the future. 

Intervention; branded pen with trial 

invitation pack 

Comparator: no pen, but with trial 

invitation pack 

1) Randomisation 

rate 

2) Proportion of 

participants who 

remained in the 

trial at 3 months 

post 

randomisation,i.e. 

retention. 
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Jolly et al. 

(2019) 

Country: United 

Kingdom 

Pragmatic, multicentre 

Randomised Controlled 

Trial (RCT) 

People aged 18 or 

older who are on the 

practice COPD 

register and have 

mild dyspnoea. 

Interventions:  

The practices recruiting participants 

for the host trial accessed standard 

printed patient information materials, 

as well as a multimedia information 

resource, developed by patient and 

public involvement (PPI) contributors 

and researchers. 

Comparator: 

The practices accessed standard 

printed patient information materials, 

with no extra multimedia information 

resource. 

1) Recruitment 

rate 

2) Retention rate 

(after 6 months) 

3) Retention rate 

(after 12 months) 

Bracken et al. 

(2019) 

Country: 

Australia 

Randomised Controlled 

Trial (RCT): multicentre, 

double-blind 

Men aged 50-74 

years, obese or 

overweight, with 

prediabetes or newly 

diagnosed type 2 

diabetes, and a low 

serum testosterone. 

Intervention: SMS reminder text 

which provided key enrolment 

information as well as including a 

peripheral cue based on the concept of 

social proof. 

Comparator: Telephone reminder, 

with a reminder call script used by 

staff members. 

Attendance rate. 

Arundel et al. 

(2017) 

Country: United 

Kingdom 

Cohort Randomised 

Controlled Trial (cRCT); 

two-arm, pragmatic, 

open, multicentre 

Patients aged 65 

years and over who 

have attended routine 

podiatry services 

within the past 6 

months, have had one 

fall in the past 12 

months; or one fall in 

the past 24 months 

requiring hospital 

attention; or report a 

fear of falling on their 

baseline 

questionnaire in the 

past 4 weeks. 

Intervention: A pre-notification leaflet, 

2–3 weeks before the trial recruitment 

pack. 

Comparator: Trial recruitment pack 

only 

Randomisation 

rate. 

Rogers et al. 

(2019) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT): prospective, 

open-label, blinded 

People aged 60 or 

over, taking 

allopurinol for 

chronic gout, and 

with additional 

cardiovascular risk 

factors. 

Intervention: DVD presentation 

containing an audio-visual 

presentation explaining the 

background and operation of FAST, 

and a standard invitation pack. 

Comparator: Standard invitation pack 

only. 

Randomisation 

rate. 

Hancocks et al. 

(2019) 

Country: United 

Kingdom 

Randomised Controlled 

Trial (RCT): pragmatic, 

multicentred, parallel, 

two 

group 

People aged 18 or 

over, who are 

smokers and smoke at 

least 10 cigarettes per 

day (for at least one 

year). 

Interventions: 

1) Full invitation pack from a GP. 

2) Single-page invitation from a GP. 

Comparator: Text message invitation 

Recruitment rate. 

Cook et al. 

(2021) 

15 European 

countries 

Randomised Controlled 

Trial (RCT): pragmatic, 

multicountry, adaptive, 

two group, 

phase IV 

People aged 1 or 

over, who have 

sudden onset of self-

reported fever, with at 

least one respiratory 

symptom (cough, 

sore throat, running 

or congested nose) 

Intervention: Unconditional monetary 

incentive of £20 given to participants 

at recruitment, as an intervention to 

boost retention in the host trial. 

Comparator: Conditional monetary 

incentive of £20 given to participants 

only once a questionnaire had been 

returned. 

Diary return rate. 
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and one systemic 

symptom (headache, 

muscle ache, sweats 

or chills or tiredness) 

during a period of 

increased influenza 

activity. 

Dorling et al. 

(2019) 

Countries: 

Ireland, United 

Kingdom 

Randomised Controlled 

Trial (RCT): parallel, 

multicentre, two group 

Infants born at <32 

weeks’ gestation or a 

weight of <1500g, 

who were receiving 

<30 ml/kg/day of 

milk at trial 

enrolment. 

Intervention: The first paper follow-up 

letter to parents would include a 

promise of an incentive (£15 (€15 for 

Irish residents) gift voucher 

redeemable at high-street shops) after 

receipt of a completed form. 

Comparator: The first paper letter to 

parents would enclose the incentive 

(£15 (€15 for Irish residents) gift 

voucher redeemable at high-street 

shops) before the receipt of a 

completed form. 

Questionnaire 

return rate. 

 

Table 4.2: Cochrane risk of bias in the included studies 

 

 

 

 

 

 

Study 

Random 

sequence 

generation 

Allocation 

concealment 

Blinding of 

participants 

and 

personnel 

Blinding of 

outcome 

assessment 

Incomplete 

outcome data 

Selective 

reporting Other bias 

Overall 

risk of 

bias 

Jennings (2015a) * + + + + + + + + 

Jennings (2015b) * + + + + + + + + 

Jennings (2015c) * + + + + + + + + 

Jennings (2015d) * + + + + + + + + 

Jennings (2015e) * + + + + + + + + 

Free (2010a) * + + + + + + + + 

Free (2010b) * + + + + + + + + 

Free (2010c *) + + + + + + + + 

Miller (1999) * - - ? + + + + - 

Bell (2016) ** ? + + + + + + ? 

Cunningham-Burley (2020) 

** + ? 
+ + + + + ? 

Clark (2015) ** ? + + + + + + ? 

Cochrane (2020) ** + + + + + + + + 

Gates (2009) ** - - + + - ? ? - 

Hardy (2016) ** + + + + + + + + 

James (2020) ** + + + + + + + + 

Kenyon (2005) ** + ? + + + + + ? 

Khadjesari (2011a) ** + ? ? ? ? + + ? 

Khadjesari (2011b) ** + ? ? ? ? + + ? 

Marsh (1999) ** - ? + + ? ? + - 

Treweek (2021) ** + + + + + + + + 

Whiteside (2019) ** + + + + + + + + 

Jolly (2019) + + ? ? ? + + ? 

Bracken (2019) + + + + + + + + 

Arundel (2017) + + + + + + + + 

Rogers (2019) + ? - - ? + + - 

Hancocks (2019) + ? ? ? ? ? ? ? 

Cook (2021) + ? + + + + + ? 

Dorling (2020) + ? + + + + + ? 
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Table 4.3: Quality of economic evaluation in the included studies 

 

 

4.2.4.3. Recruitment strategies 

 

Financial incentives 

 

The ICER of a financial incentive, against no financial incentive, was estimated from two 

studies (six SWATs) (Jennings et al., 2015, Free et al., 2010). With an odds ratio of 1.65 (95% 

CI: 0.86, 3.18) and an incremental cost of $133.44, it costs $476.57 (95% CI: from $ 208.50 to 

N/A3) to recruit an additional patient (see Table 4.S1 and Figure 4.S1 in Supplemental Material 

4.3 for more details). All SWATs have a low Cochrane risk of bias, but moderate quality of 

economic evaluation. The I2 statistic is 49%, signalling evidence of substantial between-study 

heterogeneity. There are three potential sources of between-group heterogeneity; 1) variations 

in healthcare settings across the host trials of the SWATs; 2) variations in the monetary 

incentives among SWATs and 3) variations in the populations across SWATs. The GRADE 

certainty of evidence is moderate for this recruitment strategy, due to inconsistency. In line 

 
3 N/A implies that the intervention is not effective at the lower bound of the 95% confidence interval. By the definition of ICER, since the 
correlation between the ICER and incremental recruitment rate is inverse, the higher bound (lower bound) effect size, i.e. incremental 

recruitment rate, is associated with the lower bound (higher bound) ICER. Therefore, if the effect size is negative, the corresponding ICER is 

undefined. 

Study 

Reliable derivation 

of effectiveness 

data 

Reliable 

cost 

analysis 

Reliable valuation 

and measurement 

of benefits 

Reliable cost and 

benefit synthesis  

Reliable 

analysis of 

uncertainty 

Ec. Evaluation 

Quality 

Jennings (2015a) + ? + ? N/A Moderate 

Jennings (2015b) + ? + ? N/A Moderate 

Jennings (2015c) + ? + ? N/A Moderate 

Jennings (2015d) + ? + ? N/A Moderate 

Jennings (2015e) + ? + ? N/A Moderate 

Free (2010a) + + + ? N/A Moderate 

Free (2010b) + ? + ? N/A Moderate 

Free (2010c) + + + ? N/A Moderate 

Miller (1999) + + + ? N/A Moderate 

Bell (2016) + + + + N/A High 

Cunningham-Burley (2020) + + + + N/A High 

Clark (2015) + + + - N/A Low 

Cochrane (2020) + + + ? N/A Moderate 

Gates (2009) + + + + N/A High 

Hardy (2016) + - + ? N/A Low 

James (2020) + + + + N/A High 

Kenyon (2005) + + - - N/A Low 

Khadjesari (2011a) + + + - N/A Low 

Khadjesari (2011b) + + + - N/A Low 

Marsh (1999) + + + + N/A High 

Treweek (2021) + + + ? N/A Moderate 

Whiteside (2019) + + + + N/A High 

Jolly (2019) + - + - N/A Low 

Bracken (2019) + + + + N/A High 

Arundel (2017) + + + + N/A High 

Rogers (2019) + + + ? N/A Moderate 

Hancocks (2019) ? ? ? ? N/A Unclear 

Cook (2021) + + + + N/A High 

Dorling (2020) + - + + N/A Low 
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with Trial Forge Guidance 2 (Treweek et al., 2020), the GRADE criterion is met, the 

cumulative meta-analysis criterion is met, the PICOT criterion4 is partially met, the balance of 

benefit and disadvantage to participants criterion is not met, and the balance of benefit and 

disadvantage to host trial criterion is not met. We suggest further studies including different 

monetary incentives be conducted in the future so that a figure of additional patients recruited 

by a $1 increase in monetary incentive be obtained.  

 

Nudge interventions 

The ICER of nudge interventions against usual recruitment procedures was estimated from 

three studies (three SWATs) (Free et al., 2010, Jolly et al., 2019, Rogers et al., 2019). Nudge 

interventions related to recruitment included: quotes from existing participants over text 

messages, a multimedia information resource that was developed through patient and public 

involvement (PPI) contributors and researchers, and a DVD presentation containing an audio-

visual presentation explaining the host trial. With an odds ratio of 1.13 (95% CI: 0.72, 1.77) 

and an incremental cost of $22.00, it costs $314.29 (95% CI: from $68.75 to N/A) to recruit an 

additional patient (see Table 4.S2 and Figure 4.S2 in Supplemental Material 4.3 for more 

details).  The risk of bias is unclear for two studies (Jolly et al., 2019) (Rogers et al., 2019), and 

low for one study (Free et al., 2010) . In addition, the quality of economic evaluation is 

moderate for two studies (Free et al., 2010) (Rogers et al., 2019), and low for one study (Jolly 

et al., 2019). The I2 statistic is 74%, signalling evidence of substantial between-study 

heterogeneity. There are four potential sources of such heterogeneity; 1) variations in 

healthcare settings across the host trials of the SWATs; 2) variations in the “nudge 

interventions”; 3) variations in the populations across SWATs and 4) variations in the designs 

of the included SWATs. The GRADE certainty of evidence is very low for this recruitment 

strategy, due to risk of bias, inconsistency, and indirectness of the included studies. In line with 

Trial Forge Guidance 2 (Treweek et al., 2020), the GRADE criterion is met, the cumulative 

meta-analysis criterion is met, the PICOT criterion is partially met, the balance of benefit and 

disadvantage to participants criterion is met, and the balance of benefit and disadvantage to 

host trial criterion is partially met. Therefore, further replications of SWATs associated with 

nudge interventions are encouraged. 

 

 

 
4 PICOT stands for: population, intervention, comparator, outcome, time frame 
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Screening of a trial by a senior investigator 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Miller et 

al., 1999). Screening for the host trial undertaken by a senior investigator, versus screening for 

the host trial undertaken by a research assistant, is not cost-effective, since the odds ratio is 

0.19 (95% CI: 0.11, 0.32), with an incremental cost of $37.05 (see Table 4.S3 in Supplemental 

Material 4.3 for more details). Given the low sample size of the included study (Miller et al., 

1999), and its high Cochrane risk of bias, the GRADE certainty of evidence is low due to 

imprecision and risk of bias. The included study has a moderate quality of economic evaluation. 

 

Text messages versus telephone calls 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Free et al., 

2010). With an odds ratio of 3.47 (95% CI: 1.27, 9.48) and an incremental cost of $22.00, it 

costs only $4.41 (95% CI: from $2.45 to $23.38) to recruit an additional patient (see Table 4.S3 

in Supplemental Material 4.3 for more details). Given the sample size of the included study 

(Free et al., 2010), and its low Cochrane risk of bias, the GRADE certainty of evidence is 

moderate due to imprecision. The included study has a moderate quality of economic 

evaluation. 

 

Pre-notification leaflet 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Arundel et 

al., 2017). With an odds ratio of 1.17 (95% CI: 0.87, 1.57) and an incremental cost of $2.25, it 

costs $25.97 (95% CI: from $9.00 to N/A) to recruit an additional patient (see Table 4.S3 in 

Supplemental Material 4.3 for more details). Given the sample size of the included study  

(Arundel et al., 2017), and its low Cochrane risk of bias, the GRADE certainty of evidence is 

moderate due to imprecision. The included study has a high quality of economic evaluation. 

 

Telephone reminders versus text reminders 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Bracken et 

al., 2019). With an odds ratio of 1.37 (95% CI: 0.95, 1.98) and an incremental cost of $3.98, it 

costs $23.37 (95% CI: from $10.47 to N/A) to recruit an additional patient (see Table 4.S3 in 

Supplemental Material 4.3 for more details). Given the sample size of the included study 

(Bracken et al., 2019), and its low Cochrane risk of bias, the GRADE certainty of evidence is 

moderate due to imprecision. The included study has a high quality of economic evaluation. 
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Invitation packs by GP 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Hancocks 

et al., 2019). With an odds ratio of 7.75 (95% CI: 1.04, 57.97) and an incremental cost of $1.13, 

it costs $1.00 (95% CI: from $0.50 to $57.47) to recruit an additional patient (see Table 4.S3 

in Supplemental Material 4.3 for more details). However, since these figures were obtained 

from an abstract (Hancocks et al., 2019), the GRADE certainty of evidence is very low due to 

risk of bias, imprecision, indirectness and publication bias. The included study has an unclear 

quality of economic evaluation. 

 

Trial-branded pen 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Whiteside 

et al., 2019). With an odds ratio of 1.04 (95% CI: 0.65, 1.66) and an incremental cost of $0.47, 

it costs $21.41 (95% CI: from $1.68 to N/A) to recruit an additional patient (see Table 4.S3 in 

Supplemental Material 4.3 for more details). Given the sample size of the included study  

(Whiteside et al., 2019), and its low Cochrane risk of bias, the GRADE certainty of evidence 

is moderate due to imprecision. The included study has a high quality of economic evaluation. 

 

In line with Trial Forge Guidance 2 (Treweek et al., 2020), we encourage all the recruitment 

strategies to be replicated in future SWATs, but the comparison of pre-notification leaflet 

against no leaflet. 

 

Ranking recruitment strategies 

The cost-effectiveness rank of the eight recruitment strategies is available in Table 4.4 and has 

been determined according to the following descending order: GRADE evidence, statistical 

certainty, ICER. Providing financial incentives might be an effective recruitment strategy, but 

its ICER is relatively high, at $476.57, thus questioning its cost-effectiveness; more SWATs 

of financial incentives with moderate amounts (i.e. significantly less than £100) are needed to 

estimate the ICER. The following may be considered cost-effective strategies: providing a 

telephone reminder versus a SMS reminder, or a branded pen versus no pen, or a pre-

notification leaflet versus no leaflet. However, whereas their corresponding ICERs are 

relatively low, their OR lower bounds signal they may not actually be effective recruitment 

strategies. Providing primary text message, versus primary call and no text message, might be 

a very cost-effective strategy; however, more SWATs of this strategy are needed since its 
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GRADE certainty of evidence is low. It remains uncertain whether the remaining recruitment 

strategies are cost- effective since their GRADE certainty of evidence is very low.  

 

Overall, there is no complete certainty up to date on which recruitment strategies would be 

cost-effective for trial teams to use for recruiting eligible patients to their trials. Nevertheless, 

strategies such as financial incentives, trial-branded pens, telephone reminders and pre-

notification leaflets could possibly provide recruitment benefits to future trials in a cost-

effective manner. More evidence is needed to determine the cost-effectiveness of such 

strategies. 

Table 4.4: Cost-effectiveness rank of different recruitment strategies 

 

4.2.4.4. Retention strategies 

 

Trial-branded pen 

The ICER of providing a trial-branded pen versus no pen was estimated from three studies 

(three SWATs) (Cunningham-Burley et al., 2020, Whiteside et al., 2019, Bell et al., 2016). 

With an odds ratio of 1.14 (95% CI: 1.00, 1.30) and an incremental cost of $0.52, it costs $6.98 

(95% CI: from $3.63 to N/A) for an additional participant to be retained in a host trial (see 

Table 4.S4 and Figure 4.S3 in Supplemental Material 4.4 for more details). One included study 

has a low Cochrane risk of bias, (Whiteside et al., 2019) whereas the remaining studies have 

an unclear risk of bias (Cunningham-Burley et al., 2020, Bell et al., 2016). All studies have a 

Cost-effectiveness rank of different recruitment strategies 

Rank Strategy Number of 

SWATs 

Sample size GRADE 

certainty of 

evidence 

ICER 

1 Financial incentive vs no financial 

incentive 

6 1506 Moderate $476.57  

($ 208.50, N/A) 

2 Branded pen with trial invitation pack 

vs no pen 

1 1862 Moderate $21.41 

($1.68,N/A) 

3 Telephone reminder vs SMS reminder 1 709 Moderate $23.37 

($10.47,N/A) 

4 Pre-notification leaflet vs no leaflet 1 4314 Moderate $25.97  

($9.00,N/A) 

5 Primary text message vs primary call 

and no text message 

1 937 Moderate $4.41 

($2.45, $23.38) 

6 Invitation pack from a surgeon vs text 

message 

1 1267 Very Low $1.00 

($0.50,$57.47) 

7 Nudge intervention vs usual 

recruitment 

3 6054 Very Low $314.29  

($68.75 , N/A) 

8 Screening for the host trial undertaken 

by a senior investigator vs screening 

undertaken by a research assistant 

1 347 Low N/A (ineffective) 
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high quality of economic evaluation. The I2 statistic is negligible at 0%, signalling no evidence 

of substantial between-study heterogeneity. However, there are four potential sources of such 

heterogeneity; 1) variations in healthcare settings across the included SWATs; 2) variations in 

retention periods among SWATs; 3) variations in the populations across the SWATs and 4) 

variations in the SWATs’ designs. The GRADE certainty of evidence for this retention strategy 

is moderate, due to inconsistency. In line with Trial Forge Guidance 2 (Treweek et al., 2020), 

the GRADE criterion is met, the cumulated evidence criterion is not met, the PICOT criterion 

is partially met, the balance of benefit and disadvantage to participants criterion is met and the 

balance of benefit and disadvantage to host trial criterion is not met. Therefore, we argue further 

SWATs associated with trial-branded pens as a retention strategy to be undertaken. 

 

Financial incentives 

The ICER of providing financial incentives versus no incentives was estimated from three 

studies (three SWATs) (Khadjesari et al., 2011, Gates et al., 2009, Kenyon et al., 2005). With 

an odds ratio of 1.33 (95% CI: 1.15, 1.53) and an incremental cost of $8.20, it costs $15.89 

(95% CI: from $10.65 to $32.42) for an additional participant to be retained in a host trial (see 

Table 4.S5 and Figure 4.S4 in Supplemental Material 4.4 for more details). Once the quasi-

randomised SWAT included in the three SWATs of financial incentives is removed, the result 

is not significantly affected: the OR slightly falls to 1.32 (95%: 1.01, 1.73), the incremental 

cost increases to $11.08 and the ICER slightly increases to $22.05 (95% CI: from $11.17 to 

$615.21). The Cochrane risk of bias is low in one study (Kenyon et al., 2005), unclear in one 

study (Khadjesari et al., 2011), and high in one study (Gates et al., 2009). Furthermore, two 

studies  have a low quality of economic evaluation (Khadjesari et al., 2011) (Kenyon et al., 

2005), whereas one study has a high quality of economic evaluation (Gates et al., 2009).  The 

I2 statistic is 37%, signalling low evidence of substantial between-study heterogeneity. There 

are two sources of such heterogeneity: 1) variations in retention periods among SWATs and 2) 

variations in the monetary incentives among SWATs. The GRADE certainty of evidence for 

this retention strategy is moderate due to risk of bias. In line with Trial Forge Guidance 2 

(Treweek et al., 2020), the GRADE criterion is met, the cumulative meta-analysis criterion is 

not met, the PICOT criterion is partially met, the balance of benefit and disadvantage to 

participants criterion is partially met, and the balance of benefit and disadvantage to host trial 

criterion is not met. We encourage replications of further SWATs associated with financial 

incentives as a strategy for improving participant retention in RCTs. Three further studies (or 

three SWATs) were not included in this meta-analysis (Khadjesari et al., 2011, Marsh and 



 125 

Kendrick, 1999, James et al., 2021). The results of these studies, and the reasons for which they 

were not included are available in Supplemental Material 4.7.  

 

Nudge interventions  

 

The ICER of a nudge intervention versus usual retention was estimated from three studies 

(three SWATs) (Jolly et al., 2019, Hardy et al., 2016, Cochrane et al., 2020). Nudge 

interventions related to retention included: a personalised text message instead of a generalised 

one, a multimedia information resource that was developed through patient and public 

involvement (PPI) contributors and researchers, and a social incentive cover letter instead of a 

standard one. With an odds ratio of 1.14 (95% CI: 0.94, 1.39) and an incremental cost of $0.84, 

it costs $11.55 (95% CI: from $4.61 to N/A) for an additional participant to be retained in a 

host trial (see Table 4.S6 and Figure 4.S5  in Supplemental Material 4.4 for more details).The 

Cochrane risk of bias is low in two studies (Hardy et al., 2016, Cochrane et al., 2020), and 

unclear in one study (Jolly et al., 2019). The quality of economic evaluation is high in one 

study (Hardy et al., 2016), moderate in one study (Cochrane et al., 2020), and low in one study 

(Jolly et al., 2019). The I2 statistic is negligible at 0%, signalling low evidence of substantial 

between-study heterogeneity. However, there are still three sources of such heterogeneity; 1) 

variations in “nudge” interventions among SWATs; 2) variations in retention periods among 

SWATs and 3) variations in the SWATs’ designs. The GRADE certainty of evidence for this 

retention strategy is moderate due to inconsistency. In line with Trial Forge Guidance 2 

(Treweek et al., 2020), the GRADE criterion is met, the cumulative meta-analysis criterion is 

met, the PICOT criterion is partially met, the balance of benefit and disadvantage to 

participants criterion is not met, and the balance of benefit and disadvantage to host trial 

criterion is partially met. We encourage replications of further SWATs associated with nudge 

interventions for improving participant retention in RCTs. 

 

Unconditional monetary incentive versus conditional monetary incentive 

The ICER of an unconditional monetary incentive, versus a conditional one, was estimated 

from two studies (two SWATs) (Cook et al., 2021, Dorling et al., 2020). With an odds ratio of 

0.90 (95% CI: 0.31, 2.64) and an incremental cost of $18.61, such a strategy is not cost-

effective, since its estimated odds ratio is less than 1 (see Table 4.S7 and Figure 4.S6 in 

Supplemental Material 4.4 for more details). The Cochrane risk of bias is unclear for both 

studies, whereas the quality of economic evaluation is high in one study (Cook et al., 2021)and 
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moderate in the other study (Dorling et al., 2020). The I2 statistic is 93%, demonstrating high 

evidence of substantial between-study heterogeneity. There are five potential sources of such 

heterogeneity; 1) variations in healthcare settings between the host trials of the included 

SWATs; 2) variations in the populations between SWATs; 3) differences in the interventions 

between SWATs; 4) variations in retention periods between SWATs and 5) variations in the 

SWATs’ designs. The GRADE certainty of evidence is low, due to risk of bias and 

inconsistency. In line with Trial Forge Guidance 2 (Treweek et al., 2020), the GRADE criterion 

is met, the cumulative meta-analysis criterion is met, the PICOT criterion is partially met, the 

balance of benefit and disadvantage to participants criterion is met, and the balance of benefit 

and disadvantage to host trial criterion is met. We highly encourage replications of further 

SWATs comparing unconditional with conditional monetary incentives for improving 

participant retention in RCTs. 

 

Pre-notification card 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Treweek et 

al., 2021). With an odds ratio of 1.26 (95% CI: 0.99, 2.19) and an incremental cost of $1.02, it 

costs $4.86 (95% CI: from $2.76 to $N/A) to retain an additional participant in a host trial (see 

Table 4.S8 in Supplemental Material 4.4 for more details). Given the low sample size of the 

included study and its low Cochrane risk of bias, (Treweek et al., 2021), the strategy’s GRADE 

certainty of evidence is moderate, due to imprecision. The included study has a moderate 

quality of economic evaluation. 

 

Electronic prompts 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Clark et al., 

2015). With an odds ratio of 1.48 (95% CI: 0.81, 1.96) and an incremental cost of $0.12, it 

costs $0.55 (95% CI: from $0.28 to $N/A) to retain an additional participant in a host trial (see 

Table 4.S8 in Supplemental Material 4.4 for more details). Given the low sample size of the 

included study and its unclear Cochrane risk of bias (Clark et al., 2015), the strategy’s GRADE 

certainty of evidence is low, due to risk of bias and imprecision. The included study has a low 

quality of economic evaluation.  

 

Trial-branded pen (before recruitment) 

The cost-effectiveness of this strategy was estimated according to a single SWAT (Whiteside 

et al., 2019). With an odds ratio of 8.27 (95% CI: 1.04, 66.00) and an incremental cost of $0.47, 
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it costs $0.40 (95% CI: from $0.20 to $23.50) to retain an additional participant in a host trial 

(see Table 4.S8 in Supplemental Material 4.4 for more details). Given the sample size of the 

included study and its low Cochrane risk of bias (Whiteside et al., 2019), the strategy’s GRADE 

certainty of evidence is moderate, due to imprecision. The included study has a high quality of 

economic evaluation. 

 

In line with Trial Forge Guidance 2 (Treweek et al., 2020), we highly encourage the 

aforementioned retention strategies to be replicated in future SWATs. 

 

Ranking retention strategies 

A summary of the cost-effectiveness rank of the seven retention strategies is provided on Table 

4.5 and has been determined according to the following descending order: GRADE evidence, 

statistical certainty, ICER. Providing pens before patient recruitment to an RCT is potentially 

a very cost-effective strategy, with an ICER of $0.40. However, as this finding is derived from 

a single study with a low sample size, more evidence is needed to confirm the figure. A 

retention strategy, which also seems to be cost-effective with moderate GRADE certainty of 

evidence, is the provision of £5 up to £10 vouchers; the ICER is relatively low at $15.89. 

Providing a trial-branded pen is potentially another cost-effective retention strategy, with its 

ICER being very low, at $6.98. However, its lower bound OR=1, meaning there is still a chance 

such a strategy is not (cost-) effective. Due to either low GRADE certainty of evidence or wide 

confidence intervals of the remaining retention strategies, it is inconclusive whether these 

strategies are cost-effective or not.  

 

We encourage trial researchers to consider financial incentives of up to £10 and/or trial-

branded pens as retention strategies, while we recommend more SWATs of these strategies be 

undertaken.  Despite the reported lower bound OR, we still encourage pens as a retention 

strategy due to its low reported ICER and low incremental costs, especially for trials involving 

postal questionnaires. 
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Table 4.5: Cost-effectiveness rank of different retention strategies 

 

4.2.5. Discussion 

4.2.5.1. Summary of findings 

 

Whereas Cochrane reviews have explored the effectiveness of strategies for improving 

recruitment and retention in RCTs (Treweek et al., 2018b, Gillies et al., 2021), this review 

additionally appraises the cost-effectiveness of recruitment and retention strategies. The 

findings demonstrate an uncertainty regarding which strategies are cost-effective for improving 

participant recruitment and/or retention in RCTs. For both recruitment and retention strategies, 

the uncertainty of the evidence primarily originates from the evaluation of several potential 

strategies from single studies, but without any replications. The corresponding Cochrane 

reviews on recruitment and retention in RCTs suggested that replications of SWATs with 

strategies having a moderate GRADE certainty of evidence be undertaken (Treweek et al., 

2018b, Gillies et al., 2021),  a recommendation we also make for bolstering the evidence on 

the cost-effectiveness of strategies for improving recruitment or retention in SWATs.  

 

Overall, there is no retention strategy which we would recommend trial teams and researchers 

adopt with complete statistical certainty. Providing vouchers of up to £10 during follow-up 

Cost-effectiveness rank of different retention interventions 

Rank Strategy Number of 

SWATs 

Sample size GRADE 

certainty of 

evidence 

ICER 

1 Trial-branded pen versus 

no trial-branded pen 

(before recruitment) 

1 92 Moderate $0.40 ($0.20, 

$23.50) 

2 Financial incentive versus 

no financial incentive 

3 5753 Moderate $15.89 

($10.65,$32.42) 

3 Trial-branded pen versus 

no trial-branded pen 

4 9790 Moderate $6.98 ($3.63, N/A) 

4 Nudge intervention 

versus usual recruitment 

procedure 

3 5276 Moderate $11.55 

($4.61,N/A) 

5 Pre-notification card 

versus no pre-notification 

card 

1 558 Moderate $4.86 ($2.76,N/A) 

6 Electronic prompts versus 

no electronic prompts 

1 437 Low $0.55 ($0.28, N/A) 

7 Unconditional monetary 

incentive versus 

conditional monetary 

incentive 

2 1268 Low $465.25 

($97.95,N/A) 
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could be a cost-effective retention strategy with an estimated ICER of $15.89; it costs only 

$15.89 for an additional participant to be retained in a host trial. Providing a trial-branded pen 

may also be a cost-effective strategy, with an ICER of $6.98, yet not statistically significant 

since its lower bound OR=1 (hence its lower bound effectiveness is zero). Also, providing a 

trial-branded pen before recruitment, may be a cost-effective strategy, with an ICER of $0.40 

which is also statistically significant. However, the GRADE certainty of evidence for both 

strategies is moderate, meaning that additional SWATs of these strategies would be beneficial 

for making more certain inferences about their cost-effectiveness. ICERs were derived for 

further retention strategies; however, it remains inconclusive whether these are cost-effective 

due to their low or very low GRADE certainty of evidence. Whereas the retention review found 

the inclusion of self-kits or a diary to be effective strategies (Gillies et al., 2021), no data for 

evaluating their cost-effectiveness were available. Therefore, we highly encourage the 

undertaking of future SWATs of these strategies and the inclusion of economic evaluations 

alongside such SWATs. Similarly to the retention review (Gillies et al., 2021), we also 

encourage the undertaking of further SWATs associated with the cost-effectiveness of patient 

and public involvement (PPI) interventions, since PPI is a key unanswered question about trial 

retention (Brunsdon et al., 2019). Overall, due to the low ICER and incremental costs we 

recommend trial teams use trial-branded pens as a retention strategy, especially in trials 

involving postal questionnaires for follow-up. Providing vouchers of up to £10 could be 

another beneficial retention strategy for trial-teams.  

 

Also, there is no recruitment strategy which we would recommend trial teams and researchers 

adopt with complete statistical certainty. Including a branded pen with a trial invitation pack, 

or a telephone reminder versus an SMS reminder, could be cost-effective strategies, with their 

ICERs being low, at $21.41 and $23.37 respectively. However, as their lower bound ORs are 

less than 1, their cost-effectiveness is not statistically significant. In addition, their GRADE 

certainty of evidence is moderate, implying these strategies would benefit from further SWATs 

to determine their cost-effectiveness with less uncertainty. Providing financial incentives may 

be an effective yet a costly strategy, with $476.57 required to recruit an additional patient. 

However, there is substantial heterogeneity among the associated SWATs, since very different 

monetary incentives were present (i.e. from £5 up to £100). Therefore, we encourage the cost-

effectiveness of moderate financial incentives (i.e. less than £100 per participant recruited 

(Treweek et al., 2020)) to be evaluated in future SWATs. Unfortunately, we could not estimate 

the cost-effectiveness of using an open design, compared to a placebo-controlled design, as the 
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associated SWATs did not undertake any relevant economic evaluations or provide costs 

related to such strategies. Since this strategy appears to be effective at improving recruitment 

(Treweek et al., 2018b), economic evaluations of such a strategy alongside future SWATs are 

welcome. We also encourage the estimation of the cost-effectiveness of incorporating user-

testing for improving the participant information leaflet (PIL) in future SWATs, as a 

recruitment strategy. 

 

4.2.5.2. Recommendations for future economic evaluations alongside SWATs 

 

To minimise the uncertainty regarding the findings from SWATs on the cost-effectiveness of 

recruitment and/or retention strategies, we highly recommend the application of Value of 

Information (VoI) analyses. Such an analysis can inform decision makers on whether more 

trials are needed to minimise the uncertainty of the cost-effectiveness of a strategy. A VoI 

analysis could be used in line with the Trial Forge Guidance 2  (Treweek et al., 2020) to confirm 

whether a further SWAT associated with a recruitment/retention strategy should be undertaken. 

For instance, since we concluded trial-branded pens to be a potentially cost-effective retention 

strategy with moderate GRADE certainty of evidence, and the Cochrane review concluded 

pens to be a potentially effective strategy with low GRADE certainty of evidence, the GRADE 

criterion is met in Trial Forge Guidance 2 and hence further SWATs on pens are recommended. 

However, it seems that such a strategy could potentially be a very cost-effective one for 

participant retention, and hence it may not be necessary to undertake another SWATs, which 

would require the financing of resource costs. To determine whether more SWATs are needed 

for determining its effectiveness, a VoI analysis for trial-branded pens could be undertaken.  A 

framework of VoI analysis related to SWATs which trial researchers could follow is available 

in the literature, and applicable after a standard meta-analysis of a recruitment or retention 

strategy (Claxton et al., 2015a). 

 

A concern was that although 139 studies were originally included in the recruitment and 

retention reviews (Treweek et al., 2018b, Gillies et al., 2021), only 17 of these studies were 

included in our review. Therefore, economic evaluations were not undertaken alongside the 

majority of SWATs. Whereas capturing the effectiveness of different recruitment or retention 

strategies is useful, cost considerations are equally important due to limited availability of 

financial resources. We highly encourage trialists and researchers to undertake economic 
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evaluations alongside all SWATs in the future. In addition, the costs of obtaining outcome data 

were not provided in six studies (10 SWATs), meaning that the cost-effectiveness of some 

strategies may have been overestimated. Therefore, the reporting of costs should be 

transparent, expressed in unit terms, and stratified into different types of direct and indirect 

costs, including the costs of obtaining outcome data. Finally, in all cost-effectiveness analyses 

there is a defined cost-effectiveness threshold to determine whether a given intervention, which 

is both more effective compared to existing interventions and costlier, is cost-effective. As long 

as the ICER is less (more) than the threshold, then a strategy is (not) cost-effective. We 

recommend trial researchers to define such a threshold for determining which recruitment or 

retention strategies should be considered as cost-effective. In our review, we did not set out a 

cost-effectiveness threshold, as there has not been any research in this area; instead we 

presented cost-effectiveness ranks of recruitment and retention strategies for comparisons with 

respect to their cost-effectiveness to be made. 

 

The perspective all SWATs followed was related to the trial teams. However, poor recruitment 

into RCTs may also lead to indirect costs through the generation of foregone health benefits to 

an affected population not experiencing the clinical benefits of a potentially effective 

intervention. For instance, a study modelled the impact on human lives lost due to poor 

recruitment in the COVID-19 RECOVERY trial, which showed that over 2,800 lives could 

have been saved in the UK (Knowlson and Torgerson, 2020). Similarly, the financial costs of 

poor attrition can be significant, with the time costs of researchers dealing with follow- up 

being dominant (Peterson et al., 2012). When the follow up to a funded RCT is poor, this may 

generate huge costs for RCT funders, as they could have instead provided funding to trials with 

better follow-up rates and hence with more statistical accuracy in their results. Therefore, in 

future SWATs it is recommended that researchers adopt a broader perspective where possible 

when conducting economic evaluations alongside SWATs, such as the perspective of a national 

healthcare system or the societal perspective (i.e. through cost-benefit analysis instead of cost-

effectiveness analysis). 

4.2.5.3. Strengths and limitations of the review 

 

The major limitations in our study were the differential definitions and computations of cost-

effectiveness outcomes among the included studies. These were partially captured through 

manual conversions of ICERs, or any other secondary economic outcome, into unit incremental 

costs, by stringently following the definition of ICER (Equation 4.1, Equation 4.2) and the 
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reported recruitment or retention rates. This approach enabled us to obtain cost-effectiveness 

figures from 20 out of 22 studies, or from 26 out of 29 included SWATs in a homogeneous 

manner. Another limitation could be our flexible approach towards including studies with high 

Cochrane risk of bias or low quality of economic evaluation, or studies that have not been peer 

reviewed or published yet. However, as an appraisal of the cost-effectiveness of strategies for 

improving participant recruitment and retention in RCTs was not explored in the past, we 

encouraged this flexible approach during the screening of records and inclusion of studies. 

Finally, there were differences in the definitions of “recruitment rate” or “retention rate”, 

especially in terms of the recruitment and retention periods, across the included studies. 

However, we encouraged flexibility in the definitions of such terms by the same means.  

 

Overall, the review benefits from such flexibility so that the evidence on the cost-effectiveness 

or recruitment and/or retention strategies is fully captured. In addition, all studies were subject 

to extensive quality appraisals, including the Cochrane risk of bias and quality of economic 

evaluation. Moreover, the certainty of the evidence for each recruitment and/or retention 

strategy was extensively assessed through the GRADE approach and Trial Forge Guidance 2. 

We believe the use of multiple tools strengthens the reliability of our findings. Finally, we 

believe our review motivates the research community to undertake economic evaluations 

alongside all future SWATs; we have also made recommendations on how such economic 

evaluations could be optimally undertaken. 

4.2.6. Conclusion 

 

There is no recruitment or retention strategy which we would recommend trial teams and 

researchers adopt with full certainty. Improving recruitment and retention in RCTs is a priority 

for trial teams, reflected through the emergence of SWATs as a study design to improve trial 

efficiency. It is of paramount importance for future SWATs to replicate existing recruitment 

and/or retention strategies, rather than focus on novel strategies. We also recommend that 

economic evaluations be carried out alongside all future SWATs, costs and benefits be reported 

clearly and transparently, the cost-effectiveness of existing recruitment or retention strategies 

be repeatedly evaluated, and broader perspectives be adopted in future SWATs if applicable. 

Finally, we encourage researchers to undertake VoI analyses for each recruitment and retention 

strategy, in combination with Trial Forge Guidance 2, to minimise the uncertainty of the 

evidence. 
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Chapter 5: A Value of Information Analysis framework for 

SWATs of recruitment and retention strategies 

5.1. Abstract 
 
Background: Trial Forge Guidance 2 is a guidance for researchers to determine whether a further 

SWAT, related to a specific recruitment or retention strategy, is recommended so as to reduce the 

underlying uncertainty (Treweek et al., 2020). Due to its stringent qualitative criteria, however, this 

guidance is subject to an increased likelihood of mistakenly encouraging an investment into further 

SWATs of a given strategy given budget constraints. 

Methods: This chapter introduces an already established framework of Value of Information (VoI) 

analysis to address the optimisation of SWAT-related research given the financial constraints (Claxton 

et al., 2015a). Two case studies of telephone reminders as a recruitment strategy and pens as a retention 

strategy, were used, for which Trial Forge Guidance 2 recommends that further SWATs be undertaken 

according to the uncertainty of the evidence. The modified VoI analysis framework was gradually 

adopted across the two and five SWATs related to telephone reminders and pens respectively, enabling 

the estimation of figures related to the value of implementation and the value of additional research.  

Results: In the case of telephone reminders, the value of additional research is 0 and the value of 

implementation is 67,765. In other words, 740 additional SWATs need to be funded for other 

recruitment strategies to observe similar expected incremental recruitment rates, to those obtained under 

the existing evidence for telephone reminders, and no further SWAT would be required, so as to reduce 

any uncertainty related to telephone reminders. The VoI analysis suggests that no further SWATs of 

telephone reminders be undertaken, and that telephone reminders be instantly adopted as a recruitment 

strategy in all trials. In the case of pens the value of additional research is 0 and the value of 

implementation is 6,227. In other words, 72 additional SWATs need to be funded for other retention 

strategies to observe similar expected incremental retention rates, to those obtained under the existing 

evidence for pens, and no further SWAT would be sufficient, so as to reduce any uncertainty related to 

pens. The VoI analysis suggests that no further SWATs of pens be undertaken, and that pens be instantly 

adopted as a retention strategy in all trials involving returns of questionnaires during follow-up. 

Conclusion: The VoI analysis framework for making investment decisions on SWATs is applicable for 

all recruitment and retention strategies. It is strongly encouraged that VoI analysis be combined with 

Trial Forge Guidance 2 to prioritise SWAT-related research into finding a balance between qualitative 

quality and financial constraints when making investment decisions on SWATs of recruitment and 

retention strategies and deciding which of these strategies should be adopted in recruitment and 

retention processes for future trials. 
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5.2. Introduction 
5.2.1. Challenges of poor recruitment and retention in RCTs 

 

Poor recruitment of patients to RCTs leads to underpowered trials that are subject to a high risk 

of Type II errors, causing: research waste, the rejection of effective healthcare interventions, 

delays in meta-analyses ascertaining the effectiveness of rejected yet effective interventions, 

ethical issues emerging from exposing participants to uncertainty during and after the trial and, 

most importantly, extension of the length of a given trial, which puts a huge strain on its 

existing budget (Treweek et al., 2018b). Poor retention of already recruited participants in 

RCTs may threaten the internal and the external validity of such research designs, as it not only 

diminishes the power of a trial but can also introduce selection bias, i.e. randomisation of trial 

arms is not achieved eventually and hence a trial’s results become more uncertain and/or 

upwardly or downwardly biased (Torgerson and Torgerson, 2008). As a result, the research 

community wants to address these threats to trial efficiency, which may also have a remarkable 

impact on healthcare systems, trial teams’ finances and funders, as Chapter 2 and Chapter 3 

have demonstrated. Studies Within A Trial (SWATs) are highly encouraged for identifying 

effective (and cost-effective) recruitment and retention strategies (Treweek et al., 2018a). Two 

Cochrane reviews have critically appraised the evidence surrounding the effectiveness of 

recruitment and strategies (Gillies et al., 2021, Treweek et al., 2018b), whereas the review of 

Chapter 4 has critically appraised the evidence surrounding their cost-effectiveness (Gkekas et 

al., 2023). 

5.2.2. Evidence on telephone reminders as a recruitment strategy 

 

One of the recruitment strategies identified by the Cochrane reviewers was the use of telephone 

reminders to invited patients not responding to postal invitations, to participate in randomised 

trials (Treweek et al., 2018b). Using the proportion of participants recruited to each of the 

included studies as the primary outcome, and the risk difference (RD) as the unit of statistical 

analysis, telephone reminders generated a noticeable, statistically significant improvement in 

recruitment rates by RD=6% (95% confidence interval (CI): 3% to 9%). The corresponding 

Cochran-Mantel-Haenszel meta-analysis was undertaken using two SWATs, with a sample 

size of 1450 participants (Nystuen and Hagen, 2004, Wong et al., 2013). There is low evidence 

of statistical uncertainty, with the cumulative and study-specific lower bounds of the 95% CIs 

exceeding zero. The I2 statistic, which is a test of heterogeneity between the included studies 

in a meta-analysis, is equal to 0%, thus demonstrating insufficient evidence to reject the 
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hypothesis that the included studies are homogeneous.  The results from the meta-analysis are 

shown on Figure 5.1 below, produced with Reviewer Manager (RevMan). 

 

Figure 5.1: Meta-analysis of telephone reminders for non-responders versus no telephone 

reminders, for recruitment to randomised trials 

 

 

According to Figure 5.1, the reviewers concluded that the GRADE certainty of evidence for 

this recruitment strategy is high, meaning they have high confidence that the RD estimate of 

using telephone reminders for patients who are invited to a randomised trial but do not respond 

to postal invitations, is similar to the true effect. Both included SWATs were assessed to have 

a low Cochrane risk of bias (Nystuen and Hagen, 2004, Wong et al., 2013). In addition, there 

was no evidence for substantial unexplained heterogeneity or imprecision. The reviewers thus 

assessed this strategy as having a high GRADE certainty of evidence. Nevertheless, as 

recruitment rates were below 10% in both of the host trials of the included studies, the 

indirectness criterion is not met for trials with recruitment rates exceeding 10%, and therefore 

the reviewers downgraded the GRADE certainty of evidence to moderate in this case (Treweek 

et al., 2018b). 

5.2.3. Evidence on pens as a retention strategy 

 

One of the retention strategies that was identified by the reviewers was the additional provision 

of pens to participants being followed up for data collection from host RCTs (Gillies et al., 

2021). Using the proportion of participants retained in each of the included studies as the 

primary outcome, and the risk difference (RD) as the unit of statistical analysis, adding a pen 

to questionnaire letters versus no pen generated a slight, borderline statistically significant 

improvement in retention rates by RD=2% (95% CI: 0% to 4%). The corresponding inverse 

variance weighted meta-analysis was undertaken using five SWATs, with a sample size of 
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13013 participants (Sharp et al., 2006) (Bell et al., 2016) (Cunningham-Burley et al., 2020) 

(James et al., 2021) (Mitchell et al., 2021). The results from the meta-analysis are shown on 

Figure 5.2 below, produced with Reviewer Manager (RevMan). 

 

Figure 5.2: Meta-analysis of adding pens to questionnaires for follow-up versus no pen for 

follow up  

 

According to Figure 5.2, there is uncertainty in the aforementioned RD estimate since three 

SWATs have a CI lower bound RD that is slightly below or equal to zero, thus indicating poor 

evidence of a statistically significant improvement in retention rates because of the addition of 

pen for follow-up (versus no pen), whereas two SWATs have a CI lower bound RD that is 

above zero, thus demonstrating a statistically significant improvement in retention rates 

because of the addition of pen for follow-up. The I2 statistic is equal to 55%, a figure exceeding 

the cut-off value of 50%, thus demonstrating evidence of moderate heterogeneity among the 

included SWATs. The main factor for potential heterogeneity could be clinical diversity, as 

each of the five SWATs’ corresponding host trials was undertaken in different clinical settings, 

e.g. one host RCT was related to knee replacement (Mitchell et al., 2021) whereas another host 

RCT was related to falls prevention (James et al., 2021) , which unavoidably implies variability 

in trial participants. Nevertheless, the reported p-value (=0.06) of the chi-squared test for 

heterogeneity, which is different from the I2 statistic in the sense that it depends upon the 

number of studies included for meta-analysis, is below the 10% confidence level, thus implying 

insufficient evidence for rejecting the null hypothesis of homogeneity among the included 

SWATs. Overall, there seems to be no substantial heterogeneity in the meta-analysis, and the 

reasons for moderate heterogeneity can be largely explained by the different clinical settings 

of the host RCTs. 
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According to these findings, the reviewers concluded that the GRADE certainty of evidence is 

low, meaning that their confidence in the RD estimate of adding pens for follow-up, versus no 

pen, is limited and hence “the true effect may be substantially different from the estimate of the 

effect” (Gillies et al., 2021). Two of the included SWATs were assessed to have a low Cochrane 

risk of bias (James et al., 2021, Mitchell et al., 2021), whereas the remaining SWATs were 

assessed to have an uncertain Cochrane risk of bias (Sharp et al., 2006, Bell et al., 2016, 

Cunningham-Burley et al., 2020). In addition, there was no evidence for substantial 

unexplained heterogeneity. Therefore, the main reason for the reviewers having downgraded 

the rating of evidence seems to be imprecision, as it is related to the reported 95% CIs of RD 

associated with the addition of pens for follow-up. 

5.2.4. Trial Forge Guidance 2 

 

Apart from the GRADE rating of evidence, Trial Forge, a collaborative group aiming to 

improve and disseminate rigorous evidence for improving the conduct of RCTs, has produced 

guidance for researchers to determine whether a further SWAT, related to a specific retention 

(or recruitment) strategy, is recommended (Treweek et al., 2020). This guidance, called Trial 

Forge Guidance 2, is based on the following five criteria: GRADE, cumulated evidence, 

PICOT, balance of benefit and disadvantage to participants, and balance of benefit and 

disadvantage to the host trial (Treweek et al., 2020). By applying the Trial Forge Guidance 2 

criteria in the cases of telephone reminders as a recruitment strategy and of using pens as a 

retention strategy, it is recommended that further SWATs of telephone reminders and pens be 

undertaken (see Table 5.1 from Treweek et al. (2020) and Table 5.2 using my own judgment 

respectively). Nevertheless, whilst this guidance has produced criteria that ensure the 

soundness and the qualitative quality of SWAT-related research, the authors themselves 

recognise that “it is currently unlikely that applying the five criteria to any body of evidence 

will lead to a decision not to start another evaluation” (Treweek et al., 2020) and that “the 

most efficient way of approaching the limited time and money available for evidence 

generation about trial processes may be to focus on whether something clears a threshold that 

makes it worth doing, rather than having a precise estimate of its effect. There would be little 

to gain from pursuing perfection if it will not change decisions” (Treweek et al., 2020). The 

present chapter attempts to introduce such a threshold, by using a well-established health 

economic framework for valuing the anticipated benefits and costs of reducing the uncertainty 

about the effectiveness of recruitment and retention strategies through additional SWATs; this 

framework is called the value of information (VoI) analysis.  
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Table 5.1: Trial Forge Guidance 2: Using telephone reminders as a recruitment strategy, 

adapted from Treweek et al. (2020) 

Trial Forge Guidance 2 (Using telephone reminders as a recruitment strategy) 

Criterion Comments Criterion Met 

(Yes or No or 

Partially) 

GRADE rating of 

evidence 

Data are available for recruitment only (two trials, n = 1450). The GRADE certainty in the evidence for the two 

trials in the review is high but is considered moderate for trials that do not have low (< 10%) underlying 

recruitment. 

Partially 

Cumulated evidence Data are available for recruitment only. There are only two trials and it seems too early to claim the cumulative 

meta- analysis has converged. 

Yes 

PICOT P: One study was done in Norway in 2002–2003 and involved people aged 16–66 years who were sick-listed for 

> 7 weeks due to non-severe psychological problems or musculoskeletal pain (Nystuen and Hagen, 2004). The 

second study was carried out in Canada in 2010 and involved people aged 50–70 years from family practice lists 

who were eligible for colorectal cancer screening (Wong et al., 2013). 

I: The host trial intervention in the Norwegian study was solution-focused sessions led by psychologists; these 

were one-on-one or in groups and aimed to help people get back to work (Nystuen and Hagen, 2004). The host 

trial interventions in the Canadian study were of virtual colonoscopy, optical colonoscopy or faecal occult blood 

testing (Wong et al., 2013) 

C: The host trial comparator in the Norwegian study was usual care: written information from the social security 

office (Nystuen and Hagen, 2004). The Canadian host trial effected a head-to-head evaluation of three screening 

methods, so the three interventions mentioned above were also the comparators (Wong et al., 2013) 

O: Both studies measured recruitment to the host trial. Both host trials had low underlying recruitment. 

T: Mobile telephones have replaced home-based, landline phones for many people and neither study explicitly 

includes mobile telephones. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

There is little or no direct benefit to participants, although some may like being reminded about the trial. One 

potential disadvantage is that some participants may be irritated by the reminder call, but what proportion would 

be irritated is unclear. 

Yes 

Balance of benefit and 

disadvantage to the 

host trial 

The benefit to the host trial is a small increase in recruitment if underlying recruitment is low but it is unclear what 

the benefit would be if underlying recruitment was higher. There is a potential disadvantage to the host trial of 

over-burdening trial staff with making the reminder telephone calls, but the size of this disadvantage is unclear. 

Yes 
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Table 5.2: Trial Forge Guidance 2: Using pens as a retention strategy 

 
Trial Forge Guidance 2 (Using pens as a retention strategy) 

Criterion Comments Criterion Met 

(Yes or No or 

Partially) 

GRADE rating of 

evidence 

Found to be “low” (Gillies et al., 2021). Since the rating is lower than “high”, this criterion is met. Yes 

Cumulated evidence Five SWATs related to this strategy were undertaken. According to Figure 5.1, the RD has converged. No 

PICOT P: No SWAT achieved sufficient sample size from young adult men. 

(Sharp et al., 2006) - UK, secondary care setting, mean age: 34 (age range: 20-59), females only with low-grade 

abnormal cervical smear living in Tayside, Grampian or Nottingham 

(Bell et al., 2016) - UK, primary care setting, age range: 70-85, females only at risk of fracture 

(Cunningham-Burley et al., 2020)- UK, secondary care setting (NHS staff), mean age: 43 (age range: ≥18), males 

and females irrespective of any health conditions 

(James et al., 2021) - UK, community setting, mean age: 79.7 (age range: ≥65), able to walk 10 feet, males and 

females irrespective of any health conditions 

(Mitchell et al., 2021) - UK, secondary care setting, mean age: 66.8 (age range: 70-85, females only irrespective 

of any health conditions 

I: The interventions are health-based, but some of them are treatment-related while others are prevention-related. 

Also, the health conditions are differential among the host trials. 

(Sharp et al., 2006) - Colposcopy as a diagnostic tool. 

(Bell et al., 2016) - 10-year fracture risk assessment using a WHO algorithm to reduce the risk of fracture 

(Cunningham-Burley et al., 2020) - slip-resistant footwear to prevent slips 

(James et al., 2021) - home environmental assessment and modification to reduce the risk of falling 

(Mitchell et al., 2021) - Community-based screening programme of fracture risk to reduce hip fractures 

C: There is homogeneity in the comparators of the five host trials. 

(Sharp et al., 2006) - A six-monthly cervical smear. 

(Bell et al., 2016) - Usual care from healthcare professional 

(Cunningham-Burley et al., 2020) - Usual footwear 

(James et al., 2021) - Usual care from healthcare professional 

(Mitchell et al., 2021) - Usual care 

O: The questionnaire response rate was reported as an outcome in all included SWATs and is relevant for the RD 

in retention rates between pen and no pen. 

T: Sending questionnaires via post remains a popular practice during an RCT. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Providing a pen may be perceived as useful to some participants, but not useful to some others. The mechanisms 

according to which a participant would be more likely to feel benefited by a pen are unknown. 

Yes 

Balance of benefit and 

disadvantage to the 

host trial 

There is a clear benefit to the host trials, as adding pens for follow-up may improve the retention rate at a minimal 

incremental cost (see Chapter 2.2 for more information).  

No 
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5.2.5. Fundamentals of Value of Information (VoI) analysis 

 

Before introducing VoI analysis for estimating the benefits of additional SWATs to reduce the 

uncertainty on the effectiveness of the two recruitment and retention strategies, the rationale 

behind VoI analysis in a health economics framework should be explained. In health 

technology assessment (HTA), VoI analysis is commonly undertaken after primary cost-utility 

analyses of technologies in order to estimate the value, related to health outcomes and costs, of 

conducting further research on important input parameters likely to reduce the existing 

uncertainty on the primary results of such evaluations (Briggs et al., 2006). Such input 

parameters could be health utilities, costs, prior probabilities and treatment effects associated 

with a health condition of interest and/or a proposed health technology under evaluation. An 

original VoI analysis requires a pre-planned decision model, followed by probabilistic 

sensitivity analysis (PSA). Decision models synthesise the available evidence and consider all 

possible scenarios, related to a specific health condition of interest, that could arise from a set 

of alternative health technologies that are evaluated through cost-utility analysis (Briggs et al., 

2006). A probabilistic sensitivity analysis (PSA) can capture the uncertainty in the results of a 

decision model through the estimation of the joint uncertainty across all input parameters. 

 

Using the prior input parameters of the model, the values of which are usually different with 

respect to the technology under evaluation, it is feasible to estimate the probabilities of each 

scenario occurring. Each scenario also has its own costs and benefits, typically expressed in 

terms of a health outcome. Therefore, for each technology under evaluation, their expected 

benefits and costs are calculated through the summation of all benefits and costs from each 

scenario, weighted by the probability of each scenario occurring (Briggs et al., 2006). Given 

the estimation of the expected benefits and costs associated with each health technology, the 

cost-effectiveness of each technology can be subsequently evaluated so that the decision maker 

may choose which of the recommended technologies maximises the population’s expected net 

benefits under a pre-specified cost-effectiveness threshold, where the latter sets an upper limit 

of how much a decision maker is willing to pay to gain an additional unit of health effect or 

quality-adjusted life year (QALY). A QALY captures the changes in the quality of life and life 

expectancy as a result of adopting a proposed technology and its scale lies between 0 (i.e. 

death) and 1 (i.e. perfect health) in a given year. 
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The primary outcome related to a cost-utility analysis, along with the decision model, is the 

incremental cost-effectiveness ratio (ICER). This can be expressed in terms of incremental cost 

per additional QALY gained. For a technology to be cost-effective, the ICER needs to be lower 

than the cost-effectiveness threshold. An outcome which combines the ICER with the cost-

effectiveness threshold is the incremental net benefit (INB), which for a proposed technology 

A versus a baseline technology B is equal to: 

 

INBA= incremental effectA,B* cost-effectiveness threshold – incremental costA,B   (Equation 5.1) 

where incremental effectA,B is the increment in the expected health effects associated with 

technology A versus technology B and incremental costA,B is the increment in the expected 

costs associated with technology A versus technology B. If INBA >0, technology A is cost-

effective relative to technology B. If INBA ≤ 0, technology A is equally or less cost-effective 

relative to technology B.  

Alternatively, the INB for technology A versus technology B (INBA) can be expressed as: 

INBA= incremental net benefitA- incremental net benefitB= INBA- INBB                (Equation 5.2)  

Under PSA, “probability distributions are applied to the specified ranges for the key 

parameters and samples drawn at random from these distributions” (Drummond et al., 2015). 

Such distributions can represent the uncertainty around the mean estimate of variables, i.e. the 

typical outcomes associated with cost-utility analysis such as incremental cost-effectiveness 

ratio (ICER) or incremental net benefit (INB). The types of distributions used for random 

sampling, e.g. Bernoulli or Dirichlet distribution, depend upon the nature of the input 

parameters in a specific decision model. To estimate the overall uncertainty, values from such 

distributions are randomly selected for each parameter input using Monte Carlo simulations. 

PSA is thus an essential tool for capturing the volume of uncertainty in the original findings as 

well as the underlying sources of such uncertainty. PSA has been previously applied in Chapter 

2 to assess the robustness of the cost-effectiveness findings with respect to improving patient 

recruitment to the RECOVERY trial. 

 

To capture parameter uncertainty, it is recommended that a cost-effectiveness acceptability 

curve (CEAC) be generated; such a curve demonstrates the likelihood that a technology is cost-

effective when the threshold changes within a predetermined range (Briggs et al., 2006). Under 

uncertainty, e.g. due to uncertain input parameters related to the effectiveness of treatments A 

and B, it is possible that technology A has a higher INB, but not statistically significant, than 

that of technology B (and hence INBA >0, since INBA> INBB from Equation 5.2), but still has 
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a significant error probability, according to the CEAC, that could prevent its approval in a 

given threshold. Such disapproval could generate opportunity costs on patients who could 

benefit from the foregone INBs following the rejection of technology A. As a result, there is 

an expected cost of uncertainty, the estimate of which is based upon the probability of error 

from the CEAC and the opportunity costs of decision error that include the foregone health 

benefits and resources due to the rejection of technology A. Such an expected cost is defined 

as the expected value of perfect information (EVPI) related to the comparison of technology A 

to technology B, since having access to perfect information will remove the probability of any 

underlying uncertainties causing a wrong decision to be made (Briggs et al., 2006). Perfect 

information could arise from additional investment in research that could provide clear 

evidence on input parameters responsible for the imperfect information under the existing 

evidence. Such additional research could take place in the form of any research design, such as 

an RCT or a systematic review.  

 

There are three factors that influence the estimation of EVPI: 1) the INB of technology A 

(INBA) and the INB of technology B (INBB) according to the existing evidence; 2) the 

distribution of INBA according to the existing evidence, which could take the form of a linear 

(e.g. Normal) or a non-linear distribution, and; 3) a loss function which considers the 

opportunity costs of decision error according to the existing evidence (Briggs et al., 2006). An 

illustrative example of EVPI is provided in Briggs et al. (2006), based upon five iterations of 

Technology A and Technology B, and is presented on Table 5.3. 

Table 5.3: An example of expected value of perfect information (EVPI), adapted from Briggs 

et al. (2006) 

 Technology 

A 

Technology 

B 

Optimal 

choice 

Maximum 

net benefit 

Opportunity 

loss 

Iteration 1 9 12 B 12 0 

Iteration 2 12 10 A 12 2 

Iteration 3 14 20 B 20 0 

Iteration 4 11 10 A 11 1 

Iteration 5 14 13 A 14 1 

INB 12 13 B 13.8 0.8 
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According to the above figures, originating from five iterations and a pre-specified cost-

effectiveness threshold, the optimal decision, under the existing evidence, is to choose 

Technology B over Technology A, as its expected net benefit is greater than that of Technology 

A (INBB=13>INBA=12). However, if perfect information was available, the decision maker 

would optimally choose Technology A over Technology B in Iterations 2, 4 and 5, as its 

observed net benefits are greater than those of technology B (i.e.  

INBIteration2,B=10<ONBIteration2,A=12 , INBIteration4,B=10<INBIteration4,A=11, INBIteration5,B =13< 

INBIteration5,A =14), and Technology B over Technology A in Iterations 1 and 3 (i.e. INBIteration1,B 

=12> INBIteration1,A =9, INBIteration3,B =20> INBIteration3,A =14).  

 

By adopting Technology B over Technology A across all iterations, the net benefits in 

Iterations 1 and 5 are maximised but the net benefits in the remaining iterations are not, as they 

generate opportunity losses due to the rejection of a more cost-effective technology. Therefore, 

by choosing Technology B in Iterations 1 and 3, and Technology A in Iterations 2, 4 and 5, the 

expected net benefit under perfect information would have been equal to 13.8, a figure greater 

than that of the expected net benefit under imperfect information based on choosing 

Technology B across all iterations (=13). The difference between the expected net benefit under 

perfect information and the expected net benefit under the existing information is called the 

expected opportunity cost, in other words the expected value of perfect information (EVPI). It 

is also worth noting that whereas technology B has a higher overall expected net benefit than 

Technology A, the likelihood of it being cost-effective is only 0.4 under the given threshold. 

As the EVPI is initially expressed in individual terms, it is important: to aggregate this figure 

across the relevant population; to decide the period over which information about the decision 

of which treatment to approve will be useful; and to find estimates of the incidence of the 

disease associated with Treatments A and B so as to generate a population-wide EVPI. The 

population-level EVPI should also be discounted at a pre-specified annual rate to consider the 

overall EVPI for both current and future patients.  

 

If it costs £x overall to acquire additional information and hence a maximum expected net 

benefit for the population, a value of perfect information curve, with Population EVPI on the 

vertical axis and cost-effectiveness threshold on the horizontal axis, could be drawn. In this 

way, it can be shown under which range of cost-effectiveness thresholds it would have been 

cost-effective to invest £x to acquire perfect information. As long as the EVPI is greater than 

the cost £x of acquiring perfect information, it would be cost-effective to seek perfect 
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information on uncertain input parameters, as specified according to a prior PSA. With proper 

modelling, it is feasible to vary the net benefits presented in Table 5.2 with different levels of 

cost-effectiveness threshold so as to generate an appropriate value of perfect information curve.  

5.2.6. Value of Information (VoI) analysis in the framework of meta-analysis 

 

The VoI analysis in Section 5.2.4 is applicable to situations where: 1) the benefits of proposed 

technologies are associated with maximising the QALYs gained for a population; 2) the source 

of uncertainty originates from input parameters of an appropriate decision model. Such benefits 

are evaluated, along with a cost-effectiveness threshold, to determine which technology is more 

cost-effective according to the obtained INB or ICER estimates. Under this framework, 

decision modelling, followed by subsequent PSA, is necessary to estimate the EVPI for 

eliminating parameter uncertainty. Following the aggregation of EVPI to generate the 

population-level EVPI, it is compared against the fixed cost of acquiring perfect information 

of input parameters at a pre-specified cost-effectiveness threshold, to determine whether 

acquiring perfect information would be a cost-effective strategy. 

 

In the framework of using telephone reminders as a recruitment strategy, or pens as a retention 

strategy, for patients in RCTs, however, the observed benefits from previous SWATs are not 

QALY-dependent, as they focus explicitly on the efficacy of telephone reminders or pens in 

improving the recruitment or retention rates. Therefore, outcomes such as INB or EVPI are not 

applicable for VoI analysis of SWATs, as the components of the former are directly associated 

with health-related outcomes, such as QALYs, by definition (see Section 5.2.4). In addition, 

the source of uncertainty, in the framework of telephone reminders and pens, would not be 

input parameters since the evidence does not originate from decision models but from original 

primary SWATs. Therefore, the source of uncertainty would instead be the 95% CIs around 

the RD acquired from the existing two swats (five) SWATs of using telephone reminders (pens) 

as a recruitment (retention) strategy, i.e. effect uncertainty. Therefore, an alternative 

methodology for VoI analysis needs to be adopted for exploring the benefits of additional 

research on SWATs of recruitment and retention strategies. A study by Claxton et al. (2015a) 

suggests that “a simple extension of standard meta-analysis can provide quantitative estimates 

of the potential health benefits of further research and of implementing the findings of existing 

research, which can help inform research prioritisation and efforts to change clinical practice” 

(Claxton et al., 2015a).  
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The results of a meta-analysis for all strategies under comparison are typically expressed in 

terms of an absolute measure, such as follow-up (i.e. questionnaire return) rate in retention 

SWATs. For such measures, 95% CIs expressing a range of statistically reasonable values of 

the effect are also reported. The distribution of such values lying within the 95% CI can reflect 

the uncertainty with respect to the relative effect size of a given proposed intervention or 

strategy (Claxton et al., 2015a). If such an effect uncertainty is unacceptable, it is recommended 

that further research occur since the costs of implementing it are justified given the underlying 

uncertainty (Claxton et al., 2015a). Instead, if such an effect uncertainty is acceptable, it is not 

recommended that further research occur since the costs of implementing it are not justified 

given the underlying uncertainty (Claxton et al., 2015a). To observe the importance of effect 

uncertainty and its broader consequences, it should be aggregated in active RCT participant 

population figures in the framework of retention SWATs (Claxton et al., 2015a). Following 

population aggregation, by using a relative measure of effect, such as risk ratio (RR), risk 

difference (RD) or odds ratio (OR), it becomes feasible to predict the estimated loss in a 

desirable outcome due to effect uncertainty, such as recruitment rate in SWATs of recruitment 

strategies or follow-up rate in SWATs of retention strategies. Such a loss describes the 

expected consequences of uncertainty. In the present framework, such consequences are not 

expressed in terms of foregone QALYs, but rather as foregone improvements in recruitment or 

follow-up rates for the active RCT population, due to potentially approving a less effective 

strategy or intervention (Claxton et al., 2015a). In contrast to the classical framework of VoI 

analysis, further research through SWATs is not anticipated to eliminate the underlying effect 

uncertainty, but could still reduce it enough such that more certain decisions about which 

retention strategy to adopt could be made, and therefore conclude whether investing £x for 

additional research on this strategy would or would not be a cost-effective thing to do (Claxton 

et al., 2015a).  

5.2.7. Value of Information (VoI) analysis in the framework of SWATs 

 

Available in the literature are examples of VoI analyses following the extension of meta-

analyses of clinical RCTs, whose methodology could feasibly be applied in meta-analyses of 

SWATs, since a SWAT itself presents similar -if not identical- features of randomisation and 

statistical inference to a standard RCT (Claxton et al., 2016, McKenna et al., 2016, McKenna 

et al., 2015).   
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For instance, by placing the five existing SWATs related to pens in chronological order (Sharp 

et al., 2006, Bell et al., 2016, Cunningham-Burley et al., 2020, James et al., 2021, Mitchell et 

al., 2021), consecutive cumulative random effect meta-analyses of using pens versus not using 

pens for participant retention could be gradually undertaken to observe the evolvement of  

relative measures of effect (i.e. RD) over time. The 95% CIs and the p-values could be 

simultaneously estimated and used for predicting the extent of effect uncertainty throughout 

the consecutive meta-analyses. RevMan software was used for these meta-analyses. For each 

meta-analysis, an uncertain distribution of 5000 combinations of RD values (i.e. in line with 

the reported 95% CIs) and baseline retention rates (e.g. from 80% to 97%), could be generated 

through random sampling, via Microsoft Excel, to capture the uncertainty with respect to the 

retention rates of pens versus no pens. Such uncertainty was aggregated in the most recent 

English trial community figures, that is 1,390,483 participants involved in clinical research 

across England from April 2020 to March 2021 (National Institute for Health & Care Research, 

2021) However, since many trials are expected not to include postal questionnaires as part of 

their data collection, as happens in the case of pens as a retention strategy, it is assumed that 

25% of all trials include questionnaires during follow-up. Therefore, by assumption, the annual 

population is 0.25*1,390,483= 347,621 trial participants. The costs of additional research 

through SWATs could be estimated via the funding that the National Institute for Health & 

Care Research (NIHR) currently provides, i.e. up to £30,000 for an additional SWAT into every 

Health Technology Assessment (HTA) trial (National Institute for Health & Care Research, 

2023). Nevertheless, four out of five of the considered SWATs were funded through the 

PROMETHEUS programme (currently expired), which provided a funding of up to £5,000 for 

each SWAT (Clark et al., 2022). Therefore, it is assumed that a new SWAT of pens would cost 

up to £5,000, in line with the funding that the already undertaken SWATs of pens had received. 

Also, since pens are typically included in pre-paid envelopes that contain questionnaires, the 

reported cost per additional participant retained was found to be £57.90 given the existing 

evidence (Murphy et al., 2022b). This figure is based upon a hypothetical randomised trial 

undertaken in the UK, consisting of 500 participants, 10 trial sites, 1-year participant follow-

up and triple trial visits (Murphy et al., 2022b). 

 

For each consecutive meta-analysis, to determine whether investing in an additional SWAT of 

pens as a retention strategy is a cost-effective procedure, the following factors must be taken 

into consideration: the expected number of trial participants withdrawing from trials due to 

uncertainty; the expected incremental number of trial participants remaining in trials as a result 
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of receiving pens during follow-up; the cost per additional participant retained using pre-paid 

envelopes (questionnaire) in a future trial (£57.90); and the available funding for an additional 

SWAT (£5,000). If the value of implementation (i.e. the gains in retention rates when 

establishing pens as a retention strategy across all host trials, given the existing evidence) is 

sufficiently larger than the value of additional research (i.e. the expected number of trial 

participants withdrawing from trials due to uncertainty), it becomes highly likely that investing 

in an additional SWAT on pens may not be cost-effective, given the existing budget (McKenna 

et al., 2016, Claxton et al., 2015a). 

For illustrative purposes, let us assume a scenario of meta-analysis, similar to McKenna et al. 

(2016), of two SWATs comparing pen arms versus no-pen arms where: 

• The cumulative retention rate in the pen arm is 0.79 (=316/400) 

• The cumulative retention rate in the no pen arm is 0.773 (=402/520) 

The RD is 0.02, with the lower bound of the 95% CI being -0.04 and the higher bound of the 

95% CI being 0.07. The reported 95% CI suggests that using pens could be up to 7 % effective 

in improving retention rates in RCTs, against no pen, but it also means that using pens could 

be up to 4% less effective in improving retention rates, against no pen. The baseline retention 

rate is assumed to be the median retention rate observed in NIHR-funded trials, which equals 

88%, with its interquartile range (IQR) being 80%-97% (Jacques et al., 2022). 

 

A process of random sampling, i.e. bootstrapping,  from uncertain distributions of RD figures 

lying in the above 95% CI and baseline retention rates (from 80% to 97%), could be 

undertaken, with 5000 (or more) simulations, in order to generate a relevant non-linear 

distribution which would capture the effect uncertainty of pens as a retention strategy 

(McKenna et al., 2016). The random sampling process presents a 69.43% chance of pens being 

a more effective retention strategy than usual follow-up, and a 30.57% chance of excess 

attrition rates because of using pens as a retention strategy. Furthermore, given 5,000 random 

combinations of baseline retention rates and RDs, it can be assumed that the average of their 

product generates 6,330, when multiplied by the trial population figure of 347,621 and then 

subtracted by the average product of this population figure and a random baseline retention 

rate: this is the expected number of additional trial participants remaining across all trials 

because of receiving a pen during follow-up. In addition, given a 30.57% chance of increased 

attrition because of adding pens during follow-up, the average of the product of the trial 

population and the negative difference between the baseline retention rate and the product of 
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the baseline retention and RD reflects the expected number of trial participants lost to follow-

up as a result of effect uncertainty, a figure equal to 1,380 in this example. Therefore, the value 

of additional research is 1,380 and that the value of implementation is 6,330. Assuming the 

incremental cost per additional participant retained across trials using envelopes is £57.90, the 

NIHR would need to fund (£57.90* 6,330=) £366,507/£5,000=73 SWATs, in order to generate 

similar incremental benefits in retention rates through research with SWATs of alternative 

retention strategies. In addition, however, 1,380/ (£5000/£57.90) =16 further SWATs of pens 

would be needed to reduce effect uncertainty associated with 1,380 participants lost to follow-

up. Each of these further SWATs would be expected to reduce uncertainty by £5000, i.e. the 

maximum funding available allocated, divided by £57.90, i.e. the incremental cost of retaining 

an additional participant via postal questionnaires, which is equal to approximately 86 

participants, which means that 16 further SWATs would be needed to reduce uncertainty 

significantly. Evidently, by comparing the value of additional research with the value of 

implementation, it is uncertain whether more SWATs of pens as a retention strategy need to be 

funded by the NIHR in this example.  

5.2.8. Aims of Chapter 5 

 

The direct aim of this chapter is to observe whether, given the existing evidence, investing in 

an additional SWAT or telephone reminders as a recruitment strategy and pens as a retention 

strategy would be cost-effective research decisions for reducing the uncertainty of the 

cumulative RD reported in Figure 5.1 and Figure 5.2. By considering the expected benefits 

and costs of additional research, the chapter, through the VoI analysis framework in Section 

5.2.6, will determine whether funding additional SWATs of telephone reminders as a 

recruitment strategy and pens as a retention strategy would be efficient investments. Depending 

upon the findings, the VoI analysis will be compared with the findings encouraging further 

SWATs for pens as a retention strategy, according to Trial Forge Guidance 2, as shown in 

Table 5.1. The indirect aim of this chapter is to introduce a framework for reducing research 

waste by considering the cost-effectiveness of undertaking further SWATs on recruitment and 

retention strategies, through the application of VoI analysis techniques discussed in this 

chapter. 
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5.3. Methods 

5.3.1. Meta-analysis in the framework of SWATs of telephone reminders as a recruitment 

strategy 

The characteristics of the two SWATs associated with telephone reminders to non-responders 

as a recruitment strategy, introduced in Figure 5.1, are presented in Table 5.1 (Nystuen and 

Hagen, 2004, Wong et al., 2013). The primary outcome across all studies is the recruitment 

rate in the control and intervention groups. Such an outcome is expressed in terms of proportion 

of patients recruited to a trial (see Table 5.4). To compare the difference in recruitment rates 

between the trial arms, i.e. the effectiveness of the provision of telephone reminders to non-

responders as a recruitment strategy, the Cochrane recruitment review used the risk difference 

(RD) as a measure of effect, since the recruitment rate is a dichotomous variable (Gillies et al., 

2021). To ensure methodological homogeneity, the RD is also the statistical measure of effect 

in this chapter. If RD>0, using telephone reminders to non-responders is a more effective 

recruitment strategy than no reminders. If RD=0, using telephone reminders is neither a more 

nor a less preferable retention strategy than no reminders. If RD<0, using pens is a less effective 

retention strategy than no reminders. 

Table 5.4: Characteristics of the two SWATs related to using telephone reminders to non-

respondents as a recruitment strategy, adapted from Treweek et al. (2018b) 

 
Study Methods Data Comparisons Outcomes Control 

recruitment 

rate 

Nystuen et al. 

(2004) 

Randomised 

controlled 

trial 

Norway, 

community 

setting. 

Effects of different 

telephone reminders. 

Written invitation to 

participate in a community-

based trial followed by a 

telephone reminder if no 

response within 2 weeks; 

guide used for discussion. 

This was compared to 

written invitation to 

participate in a community-

based trial followed by no 

reminder if no response 

within two weeks.  

Proportion 

recruited to 

trial 

4.55 % 
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Wong et al. 

(2013) 

Randomised 

controlled 

trial 

Canada, 

primary care 

setting. 

Investigated use of 

telephone reminders to non-

responders 

Intervention: up to three 

telephone reminders to 

those not responding to 

initial posted invitation  

Comparison: no telephone 

reminders (but did get a 

second invitation) 

Proportion 

recruited to 

trial 

7.42 % 

 

The two types of model commonly used for meta-analysis are the fixed-effect and the random-

effect model. In the former it is assumed that any effect differences between the included 

studies are due to random error (i.e. sampling variability (Riley et al., 2011)), whereas in the 

latter the variability of the effect between studies is due to variations in the magnitude of the 

effect across studies, in addition to random error (Riley et al., 2011). A crucial element in 

determining whether a random-effect (fixed-effect) should be preferred to a fixed-effect 

(random-effect) model is to observe the characteristics of the studies included and assess 

whether they do (not) present substantial heterogeneity regardless of the findings from common 

heterogeneity tests, such as the I2 statistic. In the presence of substantial heterogeneity, i.e. 

variation in terms of design and methodology of the studies, it is highly likely that a variation 

in the size of the effect across studies actually exists, and hence the assumption related to a 

fixed-effect model does not hold and a random-effect model should be adopted instead.  

 

Whereas the Cochrane review on recruitment strategies applied fixed-effect models (Treweek 

et al., 2018b), this chapter applies random-effect models to undertake the corresponding meta-

analysis, labelled as Meta-Analysis 1, so as to account for potential heterogeneity. Given the 

description of the SWATs in Table 5.4, there is some evidence for substantial heterogeneity 

among the included studies, due to different clinical settings (primary care vs community 

setting) and location (Canada vs Norway). The reviewers of the Cochrane recruitment review 

do not explain why they used fixed-effect models (Treweek et al., 2018b). For this recruitment 

strategy, an applied random-effects model using the Mantel-Haenszel method of weighting the 

contribution of each included SWAT to the overall RD estimate is applied. The meta-analysis 

is undertaken on Reviewer Manager (RevMan) software, using random-effect models with the 

Mantel-Haenszel estimation method.  
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5.3.2. Cumulative meta-analyses in the framework of SWATs of pens as a retention 

strategy 

The five SWATs associated with pens as a retention strategy, as introduced in Figure 5.2, were 

placed in chronological order (by date of publication) to observe how the evidence on using 

pens as a retention strategy has evolved, over time, through cumulative meta-analyses (Claxton 

et al., 2015a). This order is the following: 

o Sharp et al. (2006) 

o Bell et al. (2016) 

o Cunningham-Burley et al. (2020) 

o James et al. (2021) 

o Mitchell et al. (2021) 

The characteristics of the five studies, including methods, data, comparisons and outcomes, 

were collected from the Cochrane review (Gillies et al., 2021) and are shown in Table 5.4.The 

primary outcome across all studies was the retention rate in the control group, i.e. usual follow-

up without pens, and in the intervention group, i.e. pens in addition to usual follow-up. Such 

an outcome could be expressed in terms of questionnaire response rate or questionnaire return 

rate in the included SWATs (see Table 5.4.). To compare the difference in retention rates 

between the trial arms, i.e. the effectiveness of pens as a retention strategy, the Cochrane 

retention review used the risk difference (RD) as a measure of effect (Gillies et al., 2021). To 

ensure methodological homogeneity, the RD is also the statistical measure of effect used in the 

VoI analysis of pens. as a retention strategy.  

 

In line with the Cochrane review (Gillies et al., 2021), this chapter also applies random-effect 

models to undertake the corresponding meta-analyses. Given the description of the SWATs in 

Table 5.5, however, there is insufficient evidence for substantial heterogeneity among the 

included studies. Also, the reviewers of the Cochrane retention review do not explain why they 

used random-effect models (Gillies et al., 2021). Nevertheless, for purposes of homogeneity 

with the Cochrane retention review’s methodology, this chapter applies a random-effects 

model, using the Mantel-Haenszel method of weighting the contribution of each included 

SWAT to the overall RD estimate.  

The following four cumulative meta-analyses are undertaken to estimate the RD of pens plus 

usual follow-up as a retention strategy, compared to no pens and usual follow-up (Claxton et 

al., 2015a): 
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o Meta-Analysis 2.1: Sharp et al. (2006) and Bell et al. (2016) 

o Meta-Analysis 2.2: Sharp et al. (2006), Bell et al. (2016)  and Cunningham-Burley et al. 

(2020) 

o Meta-Analysis 2.3: Sharp et al. (2006), Bell et al. (2016), Cunningham-Burley et al. (2020) 

and James et al. (2021) 

o Meta-Analysis 2.4: Sharp et al. (2006), Bell et al. (2016), Cunningham-Burley et al. (2020), 

James et al. (2021) and Mitchell et al. (2021) 

Table 5.5: Characteristics of the five SWATs related to using pens as a retention strategy, 

adapted from Gillies et al. (2021) 

 
Study Methods Data Comparisons Outcomes Control 

retention rate 

Sharp et al. 

(2006) 

2x2x2 

factorial 

parallel, 

individually-

randomised 

trial 

UK, 

secondary 

care setting. 

Three trials evaluated. 

1) TAMBOLA-branded pen 

versus no pen 

2) Questionnaire dispatched 

by first class post versus 

questionnaire dispatched by 

second class post 

3) Pre-addressed return 

envelope with second-class 

postage stamp versus 

freepost business-reply 

envelope. 

Questionnaire 

response rate. 

Retention 

period: 12, 18, 

24 and 30 

months 

64.24% 

Bell et al. 

(2016) 

Parallel, 

individually-

randomised 

trial 

UK, primary 

care setting. 

Intervention group received 

trial-branded pen with the 

60-month follow-up 

questionnaire. 

Control group 60-month 

follow-up questionnaire 

alone. 

Questionnaire 

return rate 

Retention 

period: 60 

months 

91.27% 

Cunningham-

Burley et al. 

(2020) 

Parallel, 

individually-

randomised 

trial 

UK, 

secondary 

care setting. 

Intervention group received 

a branded pen with their 

questionnaire. 

Control group did not 

receive a pen. 

Proportion of 

participants 

who return the 

questionnaire. 

Retention 

period: 14 

weeks 

64.69% 
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James et al. 

(2021) 

2x2 factorial 

parallel, 

individually-

randomised 

trial 

UK, 

community 

setting. 

Intervention group 1 

received a branded pen and 

a standard cover letter. 

Intervention group 2 

received a branded pen and 

a social incentive cover 

letter. 

Intervention group 3 

received no pen and a social 

incentive cover letter. 

Control group received no 

pen, standard cover letter. 

All participants received an 

unconditional £5 note with 

the questionnaire. 

Questionnaire 

return rate. 

Retention 

period: 12 

months 

95.78% 

Mitchell et al. 

(2021) 

Parallel, 

individually-

randomised 

trial 

UK, 

secondary 

care setting. 

Intervention group received 

a pen alongside the 12-

month questionnaire. 

Control group did not 

receive any pen alongside 

the 12-month questionnaire. 

Questionnaire 

return rate. 

Retention 

period: 12 

months 

85.61% 

 

All meta-analyses are undertaken on RevMan software, using random-effect models with the 

Mantel-Haenszel estimation method.  

5.3.3. Value of Information (VoI) analysis in the framework of SWATs of telephone 

reminders as a recruitment strategy 

 

Following the introduction of the framework for undertaking VoI related to SWATs in Section 

5.2.6, the following components were considered for VoI in the framework of SWATs of 

telephone reminders as a recruitment strategy: 

- For Meta-Analysis 1, the recruitment rates in the telephone reminder group and the no 

reminder group were reported and expressed as follows: 

RecruitmentRateREMINDER = nREMINDER/NREMINDER                                                                        (Equation 5.3) 

where nREMINDER is the number of participants recruited to a host trial from the telephone 

reminder group, and NREMINDER is the total number of participants allocated to the telephone 

reminder group. The recruitment rate is defined as the percentage of potentially eligible patients 

eventually recruited to a randomised trial. 
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RecruitmentRateNOREMINDER = nNOREMINDER/NNOREMINDER                                                      (Equation 5.4) 

where nNOREMINDER is the number of participants recruited to a host trial from the no reminder 

group, and NNOREMINDER is the total number of participants allocated to the no reminder group. 

- For Meta-Analysis 1, the RD in recruitment rate between the telephone reminder arm and the 

no reminder arm were reported and labelled as RDREMINDER. The corresponding 95% CI lower 

and upper bounds were also reported. 

- For Meta-Analysis 1, the baseline recruitment rate, i.e. proportion of eligible participants 

randomised, was assumed to be equal to the most accurate median recruitment rate of 43% 

(95% CI: 37.2% to 48.7%), as estimated for cancer trials (Reynolds et al., 2023). 

Therefore, 

BaselineRecruitment = 0.43                                                                                  (Equation 5.5) 

 

- In line with the methodology of estimating the additional benefits of health research through 

meta-analysis (McKenna et al., 2016), an estimate of the population affected by trial 

methodology-related research is needed. The most relevant estimate to date could be the 

number of people estimated to have a long-term condition (LTC) across the UK, who would 

be more likely to be invited to participate in a randomised trial. According to NHS estimates, 

approximately 26 million people in the UK live with at least one LTC (NHS, 2018). Assuming 

that 10% of such patients would be invited and then would consent to participate in a clinical 

trial in a given year, the population estimate is 2,600,000.  

- Estimates of the population recruited in randomised trials were obtained. Such estimates were 

differentiated by intervention arm (i.e. telephone reminders vs no reminder). The equation 

representing the expected population of patients invited and recruited to trials if they received 

a telephone reminder during the recruitment stage is: 

PopulationRecruitmentREMINDER= Population of invited patients * JointRecruitmentREMINDER 

                               = Population of invited patients* BaselineRecruitment x (RDREMINDER +1) 

                               = 2,600,000* BaselineRecruitment * (RDREMINDER +1)         (Equation 5.6) 

where JointRecruitmentREMINDER = BaselineRecruitment * (RDREMINDER +1)        (Equation 5.7) 

 

JointRecruitmentREMINDER is the product of the baseline recruitment rate and the risk difference 

(RD) in recruitment rates between the telephone reminder and the no reminder groups plus 1. 

The use of “plus 1” is necessary, since the RD in this case reflects an increase in exposure to a 

positive outcome, i.e. recruitment to a randomised trial. 5000 random combinations of 
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BaselineRecruitment and RDREMINDER were generated through random sampling in Microsoft 

Excel in order to estimate the expected value of additional research (i.e. VOIREMINDER).  

 

The corresponding equation representing the expected population of trial participants recruited 

to trials if they did not receive any telephone reminder is: 

PopulationRecruitmentNOREMINDER= Population of invited patients * BaselineRecruitment 

                                                       = 2,600,000 * BaselineRecruitment             (Equation 5.8) 

 

- Thus, the effectiveness of telephone reminder as a recruitment strategy, in terms of the 

population of invited patients, is expressed as the expected difference between 

PopulationRecruitmentREMINDER and PopulationRecruitmentNOREMINDER 

EffectivenessREMINDER = (5.6) – (5.8)  

                                    = PopulationRecruitmentREMINDER -  PopulationRecruitmentNOREMINDER                                

                                                                                                                                                                                             (Equation 5.9) 

In line with McKenna et al. (2016), random sampling with respect to the uncertain distribution 

of JointRecruitmentREMINDER (=BaselineRecruitment * (RDREMINDER+1)) was undertaken in 

Microsoft Excel. A joint uncertain distribution with 5000 iterations was generated. RDREMINDER 

was randomly varied between its lower bound and its upper bound from the estimated 95%CI 

from Meta-Analysis 1, whereas BaselineRecruitment was randomly varied between 37.2% and 

48.7%, to generate 5000 values of JointRecruitmentk , where k=1,..., 5000 is the labelled 

number of iteration .  

Therefore, for each k, 

JointRecruitmentk= BaselineRecruitment,k * (RDREMINDERk +1)                                    (Equation 5.10) 

where BaselineRecruitment,k = RangeBaselineRecruitment= (0.372, 0.487)                          (Equation 5.11) 

and RDREMINDERk is the random value of RDREMINDER generated in iteration k. 

For each k simulation, JointRecruitmentREMINDER,k was multiplied by the population figure of 

2,600,000  to obtain PopulationRecruitmentREMINDER,k. 

PopulationRecruitmentREMINDER,k=Population of invited patients * JointRecruitmentREMINDER,k 

                            =Population of invited patients * BaselineRecruitmentk * (RDREMINDER,k +1) 

                            = 2,600,000*BaselineRecruitmentk * (RDREMINDER,k +1)       (Equation 5.12) 

 

Simultaneously, for each k simulation, PopulationRecruitmentNOREMINDERk was estimated 

through a given generated value of BaselineRecruitmentk. 

PopulationRecruitmentNOREMINDERk = Population of invited patients * BaselineRecruitmentk 
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                                                         = 2,600,000* BaselineRecruitmentk          (Equation 5.13) 

 

Finally, for each k simulation, the effectiveness of telephone reminders as a recruitment 

strategy, in terms of the population of trial participants, is expressed as the expected difference 

between PopulationRecruitmentREMINDERk and PopulationRecruitmentNOREMINDERk: 

 

EffectivenessREMINDER,k = (5.12) – (5.13)  

                                     =PopulationRecruitmentREMINDERk - PopulationRecruitmentNOREMINDERk    

                                                                                                                             (Equation 5.14) 

where EffectivenessREMINDER,k <0 implies that telephone reminders is not an effective 

recruitment strategy , compared to no reminders , EffectivenessREMINDER,k =0 implies that 

telephone reminders is an equally effective recruitment strategy with no reminders, and 

EffectivenessREMINDER,k >0 implies that telephone reminders is an effective recruitment strategy 

compared to no reminders.  

 

Given that K=5000 iterations related to Meta-Analysis 1, it becomes feasible to estimate the 

probability of telephone reminders being an effective recruitment strategy (i.e. P 

(ReminderEffectivek >0)) and the probability of telephone reminders not being an effective 

recruitment strategy (i.e. P(ReminderEffectivek ≤0)). Such probabilities are frequentist and 

were estimated by measuring the frequency in which EffectivenessREMINDER,k >0, 

EffectivenessREMINDER,k =0 and EffectivenessREMINDER,k <0 were generated following 5000 

iterations for each meta-analysis. The algebraic expressions are provided below: 

P (ReminderEffectivek >0) =                                                                  (Equation 5.15)                                           

where for each iteration Xk=1 when EffectivenessREMINDER,k >0 and Xk=0 when 

EffectivenessREMINDER,k ≤0. Correspondingly, 

                                                            (Equation 5.16) 

By the law of total probability, it is always the case that: 

P (ReminderEffectivek >0) + P (ReminderEffectivek ≤0) = 1                             (Equation 5.17) 

 

In line with Claxton et al. (2015a), the value of additional research on telephone reminders as 

a recruitment strategy (VOIREMINDER), given Meta-Analysis 1, can be estimated through the 

weighted average of EffectivenessREMINDER,k conditional upon the iterations for which  
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EffectivenessREMINDER,k ≤0, multiplied by P(ReminderEffectivek ≤0). In other words, VOI 

corresponds to the expected number of invited patients not recruited as a result of the effect 

uncertainty around telephone reminders as a recruitment strategy, multiplied by the probability 

of telephone reminders not being an effective recruitment strategy: 

 

 

  

                                                                 when EffectivenessREMINDER,k ≤0                

                 = 0                                        when EffectivenessREMINDER,k >0       (Equation 5.18) 

 

The number of invited patients expected to be recruited to randomised trials as a result of 

receiving telephone reminders during the recruitment stage is expressed as the weighted 

average of EffectivenessREMINDER,k across the 5000 iterations given Meta-Analysis 1. This is the 

value of implementation following Meta-Analysis 1: 

(Equation 5.19) 

Following each meta-analysis, the value of additional research (VOIREMINDER) needs to be 

compared with the value of implementation (ValueOfImplementationREMINDER) to assess 

whether investing in a further SWAT of telephone reminders, costing £5,000, would be  cost-

effective. Considering that the estimate of the average cost per additional patient recruited is 

88 Canadian Dollars (CAD) (which, if converted to GBP through the 2019 USD PPP rate is 

£48.38) and hence £54.61 at 2022 levels (through the use of GDP deflator from 2019 to 2022) 

(Kakumanu et al., 2019), this implies that an additional SWAT under a cost of £5,000 would 

increase the number of patients recruited to all trials, due to reduction in effect uncertainty by 

£5000/£54.61=92. Also, given an existing level of the value of implementation following each 

meta-analysis, it is important to estimate the amount the NIHR would need to invest to generate 

the same improvements in recruitment rates, through additional evidence on other recruitment 

strategies, if telephone reminders were still not to be adopted as a recruitment strategy across 

all trials. For instance, if the value of implementation was £10,000, the NIHR would need to 

invest £54.61*10,000=£546,100 to generate similar additional benefits in terms of improved 

patient recruitment. 
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5.3.4. Value of Information (VoI) analysis in the framework of SWATs of pens as a 

retention strategy 

 

VoI was undertaken for each meta-analysis (i.e. Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-

Analysis 2.3, Meta-Analysis 2.4) related to pens as a retention strategy. The purpose for doing 

so was to explore the degree of reduction in the uncertainty of the evidence following the 

addition of another SWAT, and consequently to estimate the expected benefits and costs should 

further SWATs be undertaken for evaluating the effectiveness of pens as a retention strategy. 

Following the introduction of the framework for undertaking VoI related to SWATs in Section 

3.2.6, the following components were considered for VoI in the framework of SWATs of pens 

as a retention strategy: 

 

- For each meta-analysis (i=Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-Analysis 2.3, Meta-

Analysis 2.4), the overall retention rates in the pen plus usual follow-up arm and the no pen 

(i.e. usual follow-up) arm were reported and expressed as follows: 

RetentionRatePENi = nPENi/NPENi                                                                                                               (Equation 5.20) 

where nPEN is the number of participants who were randomised in the pen arm and did not 

withdraw from the host trials following the receipt of pen (plus usual follow-up), and NPEN is 

the total number of participants who were randomised in the pen arm. 

RetentionRateNOPENi= nNOPENi/NNOPENi                                                                                           (Equation 5.21) 

where nPEN is the number of participants who were randomised in the no pen (i.e. usual follow-

up) arm and did not withdraw from the host trials following usual follow-up, and NPEN is the 

total number of participants who were randomised in the no pen (i.e. usual follow-up) arm. 

 

- For each meta-analysis (i = Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-Analysis 2.3, Meta-

Analysis 2.4), the RD in retention rate between the pen (plus usual follow-up) arm and the no 

pen (i.e. usual follow-up) arm were reported. The corresponding 95% CI lower and upper 

bounds were also reported. 

 

- For each meta-analysis (i =Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-Analysis 2.3, Meta-

Analysis 2.4), the baseline retention rate was assumed to be equal to the median retention rates 

of trials that were funded through NIHR, as the latter is the current main funding body for 



 159 

SWATs across the UK. Thus, the baseline retention rate was assumed to be 88%, with an 

interquartile range of between 80% and 97% (Jacques et al., 2022). 

 

Therefore, 

BaselineRetentioni = 0.88                                                                                    (Equation 5.22) 

 

- In line with the methodology of estimating the additional benefits of health research through 

meta-analysis (McKenna et al., 2016), an estimate of the population affected by trial 

methodology-related research is needed. The most relevant estimate up to date could be the 

population figure of participants involved in clinical research across England, as provided by 

the NIHR. The figure for year 2020/21 was 1,390,483 (National Institute for Health & Care 

Research, 2021), adjusted to 347,621  by assuming that 25% of participants across all trials 

receive a postal questionnaire during follow-up. 

 

- For each meta-analysis (i =Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-Analysis 2.3, Meta-

Analysis 2.4), estimates of the population being retained in all host trials were obtained. Such 

estimates were differentiated by intervention arm (i.e. pen vs no pen). The equation 

representing the expected population of trial participants remaining in trials if they received a 

pen during follow-up is: 

PopulationRetentionPENi = Population of trial participants * JointRetentioni 

                                        = Population of trial participants * BaselineRetentioni * (RDi +1) 

                                        = 347,621  * BaselineRetentioni * (RDi +1)                (Equation 5.23) 

where JointRetentionRDi  = BaselineRetentioni * (RDi +1)                                                (Equation 5.24) 

 

JointRetentioni is the product of the baseline retention rate and the risk difference in retention 

rates between the pen and the no pen arms plus 1. The use of “plus 1” is necessary, since the 

RD in this case reflects an increase in exposure to a positive outcome, i.e. retention of 

participants in a randomised trial. 5000 random combinations of BaselineRetentioni and RDi 

were generated through random sampling in Microsoft Excel in order to estimate the expected 

value of additional research (i.e. VOIPENS).  

 

The corresponding equation representing the expected population of trial participants 

remaining in trials if they did not receive a pen during follow-up is: 

PopulationRetentionNOPENi = Population of trial participants * BaselineRetentioni 
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                                           = 347,621  * BaselineRetentioni                                (Equation 5.25) 

 

- Thus, for each meta-analysis (i=Meta-Analysis 2.1, Meta-Analysis 2.2, Meta-Analysis 2.3, 

Meta-Analysis 2.4), the effectiveness of pens as a retention strategy, in terms of the population 

of trial participants, is expressed as the expected difference between PopulationRetentionPENi 

and PopulationRetentionNOPENi: 

EffectivenessPENSi = (5.25) – (5.23)  

                             = PopulationRetentionPENi - PopulationRetentionNOPENi                  (Equation 5.26) 

 

In line with McKenna et al. (2016), random sampling with respect to uncertain distribution of 

JointRetentionRDi (=BaselineRetentioni x (RDi+1)) was undertaken in Microsoft Excel. 

Following each meta-analysis, a joint uncertain distribution was generated with 5000 iterations. 

RDi was randomly varied between its lower bound and its upper bound from the estimated 

95%CI, whereas BaselineRetentioni was randomly varied between 80% to 97%, to generate 

5000 values of JointRetentionRDi,k , where i=1,2,3,4 is the labelled number of meta-analysis 

and k =1,...,5000 is the labelled number of iteration . Thus, for each k and i, 

JointRetentionRDi ,k = BaselineRetentioni ,k * (RDi,k +1)                                      (Equation 5.27) 

where BaselineRetentioni ,k  = RetentionRatePENi ,k * RetentionRateNOPENi,k.           (Equation 5.28) 

and RDi,k is the random value of RDi generated in k iteration corresponding to i meta-analysis. 

Then, for each k simulation and i meta-analysis, JointRetentionRDi,k was multiplied by the 

population figure of 347,621  to obtain PopulationRetentionPENi,k. 

 

PopulationRetentionPENi,k = Population of trial participants * JointRetentionRDi,k 

                                         = Population of trial participants * BaselineRetentioni,k *(RDi,k+1) 

                                         = 347,621 * BaselineRetentioni,k * (RDi ,k +1)              (Equation 5.29) 

 

Simultaneously, for each k simulation and i meta-analysis, PopulationRetentionNOPENi,k was 

estimated through a given generated value of BaselineRetentioni,k. 

PopulationRetentionNOPENi,k = Population of trial participants * BaselineRetentioni,k 

                                             = 347,621  * BaselineRetentioni,k                           (Equation 5.30) 

 

Finally, for each k simulation and i meta-analysis, the effectiveness of pens as a retention 

strategy, in terms of the population of trial participants, is expressed as the expected difference 

between PopulationRetentionPENi,k and PopulationRetentionNOPENi,k : 
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EffectivenessPENSi,k = (5.29) – (5.30)  

                             = PopulationRetentionPENi,k - PopulationRetentionNOPENi,k            (Equation 5.31) 

where EffectivenessPENSi,k <0 implies that pens is not an effective retention strategy compared 

to using no pens in follow-up , EffectivenessPENSi,k =0 implies that pens is an equally effective 

retention strategy with using no pens in follow-up, and EffectivenessPENi,k >0 implies that pens 

is an effective retention strategy compared to using no pens in follow-up.  

 

Given K=5000 iterations in a given meta-analysis (i=Meta-Analysis 2.1, Meta-Analysis 2.2, 

Meta-Analysis 2.3, Meta-Analysis 2.4), it becomes feasible to estimate the probability that 

using pens is an effective retention strategy (i.e. P (PensEffectivei,k >0)) and the probability 

that using pens is not an effective retention strategy (i.e. P(PensEffectivei,k ≤0)). Such 

probabilities are frequentist and were estimated by measuring the frequency in which 

EffectivenessPENi,k >0, EffectivenessPENi,k =0 and EffectivenessPENi,k <0 were generated 

following 5000 iterations for each meta-analysis. The algebraic expressions are provided 

below: 

                                                                        (Equation 5.32)                                           

where for each meta-analysis and iteration Xik =1 when EffectivenessPENi,k >0 and Xik=0 when 

EffectivenessPENi,k ≤0. Correspondingly, 

                                                                     (Equation 5.33) 

 

By the law of total probability, it is always the case that: 

P (PensEffectivei,k >0) + P (PensEffectivei,k ≤0) = 1                                              (Equation 5.34) 

 

In line with Claxton et al. (2015a), the value of additional research on pens as a retention 

strategy (VOIPEN,i), for each i meta-analysis, can be estimated through the weighted average of 

EffectivenessPENi,k conditional upon the iterations for which  EffectivenessPENi,k ≤0, multiplied 

by P(PensEffectivei,k ≤0). In other words, VOI corresponds to the expected number of trial 

participants lost to follow-up as a result of the effect uncertainty around pens as a retention 

strategy, multiplied by the probability of pens not being an effective retention strategy: 
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                                                    when EffectivenessPENSi,k ≤0                

                       = 0                     when EffectivenessPENSi,k >0                             (Equation 5.35) 

The expected number of trial participants expected to remain in RCTs as a result of receiving 

a pen during follow-up is expressed as the weighted average of EffectivenessPENi,k across the 

5000 iterations for each i meta-analysis. This is the value of implementation following a given 

i meta-analysis: 

 

                (Equation 5.36) 

Following each meta-analysis, the value of additional research (VOIPENi) needs to be compared 

with the value of implementation (ValueOfImplementationPENi) to assess whether investing in 

a further SWAT of pens, costing £5,000, would be cost-effective. Considering that sending 

pre-paid envelopes, for participants  responding to follow-up questionnaires, would cost £57.90 

to retain one additional trial participant on average at 2022 price levels (Murphy et al., 2022b), 

this implies that an additional SWAT at a cost of £5,000 would reduce the number of 

participants withdrawing from all trials due to effect uncertainty by £5000/£57.90=86. Also, 

given an existing level of the value of implementation following each meta-analysis, it is 

important to estimate the amount the NIHR would need to invest in order to generate the same 

improvements in retention rates, through additional evidence on other retention strategies if 

pens were still not to be adopted as a retention strategy across all trials including postal 

questionnaires for follow-up. For instance, if the value of implementation was 10,000, the 

NIHR would need to invest £57.90 * 10,000 = £579,000 to generate similar additional benefits 

in terms of reduced participant attrition. 

5.4. Results 
 

The figures presented in the Results Section (Figure 5.3, Figure 5.4, Figure 5.5, Figure 5.6, 

Figure 5.7), and produced with RevMan, show the following: the name of the included studies; 

the number of participants retained in host trials by intervention group in each SWAT and 

across all SWATs; the total number of participants having taken part in SWATs by intervention 

group in each study and across all SWATs; the weighting of each SWAT according to the 

Mantel- Haenszel method; the reported RD and its 95% CI; a graphical representation of the 
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RD in each SWAT and across all SWATs; the cumulative sample size by intervention group 

across all SWATs; the reported Tau2, Chi2 and I2 statistics to test for heterogeneity between 

the included SWATs; and the Z test of significance of the reported overall effect. 

 

5.4.1. Value of Information (VoI) Analysis following meta-analysis of SWATs of 

telephone reminders as a recruitment strategy 

 

Following the meta-analysis of the two SWATs undertaken for assessing the effectiveness of 

telephone reminders as a recruitment strategy versus no reminders, the reported RD does not 

present uncertainty. The recruitment rates in both trial arms were low, at approximately 12% 

and 6% for the telephone reminder and the no reminder arms respectively. 

 

Figure 5.3: Risk Difference (RD) of Meta-Analysis 1  

 

Following a random sampling of 5000 random combinations of RD and BaselineRecruitment  

to generate a joint uncertain distribution of the effectiveness of telephone reminders as a 

recruitment strategy, i.e. a distribution of the value of implementation, the probability that 

telephone reminders is (not) an effective strategy was 100% (0%). The value of additional 

research (VoIREMINDER), that is the expected number of patients not recruited to all trials as a 

result of effect uncertainty, was 0. 
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Table 5.6: Summary of Findings from Meta-Analysis 1 

 

Input Value 

RecruitmentRateREMINDER 0.122 

RecruitmentRateNOREMINDER 0.064 

Risk Difference 0.06 

BaselineRecruitment 0.43 

Sample Size of Participants 1,450 

Range of Risk Difference (95% CI) (0.03,0.09) 

Range of BaselineRecruitment (0.372, 0.487) 

Trial Population 2,600,000  

Number of simulations (k) 5000 

P (ReminderEffective >0) 1 

P (ReminderEffective ≤0) 0 

VoIREMINDER  (Value of additional research) 0 

ValueOfImplementationREMINDER (Value of Implementation) 67,765 

 

If telephone reminders were adopted immediately as a recruitment strategy in all trials 

following the dissemination of these SWATs, the value of implementation would be equal to 

67,765, which means that an excess of 67,765 patients would be expected to be recruited into 

trials as a result of receiving telephone reminders at the recruitment stage. If a SWAT 

commissioner decided to invest in additional SWATs on other recruitment strategies, it would 

have to invest £54.61*67,765= £3,700,647, or in other words fund 740 SWATs, to generate 

similar additional benefits through additional research. By comparing the value of additional 

research and the value of implementation, as well as their cost implications from the economic 

perspective of a SWAT commissioner, it is almost certain that additional SWATs on telephone 

reminders would not be a cost-effective investment. By using a framework of VoI analysis in 

the case study of telephone reminders as a recruitment strategy, this chapter contradicts the 

original results from Trial Forge Guidance (see Table 5.1) that originally suggested that 

additional research on telephone reminders as a recruitment strategy be undertaken. 

 

5.4.2. Value of Information (VoI) Analysis following meta-analysis of SWATs of pens as 

a retention strategy 
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5.4.2.1. Value of Information (VoI) Analysis following meta-analysis of the first two 

SWATs of pens as a retention strategy 

Following the meta-analysis of the first two SWATs that were undertaken for assessing the 

effectiveness of pens as a retention strategy versus no pens, the reported RD presented 

uncertainty. Whereas the overall RD was greater than zero, thus indicating that pens could be 

an effective retention strategy by 3%, its lower bound was below zero. The retention rates in 

both trial arms were relatively high, at approximately 90% and 88% for the pen and the no pen 

arms respectively. 

 

Following a random sampling of 5000 random combinations of RD1 and BaselineRetention1 

to generate a joint uncertain distribution of the effectiveness of pens as a retention strategy, i.e. 

a distribution of the value of implementation, the probability that pens is (not) an effective 

strategy was approximately 75% (25%). The value of additional research (VoI1), that is the 

expected number of participants withdrawing from all trials as a result of effect uncertainty, 

was 1,170. 

Figure 5.4: Risk Difference (RD) of Meta-Analysis 2.1  

 

 

 

 

 

 

 

If pens were adopted immediately as a retention strategy in all trials following the 

dissemination of the two SWATs, the value of implementation would be equal to 9,266, which 

means that an excess of 9,266 participants would be expected not to withdraw from trials as a 

result of receiving a pen during follow-up. If a SWAT commissioner decided to invest in 

additional SWATs on other retention strategies, it would have to invest £57.90*9,266= 

£536,501, or in other words fund 107 SWATs, to generate similar additional benefits through 

additional research. Nevertheless, it could still be the case that research councils invest in 

further SWATs of pens since the value of additional research had a figure of 1,170 trial 

participants, which would require the funding of 1,170/(£5000/£57.90)=1,170/86= 14 SWATs 

of pens as a retention strategy for effect uncertainty to be reduced significantly. By comparing 

the value of additional research and the value of implementation, as well as their cost 
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implications from the economic perspective of a SWAT commissioner, it is possible that 

additional SWATs on pens would not be a cost-effective investment. 

Table 5.7: Summary of Findings from Meta-Analysis 2.1 

 

Input Value 

RetentionRatePEN,1 0.897 

RetentionRateNOPEN,1 0.881 

Risk DifferencePEN,1 0.03 

BaselineRetention1 0.88 

Sample Size of Participants 8,512 

Range of Risk Difference1 (95% CI) (-0.03,0.09) 

Range of BaselineRetention1 (0.80,0.97) 

Trial Population 347,621  

Number of simulations (k) 5000 

P(PensEffective1,k >0) 0.7473 

P(PensEffective1,k ≤0) 0.2527 

VoIPEN,1(Value of additional research) 1,170 

ValueOfImplementationPEN,1 (Value of Implementation) 9,266 

 

5.4.2.2. Value of Information (VoI) Analysis following meta-analysis of the first three 

SWATs of pens as a retention strategy 

 

Following the meta-analysis of the first three SWATs undertaken for assessing the 

effectiveness of pens as a retention strategy versus no pens, the reported RD presented 

uncertainty, but less uncertainty than that observed in Meta-Analysis 1. Whereas the overall 

RD was greater than zero and returned the same value of 0.03, in line with the RD from Meta-

Analysis 1, its lower bound was still below zero. The retention rates in both trial arms were 

relatively high, at approximately 87% and 85% for the pen and the no pen arms respectively. 

Figure 5.5: Risk Difference (RD) of Meta-Analysis 2.2 
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Table 5.8: Summary of Findings from Meta-Analysis 2.2 

 
Input Value 

RetentionRatePEN,2 0.865 

RetentionRateNOPEN,2 0.847 

Risk DifferencePEN,2 0.03 

BaselineRetention2 0.88 

Sample Size of Participants 9,965 

Range of Risk Difference2 (95% CI) (-0.01, 0.06) 

Range of BaselineRetention2 (0.80,0.97) 

Trial Population 347,621  

Number of simulations 5000 

P(PensEffective2,k >0) 0.8511 

P(PensEffective2,k ≤0) 0.1489 

VoIPEN,2 (Value of additional research) 232 

ValueOfImplementationPEN,2 (Value of Implementation)                              7,750 

 

Following a random sampling of 5000 random combinations of RD2 and BaselineRetention2 

to generate a joint uncertain distribution of the effectiveness of pens as a retention strategy, i.e. 

a distribution of the value of implementation, the probability that pens is (not) an effective 

strategy increased (decreased) significantly from 75% (25%) to 85% (15%). In addition, the 

value of additional research (VoI2) fell considerably from 1,170 to 232. However, the value of 

implementation also fell from 9,266 to 7,750, but remained a significant figure. If a SWAT 

commissioner decided to invest in additional SWATs on other retention strategies, it would 

have to invest £57.90*7,750= £448,725, or in other words fund 90 SWATs, to generate similar 

additional benefits through additional research. In addition, the estimated VoI2 seems to be 

low, as only 232/(£5000/£57.90)=232/86=3 further SWATs of pens as a retention strategy 

would be required for effect uncertainty to be reduced significantly. By comparing the value 

of additional research and the value of implementation, as well as their cost implications from 

the economic perspective of a SWAT commissioner, it is highly likely that additional SWATs 

on pens would not be a cost-effective investment. 

5.4.2.3. Value of Information (VoI) Analysis following meta-analysis of the first four 

SWATs of pens as a retention strategy 

 

Following the meta-analysis of the first four SWATs that were undertaken for assessing the 

effectiveness of pens as a retention strategy versus no pens, the reported RD slightly fell from 
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0.03 to 0.02 and presented uncertainty albeit reduced compared to Meta-Analysis 2. Whereas 

the overall RD was greater than zero, thus indicating that pens could be an effective retention 

strategy by 2%, its lower bound remained below zero. The retention rates in both trial arms 

were relatively high, at approximately 87% and 86% for the pen and the no pen arms 

respectively.  

 

Following a random sampling of 5000 random combinations of RD3 and BaselineRetention3 

to generate a joint uncertain distribution of the effectiveness of pens as a retention strategy, i.e. 

a distribution of the value of implementation, the probability that pens is (not) an effective 

strategy fell (increased) from 85% (15%) to 80% (20%). The value of additional research 

(VoI3) increased slightly from 232 to 317. In addition, the value of implementation fell 

significantly from 7,750 to 4,764. If a SWAT commissioner decided to invest in additional 

SWATs on other retention strategies, it would have to invest £57.90*4,764= £275,836, or in 

other words fund 55 SWATs, to generate similar additional benefits through additional 

research. Nevertheless, it could still be the case that research councils invest in further SWATs 

of pens since the value of additional research had a figure of 317 trial participants, which means 

that 317/(£5000/£57.90)=317/86=4 further SWATs of pens as a retention strategy would be 

required for effect uncertainty to be reduced significantly. Despite the reduction in the value of 

implementation and the slight increase in the value of additional research, it is highly likely 

that additional SWATs on pens would still not be a cost-effective investment given the 

estimated figures and their cost implications from a SWAT commissioner’s perspective. 

 

Figure 5.6: Risk Difference (RD) of Meta-Analysis 2.3 
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Table 5.9: Summary of Findings from Meta-Analysis 2.3 

 

Input Value 

RetentionRatePEN,3 0.871 

RetentionRateNOPEN,3 0.855 

Risk DifferencePEN,3 0.02 

BaselineRetention3 0.88 

Sample Size of Participants 10,720 

Range of Risk Difference3 (95% CI) (-0.01,0.04) 

Range of BaselineRetention3 (0.80, 0.97) 

Trial Population 347,621  

Number of simulations 5000 

P(PensEffective3,k >0) 0.7963 

P(PensEffective3,k ≤0) 0.2037 

VoIPEN,3(Value of additional research) 317 

ValueOfImplementationPEN,3 (Value of Implementation) 4,764 

 

 

5.4.2.4. Value of Information (VoI) Analysis following meta-analysis of all SWATs of 

pens as a retention strategy 

 

Following the meta-analysis of all SWATs that were undertaken for assessing the effectiveness 

of pens as a retention strategy versus no pens, the reported RD did not present uncertainty. The 

overall RD remained stable at 0.02, in line with RD3=0.02, thus indicating that pens could be 

an effective retention strategy, by 2%. In addition, the lower bound was no longer negative as 

it had been in the previous meta-analyses. The retention rates in both trial arms remained 

relatively high, at approximately 87% and 86% for the pen and the no pen arms 

correspondingly.  

 

Figure 5.7: Risk Difference (RD) of Meta-Analysis 2.4 
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Table 5.10: Summary of Findings from Meta-Analysis 2.4 

 

Input Value 

RetentionRatePEN,4 0.874 

RetentionRateNOPEN,4 0.855 

Risk DifferencePEN,4 0.02 

BaselineRetention4 0.88 

Sample Size of Participants 13,013 

Range of Risk Difference4 (95% CI) (0.00, 0.04) 

Range of BaselineRetention4 (0.80, 0.97) 

Trial Population 347,621  

Number of simulations 5000 

P(PensEffective4,k >0) 0.9770 

P(PensEffective4,k ≤0) 0.0230 

VoIPEN,4(Value of additional research) 0 

ValueOfImplementationPENS4 (Value of Implementation) 6,227 

 

 

Following a random sampling of 5000 random combinations of RD4 and BaselineRetention4 

to generate a joint uncertain distribution of the effectiveness of pens as a retention strategy, i.e. 

a distribution of the value of implementation, the probability that pens is an effective strategy 

increased from 85% to 98%. The value of additional research (VoI4) fell considerably from 

317 to zero. In addition, the value of implementation increased from 4,764 to 6,227. If a SWAT 

commissioner decided to invest in additional SWATs on other retention strategies, it would 

have to invest £57.90*6,227= £360,543, or in other words fund 72 SWATs, to generate similar 

additional benefits through additional research. Moreover, the reported value of additional 

research (VoI4) is zero, which implies that any effect uncertainty with respect to the use of pens 

as a retention strategy has been reduced significantly, as a result of the evidence provided from 

all five SWATs. By comparing the value of additional research and the value of 

implementation, as well as their cost implications from the economic perspective of a SWAT 

commissioner, it is almost certain that additional SWATs on pens would not be a cost-effective 

investment. By using a framework of VoI analysis in the case study of pens as a retention 

strategy, this chapter contradicts the original results from the Cochrane review (Gillies et al., 

2021) and Trial Forge Guidance (see Table 5.2) that originally suggested that additional 

research on pens as a retention strategy be undertaken. 
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5.5. Discussion 

5.5.1. Summary of findings 

 

This chapter introduced a quantitative framework, in addition to the already established 

qualitative one of Trial Forge Guidance 2 (Treweek et al., 2020), to determine whether an 

additional SWAT of a recruitment or retention strategy would be a cost-effective investment. 

Such framework, based upon a modified methodology of VoI analysis by Claxton et al. (2015a) 

and McKenna et al. (2016), consists of the following components: a standard meta-analysis of 

a recruitment or retention strategy, given the available evidence, to obtain a statistical measure 

of effect; an estimate of the population of trial participants; a range of the baseline incidence 

of patient recruitment or participant retention across all trials from the literature; a random 

sampling of the product of the baseline incidence of patient recruitment or participant retention 

and a statistical measure of effect; a generated probability of a strategy being (or not being) 

effective; a probability-weighted effectiveness of a strategy, expressed in terms of the trial 

population; the value of implementation of a strategy, expressed in terms of the trial population; 

the value of additional research, expressed in terms of the trial population. Subsequently, the 

value of implementation and the value of additional research could be compared through the 

cost of funding an additional SWAT, e.g. £5000 under the PROMETHEUS programme, and 

the reported cost per additional patient recruited or per additional participant retained from 

previous SWATs respectively. In other words, the key aim of this methodology is to compare 

the marginal cost of instantly and universally adopting a recruitment or retention strategy 

across UK trials with the marginal cost of reducing the effect uncertainty of a recruitment or 

retention strategy via additional SWATs. The framework presented in this chapter is feasible 

and applicable for all recruitment and retention strategies associated with SWATs by 

modifying the aforementioned components for each strategy accordingly. 

 

In the chapter’s case studies of telephone reminders as a recruitment strategy and of pens as a 

retention strategy, there are two key findings. First, whereas Trial Forge Guidance 2 suggests 

that further SWATs of telephone reminders and pens be undertaken to obtain more precise 

estimates of its effectiveness as a retention strategy (Table 5.1, Table 5.2), the modified VoI 

analysis presented in this chapter concludes the opposite. The estimated value of 

implementation indicates that 67,765 additional invited patients and 6,227 additional trial 

participants would be expected to be retained in trials if telephone reminders and pens were 

universally and instantly adopted as recruitment and retention strategies across UK trials 
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respectively. The value of additional research, on the other hand, signals that no trial 

participants across the UK would be expected to withdraw from trials as a result of the existing 

effect uncertainty of telephone reminders as a recruitment strategy and of pens as a retention 

strategy.  

 

As the cost per additional invited patient recruited is estimated to be £54.61 (Kakumanu et al., 

2019) and the maximum funding the PROMETHEUS programme provided for a new SWAT 

was up to £5,000, if a SWAT commissioner decided not to adopt telephone reminders as a 

recruitment strategy across trials and instead invest in additional SWATs on  other recruitment  

strategies, it would have to invest in approximately 740 SWATs to observe similar expected 

incremental recruitment rates. Correspondingly, as the cost per additional participant retained 

through envelopes is £57.90 (Murphy et al., 2022b) and the maximum funding the 

PROMETHEUS programme provided for a new SWAT was up to £5,000, if a SWAT 

commissioner decided not to adopt pens as a retention strategy across trials and instead invest 

in additional SWATs on other retention strategies, it would have to invest in approximately 72 

SWATs to observe similar expected incremental retention rates. Assuming that the NIHR, 

which is currently the leading SWAT commissioner, provided a maximum budget of £30,000 

to each SWAT (National Institute for Health & Care Research, 2023), the aforementioned 

figures would correspond to approximately 123 further SWATs for telephone reminders as a 

recruitment strategy and 12 further SWATs for pens as a retention strategy. Also, the value of 

additional research figure implies that effect uncertainty has been reduced significantly after 

conducting two SWATs on telephone reminders as a recruitment strategy and of five SWATs 

on pens as a retention strategy. Therefore, it is almost certain that additional SWATs on 

telephone reminders and pens would not be a worthwhile investment; instead, funding SWATs 

on alternative retention strategies, whose certainty of evidence is lower according to the 

findings of the Cochrane recruitment review or retention review (Treweek et al., 2018b) 

(Gillies et al., 2021), could yield a higher return on investment. In other words, the marginal 

costs of instantly and universally adopting telephone reminders and pens as recruitment and 

retention strategies, respectively, across UK trials are significantly less than the marginal costs 

of reducing their effect uncertainty via additional SWATs. 
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Second, by following the same modified VoI analysis, funding the latest three SWATs of pens 

was not necessarily a cost-effective decision, from a SWAT commissioner’s perspective. In 

other words, the broader use of pens as a retention strategy may have been justifiable earlier 

given the estimates of the value of additional research and the value of implementation 

associated with the evidence from the first two SWATs only; instead, a SWAT commissioner 

could have allocated resources to the research of alternative retention strategies for which more 

effect uncertainty exists. Had pens been universally adopted as a retention strategy straight 

after the first two SWATs that evaluated their effectiveness, an excess of 9,266 trial participants 

would have been expected not to withdraw from trials according to the estimated value of 

implementation. Therefore, if a SWAT commissioner decided not to adopt pens as a retention 

strategy across trials and instead invest in additional SWATs on other retention strategies, it 

would have to invest in approximately £536,601/£5,000 = 107 SWATs to observe similar 

expected incremental retention rates. On the other hand, the value of additional research figure 

stood at 1,170, implying that 14 further SWATs of pens would be needed to reduce uncertainty 

to an acceptable level. Indeed, the subsequent VoI analyses related to Meta-Analysis 2.2, Meta-

Analysis 2.3, and Meta-Analysis 2.4 confirm this suggestion; overall, the value of 

implementation remained at high levels, ranging between 4,764 and 9,266 trial participants, 

whereas the value of additional research fell almost gradually from 1,170 to zero trial 

participants. 

5.5.2. Strengths and limitations of the study 

 

This chapter recommends that such a modified VoI analysis framework be adopted alongside 

Trial Forge Guidance 2 for all recruitment and retention strategies, so that trial teams and 

SWAT commissioners make efficient, evidence-based decisions. Whereas this chapter’s 

framework contradicts the recommendations of Trial Forge Guidance 2 for both telephone 

reminders as a recruitment strategy and pens as a retention strategy, both approaches have 

valuable conclusions, advantages and disadvantages.  

 

In the case of telephone reminders, Trial Forge Guidance 2 reasonably highlights the small 

sample size involved with the cumulative evidence (n=1450), the low number of included 

SWATs (two), and the moderate GRADE certainty of evidence for randomised trials that have 

higher baseline recruitment rates exceeding 10%. However, the framework presented in this 

chapter also supports that further SWATs on telephone reminders as a recruitment strategy 

may not be a cost-effective investment by a SWAT commissioner, since the value of additional 
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research is 0 and the value of implementation is 67,765, meaning that approximately additional 

740 SWATs would need to be funded to observe similar incremental recruitment rates through 

research on alternative recruitment strategies. Therefore, whereas the former guidance is more 

specific and captures with qualitative precision the improvements in future research that need 

to be made, the latter framework also considers the financial implications of doing so, given 

the accumulated evidence, for the trial community and SWAT commissioners, something 

which the original Trial Forge Guidance 2 fails to achieve. Nevertheless, the latter framework 

is also subject to drawbacks, such as strictly yielding value of additional research estimates of 

0 when the lower bound of the RD confidence interval is equal to or greater than 0, irrespective 

of the sample size included in a meta-analysis, and not capturing sub-groups effectively, due 

to the fact that data of subgroup-population estimates in each trial, disease, or healthcare setting 

are hard to collect. Even if the value of additional research is zero, it could still be possible that 

additional research be worthwhile. Whereas it may not be worthwhile doing more SWATs, the 

conduct of an additional SWAT could reduce further the width of the confidence intervals and 

thus produce an improved estimate of the effect difference and lead to more confidence in the 

results. It is evident that the drawbacks presented in Trial Forge Guidance 2 are addressed by 

the quantitative design of the chapter’s recommended VoI analysis framework, while the 

drawbacks of the latter are addressed by the qualitative design of the former. The same 

conclusions can be drawn following the recommendations of Trial Forge Guidance 2 and the 

VoI analysis framework on pens as a retention strategy.  

5.5.3. Conclusion and recommendations for future research 

 

The VoI analysis framework presented in this chapter is encouraged as a guide for decision 

makers, including SWAT commissioners and trial teams, to maximise the return on investment 

in future SWATs. It can be feasibly applied to all recruitment and retention strategies to 

evaluate whether further research on each strategy should be funded, given budget constraints 

and underlying uncertainty. This approach could accelerate the acquisition of sufficient 

evidence regarding the most effective recruitment and retention strategies. Thus, research 

commissioners would be able to fund studies whose findings would have the highest research 

impact, while ensuring that their allocated budget remains sustainable and resource waste is 

minimised. 

 

However, given that there are other elements that are needed to be considered in the recruitment 

and retention of participants, such as those included in Trial Forge Guidance 2 (e.g. population 
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characteristics, clinical settings where evidence on recruitment/retention strategies arises), it is 

essential to reach a balance qualitative quality, financial constraints and underlying statistical 

uncertainty. Therefore, it is crucial that the VoI analysis framework be used in combination 

with Trial Forge Guidance 2. This combination can lead to more informed, feasible and 

balanced decisions on SWATs of recruitment and retention strategies and determine which of 

these strategies should be adopted in the recruitment and retention processes of future trials.  
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Chapter 6: Concluding remarks 

Whilst a RCT is the best method for establishing effectiveness, ironically many of the 

procedures needed for ensuring a rigorous design are underpinned with weak sources of 

evidence. ‘Custom and practice’ prevail for many of the recruitment and retention approaches.  

The best evidence around retention and recruitment methods is derived from SWATs.  Whilst 

SWATs have been performed for the last 20 or 30 years, they tend to be rare with the relevant 

Cochrane reviews lamenting at their scarcity (Gillies et al., 2021, Treweek et al., 2018b). 

However, there has been a sea change in undertaking SWATs with the National Institute for 

Health & Care Research (NIHR) encouraging SWATs by setting aside a trial related budget 

solely for the undertaking of SWATs (National Institute for Health & Care Research, 2023).  

Internationally, the Irish Health Research Board (HRB) and the Canadian Accelerating Clinical 

Trials (ACT) Consortium fund SWAT research proposals (HRB-Trials Methodology Research 

Network, 2023, Accelerating Clinical Trials Consortium, 2023). 

This thesis makes an important contribution to this new SWAT landscape.  It is the first piece 

of work that systematically uses an economic framework to assess the costs and benefits of 

improving retention and recruitment.  It showed how poor recruitment to the RECOVERY trial 

led to significant loss of health and utility for Covid-19 patients, and how costly participant 

attrition can be for trial teams and funders.  It also uses economic methods to help improve the 

prioritisation of SWAT conduct, while highlighting the need for economic evaluations 

alongside future SWATs of recruitment and retention strategies.  In the following chapter the 

key findings of this thesis are summarised and justified. In addition, the impact and the 

dissemination of the PhD chapter results are presented. Finally, the direction for future research 

is discussed. 

6.1. Research Question 1: What is the economic impact of poor patient 

recruitment into RCTs? 

Chapter 2 demonstrated, in the case of the RECOVERY trial, that slow patient recruitment 

prevented the earlier dissemination of a more cost-effective, available treatment for 

hospitalised COVID-19 patients, i.e. dexamethasone. If recruiting or redeploying two research 

nurses to each involved hospital increased recruitment rates from 15% to 50%, only £10,641 

would need to be invested by a decision maker to generate an additional quality-adjusted life 

year (QALY). Faster recruitment to the RECOVERY trial could have generated an incremental 
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net benefit of £13,955,476 (95% CI: £12,457,049, £15,453,904) thus highlighting the 

magnitude of the foregone population health benefits due to not having updated clinical 

practice earlier, i.e. early April 2020 instead of mid-June 2020, through faster recruitment. In 

addition, a study from Knowlson and Torgerson (2020) demonstrated that faster recruitment to 

the RECOVERY trial would have saved at least 2,600 lives. Note these results are related to 

patients hospitalised in the UK, thus the reported economic impact of slow recruitment in the 

RECOVERY trial is underestimated.  

Aside from the statistical implications of slow patient recruitment for trials teams, including 

increased likelihood of Type II error, there are also significant consequences for national 

healthcare systems, explored for the first time in the study presented in Chapter 2. I chose the 

RECOVERY trial as a case study, in order to highlight how crucial faster patient recruitment 

would have been for the NHS, while it was facing an increasing number of patient admissions 

tested positive with Sars-Cov-2, a virus of which the disease had no available evidence-based 

medical interventions to be treated in the early stages. Given the aforementioned results, I 

highlighted the importance of identifying strategies that could improve patient recruitment in 

randomised trials, while emphasising that SWATs would the best study design for achieving 

this goal. In this chapter, I assumed that recruiting two research nurses was an effective 

recruitment strategy. However, this is not an evidence-based assumption, despite the fact that 

it could be realistic for a research nurse to recruit up to four patients every day, meaning it 

would take only 10.5 days (including five working days in one week and two days off work, 

followed by another 3.5 working days in the following week) to have reached the desirable 

recruitment figure of 11,303 patients in the RECOVERY trial. Thus, it is crucial that SWATs 

identify evidence-based studies that could accelerate patient recruitment in randomised trials.  

The methodology and findings of Chapter 2 were presented orally, and as a poster, at the 6th 

International Clinical Trials Methodology Conference (ICTMC 2022) in Harrogate, United 

Kingdom (abstract ID: PS1D-LT11 (Sydes et al., 2023)). I have also written a manuscript 

related to Chapter 2 which has been submitted for peer-review to a journal, as of May 2024. 

6.2. Research Question 2: What is the economic impact of participant 

attrition from RCTs? 

Chapter 3 demonstrated, in the case of the OTIS trial, that participant attrition generated 

significant financial costs to the trial team and the study’s funder, i.e. of approximately 
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£10,235. This figure considers the protocol-driven costs, including administration, print and 

shipping costs, related to recruited participants who were eventually lost to follow-up. In 

addition, it is possible that NIHR-funded studies may experience an aggregate annual loss of 

at least £960,000 if the foregone share of the total funding awarded, due to participant loss to 

follow-up, was 1.42% across all randomised trials funded by the NIHR. Attrition in the OTIS 

trial generated a resource misallocation of approximately £10,235, an amount that could have 

been invested by the NIHR in further clinical research instead. 

Aside from the statistical implications of participant attrition for trials teams, including attrition 

bias resulting in misleading results, there are also economic consequences for trial teams and 

funders. This study is the first research work to identify the monetary costs of attrition from 

the economic perspective of a trial team in a randomised study. The detailed cost analysis 

related to participant loss to follow-up can also be used as a guidance for trial teams to estimate 

the marginal and aggregate cost of participant loss to follow-up in their randomised studies, 

even before their conduct. Nevertheless, the assumptions and the economic perspective for the 

costing analysis presented were related to the OTIS trial, thus they may be subject to 

adjustments should this framework be used for other randomised trials.  

I chose the OTIS trial as a case study, in order to highlight that despite its low overall attrition 

rate, i.e. of 9.8%, the loss to follow-up of 104 recruited participants generated significant 

financial losses to the trial team, and to the study’s funder. Given the aforementioned results, I 

highlighted the importance of identifying strategies that could improve participant retention in 

randomised trials, while emphasising that SWATs would the best study design for achieving 

this goal. 

A manuscript related to Chapter 3 has been submitted for peer-review to an academic journal, 

as of May 2024.  

6.3. Research Question 3: What is the cost-effectiveness of existing 

recruitment and retention strategies? 

Given the significant costs of poor recruitment and attrition to trial teams, funders and 

healthcare systems, it is strongly recommended that SWATs be promoted as a study design for 

identifying effective and cost-effective recruitment and retention strategies. Following the 

establishment of SWATs as the main research design for identifying such strategies, a recent 
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Cochrane review identified open trial designs to be a more effective recruitment strategy, 

compared to placebo-controlled designs; it remains uncertain whether the remaining strategies 

can improve recruitment to randomised trials with certainty (Treweek et al., 2018b). Another 

Cochrane review did not identify any retention strategy improving retention with high certainty 

(Gillies et al., 2021).  

Whereas these reviews explored the effectiveness of existing recruitment and retention 

interventions, they did not evaluate their costs and hence their cost-effectiveness. Chapter 4 

presents a systematic review, the first one to critically appraise the evidence surrounding the 

cost-effectiveness of recruitment and retention strategies, whose evidence arises from SWATs. 

Recruitment strategies which could be cost-effective include financial incentives, trial-branded 

pens, telephone reminders and pre-notification leaflets. Adding a branded pen to a trial 

invitation pack or a telephone reminder versus an SMS reminder could be cost-effective 

strategies, with their incremental cost-effectiveness ratios (ICERs) being low, at $21.41 and 

$23.37 respectively. However, as their lower bound odds ratios (ORs) are less than 1, their 

cost-effectiveness is statistically insignificant. In addition, their GRADE certainty of evidence 

is moderate, implying these strategies would benefit from further SWATs to determine their 

cost-effectiveness, with less uncertainty. Providing financial incentives may be an effective yet 

costly strategy, with $476.57 required to recruit an additional patient.  

Retention strategies which could be cost-effective include vouchers and trial-branded pens. 

Providing vouchers of up to £10 during follow-up could be a cost-effective retention strategy, 

with an estimated ICER of $15.89; it costs only $15.89 for an additional participant to be 

retained in a host trial. Providing a trial-branded pen may also be a cost-effective strategy, with 

an ICER of $6.98, yet not statistically significant since its lower bound OR=1 (hence its lower 

bound effectiveness is zero). Also, providing a trial-branded pen before recruitment may be a 

cost-effective strategy, with an ICER of $0.40, which is statistically significant. However, the 

GRADE certainty of evidence for both strategies is moderate, meaning that additional SWATs 

of these strategies would be beneficial for making more certain inferences about their cost-

effectiveness.   

The thesis review, also published as a peer-reviewed study (Gkekas et al., 2023), has also 

introduced recommendations on how costs should be reported and economic evaluations 

undertaken alongside future SWATs. Costs should be reported transparently, expressed in unit 
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terms and stratified into different types of direct (print, administrative and print) and indirect 

costs, including the costs of obtaining outcome data. The study also recommends that a cost-

effectiveness threshold be set for recruitment and retention strategies in future research, as such 

a threshold is not currently in place. Finally, it suggests that “economic evaluations be carried 

out alongside all future SWATs” (Gkekas et al., 2023: p.94). These findings also justify the 

decision for carrying out a flexible review that also considered studies with a high Cochrane 

risk of bias, or unpublished/non-peer-reviewed studies, given the absence of cost reporting or 

economic evaluations alongside most published SWATs.  

The results and conclusions from the systematic review were also presented as a poster at the 

6th International Clinical Trials Methodology Conference (ICTMC 2022) in Harrogate, United 

Kingdom (abstract ID: P-253 (Sydes et al., 2023)). Furthermore, an update to the Cochrane 

review of strategies for improving recruitment in randomised trials is currently being 

undertaken (Treweek et al., 2018b), in which I participate as a reviewer and cost and cost-

effectiveness outcome data will be also reported if available; the current version of the 

Cochrane review did not collect cost and cost-effectiveness outcome data from SWATs related 

to recruitment strategies (Treweek et al., 2018b). This thesis informed the decision to assess 

costs in the Cochrane review, and hence the methodology and data extraction form of the cost-

effectiveness review (Gkekas et al., 2023) are being considered to report these outcomes. The 

Cochrane review update of strategies to improve recruitment in randomised trials is expected 

to be published in 2024. It will also include novel evidence surrounding the cost-effectiveness 

of recruitment strategies that has been published after March 2021, the date on which the search 

of records for the cost-effectiveness review ended (Gkekas et al., 2023). 

6.4. Research Question 4: How could VoI analyses related to retention or 

recruitment interventions inform decision makers on whether additional 

SWATs are needed for improving the evidence on the (cost-) effectiveness of 

such interventions? 

Whereas the Cochrane reviews (Treweek et al., 2018b; Gillies et al., 2021) and the cost-

effectiveness review presented in Chapter 4 (Gkekas et al., 2023) included results for potential 

recruitment and retention strategies whose evidence arose primarily from SWATs, the 

uncertainty regarding their generalisability in improving trial efficiency originated from the 

absence of replications of SWATs surrounding their effectiveness and cost-effectiveness. 
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Thus, the authors of the Cochrane review recommended that “the research 

community...establish a process for prioritising which… interventions are most in need of 

evaluation” (Treweek et al., 2018b: p.22). 

To address this issue, Trial Forge Guidance 2 has been created to assist trial teams and 

researchers in deciding whether an additional SWAT on a given strategy should be undertaken 

(Treweek et al., 2020). The review presented in Chapter 4 also applied this guidance to explore 

whether the existing recruitment and retention strategies, for which cost-effectiveness data 

were available, should be explored further. The study concluded that “future SWATs should 

replicate existing recruitment and retention strategies, rather than evaluate novel ones” 

(Gkekas et al., 2023: p.94), following the application of Trial Forge Guidance 2 criteria. 

However, such a guidance does not provide a financial threshold to determine whether the 

existing level of evidence is sufficient given the budget constraints a SWAT commissioner 

may face.  

To address this challenge, Chapter 5 introduced and applied a VoI analysis framework to one 

recruitment and one retention strategy, telephone reminders and pens respectively (Claxton et 

al., 2015a, McKenna et al., 2016). The purpose of this approach was to compare the marginal 

cost of instantly and universally adopting a recruitment or retention strategy across UK trials 

with the marginal cost of reducing its effect uncertainty via additional SWATs, in order for 

SWAT commissioners to maximise their returns on investment on future SWATs. Whereas 

Trial Forge Guidance 2 suggests that further SWATs of telephone reminders and pens be 

undertaken to obtain more precise estimates of its effectiveness as a retention strategy, the 

modified VoI analysis presented in Chapter 5 of this thesis comes to opposite conclusions. The 

estimated value of implementation shows that 67,765 additional invited patients would be 

expected to be recruited in trials, if telephone reminders were universally and instantly adopted 

as recruitment strategy across UK trials. This implies that, if reminders were not adopted 

universally as a recruitment strategy, the SWAT commissioner would need to invest in 

additional 740 SWATs to generate similar incremental recruitment rates. Moreover, 6,227 

additional trial participants would be expected to be retained in trials, if pens were universally 

and instantly adopted as a retention strategy across UK trials. This implies that, if pens were 

not adopted universally as a retention strategy, the SWAT commissioner would need to invest 

in additional 72 SWATs to generate similar incremental retention rates. On the other hand, the 

value of additional research, given its methodological structure and assumptions, implies that 



 182 

no patients taking part in randomised trials across the UK would be expected to withdraw from 

trials as a result of the existing effect uncertainty of telephone reminders as a recruitment 

strategy and of pens as a retention strategy.  

Nevertheless, such a guidance is also subject to limitations. For instance, the value of additional 

research is zero when the lower bound of the risk difference (RD) confidence interval is greater 

than zero, independently from the sample size and the number of studies included in the meta-

analysis of a given recruitment or retention strategy. Whereas it may not be worthwhile doing 

more SWATs, the conduct of an additional SWAT could reduce further the width of the 

confidence intervals and thus lead to more confidence in the results, something which the VoI 

analysis presented in Chapter 5 cannot capture. On the other hand, the framework presented in 

Chapter 5 is the first attempt to consider the financial implications of undertaking another 

SWAT of an existing strategy, from the economic perspective of a SWAT commissioner, 

something which Trial Forge Guidance 2 fails to do. Therefore, by comparing the results from 

the VoI analysis and Trial Forge Guidance 2, it strongly recommends that such a framework 

be used as a guide for decision makers and included in an updated version of Trial Forge 

Guidance 2, so that both qualitative and economic aspects be considered when prioritising 

future SWATs on certain recruitment and retention strategies. 

The methodology and results of this study were presented at an Economic Evaluation seminar 

at the Centre for Health Economics (CHE) of the University of York in December 2022.This 

seminar was also attended by the authors of the studies that introduced the VoI analysis 

framework I adopted for evaluating the cost-effectiveness of undertaking further SWATs 

(Claxton et al., 2015a, McKenna et al., 2016). Their feedback on my research work enabled 

me to transition the VoI analysis framework in the context of clinical studies to that of SWATs. 

The conclusions of this chapter have motivated the submission of a grant application called 

“Trial Forge Guidance 2 Extension: Reducing research waste by considering the cost-

effectiveness of undertaking further SWATs on interventions” to the Irish Health Research 

Board- Trials Methodology Research Network (HRB-TMRN), of which I was a co-applicant. 

The grant application was approved for funding, for an amount of €10,000. This project aims: 

1) to apply VoI analysis to a range of recruitment and retention strategies; 2) to develop a VoI 

tool for trial teams conducting SWATs and; 3) to update Trial Forge Guidance 2. The project 

findings are also expected to be presented at the 7th International Clinical Trials Methodology 

Conference (ICTMC 2024) in Edinburgh, United Kingdom. 
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6.5. Direction for future research on improving trial efficiency 

Slow recruitment of patients to and attrition of participants in randomised trials may generate 

noticeable costs for trial teams, funders and healthcare systems. Given that SWATs is the 

principal study design to evaluate existing or novel recruitment and retention strategies to 

address these challenges, direction for future research on trial efficiency should be focused on 

the conduct of SWATs.  

Whereas SWATs are becoming increasingly popular, and major funders such as the NIHR in 

the UK (National Institute for Health & Care Research, 2023),  the HRB in Ireland (TMRN 

2023) and the ACT in Cananda (ACT 2023) provide special funding for the conduct of SWATs, 

few SWATs have considered the costs and the cost-effectiveness of the strategies under 

evaluation. The cost-effectiveness review in Chapter 4 identified only 17 out of 139 included 

in the recruitment and retention reviews (Treweek et al., 2018b) (Gillies et al., 2021). Thus, it 

is highly recommended that future SWATs include economic evaluations, by breaking down 

the costs related to recruitment and retention strategies into direct (print, design and shipping) 

and indirect costs. Health economics should be more intensely incorporated within the research 

on SWATs, given that recommended recruitment and retention strategies should not only be 

effective, but also cost-effective given the costs they may generate to trial teams and funders. 

It could also be worthwhile for trial teams to estimate the financial costs they may incur due to 

expected participant losses to follow-up when they submit a grant application to a research 

funder. Such an estimation could be in line with the costing analysis I presented in Chapter 3, 

which explored the financial costs of attrition in the OTIS trial from the economic perspective 

of a trial team. 

In addition, given that the NIHR is the main SWAT commissioner in the UK, providing grants 

of up to £30,000 for eligible SWATs embedded within randomised trials, it is important that 

additional research on recruitment and retention strategies be prioritised according to the 

criteria of both Trial Forge Guidance 2 (Treweek et al., 2020) and the VoI analysis framework 

introduced in Chapter 5, which also considers the budget implications of additional research 

for SWAT commissioners. The framework introduced in the thesis will be used for a funded 

project, of which I will be the principal researcher. It will develop a VoI tool for as many 

recruitment and retention strategies as possible, so that trial teams and SWAT commissioners 

prioritise with more confidence which SWATs of which interventions should be undertaken 

and funded. Trial efficiency can be achieved faster and more efficiently through evidence-
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based investment decisions on future SWAT research of recruitment and retention strategies, 

which could be achieved through VoI analysis, in addition to the existing Trial Forge Guidance 

2.  

As randomised trials are irrefutably the gold-standard design for health and clinical research, 

leading to the provision of more effective and cost-effective interventions, diagnostics, 

treatments and healthcare services for patients and the population overall, they deserve to be 

more efficient and to minimise the dire consequences of slow patient recruitment and 

participant attrition - for the benefit of patients, trial teams, national healthcare systems and 

society as a whole. The most suitable design to achieve this goal is SWATs, capable of 

producing credible evidence surrounding the effectiveness and the cost-effectiveness of 

recruitment and retention strategies under evaluation. For SWATs to maximise their impact, 

health economic methods and approaches should be integrated more closely in future research. 

This implies that trial teams should undertake economic evaluations alongside future SWATs, 

as well as determine which SWATs of which interventions should be prioritised for research 

for trial efficiency to be improved as early and cost-effectively as possible. 
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Appendix 

Supplemental Material 2.1. Estimation of pathway probabilities 
 

• The randomisation point of the hospitalised COVID-19 patients to the RECOVERY trial 

was assumed to accurately represent the initial decision node at any hospital in real clinical 

settings. 

• The probabilities associated with “admission” can be found in Table 1 of the research 

article of the RECOVERY trial, which was also used to estimate all input probabilities but 

long COVID (Horby et al., 2021). 

• The probabilities of the health outcomes related to invasive ventilation at the point of 

entry/randomisation can be found in Figure 3 of the research article. For instance, 95 out 

of 324 invasively ventilated patients (at the randomisation point) died in the case of 

dexamethasone (P (death | invasive ventilation, Dexamethasone) = 0.293).  

• The remaining probabilities were manually computed according to the available data from 

the RECOVERY trial.  

For example, for the Dexamethasone arm, the following steps were followed: 

Step 1: 365 out of 1279 COVID-19 inpatients receiving non-invasive ventilation at 

randomisation, died and/or received invasive ventilation (Figure S2, Supplementary 

Appendix). 

Step 2: 298 out of 1279 inpatients receiving non-invasive ventilation at randomisation, died 

(Figure 3, research article). 

Step 3: From Figure 3, 89 out of 501 inpatients receiving no ventilation at randomisation, died. 

Step 4: From Table 2.2, 25/501 inpatients in acute wards went for non-invasive ventilation 

and/or invasive ventilation later on (p=0.05). 20 received non-invasive ventilation and 9 

received invasive ventilation. According to the rules of probability, 5 of them went 

straightaway to invasive ventilation ((P (invasive ventilation | acute hospital ward, 

Dexamethasone) = 0.018), and 16 received non-invasive ventilation immediately ((P (non-

invasive ventilation | acute hospital ward, Dexamethasone) = 0.032).  

Step 5: Since 9 patients not receiving ventilation at randomisation received invasive 

ventilation, 101 out of 1279 patients receiving non-invasive ventilation at randomisation 
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received invasive ventilation, according to Table 2 of the research article. Therefore, ((P 

(invasive ventilation | non-invasive ventilation, Dexamethasone)) = 0.079.  

Step 6: Considering Steps 1, 2 and 5, as well as the rules of probability, 34 out of 1279 

inpatients, receiving non-invasive ventilation at randomisation, received invasive ventilation 

and died. Therefore, from Step 2, 264 out of 1279 inpatients receiving non-invasive ventilation 

at randomisation, died, without receiving any invasive ventilation. Therefore, ((P (death | non-

invasive ventilation, Dexamethasone) = 0.206.  

To summarise: 

1. 264 out of 1279 inpatients receiving non-invasive ventilation at randomisation, died, 

without receiving any invasive ventilation. 

2. 34 out of 1279 inpatients receiving non-invasive ventilation at randomisation, died, after 

having received invasive ventilation 

3. 67 out of 1279 inpatients receiving non-invasive ventilation at randomisation, survived, 

after having received invasive ventilation 

4. 914 out of 1279 inpatients receiving non-invasive ventilation at randomisation, surviving, 

without receiving any invasive ventilation. ((P (survival | non-invasive ventilation, 

Dexamethasone) =0.715. 

Step 7: Given the yielded probabilities, P(death| acute hospital ward, dexamethasone) was 

computed manually. 

1. From Figure 3, we know that 89 out of 501 patients receiving no ventilation, eventually 

died.  

2. Patient deaths given no ventilation at randomisation, followed by non-invasive ventilation= 

16 * ( P (death | non-invasive ventilation, Dexamethasone) = 0.206) = 3 (see Step 4). 

3. Patient deaths given no oxygen at randomisation, followed by invasive ventilation= 9 * ((P 

(death | invasive ventilation, Dexamethasone) = 0.293) = 3 (see Step 4). 

4. Therefore, P (death | acute hospital ward, dexamethasone) = 0.166 and P (survival | acute 

hospital ward, Dexamethasone) = 0.784, the sum of which is indeed equal to 0.95 (see 

Step 4). 

The same computation process was followed for the No Dexamethasone group. 
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Supplemental Material 3.1. Types and subtypes of participant loss to follow-

up in the OTIS trial 

Table 5 in the published study of the OTIS trial provides details about rates of participant loss 

to follow-up and questionnaire response rates (Cockayne et al., 2021).  

• Before 4-month questionnaire, 16 participants were lost to follow-up in the intervention 

group, whereas 12 participants were lost to follow-up in the usual care group (Cockayne et 

al., 2021).  It is also reported that 11 participants in the intervention group and 25 

participants in the usual care group did not respond to the 4-month follow-up questionnaire  

(Cockayne et al., 2021). 

• Before 8-month questionnaire, nine more participants were lost to follow-up in the 

intervention group and 15 more participants were lost to follow-up in the usual care group 

(Cockayne et al., 2021). In addition, six participants did not respond to the 8-month follow-

up questionnaire in the intervention group and 28 participants in the usual care group did 

not respond to the 8-month follow-up questionnaire  (Cockayne et al., 2021). 

• Before 12-month questionnaire, four more participants were lost to follow-up in the 

intervention group and 12 more participants were lost to follow-up in the usual care group  

(Cockayne et al., 2021). In addition, 12 participants did not respond to the 12-month follow-

up questionnaire in the intervention group and 24 participants in the usual care group did 

not respond to the 12-month follow-up questionnaire  (Cockayne et al,. 2021). 

The sample sizes of participants related to all attrition types (i.e. 1,2,3,4) were obtained directly 

from the aforementioned study findings. Nevertheless, due to data unavailability assumptions 

about the sample sizes of participants related to the subtypes of attrition (i.e. 2a, 2b, 3a, 3b, 3c, 

3d,4a, 4b) by intervention group were made.  

o With regards to Subtypes 2a and 2b, it was assumed that all participants lost to follow-up 

before the 8-month follow-up period had not responded to the 4-month follow-up 

questionnaire, if the number of participants not responding to the 4-month questionnaire 

was not lower than the number of participants lost to follow-up. In the intervention group, 

this means all nine participants lost to follow-up before the 8-month questionnaire had not 

responded to the 4-month follow-up questionnaire were assumed to be lost to follow-up 

(Subtype 2b). Thus, the number of participants lost to follow-up, belonging to Subtype 2a, 

is zero, in addition to two participants who did not respond to the 4-month questionnaire 

but were considered not to have been lost to follow-up before the 12-month questionnaire. 
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In the usual care group, since 25 participants did not respond to the 4-month questionnaire 

and 15 participants were lost to follow-up before the 8-month questionnaire, all participants 

lost to follow-up before the 8-month questionnaire were assumed not to have responded to 

the 4-month questionnaire (Subtype 2b), in addition to 10 participants who did not respond 

to the 4-month questionnaire but were considered not to have been lost to follow-up before 

the 12-month questionnaire.  

o Moreover, in the intervention group, since all participants lost to follow-up before the 8-

month questionnaire were assumed not to have responded to the 4-month questionnaire, 

and since the number of participants not responding to the 4-month questionnaire was 

greater than the number of participants lost to follow-up by two participants, the cumulative 

sample size for subgroups 3b and 3d is two. In the control group, the corresponding 

cumulative sample size for subgroups 3b and 3d is 10, given that 10 participants not 

responding to the 4-month questionnaire were regarded not to have been lost to follow-up 

before the 12-month follow-up period. 

o Similarly, it was assumed that all participants lost to follow-up before the 12-month follow-

up period had not responded to the 8-month follow-up questionnaire. In the intervention 

group, since four participants were lost to follow-up before the 12-month questionnaire and 

six participants did not respond to the 8-month questionnaire, the cumulative sample size 

for subgroups 3b and 3c is four. Also, it seems that two out of six participants who did not 

respond to the 8-month questionnaire were not lost to follow-up before the 12-month 

questionnaire; we assume that 50% of such participants, i.e. one participant, also did not 

respond to the 12-month questionnaire (Subtype 4b). Given that the cumulative sample size 

for subgroups 3b and 3d is two, it means that two participants fall to subtype 3b and two 

participants fall to subtype 3c. In the usual care group, since 12 participants were lost to 

follow-up before the 12-month questionnaire and 28 participants did not respond to the 8-

month questionnaire, the cumulative sample size for subtypes 3b and 3c is 12. Also, it 

seems that 16 out of 28 participants who did not respond to the 8-month questionnaire were 

not lost to follow-up before the 12-month questionnaire; we assume that 50% of such 

participants, i.e. eight participants, also did not respond to the 12-month questionnaire 

(Subtype 4b).  Given that the cumulative sample size for subgroups 3b and 3d is 10, it 

means that 10 participants fall to subtype 3b and two participants fall to Subtype 3c. 

o Finally, since 12 participants in the intervention group and 24 participants in the control 

group were lost to follow-up due to not responding to the 12-month questionnaire, and one 

participant in the intervention group and 8 participants in the control group fall under 
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Subtype 4b, 11 participants from the intervention group are expected to have been lost from 

follow-up under Subtype 4a, with the figure in the control group being 16. 

Supplemental Material 3.2. Estimation of the monthly falls calendar 

returns by post by type and subtype of attrition 

 

Table 4 in the published study of the OTIS trial provide details about rates of monthly falls 

calendars return rates (Cockayne et al., 2021). 

Between the baseline and the 4-month follow-up questionnaire, 66 participants did not respond 

to the monthly falls calendars. Between the baseline and the 8-month follow-up questionnaire, 

91 participants did not respond to the monthly falls calendars. Between the baseline and the 

12-month follow-up questionnaire, 130 participants did not respond to the monthly falls 

calendars.  

To estimate the number of participants lost to follow-up responding to monthly falls calendars, 

we assumed that participants not sending a falls calendar in a month x wouldn’t send any 

subsequent falls calendars. We also assume that such participants had sent all falls calendars 

related to the previous months prior to the falls calendar related to the month affected. Finally, 

we assume that participants not sending falls calendars are also lost to follow-up as the calendar 

return rates were similar to the attrition rates. 

Therefore, for the 4-month follow-up period, given that: 

1) 26 participants did not send a falls calendar at month 0 

2) 12 participants did not send a falls calendar at month 1 

3) 6 participants did not send a falls calendar at month 2 

4) 9 participants did not send a falls calendar at month 3 

5) 13 participants did not send a falls calendar at month 4 

Considering the total figure of 66 participants not responding to the monthly falls calendars at 

month 4, which coincides with the 4-month follow-up questionnaire in terms of time, 39.39% 

(26 out of 66) of these participants did not respond at month 0, 18.18% (12 out of 66) of these 

participants did not respond at month 1, 9.09% (6 out of 66 participants) did not respond at 
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month 2, 13.64% (9 out of 66 participants) did not respond at month 3 and 19.70% (13 out of 

66 participants) did not respond at month 4. 

Therefore, given our assumptions the average rate of monthly falls calendar returns for 

participants lost to follow-up before the 4-month questionnaire is the weighted average of: 

39.39%*0+ 18.18%*1+ 9.09%*2+ 13.64%*3+ 19.70%*4= 1.56 monthly calendar fall returns  

Correspondingly, for the 8-month follow-up period, given that: 

1) 11 participants did not send a falls calendar at month 5 

2) 5 participants did not send a falls calendar at month 6 

3) -1 participants did not send a falls calendar at month 7 

4) 10 participants did not send a falls calendar at month 8 

Considering the total figure of 25 participants not responding to the monthly falls calendars at 

month 8, which coincides with the 8-month follow-up questionnaire in terms of time, 44% (11 

out of 25) of these participants did not respond at month 5, 20% (5 out of 25) of these 

participants did not respond at month 6, -4% (-1 out of 25 participants) did not respond at 

month 7 and 40% (10 out of 25 participants) did not respond at month 8. 

Therefore, the average rate of monthly falls calendar returns for participants lost to follow-up 

before the 8-month questionnaire is the weighted average of: 

44%*5+ 20%*6- 4%*7+ 40%*8= 6.32 monthly calendar fall returns  

Following the same approach, it can be shown that the average rate of monthly falls calendar 

returns for participants lost to follow-up before the 12-month questionnaire is the weighted 

average of: 

15.38%*9+ 30.77%10+41.03%*11+12.82%*12= 10.51 monthly calendar fall returns 
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Supplemental Material 3.3. Randomised trials funded by the NIHR in 

2016/2017  

Table 3.S1: Pilot and full-scale randomised trials funded by the NIHR HTA in 2016/2017 (from 

01/04/2016 to 31/03/2017) (National Institute for Health & Care Research, 2024)  

 
Project ID Award Value  Aggregate funding allocated by 

the NIHR HTA to randomised 

trials in 2016/17 

Cost per randomised trial 

funded by the NIHR HTA in 

2016/17 

15/118/01  £                              467,437.65  £67,553,088.13  £1,535,297.46 

15/08/40  £                              475,575.73  

15/44/01  £                              488,196.87  

14/49/149 (OTIS Trial)  £                              722,096.59  

15/57/160  £                              811,989.21  

14/49/154  £                              853,259.81  

13/115/62  £                              935,504.72  

13/82/04  £                              965,630.44  

14/192/109  £                          1,011,672.23  

14/49/159  £                          1,016,564.59  

13/155/05  £                          1,047,206.83  

13/142/04  £                          1,118,326.00  

14/28/02  £                          1,147,564.92  

15/106/04  £                          1,207,594.53  

15/110/02  £                          1,222,886.63  

15/80/39  £                          1,242,497.00  

15/26/06  £                          1,249,382.00  

14/192/97  £                          1,259,771.62  

14/166/01  £                          1,289,952.72  

14/222/02  £                          1,412,681.43  

14/216/01  £                          1,457,334.00  

14/08/60  £                          1,461,432.00  

14/192/71  £                          1,474,733.93  

15/38/04  £                          1,566,143.53  

13/34/64  £                          1,569,080.49  

14/224/04  £                          1,631,592.55  

14/192/110  £                          1,647,360.00  

15/160/02  £                          1,715,379.38  

14/49/84  £                          1,789,594.60  

13/115/29  £                          1,801,970.92  
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15/57/02  £                          1,807,350.81  

13/115/48  £                          1,807,618.00  

13/146/02  £                          1,819,018.42  

14/68/09  £                          1,837,662.40  

14/22/23  £                          1,842,732.00  

14/192/53  £                          1,908,190.00  

15/102/04  £                          1,922,993.79  

15/35/03  £                          1,984,963.63  

15/166/08  £                          2,051,482.24  

14/68/08  £                          2,142,216.63  

15/43/07  £                          2,387,728.27  

15/57/66  £                          2,522,709.93  

15/57/39  £                          3,012,766.73  

15/57/143  £                          4,445,242.36  
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Supplemental Material 4.1. Data extraction of the included studies 
 

 

 

 

 

Study Jennings et al. (2015a) 

Host Trial 

Name The Standard Care Versus Celecoxib Outcome Trial (SCOTLSSS) 

Design Randomised Controlled Trial (RCT); Prospective Randomised Open Blinded End point 

(PROBE) design. 

Location United Kingdom 

Setting Primary care 

Population People aged 60 or over taking long‐term NSAIDS for arthritis. 

Intervention(s) 200-400 mg of Celecoxib daily in divided doses. 

Comparator(s) Traditional NSAIDs prescribed for the treatment of arthritis. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 simple fixed randomisation; no stratification, patients blinded. 

Strategy(-ies) and study 

objective 

Invitation letter with a fixed payment of £100 to improve recruitment to the host trial. 

Comparator(s) An invitation letter with no fixed payment incentive. 

Frequency of strategy Once, if response is received. Twice if there was no response to the first invitation letter. 

Measure(s) of benefit Increase in positive response to recruitment. 

Increase in consented patients with incentive. 

Costs Incremental cost per additional patient recruited. 

Incremental cost per additional consented patient. 

Type of economic 

evaluation 

Cost-effectiveness analysis. 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Offered incentive payment: n= 84 (46.4%) 

Not offered incentive payment: n=97 (53.6%) 

Total sample size: n= 181 (100 %) 

Results Primary: 

Incremental cost per patient recruited (ICER): £1,276 

Incremental cost per consented patient (ICER): £1,613 

 

Other: 

Increase in positive response to recruitment: 8.5% (34/84 in the intervention group vs 

31/97 in the control group) 

Increase in consented patients with incentive: 6.2% (26/84 in the intervention group vs 

24/97 in the control group) 

 

 

Perspective adopted Trial team. 
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Study Jennings et al. (2015b) 

Host Trial 

Name Febuxostat versus Allopurinol Streamlined Trial (FAST) 

Design Randomised Controlled Trial (RCT); Prospective Randomised Open Blinded End point 

(PROBE) design. 

Location United Kingdom 

Setting Primary care 

Population People aged 60 or over with chronic hyperuricaemia in conditions where urate 

deposition has already occurred. 

Intervention(s) Febuxostat 

Comparator(s) Allopurinol 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 simple fixed randomisation; no stratification, patients blinded. 

Strategy(-ies) and study 

objective 

Invitation letter with a fixed payment of £100 to improve recruitment to the host trial. 

Comparator(s) An invitation letter with no fixed payment incentive. 

Frequency of strategy Once, if response is received. Twice if there was no response to the first invitation letter. 

Measure(s) of benefit Increase in positive response to recruitment. 

Increase in consented patients with incentive. 

Costs Incremental cost per additional patient recruited. 

Incremental cost per additional consented patient. 

Type of economic 

evaluation 

Cost-effectiveness analysis. 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Offered incentive payment: n= 158 (47.6%) 

Not offered incentive payment: n=174 (52.4%) 

Total sample size: n= 332 (100 %) 

Results Primary: 

Incremental cost per patient recruited (ICER): £933 

Incremental cost per consented patient (ICER):  £763 

 

Other: 

Increase in positive response to recruitment: 12.0% (68/158 in the intervention group 

vs 54/174 in the control group) 

Increase in consented patients with incentive: 13.1% (58/158 in the intervention group 

vs 41/174 in the control group) 

 

 

Perspective adopted Trial team. 
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Study 

 

Jennings et al. (2015c) 

Host Trial 

Name Prevention and Treatment of Hypertension with Algorithm Guided Therapy study 

1(PATHWAY 1) 

Design Randomised Controlled Trial (RCT); open, parallel, double-blind 

Location United Kingdom 

Setting Primary care 

Population People aged 18-79 with newly diagnosed hypertension. 

Intervention(s) Monotherapy as initial hypertension treatment. 

Comparator(s) Dual therapy as initial hypertension treatment. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 simple fixed randomisation; no stratification, patients blinded. 

Strategy(-ies) and study 

objective 

Invitation letter with a fixed payment of £100 to improve recruitment to the host trial. 

Comparator(s) An invitation letter with no fixed payment incentive. 

Frequency of strategy Once, if response is received. Twice if there was no response to the first invitation letter. 

Measure(s) of benefit Increase in positive response to recruitment. 

Increase in consented patients with incentive. 

Costs Incremental cost per additional patient recruited. 

Incremental cost per additional consented patient. 

Type of economic 

evaluation 

Cost-effectiveness analysis. 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Offered incentive payment: n= 46 (49.5%) 

Not offered incentive payment: n=47 (50.5 %) 

Total sample size: n= 93 (100 %) 

Results Primary: 

Incremental cost per patient recruited (ICER):   N/A 

Incremental cost per consented patient (ICER):  N/A 

 

Other: 

Increase in positive response to recruitment: -4% (5/46 in the intervention group vs 7/47 

in the control group) 

Increase in consented patients with incentive: -2% (3/46 in the intervention group vs 

4/47 in the control group) 

 

 

Perspective adopted Trial team. 
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Study Jennings et al. (2015d) 

Host Trial 

Name Prevention and Treatment of Hypertension with Algorithm Guided Therapy study 2 

(PATHWAY 2) 

Design Randomised Controlled Trial (RCT); open, parallel, double-blind 

Location United Kingdom 

Setting Primary care 

Population People aged 18-79 with uncontrolled blood pressure. 

Intervention(s) Spironolactone or doxazosin or bisoprolol 

Comparator(s) Placebo drug 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 simple fixed randomisation; no stratification, patients blinded. 

Strategy(-ies) and study 

objective 

Invitation letter with a fixed payment of £100 to improve recruitment to the host trial. 

Comparator(s) An invitation letter with no fixed payment incentive. 

Frequency of strategy Once, if response is received. Twice if there was no response to the first invitation letter. 

Measure(s) of benefit Increase in positive response to recruitment. 

Increase in consented patients with incentive. 

Costs Incremental cost per additional patient recruited. 

Incremental cost per additional consented patient. 

Type of economic 

evaluation 

Cost-effectiveness analysis. 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Offered incentive payment: n= 101 (48.1%) 

Not offered incentive payment: n=109 (51.9%) 

Total sample size: n= 210 (100 %) 

Results Primary: 

Incremental cost per patient recruited (ICER):   £7,248 

Incremental cost per consented patient (ICER):  N/A 

 

Other: 

Increase in positive response to recruitment: 1.4% (19/210 in the intervention group vs 

19/210 in the control group) 

Increase in consented patients with incentive: -4.3 % (4/210 in the intervention group 

vs 9/210 in the control group) 

 

 

Perspective adopted Trial team. 
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Study Jennings et al. (2015e) 

Host Trial 

Name Prevention and Treatment of Hypertension with Algorithm Guided Therapy study 3 

(PATHWAY 3) 

Design Randomised Controlled Trial (RCT); open, parallel, double-blind 

Location United Kingdom 

Setting Primary care 

Population People aged 18-80 with at least one component of the metabolic syndrome. 

Intervention(s) Single-agent diuretic therapy for low-renin hypertension. 

Comparator(s) Combination diuretic therapy for low-renin hypertension. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 simple fixed randomisation; no stratification, patients blinded. 

Strategy(-ies) and study 

objective 

Invitation letter with a fixed payment of £100 to improve recruitment to the host trial. 

Comparator(s) An invitation letter with no fixed payment incentive. 

Frequency of strategy Once, if response is received. Twice if there was no response to the first invitation letter. 

Measure(s) of benefit Increase in positive response to recruitment. 

Increase in consented patients with incentive. 

Costs Incremental cost per additional patient recruited. 

Incremental cost per additional consented patient. 

Type of economic 

evaluation 

Cost-effectiveness analysis. 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Offered incentive payment: n= 92 (46.2 %) 

Not offered incentive payment: n=107 (53.8%) 

Total sample size: n= 199 (100 %) 

Results Primary: 

Incremental cost per patient recruited (ICER): £1,249 

Incremental cost per consented patient (ICER):  £2,381 

 

Other: 

Increase in positive response to recruitment: 8.7 % (26/92 in the intervention group vs 

21/107 in the control group) 

Increase in consented patients with incentive: 4.2% (9/92 in the intervention group vs 

6/107 in the control group) 

 

 

Perspective adopted Trial team. 



 209 

 

 

 

 

Study Free et al. (2010a) 

Host Trial 

Name Txt2stop  

Design Randomised Controlled Trial (RCT); pilot, single-blind 

Location United Kingdom 

Setting Community 

Population People aged 16 and above who are smokers and willing to stop smoking in next month. 

Intervention(s) A composite mobile phone-based smoking cessation support. 

Comparator(s) Simple, short, generic text messages. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; single-blind, with concealed allocation. 

Strategy(-ies) and study 

objective 

Research staff sending a text message regarding the newly available online registration 

facility. 

Comparator(s) Research staff calling the participants’ mobile numbers to register them for the trial (no text 

message). 

Frequency of strategy Once, before recruitment to the Txt2stop trial.  

Measure(s) of benefit 1) Registration to the Txt2stop trial at two weeks by eligible participants. 

2) Registration using the online facility by two weeks by eligible participants. 

3) Completed registrations at two weeks, including both eligible and ineligible participants. 

4) All completed registrations at 2 weeks using the online registration facility.  

Costs Incremental cost of sending a text message for each eligible participant. 

Type of economic evaluation Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

SMS messages: n= 470 (50.2%) 

Calls: n=467 (49.8%) 

Total sample size: n=937 (100%) 

Results Secondary: 

Incremental cost per participant registered = £2.34  (based on a cost of £0.05 for each SMS 

message sent and 15 min of data manager’s time) 

Unit cost of SMS: £0.05 

Other: 

1) 3.6% (17/470) of participants who were sent the text message regarding the new online 

registration facility were registered successfully, for the trial within 2 weeks, compared with 

1.1% (5/467) of the control group. The risk difference is 2.5% (95% confidence interval: 

0.6–4.5). 

2) None of the intervention group registered successfully online, compared with 0.2% 

(1/467) of the control group. The risk difference is -0.2 (95% confidence interval: -0.6 – 

0.2).  

3)  4.5% (21/470) of the intervention group and 1.5% (7/467) of the control group attempted 

to register for the trial (eligible and ineligible participants). The risk difference is 2.9% (95% 

confidence interval: 0.7–5.0).  

4)  Of these combined eligible and ineligible registrations, 0.6% (3/470) of the intervention 

group and 0.4% (2/467) of the control group. The risk difference is 0.2 (95% confidence 

interval: - 0.7–1.1). 

Perspective adopted Trial team. 
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Study Free et al. (2010b) 

Host Trial 

Name Txt2stop  

Design Randomised Controlled Trial (RCT); pilot, single-blind 

Location United Kingdom 

Setting Community 

Population People aged 16 and above who are smokers and willing to stop smoking in next month. 

Intervention(s) A composite mobile phone-based smoking cessation support. 

Comparator(s) Simple, short, generic text messages. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; single-blind, with concealed allocation. 

Strategy(-ies) and study 

objective 

Letter containing study and consent information and a £5 note.  

Comparator(s) Participants received the normal trial procedures.  

Frequency of strategy Once, before recruitment to the Txt2stop trial. 

Measure(s) of benefit 1)  Randomisation into the Txt2stop trial within 2 weeks.  

2)  Consent to be randomised into the Txt2stop trial within 2 weeks.  

Costs Incremental cost per participant randomised to the Txt2stop trial 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Letter and £5 note: n= 245 (49.9%) 

Usual recruitment: n=246 (50.1%) 

Total sample size: n=491 (100%) 

Results Secondary: 

Incremental cost per participant randomised:  £121.5 

Other: 

1) 4.5% (11/246) of participants who were sent the letter with £5 were randomized into 

the Txt2stop trial compared to 0.4% (1/245) of those who were not sent anything. The 

risk difference is 4.0% (95% confidence interval: 1.4–6.7).  

2) 5.3% (13/246) of participants who were sent the letter with £5 gave their consent to 

be randomized into the Txt2stop trial, compared with 0.4% (1/245) of the control group. 

The risk difference is 4.9 (95% confidence interval: 2.0–7.7).  

Perspective adopted Trial team. 

Study Free et al. (2010c) 

Host Trial 

Name Txt2stop  
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Study Free et al. (2010c) 

Host Trial 

Name Txt2stop  

Design Randomised Controlled Trial (RCT); pilot, single-blind 

Location United Kingdom 

Setting Community 

Population People aged 16 and above who are smokers and willing to stop smoking in next month. 

Intervention(s) A composite mobile phone-based smoking cessation support. 

Comparator(s) Simple, short, generic text messages. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; single-blind, with concealed allocation. 

Strategy(-ies) and study 

objective 

Nudge intervention, which is a series of four text messages over 1 week containing 

quotes from existing participants. 

Comparator(s) Participants received the normal trial procedures. 

Frequency of strategy Four times over one week. 

Measure(s) of benefit 1)  Randomisation into the Txt2stop trial within 2 weeks.  

2)  Consent to be randomised into the Txt2stop trial within 2 weeks.  

Costs Incremental cost per participant randomised to the Txt2stop trial 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Nudge intervention: n= 406 (50%) 

Usual recruitment: n=405 (50%) 

Total sample size: n=811 (100%) 

Results Secondary: 

Incremental cost per participant randomised= £6.8 

Unit cost of SMS: £0.05 

Other: 

1)  3.5% (14/405) of those who were sent the series of text messages containing quotes 

were randomized into the trial, and none of the 406 people in the control group were 

randomized into the trial. The risk difference is 3.5 (95% confidence interval: 1.7–5.2).  

2)  4.2% (17/405) of those who were sent the series of text messages containing quotes 

gave their consent to join the trial, and none of the 406 people in the control group gave 

their consent to join the trial at 2 weeks. The risk difference is 4.2 (95% confidence 

interval: 2.2–6.1).  

Perspective adopted Trial team. 
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Study Bell et al. (2016) Study Bell et al. (2016) 

Host Trial 

Name SCOOP trial 

Design Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population Females aged 70-85 who are not currently on prescription medication to prevent osteoporotic fractures 

before randomisation. 

Intervention(s) Screening of osteoporosis for prevention of fractures. 

Comparator(s) Usual care 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised controlled trial; two-arm, 1:1 randomisation 

Strategy(-ies) and study 

objective 

Trial-branded pen with the 60-month follow-up questionnaire, to improve the retention of host trial 

participants. 

Comparator(s) 60-month follow-up questionnaire alone. 

Frequency and timing of 

intervention 

Once.  Reminder notices were sent approximately 18 days after the initial questionnaire if no response had 

been received by that time. After continued nonresponse, a follow-up telephone call was administered 

approximately12 days after the follow-up reminder notice. After three attempts to contact participants by 

telephone, the participant was considered a non-responder at that timepoint. The retention period was 60 

months. 

Measure(s) of benefit Questionnaire return rate.  

Proportion of reminders sent to both groups. 

Costs Incremental cost per participant retained. Reported unit costs of trial-branded pen. 

Type of economic 

evaluation 

Cost-effectiveness analysis 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

Pen Group: n=3826 (50%) 

No Pen Group: n=3829 (50%) 

Total sample size: n=7655 (100%) 

Results Primary:  

Incremental cost per participant retained using trial-branded pen=£32.03 

If a trial-branded pen indeed induces a 1.1% improvement in retention rates, the number of participants 

required to be sent a pen to achieve one additional returned questionnaire relative to not being sent a pen 

is 91 (1/0.011590.9); therefore, the cost per additional participant retained is approximately £36 

(91*£0.4). However, a trial-branded pen saved on the cost of preparing and sending reminder mailings, 

which is estimated at £1.97 per reminder. Consequently, approximately two fewer reminder mailings are 

required per retained participant reducing the cost per retained participant to an estimated £32.03. 

Secondary: 

Unit postage cost: £0.22 

Unit purchase of pen: £0.18 

Unit paper and printing cost: £1.97 

Unit postage cost: £0.95 

Two minutes of secretarial time: £0.52 

Other: 

Difference in retention rates: OD=1.16 (95% CI: 0.98-1.37) 

Retention rate (pen): 92.4% (N=3500/3789) 

Retention rate (no pen): 91.3% (N=3462/3793) 

Reminders sent (pen):22.5% (N=853/3789) 

Reminders sent (no pen): 24.8% (N=941/3793) 

Perspective adopted Trial team 
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Study Miller et al. (1999) 

Host Trial 

Name Not provided. 

Design 2 Randomised Controlled Trials (RCTs) 

Location United States 

Setting Secondary care 

Population Participants aged 18-75 with DSM‐IV dysthymic disorder, double depression (major 

depression superimposed on antecedent dysthymia), or chronic major depression. 

Intervention(s) Psychotherapy, antidepressant medication, or both. 

Comparator(s) Psychotherapy, antidepressant medication, or both. 

SWAT (embedded trial) 

Design (randomised or quasi-

randomised) 

Quasi-randomised controlled trial. 

Strategy(-ies) and study 

objective 

Phone screening by a Senior Investigator, to see if screening by trained research 

assistants is more cost‐effective than by senior investigators for recruitment to the 

two host depression trials. Following the screening, a proportion of subjects come 

for an interview in person, after which they might be randomised to a host depression 

trial.  

Comparator(s) Phone screening by a trained Research Assistant. 

Frequency of strategy Once. 

Measure(s) of benefit Proportion of participants recruited to the two host trials. 

Costs Mean phone screen length, approximate staff hourly rate, cost per phone screen, cost 

per positive SCID, cost per randomised subject.  Incremental cost per additional 

randomised participant. 

Type of economic evaluation Cost reporting (cost-effectiveness analysis feasible). 

Numbers and/or proportions of 

participants in the intervention 

and control groups 

Senior Investigator Group: n =162 (46.7%) 

Research Assistant Group: n= 185 (53.3%) 

Total sample size: n=347 (100%) 

Results Secondary: 

Incremental cost per positive SCID= $26.99 (=$66.71-$39.72) 

Incremental cost per phone screen=$7.56 (=$13.58-$6.02)  

Incremental staff hourly costs=$37.05(=$53.2-$16.15) 

Other: 

Recruitment rate to host trials: OR=0.59 [95% confidence interval: OR= 0.26-1.35] 

Recruitment rate (Senior Investigator Group): 42% (N=66/185) 

Recruitment rate (Research Assistant Group): 35.7% (N=68/162)  

Perspective adopted Trial team 

 

 

 

 

 

 

 

 

 



 214 

 

 

 

 

Study Cunningham-Burley et al. (2020) 

Host Trial 

Name SSHeW  

Design Randomised Controlled Trial (RCT); two-arm, 1:1 randomisation 

Location United Kingdom 

Setting Secondary care 

Population NHS staff who are subject to a Trust dress code. 

Intervention A pair of 5-star GRIP rated slip resistant footwear. 

Comparator No footwear during the trial. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised controlled trial; two-arm, parallel, 1:1 randomisation 

Strategy(-ies) and study 

objective 

Trial-branded pen with the 14-week follow-up questionnaire, to improve the retention 

of host trial participants. 

Comparator(s) 14-week follow-up questionnaire alone. 

Frequency and timing of 

intervention 

Once. A reminder questionnaire was sent three weeks after the initial questionnaire if 

no response had been received; no additional pens were sent with reminders. The 

retention period was 14 weeks. 

Measure(s) of benefit Questionnaire return rate.  

Proportion of reminders sent to both groups. 

Costs Reported unit costs of a standard questionnaire pack and trial-branded pen. 

Type of economic 

evaluation 

Cost-effectiveness analysis 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Pen Group: n=733 (50%) 

No Pen Group: n=733 (50%) 

Total sample size: n=1466 (100%) 

Results Primary:  

Incremental cost per additional participant retained using trial-branded pen=£10 

If a trial-branded pen indeed induces a 3% improvement in retention rates, the number 

of participants required to be sent a pen to achieve one additional returned 

questionnaire relative to not being sent a pen is 33 (1/0.03); therefore, the cost per 

additional participant retained is approximately £10.56 (33*£0.32). However, 91 

participants would need to be sent a pen to prevent one reminder mailing and therefore 

to save £2.42. Hence, one reminder is required per three retained participants, and the 

cost per retained participant is approximately £10. 

Other: 

Difference in retention rates: OD=1.15 (95% CI: 0.92-1.43) 

Retention rate (pen): 67.7% (N=496/733) 

Retention rate (no pen): 64.7% (N=474/733) 

Reminders sent (pen):46.6% (N=342/733) 

Reminders sent (no pen): 50.9% (N=373/733) 

Perspective adopted Trial team 
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Study Cochrane et al. (2020) 

Host Trial 

Name Occupational Therapist Intervention Study (OTIS) 

Design Cohort, pragmatic, two-arm, open Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population People aged 65 or older who either have experienced a fall in the last year or feel worried 

about falling in the future. 

Intervention(s) Occupational therapist at-home visit. 

Comparator(s) Usual healthcare from GP and a falls prevention leaflet. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised; 1:1 randomisation, stratified by OTIS allocation groups.  

Strategy(-ies) and study 

objective 

Personalised text message, as a retention intervention to encourage participants to send 

their post-randomisation postal questionnaire.  

Comparator(s) Generalised text message. 

Frequency and timing of 

intervention(s) 

Once or twice. The texts were sent 4 days after the postal questionnaire became 

available. In the event of no response, reminder letters were additionally sent to 

unresponsive participants. The retention period was 4 months. 

Measure(s) of benefit Questionnaire return rate.  

Costs Incremental cost per participant retained using personalised message. Mean and median 

unit costs of personalised texts, generalised texts and reminder letters. 

Type of economic 

evaluation 

Cost reporting 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Personalised texts: n=139 (49.1%) 

Generalised texts: n=144 (50.9%) 

Total sample size: n= 283 (100%) 

Results Secondary:  

Mean unit cost of personalised text=£0.096 

Mean unit cost of generalised text=£0.048 

Mean unit cost of reminder letters=£0.17 

Incremental cost per participant retained using personalised message=£0.04 

Other: 

Difference in retention rates: OD=0.64 (95% CI: 0.10-3.88) 

Retention rate (personalised text): 97.8% (N=136/139) 

Retention rate (generalised text): 98.6% (N=142/144) 

Perspective adopted Trial team 
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Study Clark et al. (2015) 

Host Trial 

Name DOC Trial 

Design Randomised Controlled Trial (RCT); two-arm, 1:1 block randomisation 

Location United Kingdom 

Setting Primary care 

Population Smokers who are aged 35 or more, who are invited to undertake a series of case-finding 

tools, which comprise lung function tests and several symptom-based case-finding 

questionnaires, for the potential identification of COPD. 

Intervention(s) After recruitment, the participants receive the case-finding tests straightaway. 

Comparator(s) After recruitment, the participants receive the case-finding tests 6 months later. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT); two-arm, 1:1 simple randomisation 

Strategy(-ies) and study 

objective 

Participants receive an electronic prompt (i.e. SMS or e-mail) to return the study 

questionnaire. This intervention aims to improve retention to the host trial. Retention 

period: 2-6 months after randomisation to host trial.  

Comparator(s) Participants do not receive any electronic prompt. 

Frequency and timing of 

intervention 

One to three times. Two reminder letters were sent in an attempt to encourage response. 

The first reminder letter was sent 2 weeks after the follow-up questionnaire, and the 

second reminder was sent 2 weeks later (i.e. 4 weeks after the follow-up questionnaire).  

The follow-up questionnaire was sent to participants between 2 and 6 months 

(depending on study site) after the date of randomization. The response period was up 

to 2 months after the follow-up questionnaire was sent. The retention period was 2-6 

months (depending on site) after randomisation. 

Measure(s) of benefit Questionnaire return rate.  

Costs Unit cost of sending automatic electronic prompts 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Electronic prompt: n=226 (51.7%) 

No Electronic prompt: n=211 (48.3%) 

Total sample size: n=437 (100%) 

Results Secondary: 

Unit cost of sending automatic electronic prompts= £0.08 

Other: 

Retention rate (Electronic prompt): 69.5% (N=157/226) 

Retention rate (No Electronic prompt): 60.7% (N=128/211) 

Perspective adopted Trial team 
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Study Hardy et al. (2016) 

Host Trial 

Name BUMPES 

Design Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Secondary care 

Population Adult women who are nulliparous, have a single cephalic presentation, greater than or 

equal to 37 weeks’ gestation, intend spontaneous vaginal birth, are in second stage of 

labour and with an effective mobile epidural in situ. 

Intervention(s) Intervention group 1:  Women allocated to an 'upright position' would aim to be in 

positions where their pelvis is in as vertical a plane as possible during the second stage 

of labour. 

Intervention group 2:  Women allocated to a 'lying-down position' would aim to be in 

positions where their pelvis is in as horizontal a plane as possible during the second 

stage of labour. 

Comparator(s) No comparator. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT): parallel, randomisation stratified by host trial 

allocation and by the centre.  

Strategy(-ies) and study 

objective 

Intervention group 1 received an incentive cover letter sent with the first mailout of the 

questionnaire containing details of a promise of a £10 gift voucher (redeemable at some 

shops) on the return of a completed questionnaire. The covering letter included a 

sentence explaining that the voucher was to thank participants for their time and effort. 

All reminder letters included a sentence about the incentive.  

Intervention group 2 received a cover letter sent at first mailout did not mention the 

incentive. If the questionnaire was not returned, all reminder letters detailed the promise 

of a £10 gift voucher on the return of a completed questionnaire. 

Comparator(s) No comparator. 

Frequency and timing of 

intervention 

Once. The retention period was 12 months. 

Measure(s) of benefit Questionnaire return rate.  

Costs Total cost of the vouchers; cost of vouchers per participant 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Incentive cover letter: n=508 (49.5%) 

Incentive reminder letter n=518 (50.5%) 

Total sample size: n=1026 (100%) 

Results Secondary: 

Additional cost of vouchers per participant in incentive cover letter: £4.56 (95% 

confidence interval: £4.02- £5.11) 

Cost of vouchers per participant in first cover letter: £7.53 

Cost of vouchers per participant in reminder letter: £2.97 

Other: 

Retention rate (incentive cover letter): 74.2% (N=377/508) 

Retention rate (incentive reminder letter): 71.8% (N=372/518) 

Perspective adopted Trial team 
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Study Gates et al. (2009) 

Host Trial 

Name Managing Injuries of the Neck Trial (MINT)  

Design Cluster Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Secondary care 

Population Participants who attended Emergency Departments (EDs) with an acute whiplash injury 

of whiplash-associated disorder grades I-III were eligible for Step 1. People who 

attended EDs with whiplash injuries and had persistent symptoms 3 weeks after ED 

attendance were eligible for Step 2. 

Intervention(s) In Step 1, the intervention was a psycho-educational intervention (WBA/active 

management advice).  In Step 2, the intervention was a package of up to six 

physiotherapy treatments.  

Comparator(s) Usual Care Advice (UCA) 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Quasi-randomised 

Strategy(-ies) and study 

objective 

£5 gift voucher, redeemable at a range of shops with their questionnaire, and a covering 

letter including a sentence explaining that the voucher is to thank participants for their 

time and effort. This is an intervention to potentially improve retention to the host trial. 

The retention period in this trial is between 4 and 8 months. 

Comparator(s) No gift voucher, and a standard covering letter. 

Frequency and timing of 

intervention 

Once. In case of no follow-up, a second copy of the questionnaire was sent after two 

weeks, followed by up to three attempts to make contact by telephone to request return 

of the questionnaire. Finally, participants were offered the option to provide the most 

important outcome data by telephone.  The retention periods were 4 and 8 months. 

Measure(s) of benefit Questionnaire return rate.    

Costs Cost per additional questionnaire returned. 

Type of economic 

evaluation 

Cost-effectiveness analysis 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Incentive: n=1070 (51.7%) 

No incentive: n=1074 (49.9%) 

Total sample size: n=2144 (100%) 

Results Primary:  

Incremental cost per additional questionnaire returned using incentive =£67.29 

Secondary: 

Unit costs of mailing (£1.25), follow-up phone call (£0.90), successful telephone data 

collection (£6.54), unsuccessful telephone data collection (£1.09) and returned 

questionnaire (£0.52). 

Other: 

Retention rate (incentive): 52.3% (N=560/1070) 

Retention rate (no incentive): 45.9% (N=493/1074) 

Perspective adopted Trial team 
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Study James et al. (2020) 

Host Trial 

Name Occupational Therapist Intervention Study (OTIS) 

Design Cohort, pragmatic, two-arm, open Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population People aged 65 or older who either have experienced a fall in the last year or feel worried 

about falling in the future. 

Intervention(s) Occupational therapist at-home visit. 

Comparator(s) Usual healthcare from GP and a falls prevention leaflet. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT): 2x2 factorial, 1:1:1:1 simple block randomisation 

Strategy(-ies) and study 

objective 

Intervention group 1 received a branded pen and a standard cover letter. 

Intervention group 2 received a branded pen and a social incentive cover letter. 

Intervention group 3 received no pen and a social incentive cover letter. 

Comparator(s) The control group received no pen and a standard cover letter. 

Frequency and timing of 

intervention 

Once. The retention period was 12 months. 

Measure(s) of benefit Questionnaire return rate.  

Costs Reported unit costs of pen, letter printing and paper, staff, postage and incentive 

payment cash. 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Group 1: n=195 (25%) 

Group 2: n=195 (25%) 

Group 3: n=195 (25%) 

Control Group: n=194 (25%) 

Total sample size: n=779 (100%) 

Results Secondary:  

Unit pen cost: £0.19 

Unit letter cost printing and paper: £0.05 

Staff letter unit cost (no incentive cover letter): £0.37 

Staff letter unit cost (with incentive cover letter): £0.79 

Unit postage cost (inc. pen): £0.83 

Unit postage cost (ex. pen): £0.61 

Other: 

Retention rate (Group 1): 95.8% (N=187/195) 

Retention rate (Group 2): 95.8% (N=187/195) 

Retention rate (Group 3): 95.8% (N=187/195) 

Retention rate (Group 4):  95.8% (N=186/194) 

Perspective adopted Trial team 
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Study Kenyon et al. (2005) 

Host Trial 

Name MRC ORACLE Children Study  

Design Cohort, pragmatic, two-arm, open Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population Children whose mothers joined the MRC ORACLE Trial. Their mothers have had 

preterm, prelabour rupture of the fetal membranes (pROM). 

Intervention(s) Antibiotics to generate health benefits for the neonate, and hence to reduce childhood 

disability (from MRC ORACLE Trial) 

Comparator(s) Placebo drug 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT): parallel, simple randomisation 

Strategy(-ies) and study 

objective 

The parents of the survived children associated with the MRC ORACLE Children Study 

receive a monetary incentive (£5 voucher redeemable at high street stores) together with 

the reminder questionnaire associated with their child(ren)’s health.  

Comparator(s) No monetary incentive. The same reminder questionnaire associated with child(ren)’s 

health was sent. 

Frequency and timing of 

intervention 

Once.  The retention time was up to 6 weeks after the follow-up questionnaire was sent. 

The retention period was 84 months after the original trial. 

Measure(s) of benefit Questionnaire return rate.   

Costs Cost per additional questionnaire returned 

Type of economic 

evaluation 

Cost-effectiveness analysis 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Monetary Incentive: n=369 (51.1%) 

No incentive: n=353 (48.9%) 

Total sample size: n=722 (100%) 

Results Primary: 

Cost per additional questionnaire returned: £67 (assuming a 3% retention rate) 

Other: 

Retention rate (Monetary Incentive): 42.3% (N=156/369) 

Retention rate (No incentive): 30.6% (N=108/353) 

Perspective adopted Trial team 



 221 

 

 

Study Khadjesari et al. (2011a) 

Host Trial 

Name Down Your Drink (DYD) Study 

Design Randomised Controlled Trial; 2-arm, randomisation stratified by age and gender 

Location United Kingdom 

Setting Secondary care 

Population People who visited DownYourDrink while browsing the web, and who had an AUDIT-C 

score greater than 5. 

Intervention(s) Online DYD psychologically enhanced intervention to reduce drinking problems 

Comparator(s) Similarly designed website with no psychologically enhanced intervention. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT): parallel, randomisation stratified by DYD group 

Strategy(-ies) and study 

objective 

Participants who did not complete the first follow-up questionnaire within 1 week received 

either a £5 Amazon.co.uk voucher, £5 donation to Cancer Research UK, or entry in a £250 

prize draw in the second prompt for completion of questionnaires. 

Comparator(s) Participants who did not complete the first follow-up questionnaire within 1 week did not 

receive any incentive. They only received another prompt for completion of questionnaires. 

Frequency and timing of 

intervention 

At least once. In case the participants did not return any completed questionnaires within 1 

week of their allocated interventions, they remained in the same trial arm and received a 

final prompt for the completion of the questionnaires. The retention period was 3 months 

after the original trial. The retention time was six weeks after an initial questionnaire was 

sent in the follow-up study. 

Measure(s) of benefit Questionnaire return rate.   

Costs Cost per additional questionnaire returned. 

Unit costs associated with the interventions and the trial capital resources. 

Type of economic evaluation Cost reporting (cost-effectiveness analysis feasible). 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

£5 Amazon voucher: n=206 (51.1%) 

£5 Charity donation: n=204 (48.9%) 

£250 prize draw: n=205 (100%) 

Incentives (collectively): n= 615  

No incentive: n=611 

Total sample size: n=1226 (100%) 

Results Secondary: 

Cost per additional questionnaire returned: £110.15 

Unit cost of setting up the database: £0.67 

Unit cost of time sending confirmatory incentive email (per response to questionnaires): 

£0.95 

Other: 

Retention rate (Incentives (collectively): 29% (N=175/615) 

Retention rate (No incentive): 27% (N=162/611) 

Difference in Retention rate (incentive vs no incentive): 2% (95% CI: -3% to 7%) 

Retention rate (£5 Amazon voucher): 32% (N=66/206) 

Retention rate (£5 Charity donation): 27% (N=55/204) 

Retention rate (£250 prize draw): 26% (N=54/205) 
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Study Khadjesari et al. (2011b) 

  

Host Trial 

Name Down Your Drink (DYD) Study 

Design Randomised Controlled Trial; 2-arm, randomisation stratified by age and gender 

Location United Kingdom 

Setting Secondary care 

Population People who visited DownYourDrink while browsing the web, and who had an AUDIT-

C score greater than 5. 

Intervention(s) Online DYD psychologically enhanced intervention to reduce drinking problems 

Comparator(s) Comparator website with no psychologically enhanced intervention. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT): parallel, randomisation stratified by DYD group 

Strategy(-ies) and study 

objective 

Participants received a £10 Amazon.co.uk voucher in the first prompt for completion of 

questionnaires. 

Comparator(s) Participants did not receive any incentive. They only received another prompt for 

completion of questionnaires. 

Frequency and timing of 

intervention 

At least once. In case the participants did not return any completed questionnaires within 

1 week of their allocated interventions, they remained in the same trial arm and received 

a second prompt for the completion of the questionnaires. In case the participants did 

not return any completed questionnaires within 1 week of the second prompt, they 

remained in the same trial arm and received a third prompt for the completion of the 

questionnaires. The retention period was 12 months after the original trial. The retention 

time was six weeks after an initial questionnaire was sent in the follow-up study. 

Measure(s) of benefit Questionnaire return rate.   

Costs Cost per additional questionnaire returned. 

Unit costs associated with the interventions and the trial capital resources. 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible). 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

£10 Amazon voucher: n=1296 (50%) 

No incentive: n=1295(50%) 

Total sample size: n=2591 (50%) 

 

 

Results Secondary: 

Cost per additional questionnaire returned: £52 

Unit cost of setting up the database: £0.46 

Unit cost of time sending confirmatory incentive email (per response to questionnaires): 

£0.95 

Other: 

Retention rate (£10 Amazon voucher): 37% (N=476/1296) 

Retention rate (No incentive): 28% (N=364/1295) 

Difference in Retention rate (£10 Amazon voucher vs no incentive): 9% (95% CI: 5% to 

12%) 
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Study Marsh et al. (1999) 

Host Trial                                                

Name Not provided. 

Design Cluster Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population All children aged 3-12 months registered with 36 participating practices in Nottingham. 

Intervention(s) A package of safety advice at child health surveillance consultations at 6-9, 12-15, and 18-24 months; provision of 

low-cost safety equipment to families on means tested state benefits; and home safety checks and first aid training 

by health visitors. The aim was to reduce the frequency and severity of medically attended injuries. 

Comparator(s) Low-cost equipment was provided by the health visitor for families receiving means tested state benefits. Equipment 

comprised stair gates and fireguards, cupboard locks, and smoke alarms (50p each). 

SWAT (embedded trial) 

Design (randomised or quasi-

randomised) 

Quasi randomised; cluster randomised. 

Strategy(-ies) and study objective Intervention group 1 received postal administration with financial incentive (£2 voucher to spend in a local 

children’s store) once the completed diary had been received or postal group without financial incentive. 

Intervention group 2 received telephone administration with financial incentive (£2 voucher to spend in a local 

children’s store) once the completed diary had been received or telephone group without financial incentive. 

Participants included parents of children aged 3-12 months registered with the practices participating in the main 

trial. 

Comparator(s) Control group were selected from four practices and their matched control practices were selected for the clinic 

visits. 

Frequency and timing of intervention The retention period is unclear. 

Measure(s) of benefit Return rate of diaries. 

Costs Average cost per returned diary. Unit fixed costs are also reported. 

Type of economic evaluation Cost reporting 

Numbers and/or proportions of 

participants in the intervention and 

control groups 

Group 1: n=204 (47%) 

Group 2: n=130 (30%) 

Control Group: n=100 (23%) 

Total sample size: n=434 (100%) 

Results Secondary: 

Average cost per returned diary without financial incentive (Group 1): £1.73 

Average cost per returned diary with financial incentive (Group 1): £3.54 

Average cost per returned diary without financial incentive (Group 2):  £14.98 

Average cost per returned diary with financial incentive (Group 2):  £10.23 

Average cost per returned diary without financial incentive (Control Group):  £38.48 

Average cost per returned diary with financial incentive (Control Group): £35.24 

Unit cost of postage: £0.2 

Unit cost of telephone calls: £1 (for an average call of 10 minutes) 

Unit travel cost: £0.41/mile 

Other: 

Retention rate (Group 1/ incentive): 61% (N= 61/102) 

Retention rate (Group 1/ no incentive): 54% (N=55/102) 

Retention rate (Group 2/ incentive): 69% (N=45/65) 

Retention rate (Group 2/ no incentive): 45% (N=29/65) 

Retention rate (Group 3/ incentive): 44% (N=22/50) 

Retention rate (Group 3/ no incentive): 38% (N=19/50) 
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Study Treweek et al. (2021) 

Host Trial 

Name ActWELL 

Design Randomised Controlled Trial (RCT); four-centre, 1:1 parallel group 

Location United Kingdom 

Setting Primary care 

Population Women aged 50-70 who are overweight and attending routine breast screening in four 

Scottish breast screening service centres. 

Intervention(s) Two face-to-face visits with a lifestyle coach and a further 9 phone calls over 12 months. 

The participants will be given a diet and physical activity programme with the aim of 

weight management and change in physical activity. This will be delivered in the 

community by Breast Cancer Now volunteer Lifestyle Coaches. 

Comparator(s) Usual care. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT); two-arm, 1:1 parallel group, stratified by service 

centre 

Strategy(-ies) and study 

objective 

A pre-notification card was sent around one month before the face-to-face primary 

outcome measurement visit. The text on the card was not developed using formal 

behavioural change theory but did target factors thought to influence attendance. 

Comparator(s) No pre-notification card.  

Frequency and timing of 

intervention 

Once. The retention period is 12 months. 

Measure(s) of benefit The difference in the proportion of participants attending the host trial primary outcome 

measurement visit (i.e. retention). 

Costs Detailed unit costs associated with the pre-notification card.  

Type of economic 

evaluation 

Cost per additional questionnaire returned: £110.15 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Pre-notification card: n=274(49.1%) 

No card: n=284(50.9%) 

Total sample size: n=558 (50%) 

 

Results Secondary: 

Direct costs of printing the cards: £72 

Second class (i.e. delivery within two days) postage costs: £120 

Total costs of cards: £192 

Other: 

Retention rate (pre-notification card): 84% (231/274) 

Retention rate (no card): 81% (230/284) 

Risk difference in retention rates: 3.3% (95% CI: -3% to 9.6%) 
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Study Whiteside et al. (2019) 

Host Trial 

Name Occupational Therapist Intervention Study (OTIS) 

Design Cohort, pragmatic, two-arm, open Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Community setting 

Population People aged 65 or older who either have experienced a fall in the last year or feel worried about 

falling in the future. 

Intervention(s) Occupational therapist at-home visit. 

Comparator(s) Usual healthcare from GP and a falls prevention leaflet. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT); two-arm, 2:1 block randomisation stratified by GP 

practice. 

Strategy(-ies) and study 

objective 

Branded pen with trial invitation pack. 

Comparator(s) No pen in the trial invitation pack. 

Frequency and timing of 

intervention 

Once, before randomisation to the host trial. 

The retention period was related to those remaining in the host trial at 3-months. 

Measure(s) of benefit Randomisation rate, i.e. recruitment. 

Proportion of participants who remained in the trial at 3 months post randomisation, i.e. 

retention. 

Costs Cost per participant recruited in both groups.  

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of 

participants in the 

intervention and control 

groups 

Branded pen: n=620 (33.3%) 

No pen: n=1242 (66.7%) 

Total sample size: n= 1862 (100%) 

 

Results Secondary: 

Unit cost of pens: £0.32 

Unit cost of invitation packs (inc. printing, packaging and postage costs): £2.53 

Other: 

Recruitment rate (pen): 4.5% (N=28/620) 

Recruitment rate (no pen): 4.3% (N=54/1242) 

Difference in recruitment rates (pen vs no pen): 0.17% (95% CI: -1.82% to 2.16%) 

Retention rate (pen):4.4% (N=27/620) 

Retention rate (no pen): 3.9% (N=49/1242)  
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Study Jolly et al. (2019) 

Host Trial 

Name PSM COPD study 

Design Pragmatic, multicentre Randomised Controlled Trial (RCT) 

Location United Kingdom 

Setting Primary care 

Population People aged 18 or older who are on the practice COPD register and have mild dyspnoea. 

Intervention(s) Telephone health coaching to support self-management. 

Comparator(s) Usual care. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Cluster Randomised Controlled Trial (RCT): pragmatic, 1:1 block randomisation stratified 

by area 

Strategy(-ies) and study 

objective 

The practices recruiting participants for the host trial accessed standard printed patient 

information materials, as well as a multimedia information resource that was developed by 

patient and public involvement (PPI) contributors and researchers. The resource includes 

both study-specific information and generic information about trials. 

Comparator(s) The practices recruiting participants for the host trial accessed standard printed patient 

information materials, with no extra multimedia information resource. 

Frequency and timing of 

intervention 

Once randomised, the practices sent out letters to the associated COPD patients. The 

retention period was 6 and 12 months. 

Measure(s) of benefit Response rates to invitation letter. 

Randomisation rates to the host trial, i.e. recruitment rate. 

Retention at 6 months’ follow-up 

Retention at 12 months’ follow-up 

Costs Incremental cost per participant recruited. 

Incremental cost per participant retained. 

Type of economic evaluation Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

PPI intervention: n=2280 (54.1%) 

Standard material: n=1934 (45.9%)   

Total sample size: n=4214 (100%)  

Results Secondary: 

Average unit cost of multimedia resource: £0.59 (=£2500/4223) 

Other: 

Recruitment rate (PPI intervention): 10.8% (N=247/2280) 

Recruitment rate (standard material): 9.6% (N=185/1934) 

Retention rate, 6 months (PPI intervention): 10.1%(N=231/2280) 

Retention rate, 6 months (standard material): 8.8 %(N=171/1934) 

Retention rate, 12 months (PPI intervention): 9.8 %(N=223/2280) 

Retention rate, 12 months (standard material): 8.2% (N= 159/1934) 
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Study Bracken et al. (2019) 

Host Trial 

Name Testosterone for Diabetes Mellitus (T4DM) trial 

Design Randomised Controlled Trial (RCT): multicentre, double-blind 

Location Australia 

Setting Primary care 

Population Men aged 50-74 years, obese or overweight, with prediabetes or newly diagnosed type 2 diabetes, 

and a low serum testosterone. 

Intervention(s) Intramuscular injection of testosterone undecanoate (1000 mg), 6 weeks, and then every 3 months 

for 2 years. 

Comparator(s) Placebo injection 

SWAT (embedded trial) 

Design (randomised or quasi-
randomised) 

Randomised Controlled Trial (RCT); two-arm, parallel, 1:1 block randomisation stratified by age 
group  

Strategy(-ies) and study 

objective 

Individuals who were eligible on a pre-screening questionnaire who did not attend a further 

screening assessment within 4 weeks were randomized to receive an SMS reminder. The SMS 

reminder text provided key enrolment information as well as including a peripheral cue based on 
the concept of social proof. 

Comparator(s) Individuals who were eligible on a pre-screening questionnaire who did not attend a further 

screening assessment within 4 weeks were randomized to receive a telephone reminder.  Staff 
members were provided with a reminder call script, so that the content of the calls was as similar 

as possible across participants. 

Frequency of strategy The reminder was received 4 weeks after completing the T4DM pre-screening questionnaire if 
the participants had not attended laboratory screening within 4 weeks of pre-screening. The SMS 

reminder was sent within 2 days of randomisation and the telephone reminder was conducted 

within 4 days of randomisation. The SMS reminder intervention was delivered once, whereas the 

telephone reminders could occur once or twice, dependent upon whether the participants 
responded to the phone call. If a participant could not be reached on the second attempt, a 

voicemail message was left, if possible. The recruitment period was 4 weeks after the reminders 

were received. 

Measure(s) of benefit Attendance rates for laboratory screening 

Costs Reported costs of each intervention. 

Incremental cost-effectiveness ratio of phone call reminders 

Type of economic evaluation Cost-effectiveness analysis. 

Numbers and/or proportions 

of participants in the 

intervention and control 
groups 

SMS reminder: 354 (49.9%) 

Phone reminder:355 (50.1%) 

Total sample size:709 (100%) 

Results Primary: 

Incremental cost-effectiveness ratio of phone call reminder: AU$112.05 

Incremental cost-effectiveness ratio of phone call reminder (65-74 yrs): AU$31.45 
Secondary: 

Unit cost of telephone reminder: AU$6.21 

Unit cost of SMS reminder: AU$0.53 
Cost of staff time per SMS reminder: AU$0.35 

Cost of staff time per telephone reminder: AU$5.67 

Other: 
Attendance rate (telephone reminder): 23% (N=82/355) 

Attendance rate (SMS reminder):18% (N=64/354) 

Difference in response to telephone vs SMS reminders: RR=1.29 (95% CI: 0.96-1.73) 
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Study Arundel et al. (2017) 

Host Trial 

Name REFORM 

Design Cohort Randomised Controlled Trial (cRCT); two-arm, pragmatic, open, multicentre 

Location United Kingdom, Ireland 

Setting Primary care and secondary care 

Population Patients aged 65 years and over who have attended routine podiatry services within the past 6 

months, have had one fall in the past 12 months; or one fall in the past 24 months requiring hospital 

attention; or report a fear of falling on their baseline questionnaire that is, have worried about falling 

at least some of the time, in the past 4 weeks. 

Intervention(s) Routine podiatry care, a falls prevention leaflet and a multifaceted podiatry intervention. The 

intervention aims to prevent falls. 

Comparator(s) Routine podiatry care and a falls prevention leaflet. 

SWAT (embedded trial) 

Design (randomised or quasi-

randomised) 

Randomised Controlled Trial (RCT); 1:1 randomisation 

Strategy(-ies) and study objective A pre-notification leaflet, 2–3 weeks before the trial recruitment pack. 

Comparator(s) Trial recruitment pack only. 

Frequency of strategy Once. 

Measure(s) of benefit Proportion of participants randomized for the host trial. 

Costs Design, printing, postage and staff costs associated with the leaflet and the trial recruitment pack. 

Type of economic evaluation Cost-effectiveness analysis. 

Numbers and/or proportions of 

participants in the intervention 

and control groups 

Leaflet: n=1436 (33.3%) 

No leaflet: n=2878 (66.7%) 

Total sample size: n=4314 (100%) 

Results Primary: 

Incremental cost-effectiveness ratio (ICER): £224.29 

Secondary: 

Unit cost of leaflet: £4.36 

Unit cost for control group: £2.79 

Cost per recruited participant (no leaflet): £63 (=£2.79* 100/4.4) 

Cost per recruited participant (with leaflet): £85.5 (=£4.36* 100/5.1) 

Total design cost: £16/h *30 hours =£480 

Unit printing cost: £0.26 

Total packing cost: 16/h *8 hours =£128 

Total supply cost (i.e. envelopes and second-class stamps): £956.35 

Total labelling cost: £19.38*16 hours= £310 

Total incremental cost of using a pre-notification leaflet= £2251.30 

Other: 

Recruitment rate (with leaflet):5.1% (N=73/1436) 

Recruitment rate (no leaflet): 4.4% (N=126/2878) 

Conclusion: 

Compared with the cost of randomizing an additional control group participant into REFORM (£63), 

the intervention was three and a half times more expensive than the control, per additional 

randomization obtained. Therefore, the intervention is not cost-effective at the point estimate 

difference, and for the intervention to be cost-effective, it would need to increase the recruitment rate 

by nearly 2.5% (i.e. £1.57/£63 × 100). 

Perspective adopted Trial team 



 229 

 

 

 

 

 

Study Rogers et al. (2019) 

Host Trial 

Name Febuxostat versus Allopurinol Streamlined Trial (FAST) 

Design Randomised Controlled Trial (RCT): prospective, open-label, blinded. 

Location United Kingdom 

Setting Primary care 

Population People aged 60 or over, taking allopurinol for chronic gout, and with additional 

cardiovascular risk factors. 

Intervention(s) After an allopurinol lead-in phase where the dose of allopurinol is optimised to achieve 

European League against Rheumatism (EULAR) urate targets (serum urate <357 

µmol/L), patients continue with optimal dose of allopurinol 

Comparator(s) Participants receive febuxostat. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT); one-blinded, 1:1 randomisation. 

Strategy(-ies) and study 

objective 

DVD presentation containing an audio-visual presentation explaining the background 

and operation of FAST, and a standard invitation pack. 

Comparator(s) Standard invitation pack only. 

Frequency of strategy Once.  

Measure(s) of benefit Randomisation rate to host trial. 

Costs Incremental costs of sending a DVS invitation pack, and incremental costs per 

randomised participant. Cost breakdown available. 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

DVD and invitation pack: n=498 (48.4%) 

Invitation pack only: n=531 (51.6%) 

Total sample size: n=1029 (100%) 

Results Secondary: 

Incremental cost of sending a DVD invitation pack: £31.48  

Incremental cost of sending a DVD invitation pack per recruited participant: £138.32  

Unit video production costs: £29.94 

Unit DVD manufacture and packaging costs: £0.9 

Unit postage costs: £0.64 

Other: 

Randomisation rate (DVD and invitation pack): 22.8% (N=114/498) 

Randomisation rate (Invitation pack only): 24.3% (N=129/531) 
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Study Hancocks et al. (2019) 

Host Trial 

Name Trial of physical Activity-assisted Reduction of Smoking (TARS) study 

Design Randomised Controlled Trial (RCT): pragmatic, multicentred, parallel, two group. 

Location United Kingdom 

Setting Primary care 

Population People aged 18 or over, who are smokers and smoke at least 10 cigarettes per day (for 

at least one year).  

Intervention(s) A tailored individual health trainer face-to-face and/or telephone support to reduce 

smoking and increase PA as an aid to smoking reduction. 

Comparator(s) A brief written/electronic advice to reduce or quit smoking. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT), involving six GP practices; 1:1:1 randomisation 

Strategy(-ies) and study 

objective 

Group 1: Full invitation pack from a GP. 

Group 2: Single-page invitation from a GP. 

These interventions were designed to boost recruitment to the host trial. 

Comparator(s) Text message invitation 

Frequency of strategy Once.  

Measure(s) of benefit Recruitment rate to host trial. 

Costs Invitation costs per recruited participant associated with each intervention. 

Unit costs of each intervention. 

Type of economic 

evaluation 

Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or 

proportions of participants 

in the intervention and 

control groups 

Full invitation invitation: n=459 (36.2%) 

Single-page invitation: n=459 (36.2%) 

Text message invitation: n= 349 (27.6%) 

Total sample size: n=1267 (100%) 

Results Secondary: 

Cost per recruited participant (full invitation pack): £35.31 

Cost per recruited participant (single-page pack): £36.06 

Unit cost of full invitation pack: £1 

Unit cost of single-page invitation: £0.55 

Unit cost of text message invitation: £0 

Other: 

Recruitment rate (full invitation pack): 2.8% (N=13/459) 

Recruitment rate (single-page invitation): 1.5% (N=7/459) 

Recruitment rate (text message invitation): 0.3% (N=1/349) 
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Study Cook et al. (2021) 

Host Trial 

Name Antivirals for influenza-Like Illness? An rCt of Clinical and Cost effectiveness in primary 

Care (ALIC4E) 

Design Randomised Controlled Trial (RCT): pragmatic, multicountry, adaptive, two group, phase 

IV 

Location 15 European countries 

Setting Primary care 

Population People aged 1 or over, who have sudden onset of self-reported fever, with at least one 

respiratory symptom (cough, sore throat, running or congested nose) and one systemic 

symptom (headache, muscle ache, sweats or chills or tiredness) during a period of increased 

influenza activity. 

Intervention(s) Antiviral treatment and usual care. 

Comparator(s) Usual care. 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial (RCT); matched pair cluster randomised parallel group design 

by trial sites.  

Strategy(-ies) and study 

objective 

Unconditional monetary incentive of £20 given to participants at recruitment, as an 

intervention to boost retention in the host trial. 

Comparator(s) Conditional monetary incentive of £20 given to participants only once a questionnaire had 

been returned. 

Frequency and timing of 

intervention 

Once. The total retention period is 28 days. 

Measure(s) of benefit Diary return rate, i.e. retention rate. 

Costs Unit direct and indirect costs, cost per diary received in the two arms 

Type of economic evaluation Cost reporting. 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

Unconditional monetary incentive: n=220 (63.8%) 

Conditional monetary incentive: n=125 (36.2%) 

Total sample size: n=345 (100%) 

Results Secondary: 

Cost per diary received (Unconditional monetary incentive): £44.85 

Cost per diary received (Conditional monetary incentive): £21.75 

Direct cost per diary received (Unconditional monetary incentive): £33.85 

Direct cost per diary received (Conditional monetary incentive): £20 

Indirect cost per diary received (Unconditional monetary incentive): £11 

Indirect cost per diary received (Conditional monetary incentive): £1.75 

Other: 

Retention rate (Unconditional monetary incentive): 58% (N=127/220) 

Retention rate (Conditional monetary incentive): 73% (N=91/125) 
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Study                                  Dorling et al. (2020) 

Host Trial 

Name The Speed of Increasing milk Feeds Trial (SIFT) 

Design Randomised Controlled Trial (RCT): parallel, multicentre, two group 

Location United Kingdom and Ireland 

Setting Secondary care 

Population Infants born at <32 weeks’ gestation or a weight of <1500g, who were receiving <30 

ml/kg/day of milk at trial enrolment. 

Intervention(s) Daily feed increments of 30 ml/kg/day to improve survival/reduce the risk of 

neurodevelopmental disability. 

Comparator(s) Daily feed increments of 18 ml/kg/day 

SWAT (embedded trial) 

Design (randomised or 

quasi-randomised) 

Randomised Controlled Trial; 1:1 permuted block randomisation, stratified by original SIFT 

allocation 

Strategy(-ies) and study 

objective 

After group. The first paper follow-up letter to parents would include a promise of an 

incentive (£15 (€15 for Irish residents) gift voucher redeemable at high-street shops) after 

receipt of a completed form, to improve questionnaire response return rate, i.e. to improve 

retention. 

Comparator(s) Before group. The first paper letter to parents would enclose the incentive (£15 (€15 for 

Irish residents) gift voucher redeemable at high-street shops) before the receipt of a 

completed form.  

Frequency and timing of 

intervention 

Once. The retention period was 24 months. It is uncertain how frequently the parents were 

contacted via text and/or e-mail to give reminders during the follow-up. 

Measure(s) of benefit Rate of questionnaire return 

Costs Postage, receipt of material via prepaid Freepost, cost of envelopes, Supplemental Materials 

(e.g. sticker sets sent with questionnaires for infants to play with) and value of gift vouchers. 

It did not include Freepost licence fee, printing, telephone calls and trial staff time. All costs 

for participants were calculated in GBP.  

Type of economic evaluation Cost reporting (cost-effectiveness analysis feasible) 

Numbers and/or proportions 

of participants in the 

intervention and control 

groups 

After group: n=464 (50.3%) 

Before group: n=459 (49.7%) 

Total sample size: n=923 (100%) 

Results Secondary: 

Incremental cost per increase in response per infant (before group): £1.35 

Incremental cost per increase in response per infant (after group): £2.95 

Incremental cost per infant (before group): £14.8 

Incremental cost per infant (after group): £11.84 

Mean cost of the incentive strategy per infant (before group): £17.97 

Mean cost of the incentive strategy per infant (after group): £15  

Other: 

Questionnaire return rate (before group): 83% (N=381/459) 

Questionnaire return rate (after group): 76.1% (N=353/464) 

Perspective adopted Trial team 
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Supplemental Material 4.2. Search Strategy 
 

Searches were conducted for recruitment-related interventions from 12 February 2015 until 3 

March 2021, and for retention-related interventions from 1 March 2020 until 3 March 2021. 

The following search strategy was applied to Ovid (MEDLINE), Ovid (PsycInfo) and OVID 

(Embase) up to March 3rd.  

1. ((minimi* or prevent* or lessen* or decreas* or reduc*) adj2 (attrition or drop*-out* or dropout* or withdr*w* 

or missing data)).ab,ti.  

2. ((increas* or encourag* or maximi* or promot* or improv*) adj2 (retention or follow-up or followup or 

completion or data collection or data return)).ab,ti.  

3. ((strateg* or intervention* or method* or technique*) adj3 (retention or attrition or drop*-out* or dropout* or 

follow-up or followup)).ab,ti.  

4. (Complian* adj2 (follow-up or followup)).ab,ti.  

5. ((loss or lost) adj2 (follow-up or followup)).ab,ti.  

6. ((difficult* or problem* or challeng* or success* or feasibl*) adj3 (retain* or retention)).ab,ti.  

7. (retention adj2 rate*).ab,ti.  

8. (attrition adj2 rate*).ab,ti.  

9. ((Dropout* or Drop-out*) adj2 rate*).ab,ti.  

10. (Completion adj2 rate*).ab,ti.  

11. ((Follow-up or followup) adj2 rate*).ab,ti.  

12. (Incomplete adj2 (follow-up or followup)).ab,ti.  

13. (questionnaire* adj3 (response* adj2 method*)).ab,ti.  

14. (questionnaire* adj3 (response adj2 technique*)).ab,ti.  

15. questionnaire response rate*.ab,ti.  

16. ((Strateg* or increas* or encourag* or maximi* or promot* or improv* or influenc* or success*) adj2 

(questionnaire* adj3 response*)).ab,ti.  

17. ((incentiv* or reminder*) adj3 (retention or retain or respon*e*)).ab,ti.  

18. (retention adj4 training).ab,ti.  

19. (Trial site adj2 (retention or retain*)).ab,ti.  

20. exp "Lost to Follow-Up"/  

21. exp Patient Dropouts/  

22. (Patient retention or Dropout* or Drop*-out* or attrition).kw.  

23. ((survey* or questionnaire*) and (respon*e* or return* or rate*)).ti.  

24. 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 

or 22 or 23  

25. Randomized controlled trial.pt.  

26. Controlled clinical trial.pt.  

27. Randomi*ed.tw.  

28. Placebo.tw.  

29. Clinical trials as topic.sh.  

30. Randomly.tw.  

31. Trial*.tw.  

32. 25 or 26 or 27 or 28 or 29 or 30 or 31  

33. 24 and 32  

34. limit 33 to english language  

35. exp animals/ not humans.sh.  

36. 34 not 35  

37. limit 36 to comment, editorial, news and letter.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, synonym

  

38. 36 not 37  

39. ((Stud* or trial*) adj (within or in) adj4 (trial* or stud*)).ab,ti.  

40. ((Contain* or incorporat* or includ* or nest* or embed*) adj4 RCT).ab,ti.  

41. ((Contain* or incorporat* or includ* or nest* or embed*) adj4 (trial* or stud*)).ab,ti.  

42. ((incorporat* or contain* or embed* or nest* or includ*) adj1 (within or in or into)).ab,ti.  
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43. substud*.ab,ti.  

44. sub-stud*.ab,ti.  

45. SWAT.ab,ti.  

46. SWATs.ab,ti.  

47. 39 or 40 or 41 or 42 or 43 or 44 or 45 or 46  

48. 47 and 38  

49. limit 38 to yr="2020 - 2022"  

50. limit 48 to yr="2020 - 2022"  

51. Patient Selection/  

52. ((participat* or recruit* or enrol*) adj4 trial?).ab,ti.  

53. 51 or 52  

54. Randomized controlled trial.pt.  

55. Controlled clinical trial.pt.  

56. Randomi*ed.tw.  

57. Placebo.tw.  

58. Clinical trials as topic.sh.  

59. Randomly.tw.  

60. Trial*.tw.  

61. 54 or 55 or 56 or 57 or 58 or 59 or 60  

62. 53 and 61  

63. limit 62 to english language  

64. exp animals/ not humans.sh.  

65. 63 not 64  

66. limit 65 to comment, editorial, news and letter.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]

  

67. 65 not 66  

68. ((Stud* or trial*) adj (within or in) adj4 (trial* or stud*)).ab,ti.  

69. ((Contain* or incorporat* or includ* or nest* or embed*) adj4 RCT).ab,ti.  

70. ((Contain* or incorporat* or includ* or nest* or embed*) adj4 (trial* or stud*)).ab,ti.  

71. ((incorporat* or contain* or embed* or nest* or includ*) adj1 (within or in or into)).ab,ti.  

72. substud*.ab,ti.  

73. sub-stud*.ab,ti.  

74. SWAT.ab,ti.  

75. SWATs.ab,ti.  

76. 68 or 69 or 70 or 71 or 72 or 73 or 74 or 75  

77. 67 and 76  

78. limit 67 to yr="2015 - 2022"  

79. limit 77 to yr="2015 - 2022" 

80. 79 or 50 

81. 78 or 49 

82. 81 not 80 
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Supplemental Material 4.3. Meta-analysis tables and figures of recruitment 

strategies 

Strategy: Financial incentive  

Table 4.S1: Meta-analysis; recruitment strategy (Financial incentive versus no financial 

incentive) 

 

Figure 4.S1: Meta-analysis; recruitment strategy (Financial incentive versus no financial 

incentive) 

 

 

 

 

 

 

Study or SWAT Jennings et 

al. (2015a)  

Jennings et 

al. (2015b)  

Jennings et al. 

(2015c)  

 

Jennings et 

al. (2015d)  

 

Jennings et al. 

(2015e)  

 

Free et al. 

(2010b) 

Overall 

Number of participants 

recruited to the host trial 

in the intervention group  

58/158 26/84 2/46 3/101 5/92 11/246 105/727  

Number of participants 

recruited to the host trial 

in the control group 

40/174 24/97 3/47 6/109 0/107 1/245 74/779  

Incremental unit cost of 

the strategy (2019 $ PPP) 

$144.72 $144.72 $144.72 $144.72 $144.72 $7.15 $133.44 

Total sample size (n=) 332  181 
 

93 
 

210 199 
 

491 1506 

Odds ratio (total) 1.65 (0.86,3.18) 

Effect size (total), i.e. 

incremental recruitment 

rate (total) 

0.28(-0.08,0.64) 

Incremental cost per 

additional participant 

recruited (ICER)  

$476.57 ($ 208.50, N/A) 

 

GRADE certainty of 

evidence 

Moderate 

I2 Statistic 49% 
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Strategy: Nudge intervention  

Table 4.S2: Meta-analysis; recruitment strategy (Nudge intervention versus usual recruitment) 

 

 

Figure 4.S2: Meta-analysis; recruitment strategy (Nudge intervention versus usual 

recruitment) 

 

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Free et al. (2010c) Jolly et al. (2019) Rogers et al. (2019) Overall 

Number of participants recruited to the host 

trial in the intervention group  

17/405 247/2280 114/498 378/3183(11.86%) 

Number of participants recruited to the host 

trial in the control group 

0/406 185/1934 129/531 314/2871(10.94%) 

Incremental unit cost of the strategy (2019 $ 

PPP) 

$0.34 $1.74 $45.76 $22.00 

Total sample size (n=) 811 4214 

 

1029 

 

6054 

Odds ratio (total) 1.13(0.72,1.77) 

Effect size (total), i.e. incremental 

recruitment rate (total) 

0.07(-0.18, 0.32) 

Incremental cost per additional participant 

recruited (ICER) 

$314.29 ($68.75, N/A) 

GRADE certainty of evidence Very low 

I2 Statistic 74% 
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Recruitment strategies consisting of a single SWAT 

 

Table 4.S3: Meta-analyses of recruitment strategies consisting of a single SWAT 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Miller et al. (1999) Free et al. (2010a) Arundel et 

al. (2017) 

Bracken et 

al. (2019) 

Hancocks et al. 

(2019) 

Whiteside et al. 

(2019) 

Strategy Screening for the host trial undertaken by a senior 

investigator vs screening undertaken by a research 

assistant 

Primary text message vs 

primary call and no text 

message 

Pre-

notification 

leaflet vs no 

leaflet 

Telephone 

reminder 

vs SMS 

reminder 

Invitation 

packs from a 

GP vs no 

invitation 

packs 

Branded pen vs 

no pen 

Number of 

participants 

recruited to the 

host trial in the 

intervention group  

22/185 17/470 73/1436 80/355 20/918 28/620 

Number of 

participants 

recruited to the 

host trial in the 

control group 

28/162 5/467 126/2878 62/354 1/349 54/1242 

Incremental unit 

cost of the strategy 

(2019 $ PPP) 

$37.05 $3.04 $2.25 $3.98 $1.13 $0.47 

Total sample size 

(n=) 

347 937 4314 709 1267 1862 

Odds ratio 0.19 (0.11,0.32) 3.47 (1.27,9.48) 1.17 (0.87, 

1.57) 

1.37 

(0.95,1.98) 

7.75 

(1.04,57.97) 

1.04(0.65,1.66) 

Effect size (total), 

i.e. incremental 

recruitment rate 

(total) 

-0.92  

(-1.22,-0.63) 

0.69  (0.13,1.24) 0.09 ( -0.08 , 

0.25) 

0.17 (-0.03, 

0.38) 

1.13 (0.02-

,2.24) 

0.02 ( -

0.24,0.28) 

Incremental cost 

per additional 

participant 

recruited (ICER) 

N/A (ineffective) $4.41 

($2.45, $23.38) 

$25.97  

($9.00,N/A) 

$23.37 

($10.47, 

N/A) 

$1.00 

($0.50,$57.47) 

$21.41 ($1.68 

,N/A) 

GRADE certainty 

of evidence 

Low Moderate Moderate Moderate Very Low Moderate 



 238 

Supplemental Material 4.4. Meta-analysis tables and figures of retention 

strategies 

Strategy: Trial-branded pen 

Table 4.S4: Meta-analysis; retention strategy (Trial-branded pen versus no trial-branded 

pen) 
 

 

Figure 4.S3: Meta-analysis; retention strategy (Trial-branded pen versus no trial-branded 

pen) 

 

 

 

 

 

 

Study or SWAT Bell et al. 

(2016) 

Cunningham-

Burley et al. 2020) 

James et al. (2020) Overall 

Number of participants 

retained in the host trial 

in the intervention group  

3500/3789 493/728 358/376 4351/4893(88.92%) 

Number of participants 

retained in the host trial 

in the control group 

3462/3793 469/725 363/379 4294/4897 (87.69%) 

Incremental unit cost of 

the intervention (2019 $ 

PPP) 

$0.57 $0.47 $0.28 $0.52 

Total sample size (n=) 7582 1453 755 9790 

Odds ratio (total) 1.14 (1.00,1.30) 
Effect size (total), i.e. 

incremental retention 

rate (total) 

0.07 (0.00,0.14) 

Incremental cost per 

additional participant 

retained (ICER) 

$6.98 ($3.63,N/A) 

GRADE certainty of 

evidence 

Moderate 

I2 Statistic 0% 
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Strategy: Financial incentive 

Table 4.S5: Meta-analysis; retention strategy (Financial incentive versus no incentive) 

 

 

Figure 4.S4: Meta-analysis; retention strategy (Financial incentive versus no incentive) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Gates et 

al. (2009) 

Khadjesari 

et al. 

(2011b) 

Hardy 

et al. 

(2016) 

Overall 

Number of participants retained in the 

host trial in the intervention group  

560/1070 476/1296 373/503 1409/2869(49.11%) 

Number of participants retained in the 

host trial in the control group 

493/1074 364/1295 370/515 1227//2884(44.80%) 

Incremental unit cost of the strategy 

(2019 $ PPP) 

$6.74 $14.33 $6.54 $8.20 

Total sample size (n=) 2144 2591 

 

1018 5753 

Odds ratio (total)                                                                                                                   1.33 (1.15,1.53) 

Effect size (total), i.e. incremental 

retention rate (total) 

0.16 (0.08,0.23) 

Incremental cost per additional 

participant retained (ICER) 

$15.89 ($10.65,$32.42) 

GRADE  Moderate 

I2 Statistic 37% 
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Strategy: Nudge intervention 

Table 4.S6: Meta-analysis; retention strategy (Nudge intervention versus usual retention) 

 

Figure 4.S5: Meta-analysis; retention strategy (Nudge intervention versus usual retention 

procedure)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Cochrane 

et al. 

(2020) 

James 

et al. 

(2020) 

Jolly et 

al. (2019) 

Overall 

Number of participants retained in the host trial in the 

intervention group  

136/139 374/390 231/2280 741/2809(26.38%) 

Number of participants retained in the host trial in the control 

group 

142/144 373/389 171/1934 686/2467(27.81%) 

Incremental unit cost of the strategy (2019 $ PPP) $0.07 $0.68 $0.86 $0.84 

Total sample size (n=) 283 779 4214 
 

5276 

Odds ratio (total) 1.14 (0.94 ,1.39) 

Effect size (total), i.e. incremental retention rate (total) 0.07 (-0.04,0.18) 

Incremental cost per additional participant retained (ICER) $11.55 ($4.61,N/A) 

GRADE Moderate 

I2 Statistic 0% 
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Strategy: Unconditional monetary incentive versus conditional monetary incentive 

 

Table 4.S7: Meta-analysis; retention strategy (Unconditional monetary incentive versus 

conditional monetary incentive) 

 

 

Figure 4.S6: Meta-analysis; retention strategy (Unconditional monetary incentive versus 

conditional monetary incentive)  

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Cook et al. 

(2021) 

Dorling et al. 

(2020) 

Overall 

Number of participants retained in the host trial in the intervention 

group  

127/220 381/459 508/679 (74.82%) 

Number of participants retained in the host trial in the control 

group 

91/125 353/464 444/589 (75.38%) 

Incremental unit cost of the strategy (2019 $ PPP) $33.67 $4.31 $18.61 

Total sample size (n=) 345 923 1268 

Odds ratio (total) 0.90(0.31,2.64) 

Effect size (total), i.e. incremental retention rate (total) -0.06 (-0.65 , 0.54) 

Incremental cost per additional participant retained (ICER) N/A ($10.59,N/A) 

GRADE certainty of evidence Low 

I2 Statistic 93% 
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Retention strategies consisting of a single SWAT 

Table 4.S8: Meta-analyses of retention strategies consisting of a single SWAT 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Study or SWAT Treweek et al. (2021) Clark et al. (2015) Whiteside et al. (2019) 

Strategy Pre-notification card 

versus no pre-

notification card 

Electronic prompts versus no 

electronic prompts 

Trial-branded pen versus no 

trial-branded pen (before 

recruitment) 

Number of participants retained 

in the host trial in the intervention 

group  

231/274 157/226 27/28 

Number of participants retained 

in the host trial in the control 

group 

230/284 128/211 49/64 

Incremental unit cost of the 

strategy (2019 $ PPP) 

$1.02  $0.12 $0.47 

Total sample size (n=) 558 437 92 

Odds ratio 1.26 (0.81,1.96) 1.48 (0.99, 2.19) 8.27 (1.04, 66.00) 

Effect size (total), i.e. incremental 

retention rate (total) 

0.21 (-0.12,0.37) 0.22 (-0.01, 0.43) 1.17 (0.02,2.31) 

Incremental cost per additional 

participant retained (ICER) 

$4.86 ($2.76, N/A) $0.55 ($0.28, N/A) $0.40 ($0.20, $23.50) 

GRADE certainty of evidence Moderate Low Moderate 
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Supplemental Material 4.5. GRADE certainty of evidence of the included 

studies 

Recruitment strategy: Financial incentive versus no financial incentive 
GRADE domain Decision Reason 

Risk of bias Do not downgrade All studies have a low risk of bias. 

Imprecision Do not downgrade Sufficient sample size.  

Inconsistency Downgrade No similarity of point estimates across studies. I2 

high 

Indirectness Do not downgrade This recruitment strategy was properly directed 

towards potential trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

Recruitment strategy: Nudge intervention vs usual recruitment 
GRADE domain Decision Reason 

Risk of bias Downgrade Two studies have an unclear risk of bias. 

Imprecision Do not downgrade Sufficient sample size.  

Inconsistency Downgrade No similarity of point estimates across studies. I2 

high 

Indirectness Downgrade The included nudge interventions are not identical. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Very low 

 

Recruitment strategy: Screening for the host trial undertaken by a senior investigator vs screening undertaken by 

a research assistant 
GRADE domain Decision Reason 

Risk of bias Downgrade The included study has a high risk of bias. 

Imprecision Downgrade Insufficient sample size. Single study only 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Do not downgrade This recruitment strategy was properly directed 

towards potential trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Low 

 

Recruitment strategy: Primary text message vs primary call and no text message 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Do not downgrade This recruitment strategy was properly directed 

towards potential trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

 

Recruitment strategy: Pre-notification leaflet versus no leaflet 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Do not downgrade This recruitment strategy was properly directed 

towards potential trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 
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Recruitment strategy: Telephone reminder versus SMS reminder 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Do not downgrade This recruitment strategy was properly directed 

towards potential trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

 

Recruitment strategy: Invitation pack from a surgeon vs text message 
GRADE domain Decision Reason 

Risk of bias Downgrade Unknown. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Downgrade Unknown 

Publication bias Downgrade Unknown 

Overall GRADE Very low 

 

Recruitment strategy: Trial-branded pen vs no trial-branded pen 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies. 

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

Retention strategy: Trial-branded pen vs no trial-branded pen 
GRADE domain Decision Reason 

Risk of bias Do not downgrade One study has a low risk of bias, and two studies 

have an unclear risk of bias. 

Imprecision Do not downgrade Sufficient sample size. The effect is not at the upper 

versus the low end of the confidence interval. 

Inconsistency Downgrade Differences of point estimates across studies. I2 low 

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants.  

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

 

Retention strategy: Financial incentive versus no financial incentive 
GRADE domain Decision Reason 

Risk of bias Downgrade One study has a low risk of bias, one study has an 

unclear risk of bias and one study has a high risk of 

bias. 

Imprecision Do not downgrade Sufficient sample size. The effect is not at the upper 

versus the low end of the confidence interval. 

Inconsistency Do not downgrade Similarity of point estimates across studies. I2 low 

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants.  

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 
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Retention strategy: Nudge intervention versus usual retention 
GRADE domain Decision Reason 

Risk of bias Do not downgrade One study has a low risk of bias, and two studies 

have an unclear risk of bias. 

Imprecision Do not downgrade Sufficient sample size.  

Inconsistency Downgrade No similarity of point estimates across studies. I2 

low 

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants.  

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

Retention strategy: Unconditional monetary incentive versus conditional monetary incentive 
GRADE domain Decision Reason 

Risk of bias Downgrade Two studies have an unclear risk of bias. 

Imprecision Do not downgrade Sufficient sample size.  

Inconsistency Downgrade No similarity of point estimates across studies. I2 

very high 

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Low 

 

Retention strategy: Pre-notification card versus no pre-notification card 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias. 

Imprecision Downgrade One study included only. 

Inconsistency Do not downgrade No similarity of point estimates across studies.  

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 

 

 

Retention strategy: Electronic prompts versus no electronic prompts 

 
GRADE domain Decision Reason 

Risk of bias Downgrade Unclear risk of bias. 

Imprecision Downgrade One study included only.  

Inconsistency Do not downgrade No similarity of point estimates across studies.  

Indirectness Do not downgrade This retention strategy was properly directed 

towards recruited trial participants. 

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Low 

 

Retention strategy: Trial-branded pen vs no trial-branded pen (before recruitment) 
GRADE domain Decision Reason 

Risk of bias Do not downgrade The included study has a low risk of bias 

Imprecision Downgrade One study included only.  

Inconsistency Do not downgrade No similarity of point estimates across studies.  

Indirectness Do not downgrade This retention strategy was properly directed 

towards patients potentially eligible for recruitment 

to the original host trial.   

Publication bias Do not downgrade No inference about missing evidence 

Overall GRADE Moderate 
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Supplemental Material 4.6. Trial Forge Guidance 2 
 
Recruitment strategy: Financial incentive versus no financial incentive 

 

Recruitment strategy: Nudge intervention vs usual recruitment 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Very low certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has not converged. Yes 

PICOT P: Criterion not met. The populations include adults of both sexes 

sufficiently. 

I: Criterion met. Some interventions are delivered in primary care, 

whereas some others are offered at the community level. Also, the nudge 

interventions offered are not identical between studies. 

C: Criterion met. There is heterogeneity in the comparators of the five host 

trials. 

O: Criterion not met. The recruitment rate was reported as an outcome in 

all included SWATs 

T: Criterion not met. The offered nudge interventions are modern and 

hence relatable to RCTs. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Nudge interventions are intended not to cause any harm to patients invited 

for screening to an RCT. 

No 

Balance of benefit and 

disadvantage to host trial 

There is a clear benefit to the host trials, as identifying effective nudge 

interventions could explain the underlying factors behind poor and/or slow 

recruitment to RCTs. However, staff workload is expected to increase wrt 

nudge interventions. 

Partially 

 

 

 

 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Moderate certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has not converged. Yes 

PICOT P: Criterion not met.  The populations include adults of both sexes 

sufficiently. 

I: Criterion met. The interventions are health-based, but some of them are 

treatment-related and some of them are prevention-related. Also, the 

health conditions are different among the host trials. 

C: Criterion met. The comparators are different among the host trials. 

O: Criterion not met. The recruitment rate was reported as an outcome in 

all included SWATs 

T: Criterion not met. Sending financial payments to participants remains 

a popular operation during an RCT. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Providing a financial incentive is likely to be beneficial to trial 

participants, as their disposable income increases. Since most SWATs 

included a relatively high incentive of £100, there is low chance the 

participants would find such an incentive to be insulting for their 

contribution to trials. 

No 

Balance of benefit and 

disadvantage to host trial 

The benefit to host trials would be a moderate increase in recruitment 

rates. The disadvantage to host trials would be the direct financial costs of 

incentives. Workload is not expected to increase. 

No 
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Retention strategy: Trial-branded pen vs no trial-branded pen 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Moderate certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has converged.  No 

PICOT P: Criterion met as no SWAT achieved sufficient sample size from young 

adult men. 

I: Criterion met. The interventions are health-based, but some of them are 

treatment-related and some of them are prevention-related. Also, the 

health conditions are differential among the host trials. 

C: Criterion met. The comparators are different among the host trials. 

O: Criterion not met. The questionnaire response rate was reported as an 

outcome in all included SWATs 

T: Criterion not met. Sending questionnaires via post remains a popular 

operation during an RCT. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Providing a pen may be perceived as useful to some participants, but not 

useful to some others. The mechanisms on which a participant would be 

more likely to feel benefited from a pen are unknown. 

Yes 

Balance of benefit and 

disadvantage to host trial 

There is a clear benefit to the host trials, as adding pens for follow-up may 

improve the retention rate at a minimal incremental cost 

No 

 

Retention strategy: Financial incentive versus no financial incentive 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Moderate certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has converged. No 

PICOT P: Criterion not met. The populations include adults of both sexes 

sufficiently. 

I: Criterion partially met. The interventions are all related to secondary 

care, but some of them are education-oriented and some are psychology-

oriented. 

C: Criterion met. The comparators are different among the host trials. 

O: Criterion not met. The questionnaire return rate was reported as an 

outcome in all included SWATs 

T: Criterion not met. Sending financial payments to participants remains 

a popular operation during an RCT 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Providing a financial incentive is likely to be beneficial to trial 

participants, as their disposable income increases. However, since all 

SWATs included a low incentive of up to £10, it could be possible that 

participants find such a payment insulting. 

Partially 

Balance of benefit and 

disadvantage to host trial 

The benefit to host trials would be a moderate increase in retention rates. 

The disadvantage to host trials would be the direct financial costs of 

incentives. Workload is not expected to increase. 

No 
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Retention strategy: Nudge intervention vs usual recruitment 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Moderate certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has not converged. Yes 

PICOT P: Criterion met as participants aged less than 65 are not equally 

represented in the sample. 

I: Criterion met. The interventions are health-based, but some of them are 

treatment-related and some of them are prevention-related. Also, the 

health conditions are differential among the host trials. 

C: Criterion met. The comparators are different among the host trials. 

O: Criterion not met. The questionnaire return rate was reported as an 

outcome in all included SWATs 

T: Criterion not met. Sending questionnaires via post remains a popular 

operation during an RCT. 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Nudge interventions are intended not to cause any harm to recruited RCT 

participants. 

No 

Balance of benefit and 

disadvantage to host trial 

There is a clear benefit to the host trials, as identifying effective nudge 

interventions could explain the underlying factors behind poor participant 

withdrawal from RCTs. However, staff workload is expected to increase 

wrt nudge interventions, and the effectiveness of such a strategy is 

uncertain. 

Partially 

 

Retention strategy: Unconditional monetary incentive versus conditional monetary incentive 

 

Criterion Comments Criterion Met (Yes or 

No or Partially) 

GRADE Low certainty of evidence. Lower than high. Yes 

Cumulated evidence The OR has not converged. Yes 

PICOT P: Criterion met as in one of the two included SWATs only included 

parents of Infants born at <32 weeks’ gestation or a weight of <1500g, 

who were receiving <30 ml/kg/day of milk at trial enrolment. 

I: Criterion met. One intervention is delivered in primary care, and another 

is delivered in secondary care. 

C: Criterion met. The comparators are different among the host trials. 

O: Criterion not met. The questionnaire response rate was reported as an 

outcome in all included SWATs 

T: Criterion not met. Sending financial payments to participants remains 

a popular operation during an RCT 

Partially 

Balance of benefit and 

disadvantage to 

participants 

Providing a financial incentive is likely to be beneficial to trial 

participants, as their disposable income increases. However, the provision 

of conditional monetary incentive could instinctively signal poor 

appreciation for the efforts of the recruited participants. 

Yes 

Balance of benefit and 

disadvantage to host trial 

There is no evidence of increase in retention rates as a result of providing 

unconditional incentives vs conditional ones. Also, the provision of 

incentives would increase the cost of the conduct of the trials. Workload 

is not expected to increase. 

Yes 
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Supplemental Material 4.7. Exclusion of three included studies from meta-

analysis 

 

In one study (Gates et al., 2009), the participants were allocated either to receive a diary through 

postal administration, or telephone administration, or clinic visits; then, they were randomised 

either to receive a £2 voucher or no voucher to complete the diary. The way the study was run 

and analysed did not allow the reviewers to include its results in the meta-analysis, since the 

features of an appropriate 3x2 factorial SWAT were not addressed. The findings of the study 

suggest that providing a £2 voucher was a cost-effective strategy that eventually reduced the 

average costs per returned diary, compared to participants who did not receive the voucher. 

These results are in line with the corresponding meta-analysis of providing financial incentives 

as a strategy to improve participant retention in RCTs.  

 

Another study included a costing figure which is hypothetical and for which no clear 

stratification of incremental effects and costs has been made (Kenyon et al., 2005). However, 

its reported cost per additional questionnaire returned (£67, or $94.63 in PPP rates) does not 

significantly diverge from the quantitative findings of the meta-analysis of financial incentives 

as a retention strategy. 

 

Finally, another SWAT (Khadjesari et al., 2011) explored several interventions associated with 

financial incentives, i.e. different types of £5 vouchers and a £250 draw, however its reported 

figure of cost per additional questionnaire returned, i.e. £110.15, or $156.02 in PPP rates, does 

cumulatively correspond to all interventions, with no explanation behind the stratification of 

the figure. As a result, it was impossible to include this study (SWAT) in the meta-analysis of 

the financial incentives as a strategy to improve participant retention in RCTs, since the 

incremental costs associated with each intervention could not be computed by the reviewers. 
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