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Abstract 

Background: Randomised controlled trials (RCTs) are considered the gold standard for 

assessing the efficacy and safety of interventions because they introduce the concept of 

randomisation, which effectively deals with unmeasured confounders. Trial 

representativeness is crucial for determining the generalisability of trial findings to the 

target population. However, various groups, such as older people and those with multiple 

long-term conditions, are often under-represented in trials. Moreover, there is no gold 

standard measure of trial representativeness. Current measures are complex, subjective and 

time-consuming, suggesting the need for new and better measures of trial 

representativeness. Serious adverse events (SAEs) are likely to be reported in trials and 

routine care. Moreover, they are reasonably objective, tangible and predictable trial 

outcomes. Consequently, the SAE rate has been proposed as a potential metric of trial 

representativeness. However, little is known about its feasibility and validity in measuring 

trial representativeness. This thesis investigates whether the SAE rate can be used to 

measure trial representativeness, using glucagon-like peptide-1 receptor agonists (GLP-1 

RA) trials as an exemplar. 

Methodology: This thesis builds on an ongoing systematic review of novel antidiabetics. 

GLP-1 RA trials were used as an exemplar for the analysis. Data sources used in this thesis 

were ClinicalTrials.gov, clinical study reports (CSRs), study protocols, and journal 

publications. I conducted several approaches to examine whether the SAE rate can be used 

as a proxy for trial representativeness. First, I examined SAE reporting in RCTs in the 

published literature to explore the feasibility of using the SAE rate as a metric of trial 

representativeness. Second, I explored SAE capturing in GLP-1 RA trials to enable the 

calculation of SAE rates. Third, I compared SAE rates between intervention and control 

arms to determine if combining SAE rates of trial arms is feasible to increase statistical 

precision. Fourth, I assessed GLP-1 RA trials using the PRECIS-2 (PRagmatic Explanatory 

Continuum Indicator Summary) tool to enable fair comparison with the SAE rate and 

explore the challenges of using this tool. I protocolised and operationalised the PRECIS-2 

tool to score GLP-1 RA trials as objectively as  possible. Fifth, I compared the SAE rate 

with the PRECIS-2 tool based on the differences in their associations with several markers 

of trial representativeness that serve as fair umpires to examine the validity of the SAE rate 

as a metric of trial representativeness. Finally, I examined the association between 
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eligibility criteria and the SAE rate to examine whether eligibility criteria, a possible driver 

of trial representativeness, is associated with the SAE rate. 

Results: Firstly, I found that SAEs were reported for most GLP-1 RA trials. However, 

SAE timeframes were not explicitly reported for nearly half of the trials. Major adverse 

cardiovascular event (MACE) trials had inconsistent reporting of MACE counts in SAE 

total counts. Secondly, I found no difference in SAE rates between intervention and control 

arms. Furthermore, the retrospective assessment of GLP-1 RA trials using the PRECIS-2 

tool was challenging and time-consuming. The missingness of information required to 

score recruitment and organisation domains was high. I found no correlations between the 

domains of the PRECIS-2 score, except for modest correlations between eligibility criteria 

and recruitment domains and between setting and primary outcome domains. Moreover, I 

found no association between the SAE rate and the PRECIS-2 score. Additionally, I found 

that all fair umpires did not strongly favour the SAE rate over the PRECIS-2 tool. 

However, the direction of the difference in associations for half of the umpires favoured 

the SAE rate. Finally, I found that trials with permissive eligibility criteria were positively 

associated with higher SAE rates. Trials with increased continuous eligibility criteria 

scores were also positively associated with increased SAE rates. 

Conclusion: Most GLP-1 RA trials reported sufficient SAE data indicating the ability to 

calculate SAE rates. SAE rates were similar across trial arms, suggesting the feasibility of 

combining SAE rates from the intervention and control arms. The SAE rate was not 

associated with the PRECIS-2 score, and none of the fair umpires strongly favoured the 

SAE rate. However, the directions of half of the fair umpires favoured the SAE rate and 

trials with permissive eligibility criteria were associated with increased SAE rates. 

Therefore, the SAE rate may be useful as a quick-to-measure proxy of the restrictiveness 

of eligibility criteria. However, given that the triangulation of evidence is inconsistent in 

supporting the use of the SAE rate as a standalone metric of trial representativeness, 

examination of the SAE rate would need to be considered carefully in combination with 

other metrics before making overall judgements about trial representativeness.  
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Chapter 1  Introduction 

1.1 Chapter overview 

This chapter provides some background about randomised controlled trials (RCTs), their 

representativeness and current measures of trial representativeness. Furthermore, it 

discusses serious adverse events (SAEs) in RCTs, focusing on how they can serve as a key 

metric for assessing trial representativeness. Additionally, it provides the rationale for 

choosing type 2 diabetes mellitus (T2DM) and glucagon-like peptide-1 receptor agonist 

(GLP-1 RA) trials as an exemplar. 

1.2 Randomised controlled trials 

RCTs have played an essential role in changing the view of evidence-based medicine and 

healthcare practice. The RCT is a study design that randomly assigns participants to 

intervention or control groups (Kendall, 2003). RCTs are considered the gold standard for 

assessing the efficacy and safety of interventions, as they introduce the concept of 

randomisation, which almost uniquely deals with unmeasured confounders and reduces the 

chances of biased assessments of interventions (Kabisch et al., 2011; Misra, 2012; Bhide, 

Shah and Acharya, 2018). Moreover, they incorporate blinding and control groups in their 

designs, which can isolate the effect of interventions from confounding factors, providing 

firm conclusions on the efficacy and safety of interventions (Malay and Chung, 2012; 

Spieth et al., 2016). Additionally, RCTs have clearly defined interventions and specified 

outcomes to ensure the internal validity and reliability of their results (Sørensen, Lash and 

Rothman, 2006). 

1.3 Trial representativeness  

Trial representativeness is crucial for determining the generalisability of trial outcomes 

(Braslow et al., 2005). Trial representativeness refers to the extent to which the 

characteristics of the trial participants reflect those of the people in the general population 
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who may be considered candidates for treatment (target population) (Qi et al., 2021). The 

greater the discrepancy between the trial participants and the people in the general 

population, the lower the likelihood that trial outcomes can be generalised (Kennedy-

Martin et al., 2015; Usman et al., 2022). Achieving a representative trial population is often 

challenging due to the stringent eligibility criteria of RCTs, where vulnerable patients such 

as older people or those with multiple long-term conditions are frequently excluded (Clark 

et al., 2019). Moreover, trials that claim to be pragmatic and have broad eligibility criteria 

often still do not enrol older people and those with comorbidities (Sedrak et al., 2021). The 

exclusion of older adults and people with comorbidities is highly problematic because they 

represent a significant portion of patients in routine care (Herrera et al., 2010). It may 

result in an incomplete understanding of intervention effects, leading to unexpected 

adverse events (AEs) or suboptimal efficacy in routine care (Nijsten et al., 2009; Garcia-

Doval et al., 2012). Therefore, recruiting patients typically seen in routine care may 

enhance the generalisability of trial findings. 

1.4 Current measures of trial representativeness 

The measurement of trial representativeness is crucial to improve the quality of decision-

making in clinical practice (Malmivaara, 2021). However, assessing the representativeness 

of RCTs poses significant challenges, given the variability in study designs, eligibility 

criteria and patient characteristics (Rothwell, 2005). These factors, alongside data 

availability, have constrained the assessment of trial representativeness (Cahan, Cahan and 

Cimino, 2017). Various approaches have been used to measure trial representativeness, 

including score-based assessments. For example, the PRECIS (PRagmatic Explanatory 

Continuum Indicator Summary) tool provides a scoring system and a visual summary to 

assess the pragmatism of trials (Thorpe et al., 2009). It was developed to aid researchers in 

matching trial designs with their aims, whether pragmatic or explanatory (Loudon et al., 

2013). Moreover, it may indirectly reflect trial representativeness. However, the lack of 

sufficient information to assess trials and subjective assessment are limitations of the 

retrospective assessment using the PRECIS tool (Dal-Ré, 2020). 

Other approaches include quantifying the effect of eligibility criteria on trial 

representativeness. These methods aim to identify who would be excluded from the target 
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population based on the trial eligibility criteria (He et al., 2020). Although so-called 

pragmatic trials may have permissive eligibility criteria, many eligible subjects may not 

enrol in these trials (Howard et al., 2009; Oude Rengerink et al., 2017; Clapp et al., 2023). 

Healthcare practitioners may choose not to refer eligible patients to trials due to safety 

concerns or treatment preferences (Go et al., 2006). Moreover, patients may refuse to 

participate in trials because they want to choose their treatment or have concerns about the 

safety of these trials (Kemeny et al., 2003; Nipp, Hong and Paskett, 2019). Additionally, 

these methods are either exclusively applied to a single trial or not generalisable to other 

target populations because trial designs and contexts are unique, and the target populations 

differ (Stuart, Ackerman and Westreich, 2018; He et al., 2020). Another limitation of these 

approaches is the lack of high-quality benchmarking real-world data (Dagenais et al., 

2022). Therefore, recognising these factors alongside the impact of eligibility criteria is 

crucial for the validity of these approaches.  

Another approach for assessing trial representativeness involves comparing key patient 

characteristics such as age, sex, comorbidities and disease severity between the trial 

participants and the general population (Bernhardt et al., 2015; He et al., 2020). Large 

differences between both populations indicate limited trial representativeness (Stuart, 

Bradshaw and Leaf, 2015). However, this approach has potential weaknesses. Patient 

characteristics often do not show significant differences due to other unmeasured 

characteristics, which may lead to misleading conclusions about trial representativeness 

(Kurki et al., 2024). Moreover, the lack of robust real-world data that includes various 

patient characteristics makes comparing the trial and target populations challenging (Tan et 

al., 2022). Therefore, there is growing interest in exploring new and better methods to 

assess trial representativeness (Hanlon et al., 2021, 2022; Qi et al., 2021; Sun et al., 2021).  



4 
 

1.5 The rationale for this thesis 

1.5.1 Using serious adverse events as a metric of trial 

representativeness 

SAE refers to the occurrence of any unwanted health condition in human subjects while 

using a trial intervention that leads to hospitalisation, congenital defects, disability, a health 

condition that requires intervention to prevent permanent damage, or death, irrespective of 

the cause (FDA., 2023). The recording, documentation and reporting of SAEs are crucial 

to ensure the safety of participants and the transparency of trial outcomes (James et al., 

2020). Beyond their importance in maintaining trial safety, SAEs may be related to trial 

representativeness. Trials often recruit healthier and younger patients, who are less likely to 

experience SAEs than those in the target population (Garcia-Doval et al., 2012). Hanlon et 

al. (2021, 2022) proposed using the SAE rate as a potential metric for assessing trial 

representativeness. They found that the observed SAE rates in trials were significantly 

lower than expected SAE rates (based on hospitalisations and deaths) in people who may 

be candidates for treatment within routine care, indicating issues with the 

representativeness of the trials (Hanlon et al., 2021). Therefore, SAEs in trials may reflect 

trial representativeness as ‘healthier’ trial populations in less representative trials are likely 

to have lower rates of SAEs. 

Examining the use of the SAE rate as a metric of trial representativeness is valuable for the 

following reasons: 

1)  Any SAE must be reported, regardless of the cause, including in the placebo arms 

(FDA., 2023). Consequently, SAEs are likely to be reported, ensuring their reliability 

for assessing trial representativeness. 

2)  The SAE rate provides a reasonably objective, quantifiable and tangible measure, 

allowing researchers to assess trial representativeness more precisely. SAEs are 

numeric health-related outcomes recorded based on clearly defined criteria, which 

minimises subjective assessment of trial representativeness. 
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3)  The SAE rate is a time-efficient metric, as the time required to obtain the data and 

perform the assessment is much lower than other measures. 

4)  SAEs are predictable trial outcomes, making them valuable in the prior assessment of 

trial representativeness. The prediction of SAEs can be performed using previous trial 

data to train machine-learning models to forecast SAEs (Ménard et al., 2019). 

5)  The SAE rate does not rely solely on real-world data to perform the assessment, 

especially when real-world data are incomplete or not readily available. The 

assessment can be performed by comparing SAE rates with rates from landmark 

pragmatic trials (Harrington et al., 2023). For example, the SAE rate of a new GLP-1 

RA trial can be compared to the SAE rate of the EXSCEL (Exenatide Study of 

Cardiovascular Event Lowering) landmark pragmatic trial. 

However, there are challenges to studying the SAE rate as a metric of trial 

representativeness, including: 

1)  For some treatments, the SAE rate may be influenced by the study treatment. 

Therefore, the SAE rate needs to be examined first for safe intervention trials rather 

than toxic intervention trials to avoid complicating the analysis. For this reason, I will 

use GLP-1 RA trials as an exemplar. 

2)  It is unclear whether SAE data are consistently reported across all trials, especially 

SAE counts and timeframes. Therefore, I will explore SAE reporting in published 

literature. Moreover, I will explore SAE capturing in GLP-1 RA trials. 

3)  It is unclear whether SAE rates are similar across trial arms. Therefore, I will compare 

SAE rates across intervention and control arms. This comparison will be valuable in 

showing that SAEs are unrelated to the intervention of interest and can be combined 

from all arms to increase statistical precision. 

4)  The lack of a universally accepted gold standard measure of trial representativeness 

makes it challenging to compare the SAE rate with another measure of 

representativeness. Furthermore, the lack of information on multimorbidity and frailty 

makes it difficult to examine whether SAE reflects trial representativeness, as this 
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information is crucial to assess trial participation. Alternatively, a triangulation of 

evidence will be used by comparing the SAE rate with the PRECIS-2 tool, which may 

indirectly reflect trial representativeness and by studying the association between SAE 

rates and eligibility criteria, which may determine trial representativeness. 

1.5.2 Choosing T2DM and GLP-1 RAs as an exemplar in this 

thesis 

This thesis builds on an existing systematic review of novel antidiabetics (Butterly et al., 

2022). I will use T2DM trials that examined GLP-1 RAs as an exemplar. T2DM accounts 

for 90% of diabetes cases worldwide (Tripathi and Srivastava, 2006). T2DM is highly 

prevalent among older adults and those with comorbidities (Pearson-Stuttard et al., 2022). 

However, they are often under-represented in diabetes trials (O’Shea, Teeling and Bennett, 

2013; Miklavcic et al., 2020). For example, an analysis of diabetes trials registered on 

ClinicalTrials.gov found that 1364 (54.9%) trials excluded patients older than 75 years, 

while only 15 trials exclusively recruited patients older than 65 years (Lakey et al., 2013). 

Therefore, it is challenging to treat people with diabetes who are older or have multiple 

comorbidities. This gap has led clinicians to extrapolate the evidence from trials of 

younger and healthier participants, raising concerns about the representativeness and the 

generalisability of T2DM trials (Bethel et al., 2017). 

GLP-1 RAs hold particular importance among novel antidiabetics, as they showed 

promising results not only for the management of T2DM but also for multiple 

cardiovascular risk factors, including obesity, dyslipidaemia, and arterial hypertension (Del 

Olmo-Garcia and Merino-Torres, 2018; Michos, Lopez-Jimenez and Gulati, 2023). GLP-1 

RAs mimic the effect of glucagon-like peptide-1 (GLP-1), a hormone that stimulates 

insulin production and inhibits glucagon release (Madsbad, 2016). They are generally safe 

and well-tolerated interventions compared to toxic interventions such as chemotherapeutic 

agents, which minimise the occurrence of SAEs related to the intervention and do not 

complicate this analysis (Harris and McCarty, 2015; Wolff et al., 2022; Wu et al., 2022). 

Moreover, trials of novel interventions mostly exclude older adults and people with 

comorbidities (Hurria et al., 2015; Hanlon et al., 2019). Therefore, there are concerns about 

their representativeness (Rothwell, 2006). 
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1.6 Thesis research question and approach to analysis 

Thesis Research Question: Can the SAE rate be used as a metric of trial 

representativeness? Glucagon-like peptide-1 receptor agonist trials as an exemplar 

To investigate whether the SAE rate can be used to measure trial representativeness, I 

propose: 

1)  To explore the feasibility of using the SAE rate as a metric of trial representativeness 

through: 

- Examining SAE reporting in published literature. 

- Exploring SAE reporting in GLP-1 RA trials. 

- Examining the differences in SAE rates between trial arms.  

2)  To explore whether SAEs reflect trial representativeness. I will use triangulation of 

evidence due to the absence of a gold standard measure of trial representativeness 

through: 

- Studying the association between the SAE rate and the PRECIS-2 score. 

- Examining the difference in the association between potential markers of trial 

representativeness that serve as fair umpires with the SAE rate and the PRECIS-2 

score. A fair umpire is an imperfect measure, yet it can still distinguish between two 

measures without bias toward either (Glasziou, Irwig and Deeks, 2008). 

- Studying the association between SAE rates and eligibility criteria.  
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1.7 Aims and objectives of the thesis 

This thesis aims to investigate whether the SAE rate can be used to measure trial 

representativeness, using GLP-1 RA trials as an exemplar. 

The objectives of this thesis are to: 

1)  Study the literature on SAE reporting to examine how frequently SAE data is reported. 

2)  Explore SAE capturing in GLP-1 RA trials to ensure the reporting of sufficient 

information for the calculation of SAE rates. 

3)  Examine the difference in SAE rates between intervention and control arms of GLP-1 

RA trials to assess if SAE rates from the intervention and control arms can be 

combined to estimate SAE rates with greater precision. 

4)  Assess GLP-1 RA trials using the PRECIS-2 tool as objectively as possible to enable a 

fair comparison with the reported SAE rate as metrics of trial representativeness. 

5)  Compare the SAE rate with the PRECIS-2 tool based on the differences in their 

associations with the fair umpire tests to explore the validity of the SAE rate as a 

metric of trial representativeness. 

6)  Examine the association between eligibility criteria and SAE rates to assess if a 

potential driver of trial representativeness, such as eligibility criteria, is associated with 

the SAE rate. 

1.8 Outline of the thesis 

Chapter 1 outlines the importance of RCTs and their representativeness. Moreover, it 

discusses the current measures of trial representativeness. Additionally, this chapter 

provides the rationale for choosing the SAE rate as a metric of trial representativeness and 

for choosing T2DM and GLP-1 RA trials as an exemplar. 
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Chapter 2 examines SAE reporting in published literature. It explores the reporting of 

SAE counts and timeframes, the practice of harm reporting in journal publications and the 

current methods of SAE reporting. 

Chapter 3 explores SAE capturing in GLP-1 RA trials to ensure the feasibility of 

calculating SAE rates. Moreover, it explores the factors that may be associated with the 

reported SAE rates. 

Chapter 4 examines the difference in SAE rates between intervention and control arms in 

trials of GLP-1 RA to know if SAE rates of intervention and control arms can be combined 

as this will overcome low numbers and increase the statistical power. 

Chapter 5 retrospectively assesses GLP-1 RA trials using the PRECIS-2 tool to enable fair 

comparison with the SAE rate. Moreover, it explores the challenges of the retrospective 

assessment using the PRECIS-2 tool. 

Chapter 6 examines the association between the SAE rate and the PRECIS-2 score. 

Moreover, it compares the SAE rate with the PRECIS-2 score based on the differences in 

their associations with baseline and trial characteristics, which serve as fair umpires, to 

explore the validity of the SAE rate as a metric of trial representativeness. 

Chapter 7 examines the association between highly restrictive eligibility criteria and SAE 

rates. Additionally, it examines the association between the continuous score of eligibility 

criteria and SAE rates. The aim is to determine whether eligibility criteria, as a driver of 

trial representativeness, may be associated with the SAE rate. 

Chapter 8 discusses the main findings of this thesis, showing the contribution of this work 

to the research literature. Furthermore, it indicates the implications of the findings of this 

thesis to clinical research. Additionally, it discusses the strengths and weaknesses of this 

work. Finally, it suggests future research based on the findings and research gaps identified 

through this work.  
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Chapter 2 The feasibility of using SAE rates as a 

marker of trial representativeness, a literature 

review of SAE reporting in RCTs 

2.1 Chapter overview 

This chapter will explore the feasibility of using the reported SAE rates in RCTs as a 

metric of trial representativeness. First, this review will provide an overview of SAE 

reporting in RCTs, focusing on reporting SAE frequencies, SAE timeframes and 

discrepancies between SAE data sources. Second, it will study the quality of harm 

reporting practices in journal publications of RCTs, focusing on their adherence to harm 

reporting recommendations and guidelines. Third, it will present an overview of current 

SAE reporting methods. 

2.2 Background 

2.2.1 SAEs in RCTs 

The healthcare sector must provide safe and effective therapeutic interventions that 

ultimately help improve health outcomes (Talbot and Nilsson, 1998; Haleem et al., 2015). 

Moreover, these interventions must undergo a process of evaluation, ranging from 

laboratory studies to RCTs, to ensure their safety and efficacy (Kabisch et al., 2011). When 

RCTs test a new therapy, they aim to detect and collect safety data as part of their practice 

protocol (Singh and Loke, 2012). Monitoring, detection, and documentation of SAEs are 

critical parts of safety data in RCTs due to the importance and impact of this data on the 

outcomes of trials and, in turn, on clinical decisions (Singh and Loke, 2012). 
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2.2.2 SAE reporting in RCTs 

Reporting SAEs to authorities, trial registries, and publications is essential, as 

underreporting may lead to a biased assessment of the intervention (Schroll, Penninga and 

Gøtzsche, 2016; Abdel Shaheed et al., 2022). Moreover, sufficient SAE reporting is 

important for using the SAE rate as a metric for trial representativeness. Specifically, if 

SAEs are consistently recorded and monitored across RCTs, they can provide insights into 

how well the trial participants reflect the general population (Hanlon et al., 2022). 

Moreover, detailed SAE reporting helps identify any patterns or trends in SAEs that might 

be specific to subgroups. Therefore, robust and sufficient SAE reporting is a prerequisite 

for using the SAE rate as a metric for trial representativeness. 

Several guidelines and recommendations, such as the Consolidated Standards of Reporting 

Trials (CONSORT), aim to guide investigators to improve the quality of harm reporting in 

RCT reports (Pitrou et al., 2009). The CONSORT statement, which includes a checklist 

and a flowchart that guide researchers in comprehensively reporting the design, findings 

and interpretations of RCTs, issued an extension specifically concerning harm reporting to 

improve the quality of harm reporting in RCTs (Moher et al., 2010; Hunsinger et al., 2014). 

This extension includes items on reporting event counts and timeframes (Ioannidis et al., 

2004). The CONSORT extension has been widely applied and has helped enhance the 

quality of SAE reporting in RCTs (Anderson et al., 2024). However, the adherence to this 

extension has been inadequate and affected by several factors, such as space limits in 

publications and the slow uptake of the extension by investigators (Dimairo et al., 2018).  
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2.3 Aims and objectives 

This chapter will explore the feasibility of using the reported SAE rate as a proxy for trial 

representativeness. Specifically, it will examine the literature on SAE reporting in RCTs. 

The objectives of this literature review are: 

1)  To explore the literature on SAE reporting, focusing on the reporting of SAE counts 

and timeframes, and discrepancies between different SAE data sources to investigate 

their reliability and highlight areas where data might be incomplete or biased. 

2)  To examine the literature concerning the quality of harm reporting in journal 

publications of RCTs, showing the adherence to harm reporting recommendations and 

guidelines. 

3)  To explore methods of SAE reporting to underline potential areas of improvement for 

the accuracy and inclusiveness of SAE data. 

2.4 Methods 

Medline and Embase databases were accessed via Ovid for the literature search. As 

illustrated in Table 2.1, different keywords for RCTs, SAEs and reporting were used. The 

search started in 2019 and updated in 2024, retrieving 1003 articles. The studies included 

in this review must have examined SAE reporting in RCTs. Studies that were not relevant 

to this topic were excluded. In the screening process, 700 studies were excluded after the 

title review and 145 articles were excluded after reading the abstract. Following a full-text 

screening, 126 more studies were excluded. Ultimately, this resulted in 32 studies being 

included in this review (see Figure 2.1).  
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Table 2.1 Search strategy of the literature review 

Figure 2.1 PRISMA flow diagram of the literature selection process 

  

# Searches 

1 RCT or Randomised controlled trial or clinical study or clinical research or phase 

III/IV trial or clinical experimentation or clinical testing or randomised controlled 

trials as a topic/ or randomised controlled trials as a topic/ or clinical trials as a topic/ 

or phase III as a topic/ 

2 SAE or serious adverse event or serious side effect or serious reaction or serious harm 

or fatal adverse event or fatal reaction or death or hospitalisation or adverse event or 

adverse effect or adverse reaction or harm or side effect 

3 Reporting or posting or publishing or underreporting or declaring or investigating or 

capturing 

4 1 and 2 and 3 



14 
 

2.5 Literature review 

2.5.1 SAE reporting in RCTs 

Table 2.2 summarises the findings from 18 studies that examined SAE reporting in RCTs 

across different medical conditions. These studies focused on reporting SAE counts and 

timeframes. Moreover, they explored inconsistencies in SAE reporting between journal 

publications and other data sources, such as trial registries and CSRs. SAE data were 

reported across a majority of studies (nearly 80 to 100%), enabling the calculation of SAE 

rates and facilitating comparisons between trials. Moreover, explicit SAE timeframes were 

not frequently reported in these studies. Furthermore, inconsistency in reporting SAE data 

was apparent between journal publications and other data sources.
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Table 2.2 SAE reporting in RCTs 

Study Medical condition  Type of study Primary data topics Search strategy  Main findings 

Scharf and 

Colevas 

(2006) 

Oncology Comparative 

analysis 

Data from a sponsor’s 

database with relevant 

published trials data 

The National 

Cancer Institute 

(NCI) Clinical Data 

Update System 

(CDUS) electronic 

database of RCTs 

and PubMed 

● Low-grade (mild and moderate) AEs were 

underreported in publications; only (58%) of 

grade 1 and 2 AEs were reported in articles. 

● 305 of 423 (72%) of drug-related grade ≥ 3 

AEs (severe, medically significant, life-

threatening or death) cited on CDUS were 

reported in publications. 

● Reported SAEs in databases were higher than 

in publications; a total of grade ≥ 3 AEs cited 

on CDUS was 611, while 413 in publications. 

● This study was limited to phase II trials, 

which may not reflect the safety reporting in 

later trial phases (III and IV). 

● This study focused on trials in the NCI CDUS 

database, which may limit the generalisability 

of its results. 
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Seruga et al. 

(2011) 

Oncology Systematic 

review 

Updated labels and 

publications of 

targeted anticancer 

RCTs 

The US Food and 

Drug 

Administration 

(FDA) website, 

updated label 

references and 

Medline  

● Out of 76 serious adverse drug reactions 

(SADRs) reported on updated drug labels, 30 

(39%) of them were not reported on 

publications of RCTs. 

● This study focused on assessing the reporting 

of SADRs, which are rare and less likely to be 

captured within the trial duration. 

Smith et al. 

(2013) 

Pain Systematic 

review 

Publications of pain 

treatment journals 

Three Journals of 

pain (European 

Journal of Pain, 

Journal of Pain, and 

PAIN) 

● SAEs were not reported for 33 (41.2%) trials. 

● Moreover, 70 (87.5%) studies did not report 

AE timeframes. 

● This study was limited, as publications were 

the only assessed source of AE data, and they 

only selected three journals. 

Riveros et 

al., (2013) 

Trials listing drugs as 

an intervention 

Systematic 

review 

Trials summaries and 

journal publications of 

RCTs of different 

diseases 

Trials with results 

posted on 

ClinicalTrials.gov 

and PubMed for 

publications 

● Trials with results posted on 

ClinicalTrials.gov had better AE and SAE 

reporting than those posted on publications 

(73% versus 45%) and (99% versus 63%), 

respectively. 
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● This study included only the first publication 

of trial findings, missing essential safety data 

in the following publications. 

Belknap et 

al. (2013) 

Oncology Systematic 

review 

Institutional Review 

Board (IRB) SAEs 

reports and research 

records, and electronic 

or paper medical 

records of six clinical 

trials involving 

bevacizumab or 

oxaliplatin. 

IRB SAE reports 

and research 

records and 

electronic or paper 

medical records of 

NCI-designated 

Comprehensive 

Cancer Centre 

● IRB reports were inadequate; 182 (75%) out 

of 205 AEs were not reported to IRB. 

● However, 24 (80%) SAEs were reported to 

IRB. 

● This analysis was focused on six RCTs 

conducted in the same setting, limiting the 

generalisability of the findings. Moreover, two 

RCTs included in this study were Phase II, 

which may not effectively capture rare SAEs 

due to its small sample size. 

Maund et al. 

(2014) 

Major depressive 

disorder 

Systematic 

review 

Reports of clinical 

studies and 

publications of nine 

RCTs for duloxetine 

PubMed and 

Cochrane 

● Journal publications did not include adequate 

safety data compared to CSRs. 

● Deaths and suicides were adequately reported 

in only 2 out of 9 trials in their relevant 

publications. 
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● The occurrence or non-occurrence of SAEs 

was not reported in 3 out of 9 trials in their 

relevant publications. 

● However, SAEs were reported in 8 of 9 CSRs. 

Hughes, 

Cohen, and 

Jaggi (2014) 

Depression and 

Psychosis 

A cross-sectional 

study of trial 

summaries for 

antidepressant 

and 

antipsychotic 

therapy 

Registries of RCTs for 

antidepressant and 

antipsychotic therapy 

and their 

correspondent 

publications 

clinicalstudyresults.

org registry and 

bibliography of 

registries 

● The frequencies of SAEs were reported in 125 

(88%) trial summaries, 85 (59.9%) journal 

articles and 95 (93.1%) unpublished trial 

summaries. 

● Inconsistencies between registries and 

publications were found in the reported 

number of SAEs; 694 (43.2%) SAEs on 

registries of RCTs were not reported in 

publications of RCTs. 

● Nearly half of the included trials did not have 

correspondent publications, which may have 

impacted the applicability of the outcomes of 

this study to other drug classes and led to 

biased findings. 
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Tang et al. 

(2015) 

Different diseases Systematic 

review 

All records were 

exported from 

ClinicalTrials.gov. 

RCTs with SAE were 

published at 

ClinicalTrilas.gov, and 

relevant publications 

were identified. 

ClinicalTrials.gov 

and Medline 

● SAEs were more frequently reported at 

ClinicalTrials.gov than in journal publications 

in 31 trials. 

● SAEs were not reported in 26 (13%) 

publications. 

● The total number of SAEs per treatment arm 

was not reported in 33 (16%) publications. 

● This study only searched a single database for 

publications, which may have affected the 

study sample and led to biased findings. 

Hodkinson, 

Gamble, 

and Smith 

(2016) 

Obesity Case study RCT summaries and 

RCT publications of 

orlistat 

RCTs summaries, 

Medline and 

Cochrane 

● Inconsistencies in AE reporting were found 

between RCT summaries and publications; 31 

(51%) AEs were not found in publications of 

RCTs. 

● Inconsistencies between RCT summaries and 

publications were also found in the reported 

SAEs; 311 (95%) SAEs were not found in 

publications of RCTs. 
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● AE timeframes were reported for 4 out of 5 

trials. 

● This study was based on a meta-analysis of 

only five RCTs, which may limit the 

generalisability of its findings. Moreover, 

obtaining CSRs for all trials was not feasible, 

which may have led to biased results. 

Maillet et 

al. (2016) 

Oncology Systematic 

review  

Publications of RCTs 

of oncology 

Medline 

 

● Frequencies of grade 3/4 AEs (severe, 

medically significant or life-threatening) were 

reported in 312 (96%) journal publications. 

● Frequencies of grade 5 AEs (death) were 

reported in 237 (73%) journal publications. 

● This study focused on publications as its 

source of safety data, which may inadequately 

reflect the actual practice of RCTs.   

De Vries et 

al. (2016) 

Depression Meta-analysis Data of review of 

FDA-registered trials 

of second-generation 

review of FDA and 

corresponding 

publications 

● Inconsistencies were found in reported SAEs. 

● The reported number of SAEs was present in 

9 (43%) articles compared to FDA reviews. 
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antidepressants and 

relevant publications 

● This study was limited, as the FDA database 

may miss important SAE data, which may 

have affected the outcomes of this 

comparison. Moreover, this study was 

performed on a single drug class, so its results 

may not apply to other pharmacological 

interventions. 

Tfelt-

Hansen, 

Lindqvist, 

and Do 

(2018) 

Migraine Systematic 

review 

Publications of 

migraine RCTs 

Medline and 

PubMed 

 

● 50 (69%) studies did not report the number of 

patients with any SAE. 

● Data used in this study were obtained from 

journal publications, which may inadequately 

reflect the actual practice of RCTs. 

Phillips et 

al. (2019) 

Different diseases Systematic 

review 

Publications of Phase 

III and IV RCTs of 

pharmacological 

interventions 

The BMJ, the 

JAMA, the Lancet, 

and the NEJM 

● SAEs were adequately reported; 132 (72%) 

publications reported the number of SAEs. 

● AE frequencies were adequately reported; 160 

(87%) publications reported the frequencies of 

AEs. 
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● SAE timeframe was not reported in 95 

(57.2%) publications. 

● This study included high-impact journals, 

which may have led to better outcomes and 

increased the likelihood of bias. The authors 

also limited their search period to one year, 

which may not reflect contemporary practice. 

Hodkinson 

et al. (2021) 

Schizophrenia or 

bipolar disorder 

Systematic 

review 

CSRs, Individual 

participant data (IPD), 

trials summaries and 

journal publications 

MEDLINE, 

Central, EMBASE, 

PsycINFO and 

ClinicalTrials.gov 

● CSRs reported approximately eight times 

more SAEs than journal publications. 

● SAE reporting was complete on CSRs 35 

(100%).  

● However, SAE reporting on journal 

publications and trial registry was 20 (61%) 

and 17 (49%), respectively. 

● This study assessed SAE reporting across all 

registries collectively rather than showing the 

reporting for each trial registry. 
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Yao et al. 

(2021) 

Oncology Systematic 

review 

RCTs publications PubMed, Embase, 

Medline, and NEJM 

● Only 41 (25.5%) publications reported SAEs. 

● Publications of industry-sponsored trials 

reported higher SAEs than trials with other 

funding sources (57.6% vs 20.7%). 

● Publications of trials published in high-impact 

journals reported higher SAEs than those 

published in other journals (31.9% vs 16.7%). 

● However, SAE reporting improved overtime. 

● This study only examined SAE reporting in 

journal publications, which may inadequately 

reflect the actual practice of SAE reporting in 

RCTs. 

Paludan-

Müller, 

Créquit and 

Boutron 

(2021) 

Oncology Systematic 

review 

CSRs, trial summaries 

on registries and 

journal publications 

European 

Medicines Agency 

(EMA) and trial 

registries 

● CSRs had more complete harm reporting 

compared to other sources. 

● SAE reporting was complete on CSRs 36 

(100%) and ClinicalTrials.gov 37 (100%). 

● Moreover, 19 (95%) trials on other trial 

registries reported SAEs. 
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● However, 16 (50%) journal publications did 

not report SAEs.  

Taillefer de 

Laportalière 

et al. (2023) 

Depression Systematic 

review 

Trials summaries and 

journal publications 

Medline and 

ClinicalTrials.gov 

● SAEs were reported in 9 (90%) trials. 

● Journal publications reported that only 94 

(41.5%) of SAEs were reported on 

ClinicalTrials.gov. 

● This study focused on RCTs of a single drug 

from a single trial registry, which may limit 

the generalisability of the findings. 

Madi et al. 

(2023) 

Covid-19 Systematic 

review 

Trials summaries and 

journal publications 

PubMed and 

ClinicalTrials.gov  

● Journal publications reported 364 (51%) of 

SAEs compared to trial summaries posted on 

ClinicalTrials.gov. 

● SAEs were reported in 18 (90%) trial 

summaries. 
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2.5.2 Harm reporting practice in journal publications of RCTs 

Table 2.3 summarises the findings from various studies that examined the quality of harm 

reporting practices in journal publications of RCTs regarding adherence to reporting 

guidelines and recommendations. Studies indicated that harm reporting was often 

inadequate, with many publications failing to adhere to most CONSORT harm checklist 

items. However, items concerning the reporting of event counts were sufficiently fulfilled. 

These studies only focused on assessing harm reporting in journal publications, which may 

not fully capture the actual reporting practice of RCTs.
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Table 2.3 Harm reporting practice in journal publications of RCTs 

Study Medical condition  Type of study Primary data topics Search strategy  Main findings 

Smith et al. 

(2012) 

Pain Systematic 

review 

Publications of pain 

treatment journals 

Three Journals 

of pain 

(European 

Journal of Pain, 

Journal of Pain, 

and PAIN) 

● The mean CONSORT harms score improved over 

time from 5.4 (2.5) in the first epoch to 6.5 (2.7) in 

the second epoch. 

● Industry-funded trials showed a higher CONSORT 

harms total score than other fund resources, 0.22 

95% CI (0.09-0.36). 

● 88% of trials fulfilled items concerned with 

reporting SAE counts and timeframes. 

Additionally, the fulfilment of this item improved 

over time from 74% to 97%.  

● This study was focused on RCTs published in three 

pain journals, which may limit its generalisability. 

Péron et al. 

(2013) 

Oncology Systematic 

review 

Systemic solid 

tumours therapy 

Medline ● Based on the AE reporting quality score (AERQS), 

better quality of AE reporting was observed in 

trials that received industrial funding; they scored 

10.68 points on a 16-point scale. 
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● 296 (91%) trials fulfilled the reporting of the item 

in AERQS that concerns SAE reporting. 

● 171 (53%) trials reported AE timeframes. 

Hodkinson et 

al. (2013) 

Hypertension, 

urology, epilepsy, 

complementary 

medicine 

Systematic 

review 

Seven studies that 

assessed the quality of 

harm reporting in 800 

RCTs 

Reviews of 

published and 

unpublished 

research that 

assessed the 

quality of harm 

reporting in 

RCTs 

● Harm reporting was inadequate; (50%) of 

CONSORT harm checklist items were not adhered 

to in 6 of 7 studies. 

● This study did not include studies of other harm 

reporting guidelines. Moreover, the number of 

included studies was limited to only seven studies. 

● Some of the included studies were published 

before the issue of CONSORT harm extension, 

which may lead to biased findings. 

Sivendran et 

al. (2014) 

Oncology Systematic 

review 

Publications of 

oncology trials 

PubMed, 

Embase, and 

Medline 

● AE reporting was selective and heterogeneous; the 

median AE reporting score derived from 

CONSORT harm extension was 8 out of 14, and 

the range was 3 to 12. 

● However, 135 (77%) articles reported AE counts. 
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● Furthermore, deaths were reported in 132 (75%) 

articles. 

● 109 (62%) articles reported AE timeframes. 

● The search time interval of three years and the 

probability of poor adherence in the past may have 

limited the analysis of these results. 

Mahinbakht, 

Lavasani, and 

Guirguis 

(2014) 

Oncology Systematic 

review 

Publications of early-

phase breast cancer 

using adjuvant 

trastuzumab trials 

 

Medline and 

Cochrane 

● AE reporting was inadequate; 4 out of 5 studies 

showed a total adherence to CONSORT harms 

checklist items of less than (50%). 

● However, 80% of studies reported the frequency of 

deaths due to cardiac events. 

● This study only focused on the early phases of 

breast cancer. Thus, its results may not apply to all 

RCT reporting practices. Moreover, this study only 

evaluated five RCTs, limiting its generalisability. 

Chen et al. 

(2015) 

Oncology Systematic 

review 

Publications trials of 

immune checkpoint 

inhibitors 

Medline, 

Embase, and 

Cochrane 

● AE reporting was inadequate. The mean quality 

score adopted from CONSORT harm extension 

was 11.21 out of 21, with a range of 3.5 to 17.5. 
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● AE reporting improved over time; the mean score 

increased from 9.09 to 11.81 points. 

● Grade 3/4 AEs were reported for 96% of studies 

● AE timeframes were reported for 30% of studies. 

● This study scoring tool was adopted from 

CONSORT harm recommendations instead of 

using the same items, which may have impacted 

the quality of their assessment. 

Gewandter et 

al. (2015) 

Temporomandibular 

disorders (TMDs) 

Systematic 

review 

Publications of RCTs 

of TMDs therapy 

PubMed 

 

● The fulfilment of most CONSORT harm extension 

items was between (10%) to (23%), and only one 

item exceeded (36%). 

● AE reporting improved over time. 

● The authors used CONSORT harm items to assess 

the quality of reporting, which was published in 

2004, while they included studies between 1969 

and 2013, which may have led to biased outcomes. 
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Williams et 

al. (2016) 

Pain Systematic 

review 

Publication in journals 

of anaesthesiology and 

journals of intravenous 

and invasive pain 

management 

Major 

anaesthesiology 

and pain journals 

● CONSORT harm recommendation items 4, 7, and 

8 were fulfilled by more than 75% of RCTs, 

whereas 50 to 70% met CONSORT harm 

recommendation items 3, 6, and 10. 

● Items 1, 2, and 5 were fulfilled by less than 50% of 

the included trials, and only less than 2% of RCTs 

met CONSORT harm recommendation item 9. 

● 140 (85%) fulfilled the reporting of the item in the 

CONSORT harm extension that concerns SAE 

reporting. 

● 95 (72%) of studies reported AE timeframes. 

● This study included only six journals, which may 

limit its generalisability. 

Westergren, 

Narum, and 

Klemp (2018) 

Gastrointestinal 

bleeding or 

perforation 

Systematic 

review 

Publications of trials 

comparing 

corticosteroid to 

placebo 

PubMed, 

Embase and 

Cochrane 

● Harm reporting was inadequate; the mean 

CONSORT score was 5.25 out of 10. 

● 130 (81.8%) fulfilled the reporting of the item in 

the CONSORT harm extension that concerns SAE 

reporting. 
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2.5.3 Methods of SAE reporting in RCTs 

Table 2.4 reviews methods of SAE reporting in RCTs. These studies showed limitations of 

current methods, which may lead to underreporting, such as selective reporting and 

incomplete reporting forms. However, new methods demonstrated promising results in 

terms of accelerating the reporting process and predicting the underreporting of SAEs.
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Table 2.4 Methods of SAE reporting in RCTs 

Study Medical condition  Type of study Primary data topics Search strategy Main findings 

(London et 

al., 2009) 

Oncology case analysis an electronic system to 

report SAEs called 

eSAEy 

Thomas Jefferson 

University 

• eSAEy reduced the reporting period and enhanced 

the reporting precision. 

• 588 SAEs were reported using eSAEy, and the 

median time of the whole reporting process was <2 

days (mean of 7±0.2 days), while it was 24 days 

(mean of 45 ± 5.7 days) for the paper-based system. 

• This system was designed for RCTs based at 

Thomas Jefferson University and their affiliation 

members’ institutions. As such, the applicability of 

this system requires more validation to be 

implemented in other RCTs. 

Bolland et 

al. (2013) 

Osteoporosis in 

postmenopausal 

women 

Secondary 

analysis of 

RCT data 

Patient-reported and 

investigator-verified 

SAEs in a RCT of a 1g 

calcium supplement 

participant’s 

medical records, 

hospital records or 

death certificates 

• Discrepancies between patient-reported and 

investigator-verified SAEs; 25 of the 58 verified MIs 

and 13 of the 63 verified strokes were underreported. 

• 50% of MIs and 42% of strokes were not reported to 

investigators. 
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• The participants in this RCT were older (mean age 

74 years) and had comorbidities and cognitive 

impairment, which may have contributed to 

underreporting and biased outcomes. 

Crépin, 

Villeneuve, 

and Merle 

(2016) 

Different diseases 

(trials of 

investigational 

drugs or medical 

strategies) 

A cross-

sectional study 

of all SAE case 

report forms 

was reported in 

2012 to the 

sponsor 

(Limoges 

University 

Hospital) from 

all clinical 

trials. 

A standardised data 

quality evaluation 

form 

All SAE case report 

forms reported to 

sponsor from all 

clinical trials 

• The quality of SAE sponsor reports was low; most 

forms were not filled. 

• (5.7%) of reports did not report the date of onset of 

the SAE, while assessments of causality were not 

reported in (9.3%) of reports. 

• 36% of the included RCTs were not 

pharmacological, which may have affected the 

outcomes of this study. 

• This study included trials from a single sponsor, 

which may limit its generalisability. 

Ménard et 

al. (2019) 

Different diseases Proof of 

concept 

A data set of RCTs of 

different diseases 

Roche/Genentech 

sponsored RCTs 

• The prediction tool is an efficient method of 

detecting underreporting. 
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• The model scored 0.67 in the area under the curve 

(AUC) of receiver operating characteristic (ROC) for 

the statistical scenario and 0.97 for the zero scenario. 

• For 25%, 50%, 67%, and 75% scenarios, the AUC 

was 0.62, 0.79, 0.89, and 0.92, respectively. 

• The model may require further validation because it 

was only trained on data from a single sponsor 

(Roche/Genentech). 

Mayo-

Wilson et al. 

(2019) 

Neuropathic pain 

and bipolar 

depression 

Systematic 

review 

CSRs and 

corresponding 

publications of RCTs 

of gabapentin for 

neuropathic pain and 

quetiapine for bipolar 

depression 

Cochrane, PubMed, 

Embase, LILACS, 

CINAHL, 

International 

Clinical Trials 

Registry Platform 

Search Portal and 

ClinicalTrials.gov 

• CSRs did not apply selective reporting criteria for 

reporting all AEs, while publications of RCTs applied 

selection criteria that missed extensive safety data. 
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2.6 Discussion of literature findings 

SAEs were sufficiently reported, especially for trials registered on ClinicalTrials.gov and 

CSRs (Scharf and Colevas, 2006; Belknap et al., 2013; Riveros et al., 2013; Hughes, 

Cohen and Jaggi, 2014; Maund et al., 2014; Tang et al., 2015; Hodkinson, Gamble and 

Smith, 2016; Maillet et al., 2016; Phillips et al., 2019; Hodkinson et al., 2021; Paludan-

Müller, Créquit and Boutron, 2021; Taillefer de Laportalière et al., 2023; Madi et al., 

2023). The sufficient SAE reporting on ClinicalTrials.gov and CSRs ensures the reliability 

of data used to measure trial representativeness. Furthermore, SAE reporting is notably 

better than reporting eligibility criteria and baseline patient characteristics. The reporting of 

eligibility criteria and baseline characteristics of RCTs in journal publications is generally 

inadequate, inconsistent, and lacks clear justification (Van Spall et al., 2007; Wertli et al., 

2013). Moreover, the details of reported eligibility criteria on trial registries such as 

ClinicalTrials.gov often vary between trials (Ross et al., 2010). Consequently, assessing 

trial representativeness based on reported eligibility criteria or baseline characteristics is 

more challenging than the reported SAEs. However, in journal publications, SAE reporting 

was insufficient (Smith et al., 2013; de Vries et al., 2016; Tfelt-Hansen, Lindqvist and Do, 

2018; Yao et al., 2021). This insufficient SAE reporting may be attributed to the space 

limitations in journal publications, which may lead to selective reporting (Tang et al., 

2015). Therefore, SAE data should be mainly extracted from trial registries such as 

ClinicalTrials.gov or relevant CSRs. 

Few studies examined SAE timeframe reporting and found it is frequently underreported 

(Péron et al., 2013; Smith et al., 2013; Sivendran et al., 2014; Chen et al., 2015; Phillips et 

al., 2019). However, two studies found that SAE timeframes were sufficiently reported 

(Hodkinson, Gamble and Smith, 2016; Williams et al., 2016). These inconsistent findings 

could be attributed to differences in methodology and sample sizes. Furthermore, 

inconsistencies in the reported number of SAEs were found between RCTs summaries, 

CSRs and publications (Scharf and Colevas, 2006; Seruga et al., 2011; Riveros et al., 2013; 

Hughes, Cohen and Jaggi, 2014; Maund et al., 2014; de Vries et al., 2016; Hodkinson, 

Gamble and Smith, 2016; Hodkinson et al., 2021; Paludan-Müller, Créquit and Boutron, 

2021; Taillefer de Laportalière et al., 2023; Madi et al., 2023). These inconsistencies can be 

attributed to differences in reporting standards, selective reporting, or inadequate 

methodological consistency. For example, the elimination of events from publications that 
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were not assumed to be linked to the intervention or that were infrequent and related to 

chance (Scharf and Colevas, 2006; Hughes, Cohen and Jaggi, 2014; Maund et al., 2014; 

Tang et al., 2015; de Vries et al., 2016; Hodkinson, Gamble and Smith, 2016; Phillips et 

al., 2019). Therefore, journal publications may have limitations when used as a source of 

safety data. 

Studies that have examined the adherence of RCT publications to guidelines and 

recommendations of harm reporting found that this was poor, inadequate, and 

heterogeneous (Smith et al., 2012; Hodkinson et al., 2013; Péron et al., 2013; Mahinbakht, 

Lavasani and Guirguis, 2014; Chen et al., 2015; Gewandter et al., 2015; Williams et al., 

2016; Westergren, Narum and Klemp, 2018). However, items concerning the reporting of 

event counts were sufficiently fulfilled (Smith et al., 2012; Péron et al., 2013; Chen et al., 

2015; Gewandter et al., 2015; Williams et al., 2016; Westergren, Narum and Klemp, 2018). 

Furthermore, the quality of harm reporting in RCTs has improved over time (Smith et al., 

2012; Chen et al., 2015; Gewandter et al., 2015), which may be related to the adoption of 

journals to recommendations and guidelines, leading authors to adhere more too. 

Moreover, publications of industry-funded RCTs demonstrated better reporting quality than 

other funding resources (Péron et al., 2013; Williams et al., 2016). The impact of funding 

resources on the quality of harm reporting is apparent and worthy of consideration in 

evaluating RCT outcomes. 

Additionally, few studies have examined different SAE reporting methods used in the 

current practice of RCTs. The quality of SAE reporting forms was poor; most forms were 

incomplete, and the fulfilment of items was also low (Crépin, Villeneuve and Merle, 2016). 

CSR did not apply selective reporting criteria, reporting all events, while publications of 

RCTs applied selection criteria missing extensive safety data (Mayo-Wilson et al., 2019). 

eSAEy reduced the reporting period and enhanced precision (London et al., 2009). The 

prediction tool is an efficient means of detecting underreporting (Ménard et al., 2019). 

Furthermore, it could be useful for assessing trial representativeness as it may give a prior 

comparison of expected SAE rates in the trial participants with SAE rates in the target 

population. 
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2.7 Conclusion 

Studies demonstrate that SAE reporting was generally sufficient, especially on CSRs and 

trial registries. However, SAE reporting in publications of RCTs was insufficient and 

inconsistent with databases and other data resources. Given this variability, it is crucial to 

recognise that the reliability of SAE data can differ depending on the source. Therefore, the 

SAEs reported on trial registries and CSRs are most reliable and can be used in the 

measurement of trial representativeness. However, exploring SAE reporting in an 

exemplar, namely GLP-1 RA trials, is essential to ensure that SAE reporting is sufficient to 

calculate SAE rates for trials. Moreover, the differences in SAE reporting between data 

sources will be considered in this thesis.   
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Chapter 3 Capturing SAEs in GLP-1 RA trials 

3.1 Chapter overview 

This chapter will explore SAE capturing in GLP-1 RA trials to enable the calculation of 

SAE rates for measuring trial representativeness. Moreover, it will examine the factors that 

may be associated with the reported SAE rates.  

3.2 Background 

3.2.1 SAE reporting in RCTs  

SAE reporting in RCTs is essential for assessing the safety of new drugs, medical devices, 

or other interventions (Ioannidis and Lau, 2001). Furthermore, SAEs may be related to trial 

representativeness (Hanlon et al., 2022). SAEs are monitored and recorded in a specific 

timeframe that typically starts from the randomisation of participants and continues to the 

end of the follow-up period, although this duration may differ depending on the study 

design or regulatory requirements (Unkel et al., 2019; James et al., 2020). Although the 

reporting of SAEs and their timeframes has been investigated across different diseases and 

therapeutic areas, it remains unclear whether GLP-1 RA trials report sufficient information 

to calculate SAE rates. 

Trial registries such as ClinicalTrials.gov represent the primary sources of reported SAEs; 

they often include detailed descriptions of SAE counts and timeframes (Aslam et al., 2013; 

Hartung et al., 2014; Adam et al., 2018). However, some registered trials do not post their 

results in registries (Jones et al., 2021; Negoro et al., 2023). Journal publications are 

another source of SAE data, but they often lack adequate details and are prone to biased 

SAE reporting. For example, 110 trials registered on ClinicalTrials.gov were examined for 

publication bias and found that 38 trials had inconsistent SAE reporting; 87% of these 

trials reported more SAEs on ClinicalTrials.gov than publications (Hartung et al., 2014). 

Consequently, some trials are expected to underreport critical trial outcomes such as SAEs 
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(Tang et al., 2015; Rosati et al., 2016). This issue is particularly evident in unregistered 

trials or those without results on registries. Furthermore, the guidelines for reporting on 

registries don’t specify criteria for including outcomes that are SAEs in the total reported 

SAEs. As a result, it is unclear whether trials with outcomes that are SAEs, such as major 

adverse cardiovascular events (MACE), would report outcome counts in total SAEs. This 

lack of clarity could result in inconsistent SAE reporting. 

3.2.2 Other factors associated with the reported SAE rates 

The reported SAE rates in RCTs may be affected by the type of outcome measured 

(Hindiyeh et al., 2022). The outcomes measured in RCTs can be classified as soft or hard 

outcomes. Soft outcomes are usually subjective, such as patient-reported symptoms, or 

surrogate measures, such as laboratory measurements and radiographic findings, whereas 

hard outcomes are reasonably objective and have a tangible impact on patient health, such 

as hospitalisation and death (Asmar and Hosseini, 2009; Medeiros, 2017; Van Lieshout and 

Wijffels, 2020). Furthermore, RCTs with hard outcomes are more likely to have larger 

sample sizes and longer durations, and they are conducted in later-phase RCTs, while 

RCTs with soft outcomes are usually conducted in early-phase RCTs (Ciani et al., 2022; 

Verghis et al., 2023). Therefore, the discrepancies between the types of trial outcomes may 

lead to differences in reported SAE rates between RCTs. 

Additionally, the reported SAE rates in RCTs may be associated with the type of 

population analysis (Phillips et al., 2019). Intention-to-treat (ITT) analysis includes all 

randomised participants, whereas per-protocol (PP) only includes those who completed the 

trial (Gupta, 2011). Older adults and people with comorbidities are more likely to withdraw 

from trials (Herrera et al., 2010; Pitkala and Strandberg, 2022). Moreover, trials with PP 

analysis often conduct run-in periods to examine participants' adherence and exclude those 

who may drop out or violate their protocols (Pablos-Méndez, Barr and Shea, 1998; Grayek 

et al., 2022). Therefore, the ITT analysis trials are expected to report higher SAE rates than 

trials that only conduct PP analysis (Hernán and Robins, 2017).  

Furthermore, trial setting (single-centre or multicentre) and trial country-level (national or 

multinational) may affect the reported SAE rates. Trials conducted in multicentre and 
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multi-national settings are expected to be larger, have broader eligibility criteria, and 

recruit older adults and people with comorbidities (Girbes and de Grooth, 2020; Sedrak et 

al., 2021; Gumber et al., 2024). Consequently, they may report higher SAE rates than trials 

conducted only in a single centre or single country. 

3.3 Aim and objectives 

This chapter will examine the feasibility of using the reported SAE rates to measure trial 

representativeness. Specifically, it will determine whether GLP-1 RA trials report sufficient 

SAE information to calculate SAE rates. 

The objectives of this chapter are:  

1)  To examine SAE reporting across all GLP-1 RA trials to ensure the capture and 

availability of sufficient SAE data to calculate SAE rates. 

2)  To compare SAE reporting between trial registries and trial publications to investigate 

their reliability as sources of SAE data and highlight areas where data might be 

insufficient. 

3)  To study the difference in reported SAE rates between GLP-1 RA trials based on their 

database registration, result reporting, primary outcome, population analysis, trial 

setting and trial country-level, to highlight issues related to transparency and 

consistency in reporting and understand how various trial characteristics may influence 

SAE rates.  

3.4 Methods 

3.4.1 Study selection 

This thesis builds on an existing systematic review of novel antidiabetics (Butterly et al., 

2022). The search and the selection of studies were completed. I subsequently applied an 
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additional selection of studies based on the drug class of GLP-1 RAs. 196 GLP-1 RA trials 

were identified for this thesis. 172 trials were registered on ClinicalTrials.gov, 12 were 

registered on the University Hospital Medical Information Network (UMIN) Clinical Trials 

Registry, EU Clinical Trials Register (EU-CTR) and Chinese Clinical Trial Register 

(ChiCTR), and 12 were unregistered. The eligibility criteria of the systematic review are 

described in Table 3.1. 

Table 3.1 Eligibility criteria of the current systematic review 

Types of participants 

Inclusion criteria 

● Aged 18 years or older. 

● Recently diagnosed with T2DM. 

● All countries. 

● All subgroups, such as older people or those 

with long-term conditions. 

Exclusion criteria 

● Diagnosed with other types of diabetes other 

than T2DM. 

● Diagnosed with pre-diabetes. 

● At risk of T2DM but not currently 

diagnosed. 

Types of interventions  

Inclusion criteria 

● Any GLP-1 RA, Sodium-Glucose Co-

Transporter-2 inhibitor (SGLT-2i) or 

Dipeptidyl Peptidase-4 inhibitor (DPP-4i) as 

the trial intervention. 

● Short-acting or modified drug preparations 

can be included as monotherapy, dual 

therapy or triple therapy with other 

antidiabetic medications. 

Exclusion criteria 

● Trials that deliver the trial intervention as a 

single dose only, for example, perioperative 

GLP-1 RA trials.  

● Trials were performed under fasting 

conditions. 
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3.4.2 Data sources 

This section describes different data sources used to extract data of GLP-1 RA trials. 

Sources include trial registries, CSRs, trial protocols and journal publications. The use of 

different data sources may provide more complete datasets as each source may contain 

unique information. 

3.4.2.1 ClinicalTrials.gov 

ClinicalTrials.gov is a United States public database for clinical trials and observational 

studies (Hartung et al., 2014). It is administered by the National Library of Medicine 

(NLM) at the National Institutes of Health (NIH) in collaboration with the FDA (Gresham 

Types of comparators 

Inclusion criteria 

● Comparators were either a placebo or one or 

more other antidiabetic medications.  

● Trials with the same drug class and the same 

drug comparisons. 

Exclusion criteria 
● Trials with any non-pharmacological 

comparators. 

Outcomes of interest 

● Trials that used glycated haemoglobin (HbA1c) in either % or 

mmol/mol to measure glycaemic control. 

● Trials that used weight in kilograms or change in body mass 

index (BMI) to measure weight change. 

● Trials that used composite outcomes, such as MACE or singular 

outcomes, such as cardiovascular death, non-fatal myocardial 

infarction (MI), and hospitalisation for heart failure, to measure 

the cardiovascular outcome. 

● Trials that measure at least one of the above outcomes.  

● These outcomes were not required to be the primary outcome of 

the trial. 

● Non-inferiority trials. 
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et al., 2022). ClinicalTrials.gov aims to improve the transparency of clinical studies by 

providing a central registry of their information to researchers, medical practitioners, and 

patients (Adam et al., 2018). It contains information about designs, conduct and results of 

clinical studies (Zarin et al., 2011). All trials involving pharmacological, device and 

biological interventions must register and submit their results on ClinicalTrials.gov 

according to a US federal mandate (DeVito, Bacon and Goldacre, 2020). It involves 

recording details of trials before they start, such as their objectives, designs, and outcome 

measures (Bhaskar, 2018). However, not all trials report their results on registries (McCord 

et al., 2022).  

Information about all registered studies on ClinicalTrials.gov is downloaded and loaded on 

the Aggregate Analysis of ClinicalTrials.gov (AACT), a relational database managed by 

Duke University (Tasneem et al., 2012). Moreover, data from all trials registered on 

ClinicalTrials.gov are aggregated and structured in the AACT in an accessible format, 

enhancing their utility and public availability (Hirsch et al., 2013). However, some 

elements are not standardised. For example, eligibility criteria are structured in a free-text 

format, limiting their usefulness for secondary analysis (Kavalci and Hartshorn, 2023). 

Data used in this thesis were pulled from the AACT database. 

3.4.2.2 Journal publications 

Journals of medical research usually require researchers to register and post their results on 

trial registries in alignment with the recommendations of the International Committee of 

Medical Journal Editors (ICMJE) (De Angelis et al., 2004). RCTs publish their results to 

ensure the transparency of their findings (Bhide, Shah and Acharya, 2018). Moreover, 

published results of RCTs allow researchers to conduct further research and systematically 

meta-analyse their findings (Moher and Olkin, 1995). Data used in this thesis were 

obtained from journal publications of RCTs that did not post their results or were 

unregistered on ClinicalTrials.gov. 

3.4.2.3 Clinical study reports 

Data reported in journal publications may be incomplete, leading to biased assessments of 

the safety and efficacy of interventions (Li et al., 2018). Therefore, regulatory bodies 

require companies to submit the CSRs of their studies (Davis and Miller, 2017). CSRs 
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contain detailed information about the designs, conduct and analysis of RCTs (Mayo-

Wilson et al., 2017). Although CSRs provide extensive information that surpasses other 

types of publications, they may be disadvantaged by their length, complexity and 

accessibility (Doshi and Jefferson, 2013). Data used in this thesis were obtained from 

CSRs of RCTs that did not post their results or were unregistered on ClinicalTrials.gov, and 

the required information was unavailable in journal publications. 

3.4.2.4 Study protocols 

Researchers produce protocols to describe the design, conduct, organisation, and analysis 

of their trials (Chan and Hróbjartsson, 2018). Study protocols must include ethical 

considerations to ensure the safety of their participants (Nardini, 2014). Moreover, they 

include standardisation of procedures to minimise the variability of collected data (Evans, 

2010). Data used in this thesis were obtained from protocols of trials that did not post their 

results, were unregistered on ClinicalTrials.gov, and the required information was 

unavailable in publications or CSRs. 

3.4.3 SAEs data extraction and harmonisation 

The SAE data were extracted for all GLP-1 RA trials and used to calculate the SAE rate for 

each trial to compare them, accounting for SAE timeframe and sample size variations. The 

extracted SAE data included SAE counts (the number of subjects who experienced SAEs 

and subjects at risk) and SAE timeframes. SAE counts were extracted for all trial arms in 

two steps. First, I extracted the reported SAE counts for trials with results published on 

ClinicalTrials.gov from the reported event totals AACT table. Second, I extracted the 

reported SAE counts from journal publications or CSRs into a standardised CSV file for 

the trials without results posted on ClinicalTrials.gov, trials registered on other registries 

and unregistered trials. Then, I reviewed the reported SAEs for trials with MACE 

outcomes for inconsistent reporting of MACE counts in the total SAE counts and updated 

them accordingly.  

SAE timeframes were extracted for all trials following a multi-step approach. First, I 

extracted SAE timeframes from the reported event totals AACT table. For example, trial 

NCT02288273 reported the timeframe of SAEs in the reported event totals AACT table. 
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Second, I obtained SAE timeframes from the result groups AACT table (reported event 

type) if there was no information in the reported event totals table. For instance, the 

timeframe of the trial NCT00082381 was unavailable in the reported event totals AACT 

table; therefore, I obtained the timeframe from the result groups AACT table. Third, I 

obtained timeframe data from the primary outcome AACT table if there was no 

information in the result groups AACT table. For example, I obtained the timeframe from 

the primary outcome table for trial NCT01029886 because the timeframe of SAE data was 

not in the reported event totals AACT table or the result groups AACT table. Finally, I 

manually extracted timeframe data for the primary outcome from journal publications into 

a standardised CSV file for trials without results posted on ClinicalTrials.gov, trials 

registered on other registries and unregistered trials. SAE timeframes from the AACT 

tables were extracted as text. I harmonised all extracted SAE timeframes to numeric values 

and transformed them from days, weeks and months to years. 

The primary outcome, population analysis, trial setting, and trial country-level data were 

extracted as follows. I extracted the primary outcome and the population analysis data as 

text from the primary outcome AACT table or relevant publications. These data were then 

harmonised into binary variables called “primary outcome” (MACE or none) and 

“population analysis” (ITT or PP). Moreover, I manually extracted the trial setting and 

country-level for all trials from ClinicalTrials.gov and journal publications as binary 

variables called “trial setting” (single-centre or multicentre) and “country-level” (national 

or multinational). 

3.4.4 Statistical analysis 

3.4.4.1 Descriptive statistics 

Descriptive statistics were used to summarise data and results. Frequencies and 

percentages of RCTs were used to describe SAE reporting across registries and journal 

publications. Moreover, they were used to describe sources of SAE timeframe reporting. 

SAE rates were calculated for all included trials to compare SAEs between different 

studies. Initially, the person-time was calculated for all trials using the following formula: 

person-year = (years * subjects not experiencing event) + ( (years * 0.5) * subjects experiencing event) 
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The first part of the formula accounts for the total potential exposure time for all subjects 

over the study duration. The second part of the formula adjusts for those subjects who are 

no longer at risk once they have had an initial incident event. The factor of 0.5 is an 

assumption that subjects experiencing SAEs contribute half of a year of exposure on 

average, suggesting that the SAE rate is constant throughout the trial period. This 

adjustment is necessary because I am calculating person-years for incident SAEs, and 

simply multiplying the number of subjects at risk by follow-up time would overestimate 

the time at risk. The second part of the formula ensures that the time at risk is reduced for 

subjects who experience an initial incident SAE, as they are no longer considered at risk 

for subsequent incident SAEs. However, these assumptions may not account for the 

subjects who may continue participation after experiencing an SAE. Moreover, it may not 

capture the variability in the timing, severity, and effect of the SAEs. 

Then, SAE rates were calculated by dividing the subjects affected by the calculated person-

year using the following formula:  

SAE rate = subjects affected / person-year 

Additionally, a density plot was used to visualise the distribution of SAE rates. 

3.4.4.2 Regression analysis 

The absence of overdispersion was initially checked by comparing the variance to the 

mean, where overdispersion occurs if the variance is greater than the mean. Overdispersion 

was also assessed by calculating the ratio of the residual deviance to the residual degrees of 

freedom, which indicates overdispersion if the ratio is significantly greater than 1. 

Overdispersion was found with generalised linear regression models using the Poisson 

distribution. 

Therefore, negative binomial models were fitted to analyse the difference in reported SAE 

rates between trial registries, trials with results on ClinicalTrials.gov or in publications, 

trials with MACE outcomes or none, types of population analysis, trial setting and trial 
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country-level. The outcome variable in these models was the SAE count. An offset was 

included to account for the variation in person-time. 

3.4.4.3 Analysis software 

R software version 4.2.2 was used for all analyses of the thesis. R software was used to 

create tables, plots, and summary statistics. All correlations and regression analyses in the 

thesis were performed using R software. 

3.4.5 Data management 

Three data sets were used in this thesis. The first data set was published RCT data, 

including SAEs, baseline, and trial characteristics data. The second data set was 

synthesised to score GLP-1 RA trials using the PRECIS-2 tool. The third data set was 

created to score the eligibility criteria. Excel and CSV files were used to store the data sets. 

Text files were used to store analysis results. These data sets are maintained by myself and 

the supervisors of this project. All data sets will be handled following the rules of the data 

documentation. The data sets are stored in the University of Glasgow cloud storage, local 

drive storage and the GitHub repository. They are backed up by IT backup and the 

university cloud storage. 

3.5 Results 

3.5.1 Summary of trials 

In this analysis of GLP-1 RA trials, a total of 196 were assessed for SAE reporting. Figure 

3.1 shows that SAE rates varied widely across trials, ranging from zero to 1.5 events per 

person-year; notably, 21 (10.7%) trials reported zero SAE. Furthermore, the distribution of 

SAE rates followed a negative binomial distribution. Additionally, 9 (4.6%) trials had 

MACE as the primary outcome, while the remaining trials had surrogate outcomes, 

including HbA1C and body weight. 
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Figure 3.1 The distribution of SAE rates of GLP-1 RA trials 

 

3.5.2 SAE reporting in GLP-1 RA trials 

As illustrated in Table 3.2, SAE counts were reported in 186 (95%) of the included trials. 

Furthermore, they were reported for all GLP-1 RA trials registered on ClinicalTrials.gov, 

including trials that did not post their results in the registry. Additionally, of the 12 trials 

registered on other registries, only 3 (25%) trials did not report SAE counts, while only 5 

(41.7%) out of 12 unregistered trials reported SAE counts in their publications. As 

demonstrated in Table 3.3, all SAE timeframes for trials registered on ClinicalTrials.gov 

were obtained from AACT tables except for trials that did not post results in the registry. 

However, only 94 (48%) trials reported the timeframes in the reported event totals AACT 

table. As described in Table 3.4, trials had inconsistent reporting of MACE counts in the 

total SAE counts. 7 MACE trials (77.8%) reported MACE count in SAE total, whereas two 

trials (22.2%) did not. Of these two trials, one was registered on ClinicalTrials.gov, and the 

other was unregistered. 
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Table 3.2 Summary of SAE count reporting for GLP-1 RA trials 

Table 3.3 Summary of SAE timeframe reporting for GLP-1 RA trials 

Table 3.4 Reporting of MACE outcomes count in total reported SAE count 

Registration type Trials Reported in 

registry (%) 

Only reported in 

publication (%) 

Not reported 

(%) 

ClinicalTrials.gov 172 133 (77.3%) 39 (22.7%) 0 

Other registries 12 0 9 (75 %) 3 (25%) 

Unregistered 12 0 5 (41.7 %) 7 (58.3%) 

Total 196 133 (67.9 %) 53 (27%) 10 (5.1%) 

SAE timeframe source Trials (%) 

AACT reported event totals table 94 (48%) 

AACT results group (reported event type) table 29 (14.8%) 

AACT primary outcome table 10 (5.1%) 

Journal publication (primary outcome) 63 (32.1%) 

Total 196 

Trial ID MACE 

count 

MACE 

at risk 

SAE 

count 

SAE at 

risk 

MACE 

reported in 

total SAEs 

Results 

posted on 

ctgov 

NCT01179048 1303 9340 4674 9340 Yes Yes 

NCT02692716 137 3183 659 3182 Yes Yes 

NCT01394952 1257 9901 4035 9892 Yes Yes 

NCT02465515 493 9463 1954 9432 Yes Yes 

NCT01147250 805 6068 1294 6063 Yes Yes 

NCT01720446 256 3297 1192 3297 Yes Yes 

NCT01144338 1744 14752 2456 14716 No Yes 

NCT01455896 832 4156 633 4144 No No 

NCT01018173 22 2110 103 2110 Yes No 
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3.5.3 Factors that associate with SAE reporting 

As shown in Figure 3.2, the reported SAE rates for trials registered on other registries and 

unregistered trials were lower than ClinicalTrials.gov by 69% (IRR=0.31, 95% CI 0.12 – 

0.73) and 70% (IRR=0.30, 95% CI 0.12 – 0.76), respectively. However, no difference in 

SAE rates was found between trials that posted results on ClinicalTrials.gov and those only 

published in journals (IRR=1.11, 95% CI 0.78 – 1.40). Trials with MACE outcomes 

reported SAE rates 49% higher than trials with soft outcomes (IRR=1.49, 95% CI 1.45 – 

1.54). Surprisingly, Trials with ITT analysis reported SAE rates 47% less than trials with 

PP analysis (IRR=0.53, 95% CI 0.33 – 0.84). Moreover, multicentre trials reported SAE 

rates 44% less than single-centre trials (IRR=0.56, 95% CI 0.37 – 0.85). However, no 

difference in SAE rates was found between multinational and national trials (IRR=1.03, 

95% CI 0.82 – 1.29). 
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Figure 3.2 The association between trial characteristics and the SAE rate in GLP-1 RA 

trials 
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3.6 Discussion 

This chapter analysed SAE reporting in 196 GLP-1 RA trials. SAE reporting was explored 

for the included GLP-1 RA trials and compared between registries. Furthermore, the 

factors associated with the reported SAE rate were examined. 

3.6.1 Summary of findings 

SAE counts were reported for most trials; however, nearly half of the included trials did 

not report SAE timeframes within the registry data. Instead, these timeframes had to be 

estimated based on outcome results. Trials registered on ClinicalTrials.gov had more 

complete SAE reporting and higher SAE rates than other registries and unregistered trials. 

Additionally, trials with hard outcomes (i.e. MACE) had higher SAE rates than those with 

soft outcomes (i.e. HbA1C and body weight). Surprisingly, trials that conducted ITT 

analysis reported lower SAE rates than trials with PP analysis, and multicentre trials had 

lower SAE rates than single-centre trials. No difference in SAE rates was found between 

trials with results on ClinicalTrials.gov and those only published in journals. Moreover, no 

difference in SAE rates was found between multinational and national trials.  

3.6.2 Interpretation 

Most trials reported SAEs, indicating sufficient reporting of SAE counts. However, nearly 

half of the included trials did not explicitly report SAE timeframes. Therefore, timeframes 

of result groups (reported event type) and primary outcomes were used as a proxy of SAE 

timeframes. Although this is not ideal, as some trials may have longer SAE timeframes 

than for result groups and primary outcomes, it provides a practical approach that enables 

SAE rate calculation. Sufficient SAE reporting indicates that SAE rates can be calculated 

for most trials. However, two trials did not include MACE count in the total SAEs count, 

indicating inconsistent reporting across trials with hard serious outcomes. This discrepancy 

could be due to the lack of clear guidance on registries and journals reporting hard serious 

outcomes. To address this discrepancy in reporting, I included the MACE count in the total 

SAEs count for these two trials. While checking the inconsistency will avoid bias for this 
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thesis, it presents a challenge for the broader use of the SAE rate as a metric; all trials with 

MACE outcomes should be checked for inconsistencies in reporting total MACE counts in 

the total counts. 

The higher SAE rates of trials registered on ClinicalTrials.gov could be attributed to better 

SAE reporting practices in these trials. Furthermore, trials registered on ClinicalTrials.gov 

could be larger and recruit a more diverse population than unregistered trials. Trials with 

MACE outcomes reported higher SAE rates, likely due to the inclusion of patients with 

cardiovascular comorbidities (Ferreira-González et al., 2007; Vestergaard Kvist et al., 

2021). MACE trials include such patients partly to improve power to detect the effect on 

MACE (i.e. they have higher SAE rates by design) (Wise et al., 2019; Wang et al., 2022).  

Additionally, this study found that multicentre trials reported lower SAE rates than single-

centre trials. Moreover, trials with PP analysis reported higher SAE rates than those with 

ITT analysis. These findings could be attributed to that some single-centre trials and trials 

with PP analysis may focus on a specific high-risk population, such as patients with 

chronic kidney disease (CKD). Furthermore, the sample sizes were disproportionate, with 

15 (7.7%) for PP trials and 26 (13.3%) for single-centre trials, which may have led to 

biased results due to high variance in the PP and single-centre trials. Therefore, larger 

sample sizes would produce different findings. 

3.6.3 Comparison with previous literature 

The finding that SAEs were reported for most trials was consistent with other studies that 

examined SAE reporting in clinical trials of various diseases and interventions, such as 

cancer drugs, COVID-19 vaccines and anaesthesia (Riveros et al., 2013; Paludan-Müller, 

Créquit and Boutron, 2021; Yuniar et al., 2022; Taillefer de Laportalière et al., 2023). A 

previous study assessed SAE reporting of trials registered on ClinicalTrials.gov and found 

that 199 (99%) of 202 trials reported SAEs, whether on ClinicalTrials.gov or journal 

publications (Riveros et al., 2013). Similarly, a study of harm reporting in cancer trials 

found that 37 (100%) studies registered on ClinicalTrials.gov rereported SAEs (Paludan-

Müller, Créquit and Boutron, 2021). Moreover, another study reported that SAEs in 

COVID-19 vaccine clinical trials were available in 100% of 61 trials (Yuniar et al., 2022). 
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Furthermore, a systematic review of harm reporting in esketamine trials found that 9 (90%) 

trials reported SAEs (Taillefer de Laportalière et al., 2023). However, a study found that 

SAEs were available in 378 (48.9%) of 773 exercise therapy trials, indicating a low SAE 

reporting rate (Niemeijer et al., 2020). This may be due to a lack of standardisation of 

SAEs reporting in exercise therapy trials or because exercise therapy trials may not be 

viewed as high-risk interventions. 

The finding that SAE timeframes were only reported for 94 (48%) of included studies was 

consistent with the previous literature. A study of AE reporting in solid tumour trials found 

that 109 (63%) trials reported AE timeframes (Sivendran et al., 2014). Similarly, a 

systematic review of AE reporting in cancer therapy trials found that 171 (53%) studies 

reported AE timeframes (Péron et al., 2013). Moreover, a study of AE reporting in 

pharmacological intervention trials found that 95 (57.2%) trials did not report AE 

timeframes (Phillips et al., 2019). However, a systematic review of AE reporting in 

invasive pain treatment found that AE timeframes were reported for 95 (72%) studies 

(Williams et al., 2016). Underreporting explicit AE timeframes may be more widespread 

across different therapeutic areas, suggesting the need for consistent AE timeframe 

reporting. 

3.6.4 Strengths and limitations 

This analysis was based on trials from different registries, which provided a variety of 

RCTs. This is the first study to examine SAE reporting in GLP-1 RA trials. One limitation 

is that this study focuses on GLP-1 RAs, which may limit the generalisability of the 

findings to trials of other drug classes or diseases, especially trials of toxic interventions. 

Another potential limitation is that I only looked at the journal publication when I could 

not find the SAE data on ClinicalTrials.gov; I did not assess for any inconsistency in 

reporting between the different data sources. 
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3.6.5 Implications 

Most trials reported sufficient SAE data, indicating the feasibility of calculating SAE rates. 

The outcomes of trials should be considered when analysing SAEs because types of 

outcomes could be associated with different levels of SAE rates. The findings of this 

chapter have implications for the analysis of the following chapters. SAE counts and 

relevant timeframes will be calculated and used in subsequent analysis. The calculated 

SAE rates will be compared across trial arms as well as with the PRECIS-2 tool and 

eligibility criteria. Future studies may explore the reporting of specific SAEs, such as 

cardiovascular events. 

3.7 Conclusion 

SAE reporting across all GLP-1 RA trials was reasonably sufficient, indicating that SAE 

rates could be calculated and compared across trials. Moreover, it is reliable regarding data 

availability, especially if the trials were registered on ClinicalTrials.gov.  
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Chapter 4 Comparison of SAE rates between trial 

arms: GLP-1 RA trials as an exemplar 

4.1 Chapter overview 

This chapter will compare SAE rates between intervention and control arms. This is 

important as, if using SAE as a marker of representativeness, a decision has to be made 

around whether to analyse all participants or only those from a single arm. The former 

gives greater statistical power but could lead to bias if the rates of SAE differ between 

arms. Therefore, it is important to assess if combining SAE rates of intervention and 

control arms is a justifiable choice or if this could lead to bias. This chapter assesses this 

issue. 

4.2 Background 

4.2.1 The difference in reported SAE rates between trial arms 

The documentation, recording and reporting of SAE data in RCTs and real-world records 

indicate its potential as a measure of trial representativeness. However, whether 

intervention and control arms would report similar SAE rates or may differ is unclear as 

they are likely to depend on the nature of the intervention and control arms. Control arms 

in RCTs, including placebo and active comparator, provide the baseline for comparison 

with intervention groups and ensure that the results are accurate and unbiased (Gupta and 

Verma, 2013; Sil et al., 2019). For some interventions, where the intervention itself rarely 

directly causes SAEs, the intervention and control arms are likely to report similar SAE 

rates. However, trials of toxic interventions may report more SAEs in intervention arms 

compared to placebo (Wolff et al., 2022). Therefore, the choice between the arm level or 

total SAEs to measure trial representativeness depends on the magnitude of the difference 

between the arms. If the difference between arms is fairly narrow, total SAEs could be used 

in the measurement, increasing the statistical power. 
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4.3 Aim and objectives 

This chapter will examine the feasibility of using SAE rates as a measure of trial 

representativeness. Specifically, it will determine whether SAE rates of intervention and 

control arms are similar in trials of GLP-1 RA and, therefore, whether, for the purposes of 

analysing SAE rates, they can be combined. This approach will overcome low event 

numbers and increase the statistical power, but it would only be valid if SAE rates in 

intervention and control arms were similar.  

The objectives of this chapter are: 

1)  To examine the difference in reported SAE rates between placebo and intervention 

arms across all GLP-1 RA trials. 

2)  To examine the difference in reported SAE rates between active comparator and 

intervention arms across all GLP-1 RA trials. 

4.4 Methods 

4.4.1 Study selection and data extraction 

196 GLP-1 RA studies were identified for this thesis. The study selection and SAE data 

extraction are described in detail in 3.4.1 and 3.4.3. 

4.4.2 Data sources 

Data sources used for this analysis are described in 3.4.2. 
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4.4.3 Statistical analysis 

4.4.3.1 Descriptive statistics 

Descriptive statistics were used to summarise data and results. SAE data were summarised 

for all arms, including subjects at risk, subjects affected, and person-years. 

4.4.3.2 Regression analysis 

As previously explained in 3.4.4.2, overdispersion was examined by comparing the 

variance to the mean and calculating the ratio of the residual deviance to the residual 

degrees of freedom. Overdispersion was found with generalised linear regression models 

using the Poisson distribution. 

Therefore, separate negative binomial models were fitted to analyse the difference in 

reported SAE rates between placebo and, intervention arms and active comparator and 

intervention arms. At the beginning of this analysis, trials were grouped according to their 

control arms as trials with placebo arms and trials with active comparator arms. The 

outcome variable in these models was the SAE count. A categorical variable indicated the 

arm group, either placebo or intervention for the trials with placebo arms, and active 

comparator or intervention for the trials with active comparator arms. An offset was 

included to account for the variation in person-time.  

4.5 Results 

4.5.1 Summary of trials 

In this analysis of GLP-1 RA trials, 10 (5.1%) trials were excluded from this analysis due 

to missing SAE data. Regarding treatment arms of the 186 trials included for arms 

analysis, 90 trials had placebo arms, while 96 trials had only active comparator arms (see 

Table 4.1 for SAE data of each arm). 
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Table 4.1 Summary of the reported SAE data for GLP-1 RA trials 

4.5.2 SAE reporting in GLP-1 RA trials 

SAE reporting in GLP-1 RA trials is described in 3.5.2. 

4.5.3 SAE rates across GLP-1 RA trial arms 

The difference in SAE rates between placebo and intervention arms across all GLP-1 RA 

trials with placebo arms was analysed. SAE rates were 4% lower in the intervention arms 

than in the placebo arms. However, the 95% confidence interval included the null 

(IRR=0.96, 95% CI 0.78 – 1.18). Moreover, there was generally little difference between 

trials (see Figure 4.1). 

The difference in SAE rates between active comparator and intervention arms across all 

GLP-1 RA trials with active comparator arms was estimated. SAE rates were 6% lower in 

the active comparator arms than in the intervention arms. However, the 95% confidence 

interval included the null (IRR=0.94, 95% CI 0.78 – 1.15). In addition, there was generally 

little difference between active comparator and intervention arms across trials (see Figure 

4.1). 

Arms Subjects affected Subjects at risk Person years 

Intervention 11160 53853 140293.5 

Placebo 10576 41661 125116.5 

Intervention 1618 23596 27563.04 

Active comparator 2523 36160 49608.04 

Total 25877 155270 342581.1 
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Figure 4.1 The difference in SAE rates between intervention and control arms 

 

4.6 Discussion 

This chapter analysed the difference in reported SAE rates between placebo and 

intervention arms and active comparator and intervention arms across all GLP-1 RA trials 

to know if SAE rates of intervention and control arms can be combined. 

4.6.1 Summary of findings 

SAE rates were compared between control and intervention arms across all GLP-1 RA 

trials. No difference in SAE rates was found between placebo and intervention arms or 

between active comparator and intervention arms. 
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4.6.2 Interpretation 

The finding that SAE rates did not differ between trial arms indicated that most SAEs were 

not directly attributed to trial interventions. They could be mainly attributed to other 

factors, such as older age and multiple long-term illnesses. Therefore, SAE rates of 

intervention arms, control arms, or combined can be used to measure trial 

representativeness. However, using the total SAE rate may be more appropriate because it 

overcomes low event numbers and increases the statistical power. Moreover, not all trials 

use placebo or active comparator arms in their design. However, using SAE rates from the 

intervention arms in trials of potentially toxic drugs may not be a reliable approach because 

SAEs are usually higher in intervention arms than placebo arms. SAE rates from the 

control arms for trials of toxic interventions may provide a better comparator to SAE rates 

in routine care because they are usually active treatments generally used in routine care 

(Hanlon et al., 2022). Although combining SAE rates from intervention and control arms 

may increase the statistical precision, careful implication is required, especially when there 

is evidence that the intervention is likely to cause SAEs. 

4.6.3 Comparison with previous literature 

Several studies examined the differences between placebo and intervention arms and found 

no difference in SAE rates, similar to the findings of this study. A previous study compared 

SAE rates between placebo and intervention arms across naltrexone trials and found no 

difference (IRR=0.84, 95% CI 0.66 – 1.06) (Bolton et al., 2019). Furthermore, a study 

estimated the difference in SAE rates between placebo and intervention arms across 

different vaccines trials and found no difference between arms across all types, inactivated 

vaccine (IRR=0.84, 95% CI 0.68 – 1.06), mRNA vaccines (IRR=1.10, 95% CI 0.91 – 

1.33), Protein-subunit vaccines (IRR=1.01, 95% CI 0.66 – 1.55), Viral vector vaccines 

(IRR=0.82, 95% CI 0.64 – 1.05) (Kwasi et al., 2022). Another study estimated the 

difference in SAE rates between control and intervention arms in cannabinoids trials and 

found no significant difference between arms (IRR=1.04, 95% CI 0.78 – 1.39) (Tongtong 

Wang, Jean-Paul Collet, Stan Shapiro, 2008). 
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Additionally, the finding that SAE rates did not differ between intervention and active 

comparator arms was consistent with other studies. Another study compared SAE rates 

between trial arms (intervention vs placebo and intervention vs active comparator) across 

21 index conditions and found no difference in SAE rates (IRR men 0.91; 95% CI 0.81 – 

1.02, IRR women 0.99; 95% CI 0.87 – 1.10) (Hanlon et al., 2022). Moreover, a study 

assessed the difference in SAE rates between trial arms (active comparator vs intervention 

and placebo vs intervention) in celecoxib in osteoarthritis trials and found no difference in 

SAE rates between active comparator and intervention arms (IRR=1.02, 95% CI 0.91 – 

1.15). However, intervention arms showed lower SAE rates than placebo (IRR=0.67, 95% 

CI 0.46 – 0.98) (Moore et al., 2005). This difference in SAE rates could be attributed to the 

use of non-selective nonsteroidal anti-inflammatory (NSAID) such as diclofenac in the 

placebo arm due to insufficient symptom control (Varga, Sabzwari and Vargova, 2017). 

Another study found that SAEs were 1.3 times greater in cancer patients who received 

cancer drugs than those who received a placebo (Wolff et al., 2022). This notable large 

difference could be associated with drug-related effects because cancer drugs are relatively 

toxic and could lead to more SAEs compared to other interventions. Moreover, it could be 

related to the disease complexity and patients’ vulnerability, where the participants are 

likely to have more SAEs compared to healthy participants, especially during the 

administration of cancer drugs. 

4.6.4 Strengths and limitations 

This analysis was based on trials from different registries, which provided a variety of 

RCTs. Moreover, this study examined the difference in SAE rates between intervention and 

control, and between intervention and active comparator, ensuring that the SAE rates are 

not primarily attributed to the intervention and that SAE rates can be combined to increase 

the statistical precision. One limitation is that this study focuses on GLP-1 RAs, which 

may limit the generalisability of the findings to trials of other drug classes or diseases, 

particularly trials of toxic interventions. 
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4.6.5 Implications 

The comparison of SAE rates between trial arms provided valuable information on the 

accuracy of the measurement, particularly regarding the use of intervention or control arms 

or total SAE rates. It suggests that, for the purposes of this specific analysis, it may be 

reasonable to combine SAE rates from intervention and control arms of trials. These 

findings have implications for the analysis of the following chapters, which will compare 

the SAE rate with the PRECIS-2 tool as measures of trial representativeness and study the 

association between SAE rates and eligibility criteria. 

4.7 Conclusion 

No differences in SAE rates were found between intervention and placebo arms or between 

intervention and active comparator arms. These comparisons concluded that SAEs are not 

primarily attributed to the trial interventions, and combining SAE rates of intervention and 

control arms is feasible for the purposes of using it as a measure of trial representativeness. 

  



64 
 

Chapter 5 The pragmatism GLP-1 RA trials: A 

retrospective analysis using the PRECIS-2 tool 

5.1 Chapter overview 

This chapter will retrospectively assess the pragmatism of GLP-1 RA trials using the 

PRECIS-2 tool. It will also explore the challenges of using this tool, which is important to 

understand if it is to be used as a proxy for representativeness and compared to other 

measures, such as the SAE rate, later in this thesis. 

5.2 Background 

5.2.1 The PRECIS-2 tool 

There has been an increased recognition that more attention needs to be paid to 

differentiate between RCTs based on their aims and applicability (Akobeng, 2005; 

Gartlehner et al., 2006). The pragmatic approach of RCTs aims to assess the effectiveness 

of interventions under usual care conditions, whereas the explanatory design of RCTs aims 

to investigate interventions under ideal conditions to examine their efficacy (Zwarenstein 

et al., 2008). The original PRECIS tool and the current PRECIS-2 tool were developed to 

help trials match their designs with their aims, explanatory or pragmatic (Loudon et al., 

2017). Although the original PRECIS tool was broadly used to assess the pragmatism of 

RCTs, it was criticised for the lack of interrater reliability and the need for a numeric scale 

(Koppenaal et al., 2011; Glasgow et al., 2012). Moreover, users of PRECIS requested an 

additional explanation of the domains. Therefore, in 2015, the PRECIS-2 tool was 

introduced to fill the gaps and add the required adjustments (Loudon et al., 2015).  

The PRECIS-2 tool consists of 9 domains: eligibility criteria, recruitment, setting, 

organisation, flexibility (delivery), flexibility (adherence), follow-up, primary outcome, 

and primary analysis. Each domain gets a score based on a rating scale of 5; 1 refers to a 

very explanatory design, and 5 indicates a very pragmatic design of the domain (Loudon et 
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al., 2015). The PRECIS-2 tool is intended to assess the design of trials prospectively. Still, 

investigators used the tool for retrospective analysis of trial pragmatism (Loudon et al., 

2017). 

5.2.2 The suitability of the PRECIS-2 tool as a comparator with the 

SAE rate 

The absence of a universally accepted gold standard measure for trial representativeness is 

a fundamental challenge, making evaluating and comparing new measures inherently 

difficult (Sun et al., 2021). Current measures of trial representativeness are either difficult 

to apply or lead to inconclusive findings, which can limit their regular use to assess trial 

representativeness (Dekkers et al., 2010). The PRECIS-2 tool offers a more straightforward 

approach by evaluating nine dimensions that reflect the pragmatism of the trial (Norton et 

al., 2021). Although the PRECIS-2 tool was not originally designed as a representativeness 

tool, it can indirectly contribute to understanding trial representativeness by focusing on 

the pragmatism of the trial. For example, a trial that is considered pragmatic according to 

the PRECIS-2 score is likely to be representative due to its broad eligibility criteria for 

participation and settings that reflect usual care (Lipman et al., 2017; Usman et al., 2022). 

Therefore, The PRECIS-2 tool could provide the best possible comparison with the SAE 

rate as measures of trial representativeness. However, using the PRECIS-2 tool for 

retrospective assessment requires adaptation and protocolisation of its domains to minimise 

subjectivity in the assessment and enable a fair comparison with the SAE rate. In addition, 

the PRECIS-2 tool could be limited by the availability of the rationale for scoring domains, 

which may affect the accuracy of the measurement. Therefore, information required to 

score the PRECIS-2 domains will be obtained from different sources to mitigate this 

limitation. 

5.3 Aim and objectives 

In the attempt to explore whether the SAE rate can reflect trial representativeness, the SAE 

rate will be compared to an existing proxy measure related to trial representativeness, the 
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PRECIS-2 tool. This chapter aims to assess the pragmatism of GLP-RA trials using the 

PRECIS-2 as objectively as possible to ensure a fair comparison with the SAE rate. 

The objectives of this chapter are: 

1)  To retrospectively assess the pragmatism of GLP-1 RA trials using the PRECIS-2 tool. 

2)  To identify the challenges associated with using the PRECIS-2 tool for retrospective 

assessment. 

5.4 Methods 

5.4.1 Study selection 

196 GLP-1 RA studies were identified for this thesis. The study selection is described in 

detail in 3.4.1. 

5.4.2 Data sources 

Data sources used for this analysis are described in 3.4.2. 

5.4.3 Protocolisation and operationalisation of the PRECIS-2 tool 

for GLP-1 RA trials 

Loudon et al., 2015 and the PRECIS-2 website described the PRECIS-2 tool, its domains 

and assessment guidance. The nine components of the tool are eligibility criteria, 

recruitment, setting, organisation, flexibility (delivery), flexibility (adherence), follow-up, 

primary outcome, and primary analysis. Each domain is rated on a scale from 1 to 5: 1-

very explanatory, 2-rather explanatory, 3-equally explanatory/pragmatic, 4-rather 

pragmatic and 5-very pragmatic. The "eligibility criteria" domain assesses how restrictive 

the eligibility criteria are for those who would be candidates for the intervention in routine 

http://www.precis-2.org/


67 
 

care. The "recruitment" domain assesses how and where trial participants are recruited. 

The "Setting" domain examines where the trial is conducted. The "organisation" domain 

assesses how the intervention is organised and implemented in the trial. The "flexibility 

(delivery)" domain assesses the flexibility in how the intervention is delivered in the trial. 

The "flexibility (adherence)" domain examines the flexibility of the participant's adherence 

to the intervention. The "follow-up" domain assesses the nature and extent of follow-up 

procedures in the trial. The "primary outcome" domain considers the type of the primary 

outcome and its relevance to the patient and the provider. The "primary analysis" domain 

assesses the trial based on the type of population analysis used in the trial. 

The PRECIS-2 tool must be applied as objectively as possible to ensure a fair comparison 

with the SAE rate. Therefore, the PRECIS-2 website and recommendations for assessment 

were reviewed, and an assessment protocol was drafted based on the recommendations of 

Loudon et al., 2015. This protocol was developed and refined based on weekly meetings 

with my supervisors and the research team. The protocolisation and operationalisation of 

the PRECIS-2 tool were challenging because the tool was developed and designed to 

assess trials prospectively. As described in Table 5.1, the protocol for assessing trials using 

the PRECIS-2 tool included clarification and interpretation for each of the nine domains in 

the context of T2DM to ensure standardised and objective scoring across all trials. 

Moreover, this protocol provides detailed guidance on what constitutes a pragmatic or 

explanatory approach for each domain. Table 5.1 includes examples for each domain to 

show how different trial designs may lead to different PRECIS-2 scores. 

Following the protocolisation and operationalisation of the PRECIS-2 domains, a pilot 

assessment with a small set of trials was conducted to investigate the feasibility of using 

the tool to retrospectively assess the pragmatism of GLP-1 RA trials. The pilot assessment 

indicated issues with the availability of information required for the assessment and 

protocol interpretation. Moreover, the pilot assessment suggested that a diabetologist's 

insight is needed to review and update the protocol for assessing clinical aspects of some 

domains, particularly eligibility criteria, flexibility (delivery) and follow-up. Dr Elaine 

Butterly, a diabetologist in NHS Greater Glasgow and Clyde, was approached and agreed 

to contribute her clinical knowledge to the operationalisation of the clinical aspects of 

some domains of the PRECIS-2 tool.  

http://www.precis-2.org/
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The involvement of the diabetologist was crucial to ensure the standardisation of scoring 

clinical aspects across all trials and the alignment of assessment with the usual care of 

T2DM. Moreover, the diabetologist reviewed the scoring of clinical aspects of some 

domains for all the included studies to ensure that the assessment of these domains aligns 

with the usual care. Furthermore, a sample of 10 trials was drawn and scored by another 

PhD student, Khalid Alsallumi, to ensure that the scoring was consistent across trials. 

Table 5.1 The operationalisation of the PRECIS-2 for GLP-1 RA trials 

Domain  Criteria of assessment 

Eligibility 

criteria  

● If no information is available about the eligibility criteria, the score will 

be "missing". 

● Score 1 for trials with highly restrictive criteria such as specific age 

groups or specific comorbidity (e.g., including diabetic patients with only 

CKD).  

● Score 1 for trials that apply four or more of the below criteria that reduce 

the score by 1 point.  

● Score 2 for trials that apply three of the below criteria that reduce the 

score by 1 point. 

● Score 3 for trials that apply two of the below criteria that reduce the score 

by 1 point. 

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects likely to have poor adherence to the intervention 

(e.g. mental disability). 

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects with comorbid conditions (e.g. cardiovascular 

disease). 

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects using interventions other than the product of the 

trial (e.g. antihypertensive drugs). 

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects eligible for the trial intervention in usual care due 



69 
 

to challenges irrelevant to the delivery of the intervention (e.g. 

inaccessible trial centre). 

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects eligible for the intervention of the trial in usual care 

and likely to not respond to the intervention (e.g. those with sever disease 

conditions).  

● Score 4 for trials that include anyone with the condition of interest but 

only use measures or tests to exclude subjects (e.g. exclude based on C-

peptide or MRI).  

● Score 4 for trials that include anyone with the condition of interest but 

only exclude subjects dependent on others' help. 

● Score 5 for trials that include anyone with the condition of interest but 

only exclude severely comorbid subjects who are not likely to receive the 

intervention in routine care (e.g. renal failure). 

● Score 5 for trials that include anyone with the condition of interest and 

likely to receive the intervention in routine care. 

Example of 

pragmatic 

eligibility 

criteria 

● NCT02229396 “Inclusion criteria: Has a diagnosis of T2DM. Has HbA1c 

of 8.0% to 12.0%, inclusive, at Visit 1 and Visit 2. Treated with a stable 

dose of metformin ≥1500 mg/day for at least 2 months prior to Screening. 

Exclusion criteria FPG ≥280 mg/dL (15.6 mmol/L). Serum calcitonin 

concentration ≥40 pg./mL (≥40 ng/L) at Visit 1 (Screening) Clinically 

significant abnormal free T4 values or patients needing initiation or 

adjustment of thyroid treatment according to the investigator. Abnormal 

thyroid stimulating hormone (TSH) value at Screening will be further 

evaluated by free T4. Patients with clinically significant abnormal free T4 

values will be excluded. Known active proliferative retinopathy. History 

of, or currently have, acute or chronic pancreatitis, or have triglyceride 

concentrations ≥500 mg/dL (≥5.65 mmol/L) at Visit 1 History or 

presence of inflammatory bowel disease or other severe GI diseases, 

particularly those which may impact gastric emptying, such as 

gastroparesis or pyloric stenosis. History of gastric bypass surgery or 

gastric banding surgery, or either procedure is planned during the time 

period of the study. Current use of gastric balloons is also excluded.” 
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Example of 

explanatory 

eligibility 

criteria 

● NCT01617434 “Inclusion Criteria: Diagnosed with type 2 diabetes for at 

least 180 days prior to screening and treated with stable basal insulin 

analogue dose of minimum 20 U/day with or without stable metformin 

equal to or above 1500 mg/day for at least 8 weeks prior to screening 

(defined as insulin adjustments less than 10% during the past 8 weeks as 

assessed by the investigator). HbA1c (glycosylated haemoglobin A1c) 

7.0-10.0% (both inclusive). Body mass index (BMI) 20-45 kg/m^2 (both 

inclusive). Exclusion Criteria: Female of child-bearing potential who is 

pregnant, breast-feeding or intending to become pregnant. Recurrent 

severe hypoglycaemic episodes or hypoglycaemic unawareness. 

Treatment with glucose-lowering agent(s) other than stated in the 

inclusion criteria in a period of 12 weeks prior to screening. Impaired 

liver or renal function. Uncontrolled treated or untreated hypertension 

(systolic blood pressure (SBP) equal to or above 180 mmHg and/or 

diastolic blood pressure (DBP) equal to or above 100 mmHg). Any 

clinically significant disorder, except for conditions associated with type 

2 diabetes history which in the investigator's opinion could interfere with 

results of the trial. Known or suspected abuse of alcohol or narcotics.” 

Recruitment  ● If no information is available about the method or the nature of the 

recruitment site (usual care or other than usual care), the score will be 

"missing". 

● Score 1 for trials that are single centres and use other clinics (for 

example, hospitals, speciality clinics and research centres) to recruit 

participants for the intervention that will be mainly used in primary 

clinics. 

● Score 1 for trials that use advertisements or telephone calls to recruit 

subjects.  

● Score 1 for trials that use incentives such as money to recruit participants. 

● Score 2 for trials that are national, multicentre, and use other clinics (for 

example, hospitals, speciality clinics and research centres) to recruit their 

participants for the intervention that will be mainly used in primary care 

clinics. 

● Score 2 for trials that search medical records and then mail eligible 

participants. 
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● Score 3 for trials that are multinational, multicentre and use other clinics 

(for example, hospitals, speciality clinics and research centres) to recruit 

their participants for the intervention that will be mainly used in primary 

care clinics. 

● Score 3 for trials that are single centres and use usual care clinics to 

recruit participants. 

● Score 4 for trials that are national, multicentre, and use usual care clinics 

to recruit their participants. 

● Score 5 for trials that are multinational, multicentre, and use usual care 

clinics to recruit their participants without any additional effort. 

Example of 

pragmatic 

recruitment 

● NCT00641056 “Patients were identified, under direction from the site 

principal investigators, from patient populations at all trial sites. Potential 

participants were subsequently recruited according to standard local 

practices.” 

Example of 

explanatory 

recruitment 

● NCT01744236 “Volunteers with type 2 diabetes will be recruited using 

established recruitment methods: (1) participants in the previous studies 

of the VU University Diabetes Centre will be contacted (if informed 

consent was obtained); (2) advertisements in local newspapers, folders 

and posters; (3) affiliated healthcare workers (internal medicine, general 

practitioners) will inform patients of the existence of this study; and (4) 

websites.” 

Setting ● If no information is available about the nature of the setting (usual care or 

other than usual care), the score will be "missing".  

● Score 1 for trials conducted in a single centre and site other than the usual 

care clinic (for example, hospitals, speciality clinics and research centres) 

for the intervention that will be mainly used in usual care clinics. 

● Score 2 for trials conducted in national, multicentre, and sites other than 

usual care clinics (for example, hospitals, speciality clinics and research 

centres) for the intervention that will be mainly used in usual care clinics. 

● Score 3 for trials conducted in a single centre and usual care clinics. 

● Score 3 for trials conducted in multinational, multicentre, and sites other 

than usual care clinics (for example, hospitals, speciality clinics and 
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research centres) for the intervention that will be mainly used in usual 

care clinics. 

● Score 4 for trials conducted in national, multicentre, and usual care 

clinics. 

● Score 5 for trials conducted in settings that mimic the usual care. 

● Score 5 for trials conducted in multinational, multicentre, and usual care 

clinics. 

Example of 

pragmatic 

setting 

● NCT02730377 “The study was conducted in conducted in the primary 

care setting at 232 multinational sites.” 

Example of 

explanatory 

setting 

● NCT01744236 “The study was performed at the VU University Medical 

Center (VUmc), the Netherlands between July 2013 and August 2015. All 

examinations will be performed at the Clinical Research Unit (CRU) of 

the Department of Internal Medicine/Diabetes Centre of the VU 

University Medical Center in Amsterdam, the Netherlands.” 

Organisation ● If no information is available about the organisation, the score will be 

"missing". 

● Score 1 for trials that apply two of the below criteria that reduce the score 

by 2 points. 

● Score 3 for trials that provide training or education that is not required in 

usual care. 

● Score 3 for trials that require certification or experience that is not 

required in usual care (e.g. specialised nurses). 

● Score 3 for trials that use additional resources or tests that are not used in 

usual care (e.g. MRI). 

● Score 3 for trials that use an additional staff member not part of the usual 

care (e.g., radiologists). 

● Score 4 for trials that increase their resources to have more frequent 

assessments or procedures than usual care (e.g. additional assessment 

sites). 
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● Score 5 for trials conducted without using additional resources, staff or 

require certification that is not required in usual care.  

Example of 

pragmatic 

organisation 

● NCT01394952 “Investigators were advised to promote a healthy lifestyle 

and to manage glucose concentrations according to local guidelines and 

were free to add any glucose-lowering drug apart from another GLP1 

receptor agonist or pramlintide. Management of blood pressure, lipids, 

other cardiovascular risk factors, and medical conditions was at the 

discretion of either the study investigator or the patient’s usual 

physician(s) as informed by current country guidelines.” 

Example of 

explanatory 

organisation 

● NCT01744236 “Primary outcome measure is resting heart rate variability 

assessed with a beat-to-beat heart rate monitor and spectral analyses 

software. For the acute intervention study, this is measured by exocrine 

secreted volume assessed by secretin-enhanced MR 

cholangiopancreatography. For the 12-week study, this is measured by 

faecal elastase-1 levels. Postvoiding bladder residue will be assessed 

using ultrasonic bladder scan.” 

Flexibility 

(delivery) 

● If no information is available about the delivery of the intervention, the 

score will be "missing". 

● Score 1 for trials that apply a highly defined protocol for the delivery of 

the intervention. 

● Score 1 for trials that apply four of the below criteria that reduce the score 

by 1 point. 

● Score 2 for trials that apply three of the below criteria that reduce the 

score by 1 point.  

● Score 3 for trials that apply two of the below criteria that reduce the score 

by 1 point.  

● Score 4 for trials that apply restrictions on the number or the type of co-

interventions. 

● Score 4 for trials that provide specific direction on managing potential 

events related to the intervention.  

● Score 4 for trials that provide specific direction to enhance the delivery of 

the intervention.  
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● Score 4 for trials that strictly define the timing of the intervention.  

● Score 4 for trials that use additional interventions unavailable in usual 

care. 

● Score 5 for trials that do not specify permitted co-interventions. 

● Score 5 for trials that leave the details of the delivery procedure to the 

health care provider. 

● Score 5 for trials that only apply a specified protocol of dose escalation to 

avoid or reduce side effects (e.g. dose escalation for GLP-1 RAs to 

minimise gastrointestinal side effects). 

Example of 

pragmatic 

flexibility 

(delivery) 

● NCT02305381 “Patients received semaglutide (0.5 or 1.0 mg 

subcutaneously) or volume-matched placebo once weekly for 30 weeks 

followed by a 5-week follow-up period. Study medication was 

administered following a fixed dose-escalation regimen. For 0.5 mg, the 

maintenance dose was reached after 4 weeks of 0.25 mg semaglutide or 

matching placebo once weekly. For 1.0 mg, the maintenance dose was 

reached after 4 weeks of 0.25 mg, followed by 4 weeks of 0.5 mg 

semaglutide or matching placebo once weekly.” 

Example of 

explanatory 

flexibility 

(delivery) 

● UMIN000005331 “Patients were randomly assigned to receive once daily 

liraglutide (0.3 mg, 0.6 mg for 7 days followed by 0.9 mg/day) or 

glargine according to their age and basal FMD using computer software. 

All patients were encouraged to continue diet and exercise therapy during 

the study. Treatment was performed at each respective medical care 

centre for 14 weeks, then endothelial function and serum biomarkers 

were measured again at the end of the study at Hokkaido University 

Hospital using the same parameters as at study entry.” 

Flexibility 

(adherence) 

● If no information is available about the adherence to the intervention, the 

score will be "missing". 

● Score 1 for trials that apply a pre-screening (run-in or lead-in period) to 

assess adherence and exclude non-adherent patients. 

● Score 1 for trials that exclude non-adherent participants.  

● Score 2 for trials that measure and monitor the adherence to the 

intervention. 
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● Score 5 for trials that do not apply measures or enforce the adherence of 

subjects to the intervention. 

● Score 5 for trials that permit full flexibility on how and when subjects 

take the intervention.  

Example of 

pragmatic 

flexibility 

(adherence) 

● NCT02863419 “Subjects should stay in the trial irrespective of lack of 

adherence to randomised treatment, lack of adherence to visit schedule, 

missing assessments or trial product discontinuation for any reason.” 

Example of 

explanatory 

flexibility 

(adherence) 

● NCT02597049 “Compliance with study drug (dulaglutide or placebo) 

was determined by review of the patient diary and return of unused study 

drug at every visit. Poorly compliant patients received additional training 

and instructions as required. 1 subject was excluded for non-compliant 

with Study Visits.” 

Follow-up ● If no information is available about the follow-up, the score will be 

"missing". 

● Score 1 for trials that apply two of the below criteria that reduce the score 

by 3 points. 

● Score 2 for trials with longer visits or more extensive data collection than 

the usual care. 

● Score 2 for trials with follow-up visits scheduled based on the occurrence 

of an event that may result in the primary end point. 

● Score 2 for trials that contact patients if they do not attend their scheduled 

visits. 

● Score 5 for trials with follow-up visits and intervals of no more than usual 

care.  

● Score 5 for trials with no follow-up contact with participants to obtain 

data.  

● Trials that do not report the follow-up frequencies or intervals will be 

assessed based on the frequency and the intervals of the primary outcome 

measurement. 

● Trials with follow-up visits and intervals more than usual care will be 

assessed based on the intervals and the frequency of the visits: 
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● Score 1 for visits every 2 weeks or less.  

● Score 2 for visits every 3 weeks or less.  

● Score 3 for visits every 4-6 weeks. 

● Score 4 for visits every 7-12 weeks.  

● Score 5 for visits every 8 weeks or more. 

Example of 

pragmatic 

follow-up 

● NCT01394952 “Participants were seen at 2 weeks, 3 months, and 6 

months and then every 6 months for detailed assessments.” 

Example of 

explanatory 

follow-up 

● NCT01755572 “Subjects entered the baseline test period, which consisted 

of a 24-hour ambulatory blood pressure monitoring (ABPM) and a 24-

hour urine collection (1–7 days prior to day 1). Subjects attended four 

clinic visits (days 1, 21, 42, and 63) at the start and end of each treatment 

period” 

Primary 

outcome 

● If no information is available about the primary outcome, the score will 

be "missing". 

● Score 1 for trials that apply two of the below criteria that reduce the score 

by 3 points. 

● Score 2 for trials that have an outcome that requires central adjudication 

or special training to measure it (e.g. retinopathy).  

● Score 2 for trials that have an outcome that is not of importance to the 

health care provider and the patients (e.g. anti-drug antibodies). 

● Score 3 for trials that have a surrogate outcome of importance only to the 

health care provider (e.g. HbA1C and BMI). 

● Score 4 for trials that measure the outcome at a time earlier than the usual 

care (less than 4 weeks). 

● Score 5 for trials that have hard serious outcomes (composite outcome), 

such as MACE. 

● Score 5 for trials that have outcomes that are important to the health care 

provider and patients (e.g. AEs). 
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Example of 

pragmatic 

primary 

outcome 

● NCT02692716 “The primary endpoint is time from randomization to first 

occurrence of a major adverse CV event (MACE) composite endpoint 

consisting of CV death, non-fatal MI or non-fatal stroke (the classic 

three-point MACE). 

Example of 

explanatory 

primary 

outcome 

● NCT01755572 “The primary outcome was the within-subject hourly and 

baseline change in plasma ANP between liraglutide or placebo assessed 

after the first injection or after 3 weeks of daily administration.” 

Primary 

analysis 

● If no information is available about the primary analysis, the score will be 

"missing". 

● Score 1 for trials that use per-protocol or as-treated analysis. 

● Score 2 for trials that include data from all patients who were randomised 

and received a trial product with efficacy data. 

● Score 3 for trials that report the use of modified intention-to-treat analysis 

without details of the modification.  

● Score 4 for trials that analyse their primary outcome based on an 

intention-to-treat analysis using all available data for subjects who 

received at least one dose of the study drug. 

● Score 5 for trials that analyse their primary outcome based on an 

intention-to-treat analysis using all available data for all randomised 

subjects. 

Example of 

pragmatic 

primary 

analysis 

● NCT01394952 “All efficacy and safety analyses will be conducted using 

an intention-to-treat approach that includes all randomized participants 

regardless of adherence.” 

Example of 

explanatory 

primary 

analysis 

● NCT01755572 “Eighteen participants were included in the analysis (2 

subjects were excluded due to significant protocol deviations).” 
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5.4.4 PRECIS-2 score data extraction and harmonisation 

The PRECIS-2 website was contacted to check if the online tool can be used for data 

extraction and retrospective assessment of GLP-1 RA trials. Although the website granted 

access to the online tool, it was unsuitable for this kind of retrospective assessment. 

Therefore, a standardised template adapted from the PRECIS-2 online tool was used to 

extract rationale and score all trials (see Appendix B: The PRECIS-2 rationale extraction 

template). The template included trial id, study title, author, rationale for the assessment, 

text score (Very Explanatory to Very Pragmatic) and numeric score (1-5). 

Information needed to assess trials using the PRECIS-2 tool was manually extracted from 

ClinicalTrials.gov, journal publications, CSRs and/or study protocols of included studies. 

First, it was collected from ClinicalTrials.gov. Second, information was extracted from 

relevant publications, CSRs, or publicly available protocols if insufficient information was 

available on ClinicalTrials.gov or the trial was unregistered on ClinicalTrials.gov. The 

information required for the assessment was extracted in the standardised template. The 

domains were defined as Missing if the information required to assess the domain was 

unavailable in any data sources. 

5.4.5 Statistical analysis 

Descriptive statistics were used to summarise data and results. Frequencies and 

percentages were used to describe the missingness of information required to score each 

domain of the PRECIS-2 tool. The mean score of all domains of the PRECIS-2 tool were 

calculated for each trial. I used the mean score across all domains for which data were 

available, assuming that all domains contribute equally to the overall score. Although this 

approach aligns with some previous studies that used the PRECIS-2 score for retrospective 

assessment, it assumes that each domain is equally important. If this is not the case, it may 

bias the overall score. A histogram was used to demonstrate the mean PRECIS-2 scores, 

while bar plots were used to show the frequencies of the domains. A radial plot (the 

PRECIS-2 wheel) was used to show the overall pragmatism of included GLP-1 RA trials; 

the mean score of each domain of the PRECIS-2 tool was calculated and used for this plot. 

http://www.precis-2.org/
http://www.precis-2.org/
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In addition, a correlation plot and correlation coefficients were used to illustrate 

associations between domains. 

5.4.6 Missing data 

Information needed to score recruitment and organisation domains was frequently not 

reported. For the main analysis in this thesis, the mean PRECIS-2 score for each trial was 

calculated without accounting for the missing domain to ensure the analysis reflects the 

actual data available for each trial. However, the complete case analysis was not feasible 

for the analysis of correlation between domains due to the high missingness. Therefore, the 

missing domains were scored with the median score for each trial because it deals with 

outliers and maintains the central tendency, ensuring that the imputed scores are reasonable 

and do not skew the results. 

5.5 Results 

5.5.1 Retrospective assessment of GLP-1 RAs using the PRECIS-

2 tool 

GLP-1 RA trials were retrospectively scored using the PRECIS-2 tool. Considerable efforts 

were dedicated to extracting the information needed to assess the PRECIS-2 domains 

because they were not consistently reported across trials. Different data sources were used 

for each trial to extract the required information for the assessment, resulting in extended 

durations for the extraction process. The extraction and the scoring process took 

considerable time due to the depth and precision required to extract the information and 

apply the assessment criteria. The extraction of information for each trial required 30 to 60 

minutes and an additional 30 minutes to score all domains, resulting in a cumulative time 

of approximately 300 hours. 

Table 5.2 demonstrates the missing information required to assess the domains of the 

PRECIS-2 tool. Missing information was high for recruitment, organisation, and flexibility 
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(adherence) domains, 149 (76%), 85 (43.4%), and 43 (21.9%), respectively. Information 

for assessing eligibility criteria and primary outcomes domains were reported for all trials. 

As illustrated in Figure 5.1, the mean PRECIS-2 scores for GLP-1 RA trials indicated a 

medium level of pragmatism for most trials. The minimum mean score of all included 

RCTs was 1.3 (1) SD, and the maximum was 4.8 (0.6) SD. As shown in Figure 5.2, most 

domains showed a medium level of pragmatism. Figure 5.3 shows the PRECIS-2 wheel 

that describes the pragmatism level of GLP-1 RA trials using the mean score of each 

domain of the PRECIS-2 tool. GLP-1 RA trials were generally equally 

pragmatic/explanatory. The mean scores for all domains are summarised in Table 5.2. 

Table 5.2 Summary of mean scores for domains of the PRECIS-2 tool 

PRECIS-2 tool domain Mean score  Level of Pragmatism Missing values (%) 

Eligibility criteria 3.1 (0.9) SD Equally 

pragmatic/explanatory 

0 

Recruitment 3.1 (1.5) SD Equally 

pragmatic/explanatory 

149 (76%) 

Setting 3.5 (1) SD Equally 

pragmatic/explanatory 

8 (4.1%) 

Organisation 3.5 (1.3) SD Equally 

pragmatic/explanatory 

85 (43.4%) 

Flexibility (delivery) 4.2 (0.7) SD Pragmatic 13 (6.6%) 

Flexibility (adherence) 1.4 (0.5) SD Explanatory 43 (21.9%) 

Follow-up 2.4 (0.9) SD Explanatory 5 (2.6%) 

Primary outcome 2.8 (1) SD Equally 

pragmatic/explanatory 

0 
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Figure 5.1 The PRECIS-2 mean score for GLP-1 RA trials 

 

Primary analysis 4.1 (1) SD Pragmatic 1 (0.5%) 
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Figure 5.2 The distribution of scores for each domain of the PRECIS-2 tool 

 

Figure 5.3 The PRECIS-2 wheel showing the mean score for each of the nine domains 

of the PRECIS-2 tool (1 is very explanatory, 5 is very pragmatic) 
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5.5.2 Correlation between the domains of the PRECIS-2 tool 

Figure 5.4 illustrates the correlations between the PRECIS-2 domains using median 

imputation. There were modest correlations between eligibility criteria and recruitment 

domains, r=0.24 and between setting and primary outcome domains, r=0.21. However, 

correlations between other domains were weak or negligible. Moreover, almost all 

correlations were positive except for flexibility (delivery) with setting, flexibility 

(adherence) and primary analysis. As expected for a well-formed score, the domains were 

only weakly correlated. However, it is expected to see associations between those weakly 

correlated domains. 

Figure 5.4 The correlation between the domains of the PRECIS-2 tool 
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5.6 Discussion 

This chapter assessed trials using the PRECIS-2 tool as objectively as possible to ensure a 

fair comparison with the SAE rate. Moreover, it explored the challenges of using this tool 

for retrospective assessment. 

5.6.1 Summary of findings 

This is the first study to retrospectively examine the pragmatism of GLP-1 RA trials using 

the PRECIS-2 tool. The extraction and the assessment of all trials required a significant 

amount of time. The missing information needed to score recruitment and organisation 

domains was high. The analysis of the mean PRECIS-2 scores of 196 GLP-1 RA trials 

showed a medium level of pragmatism for most trials. The mean score of each domain 

showed that the most explanatory domains were flexibility (adherence) and follow-up, 

whereas the most pragmatic domains were flexibility (delivery) and primary analysis. 

Eligibility criteria, recruitment, setting, organisation, and primary outcome domains 

showed a medium level of pragmatism. Modest correlations were found only between 

eligibility criteria and recruitment and between setting and primary outcome. 

5.6.2 Interpretation 

The medium level of pragmatism for most trials could be attributed to the mixed aims of 

measuring the efficacy and effectiveness of the intervention in GLP-1 RA trials. Moreover, 

heterogeneity between scores of the PRECIS-2 domains for each trial may contribute to the 

mean score that indicates equally pragmatic/explanatory designs of GLP-1 RA trials. The 

modest correlation between eligibility criteria and recruitment domains may imply the role 

of the design of eligibility criteria in determining the recruitment process. Additionally, the 

modest correlation between setting and primary outcome domains could be attributed to 

that trial settings may be determined based on the clinical requirements for measuring the 

primary outcome. However, these correlations may be affected by the missing data. 
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The use of the PRECIS-2 tool for retrospective assessment was challenging. The 

missingness of information required to score recruitment and organisation domains was 

high. Moreover, information on the flexibility (adherence) domain was unavailable on 

ClinicalTrials.gov, relevant publications or protocols if not implemented or measured. 

Contacting investigators of the included trials to obtain the missing information was not 

viable. Despite efforts to operationalise and protocolise the PRECIS-2 tool for GLP-1 RA 

trials, the assessment was affected by the inherent subjectivity of the tool. Moreover, the 

retrospective assessment was time-consuming due to the search for information from 

different sources necessary for assessment. Additionally, most trials reported the use of 

detailed dose escalation protocols to deliver GLP-1 RAs, which may deduct the score of 

the flexibility (delivery) domain based on the guidance of the PRECIS-2 tool. However, 

these trials were scored as very pragmatic because dose escalation is a part of routine care 

to avoid the gastrointestinal side effects of GLP-1 RAs (Romera et al., 2019).  

5.6.3 Comparison with previous literature 

Several studies used the PRECIS-2 for retrospective assessment of pragmatism in diabetes, 

cardiovascular, oncology, rheumatoid arthritis, nursing care, Chinese herbal medicine and 

behavioural interventions RCTs (Johnson et al., 2016; Aves et al., 2017; Forbes et al., 

2017; Lu et al., 2017; Luoma et al., 2017; Choi et al., 2019; Sepehrvand et al., 2019; Devos 

et al., 2019; Stewart et al., 2020; Ettori-Ajasse et al., 2020; Fitzpatrick et al., 2020; Saesen 

et al., 2023). Moreover, several studies used the original PRECIS tool for retrospective 

analysis of the pragmatism in schizophrenia, obesity, nursing, acupuncture and lifestyle 

interventions RCTs (Koppenaal et al., 2011; Tosh, 2011; Glasgow et al., 2012; Witt et al., 

2012; Palese, Bevilacqua and Dante, 2014; Rosas et al., 2015). Three PRECIS-2 studies 

indicated a high level of pragmatism in their included trials (Johnson et al., 2016; Forbes et 

al., 2017; Stewart et al., 2020). Five PRECIS-2 studies showed a medium level of 

pragmatism (Luoma et al., 2017; Choi et al., 2019; Devos et al., 2019; Sepehrvand et al., 

2019; Fitzpatrick et al., 2020). One PRECIS-2 study reported a lower level of pragmatism 

(Ettori-Ajasse et al., 2020). These studies showed variability in the reported level of 

pragmatism, indicating differences in the pragmatism of RCTs across several therapeutic 

areas. 
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Similarly to this study, previous studies reported that information required to score some 

domains was often missing (Lu et al., 2017; Choi et al., 2019; Ettori-Ajasse et al., 2020; 

Fitzpatrick et al., 2020; Saesen et al., 2023). Moreover, they found that the assessment 

relies on subjective interpretations (Johnson et al., 2016; Lu et al., 2017; Choi et al., 2019; 

Ettori-Ajasse et al., 2020). 

Additionally, previous studies that used the PRECIS tool for retrospective assessment used 

the mean, median and total score to describe the pragmatism of their studies. Additionally, 

they used the PRECIS wheel to illustrate the overall pragmatism. Similarly to this study, 

most studies used the mean score of all domains for each trial to describe the level of 

pragmatism (Koppenaal et al., 2011; Glasgow et al., 2012; Johnson et al., 2016; Aves et al., 

2017; Luoma et al., 2017; Choi et al., 2019; Sepehrvand et al., 2019; Fitzpatrick et al., 

2020; Stewart et al., 2020). However, few studies used the PRECIS wheel to describe the 

pragmatism of their studies (Glasgow et al., 2012; Rosas et al., 2015; Forbes et al., 2017; 

Stewart et al., 2020). Moreover, few studies used the median or total score (Tosh, 2011; 

Glasgow et al., 2012; Palese, Bevilacqua and Dante, 2014; Lu et al., 2017; Devos et al., 

2019; Ettori-Ajasse et al., 2020; Fitzpatrick et al., 2020). Therefore, this study used the 

mean score of each trial to describe their pragmatism. This method avoids introducing bias 

from imputed values and maintains the reliability of the actual collected data. Moreover, 

this study used the PRECIS wheel to describe the overall pragmatism of GLP-1 RA trials. 

Furthermore, previous studies scored missing information required for assessment as 3 

(equally pragmatic/explanatory), blank (excluded from the mean, median and total 

calculation), inferred from the trial description or zero. Missing values were mainly scored 

as 3 or blank (Koppenaal et al., 2011; Aves et al., 2017; Devos et al., 2019; Sepehrvand et 

al., 2019; Fitzpatrick et al., 2020). However, a score of 3 may skew the results towards the 

medium level. Therefore, dealing with missing values as blank is the most appropriate 

approach to handling missing data (Zwarenstein et al., 2020). 

5.6.4 Strengths and limitations 

A strength of this analysis is that the PRECIS-2 tool was operationalised and protocolised 

to score GLP-1 RA trials as well as possible, which minimised the subjectivity of the 
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assessment across all studies and ensured fair comparison with the SAE rate. The use of 

the PRECIS-2 tool for retrospective assessment may be considered a limitation of this 

analysis. However, it was used retrospectively in previous studies and was relatively 

reliable. Another limitation was that the information needed to assess some domains was 

missing, especially for recruitment and organisation domains. However, missing domains 

were excluded from the calculation of the mean scores. 

5.6.5 Implications 

Despite the limitations, the PRECIS-2 tool remains widely used to retrospectively assess 

the pragmatism of RCTs (Zwarenstein et al., 2020). Given the lack of gold standard 

measures of trial representativeness, the PRECIS-2 represent an appropriate and accessible 

comparator with the SAE rate as measures of trial representativeness. It can be applied to a 

wide range of trials, allowing for meaningful comparisons of representativeness between 

trials. However, the comparison between the SAE rate and the PRECIS-2 tool may require 

the use of fair umpires to compare between these metrics in a balanced way. A fair umpire 

is an imperfect measure, yet it can still distinguish between two measures without bias 

toward either (Glasziou, Irwig and Deeks, 2008). 

5.7 Conclusion 

This chapter illustrated the use of the PRECIS-2 tool for retrospective assessment. 

Moreover, it showed its suitability as a comparator with the SAE rate. It also indicated that 

most GLP-1 RA trials showed a medium level of pragmatism. Challenges of using the 

PRECIS-2 tool included inherent subjectivity, time-consuming nature, and lack of 

information required for assessment. The next chapter will compare the SAE rate and the 

PRECIS-2 score to determine whether the SAE rate can reflect trial representativeness.  
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Chapter 6 Comparison between the PRECIS-2 tool 

and the SAE rate as measures of trial 

representativeness: GLP-1 RA trials as an 

exemplar 

6.1 Chapter overview 

This chapter will compare between the SAE rate and the PRECIS-2 tool as metrics of trial 

representativeness. First, it will examine the association between the SAE rate and the 

mean PRECIS-2 score. Second, it will study the association between the SAE rate and the 

9 domains of the PRECIS-2 score. Finally, it will compare between the SAE rate and the 

mean PRECIS-2 score based on the differences in their associations with several markers 

of trial representativeness. 

6.2 Background 

6.2.1 The lack of a gold standard measure of trial 

representativeness 

There has been no gold standard measure to examine the representativeness of RCTs due to 

the complexity and subjectivity of current metrics. A gold standard test is a well-

established and widely acknowledged method with high accuracy that is a benchmark for 

evaluating new tests (Cardoso et al., 2014). In the absence of a gold standard test, several 

approaches have been used to assess the validity of new tests. One approach is the 

comparison with existing tests that measure the same underlying construct. Another 

method uses several imperfect tests that act as a gold standard test (Rutjes et al., 2007). 

However, these methods may lead to biased and inaccurate estimation of the new test 

(Whiting et al., 2013). Therefore, using the existing measures of representativeness alone 

to determine the validity of the SAE rate as a measure of trial representativeness is 

inadequate and may lead to biased results. 
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6.2.2 The need for fair umpire tests 

The use of a fair umpire test may facilitate a robust and reliable comparison between a new 

measure and an imperfect existing measure in a balanced way (Ray et al., 2010). A fair 

umpire is an imperfect measure, yet it can effectively differentiate between two measures 

without bias towards either. It is required that the umpire test not to be associated with 

either test except via the true unknown measure (Glasziou, Irwig and Deeks, 2008). 

However, trial representativeness is a complex concept, and it is difficult to identify a 

single variable that meets this condition. 

As described in Table 6.1, the selection of fair umpires involved assessing whether the 

potential marker of trial representativeness is neutral and not biased towards the SAE rate 

or the mean PRECIS-2 score measures. For example, if the marker is part of the 

assessment of the PRECIS-2 domains, it may introduce bias to the comparison. Therefore, 

all selected fair umpires have to meet the condition of not being inherently biased toward 

either metric. Consequently, I chose fair umpires based on their potentiality as markers of 

trial representativeness and not being biased toward the SAE rate or the mean PRECIS-2 

score. Additionally, the process of selecting the umpires involved evaluating whether there 

is evidence relating them to trial representativeness and ensuring their data is available for 

analysis. The included markers are baseline sample size, baseline mean age, baseline male 

percentage, baseline mean HbA1C, baseline mean T2DM duration, trial year difference 

(the difference between the year of first register and the year since the intervention was 

first trialled), trial duration, trial phase, trial blinding and trial sponsor. Although the 

selected fair umpires have met the conditions of a fair umpire test, they are still not ideal as 

they are not direct measures of trial representativeness.  
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Table 6.1 The selection and eligibility of fair umpire tests 

Markers of trial representativeness 

Biased towards PRECIS-2  

Eligibility for fair 

umpire test 
Biased towards SAE rate 

Neutral 

Baseline sample size Neutral Eligible 

Baseline mean age Neutral Eligible 

Baseline male percentage Neutral Eligible 

Baseline mean HbA1C Neutral Eligible 

Baseline mean T2DM duration Neutral Eligible 

Trial blinding (none/double or more) Neutral Eligible 

Trial phase (III/IV) Neutral Eligible 

Trial duration Neutral Eligible 

Trial sponsorship (industry/other) Neutral Eligible 

Trial year difference (the difference 

between the year of first register and 

the year since the intervention was 

first trialled) 

Neutral Eligible 

Trial sites (single-centre/multicentre) Biased towards PRECIS-2 

(Part of the PRECIS-2 

assessment) 

Excluded 

Trial sites (national/multinational) Biased towards PRECIS-2 

(Part of the PRECIS-2 

assessment) 

Excluded 

Population analysis (ITT/PP) Biased towards PRECIS-2 

(Part of the PRECIS-2 

assessment) 

Excluded 

Primary outcome (MACE/none) Biased towards PRECIS-2 

(Part of the PRECIS-2 

assessment) 

Excluded 
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6.2.3 Markers of trial representativeness 

The selected fair umpire tests can be used to differentiate between the SAE rate and 

PRECIS-2 score because they are likely to reflect trial representativeness. For example, 

baseline mean age, baseline male percentage, baseline mean HbA1C and baseline mean 

T2DM duration may reflect trial representativeness as they are likely to be affected by how 

broad or restricted the eligibility criteria are (Averitt et al., 2020; Li et al., 2020). 

Moreover, trials with baseline characteristics that closely resemble the target population are 

likely to be more representative (Kennedy-Martin et al., 2015; Averitt et al., 2020). 

Additionally, a small baseline sample size is likely to be a marker of a small, earlier or 

more explanatory trial (Wisniewski et al., 2009; Ramirez et al., 2012; Ciolino, Kaizer and 

Bonner, 2023). Trials with longer durations are likely to be more representative than trials 

with shorter durations because they are usually larger and have broader eligibility criteria 

(Martin et al., 2013; Monti et al., 2018; Sen et al., 2018). Phase IV trials and trials with 

industry sponsorship could be more inclusive, have larger sample sizes and reflect the real-

world population (Emdin et al., 2015; Varma et al., 2021). Earlier trials of a specific 

intervention often have small sample sizes and restrictive eligibility criteria, while more 

recent trials tend to be pragmatic and more representative of the real-world population 

(Treweek and Zwarenstein, 2009; Ciolino, Kaizer and Bonner, 2023). Furthermore, 

pragmatic trials generally employ less stringent blinding than explanatory trials (Ware and 

Hamel, 2011; Moustgaard et al., 2020). 

6.2.4 Prior expectations 

The prior expected associations of fair umpires with each measure are described in Table 

6.2. If the fair umpires consistently strongly favoured SAE rates, this suggests that SAE 

rates may reflect trial representativeness. Conversely, if they favoured the PRECIS-2 tool 

or neither measure, it indicates that SAE rates may not reflect trial representativeness. 

However, the umpires that did not favour either metric may indicate that they may not 

accurately reflect trial representativeness as expected, especially if they show no favouring 

while not having strong associations with either metric.  



92 
 

It is expected for baseline mean age, baseline male percentage, baseline mean T2DM 

duration, baseline mean HbA1C, baseline sample size, trial duration, trial year difference 

and trial industry sponsorship to favour SAE rates as they may reflect trial 

representativeness in terms of the patient population. For example, trials with high baseline 

mean age are expected to have higher SAE rates than standard trials, as older participants 

are generally weaker and more likely to have multiple comorbidities (Hanlon et al., 2021). 

Moreover, women are more likely to experience SAEs than men because women with 

T2DM are at increased risk of cardiovascular events (Clemens et al., 2020). Furthermore, 

increased T2DM duration and elevated HbA1C levels are expected to be associated with 

increased SAEs because long-term illness and poor glycaemic control may lead to the 

presence of comorbidities, which increase the risk of SAEs (Fox et al., 2004; Kishimoto et 

al., 2014; Navarro-pérez et al., 2018; Ghouse et al., 2020).  

Additionally, large sample size trials are expected to detect more SAEs than small sample 

size trials (Yao et al., 2021). Furthermore, trials with longer durations are expected to have 

higher SAEs than trials with shorter durations, likely because longer trials can capture late-

occurring SAEs (Ford and Norrie, 2016; Sen et al., 2017, 2018). Trials with industry 

sponsorship and trials conducted later after the intervention is first tested are expected to be 

larger and more inclusive, likely recruiting elderly and patients with comorbidities, who 

are at increased risk of SAEs (Treweek and Zwarenstein, 2009; Herrera et al., 2010). 

However, open-label and phase IV trials are expected to favour the mean PRECIS-2 score 

as they may reflect trial representativeness in terms of design and setting rather than patient 

population (Dal-Ré, Janiaud and Ioannidis, 2018; Sepehrvand et al., 2019).



93 
 

Table 6.2 The prior expected associations of fair umpire tests with the SAE rate and the mean PRECIS-2 score 

Fair umpires 

Expected direction of association Expected favouring 

SAE rate Mean PRECIS-2 score SAE rate Mean PRECIS-2 score Neither 

Baseline sample size Positive association Positive association SAE rate 

Baseline mean age Positive association Slight positive association SAE rate 

Baseline male percentage Negative association Slight negative association SAE rate 

Baseline mean T2DM duration Positive association Slight positive association SAE rate 

Baseline mean HbA1C Positive association Slight positive association SAE rate 

Trial duration Positive association Slight positive association SAE rate 

Trial year difference (the 

difference between the year of 

first register and the year since 

the intervention was first 

trialled) 

Positive association Slight positive association SAE rate 

Trial sponsorship: Industry Positive association Slight positive association SAE rate 

Trial blinding: Double or more Slight negative association Negative association Mean PRECIS-2 score 

Trial phase: Phase IV Slight positive association Positive association Mean PRECIS-2 score 
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6.3 Aims and objectives 

This chapter will examine whether SAE rates can reflect trial representativeness. 

Specifically, it will compare between the SAE rate and the PRECIS-2 score. 

The objectives of this chapter are: 

1)  To examine the association between the SAE rate and the mean PRECIS-2 score.  

2)  To study the association between the SAE rate and each of the 9 domains of the 

PRECIS-2 score.  

3)  To compare the SAE rate with the PRECIS-2 score as measures of trial 

representativeness based on the differences in associations with the fair umpire tests. 

6.4 Methods 

6.4.1 Study selection and SAE data extraction 

196 GLP-1 RA studies were identified for this project. The study selection and SAE data 

extraction are described in detail in 3.4.1 and 3.4.3. 

6.4.2 Data sources 

Data sources used for this analysis are described in 3.4.2. 
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6.4.3 Baseline and trial characteristics data extraction and 

harmonisation 

The baseline and trial characteristics of the included trials were extracted from 

ClinicalTrials.gov, journal publications, and/or CSRs. Baseline characteristics included 

baseline sample size, baseline mean age, baseline gender ratio, baseline mean T2DM 

duration and baseline mean HbA1C. TableTidier software was used to extract baseline data 

from journal publications into standard formats, where tables with different structures and 

terminologies were transformed into a standardised structure. The purpose of this software 

is to simplify the extraction and analysis of data published in journal articles. Trial 

characteristics included trial phase, trial blinding, trial sponsor, and trial year difference 

(the difference between the year of first registration and the year since the intervention was 

first trialled). Trial characteristics were extracted from ClinicalTrials.gov, CSRs, or journal 

publications and saved to a standardised CSV file. 

Extracted baseline and trial characteristics were harmonised, coded, and prepared for 

analysis. The baseline sample size was aggregated for all trial arms and then rescaled to the 

log of base 2 to handle data variability and enhance the interpretability of the results. The 

weighted mean was calculated for baseline mean age, baseline mean T2DM duration, and 

baseline mean HbA1C for all trial arms. Baseline mean age, baseline mean T2DM duration 

and trial year difference (the difference between the year of first register and the year since 

the intervention was first trialled) were rescaled by dividing them by 10. The baseline male 

percentage was calculated from the baseline gender ratio. The trial phase was categorised 

as phase III and IV. Trial blinding was categorised as none and double or more. The trial 

sponsor type was classified as industry and other. 

6.4.4 Statistical analysis 

6.4.4.1 Descriptive statistics 

Descriptive statistics were used to describe the baseline and trial characteristics of all GLP-

1 RA trials. Frequencies and percentages were used to describe categorical characteristics. 

https://tabletidier.org/


96 
 

Minimum and maximum values were reported for all numeric characteristics. Frequencies 

and percentages were used to describe missing data for all baseline and trial characteristics. 

6.4.4.2 Regression analysis 

The SAE rate and the mean PRECIS-2 score originally differed in distribution and scale. 

To allow the comparison between the mean PRECIS-2 score and the SAE rate, both 

metrics needed to be normally distributed and on a comparable scale. Therefore, the 

“orderNorm” function from the R package “bestNormalize” transformed both metrics to be 

normally distributed by identifying and applying the best-fitting transformation to achieve 

normality. A linear regression model was fitted to estimate the association between the 

normalised SAE rate and the normalised mean PRECIS-2 score. Additionally, a linear 

regression model was fitted to estimate the association between the normalised SAE rate 

and each of the 9 domains of the mean PRECIS-2 score. Another unadjusted linear model 

was fitted to estimate the association between the eligibility criteria domain and the 

normalised SAE rate. 

Using bivariate Bayesian regression was the most feasible method to estimate the 

differences in the association between each umpire with the normalised SAE rate and the 

normalised mean PRECIS-2 score. It can more effectively capture complex relationships 

and dependencies than running separate regression models for each metric. Therefore, a 

bivariate Bayesian regression model was fitted to estimate the association between each 

umpire with the normalised SAE rate and the normalised mean PRECIS-2 score. The 

model priors were set to the default priors in the brms package; flat prior for the covariates 

and Student's t-distribution prior for the metrics to avoid any strong prior assumptions, 

allowing the data to play a more dominant role in determining the posterior distribution for 

the covariates and the metrics. Continuous covariates in this model were baseline sample 

size, baseline mean age, baseline male percentage, baseline mean HbA1C, baseline mean 

T2DM duration, trial year difference (the difference between the year of first register and 

the year since the intervention was first trialled) and trial duration. Binary covariates were 

trial phase, trial blinding and trial sponsor. The differences between the normalised mean 

PRECIS-2 score and the normalised SAE rate were calculated based on estimates from 

each draw. Then, the differences were combined to calculate the mean of each difference in 

the association. Finally, metrics were compared based on the magnitude of these 

differences. 
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6.4.5 Missing data 

Missing data were imputed using the Multivariate Imputation by Chained Equations 

(MICE) package in R software because it is expected for missing data not to be missing 

completely at random (MCAR) but missing at random (MAR). Multiple imputations is a 

statistical technique used to handle missing data by creating several sets of imputations, 

accounting for the inherent uncertainty of the imputation process (Jakobsen et al., 2017). 

SAEs, trial phase, baseline mean age, baseline mean T2DM duration, baseline mean 

HbA1C and baseline male percentage were imputed, generating five sets of imputations. 

Then, the brm_multiple() function from the brms package was used to run the bivariate 

Bayesian regression model separately for each imputed dataset, considering prior and 

posterior distributions of the covariates. After analysis, the results from these separate 

models were combined, typically by averaging the coefficients, to create a coherent 

statistical interpretation of the findings. 

6.5 Results 

6.5.1 Descriptive statistics  

As illustrated in Table 6.3 and Table 6.4, baseline mean age data was unavailable for 9 

(4.6%) trials, baseline mean T2DM duration data were missing for 18 (9.9%) trials, and 

baseline mean HbA1C values were not reported for 13 (6.6%) trials. Baseline male 

percentages were unavailable for 29 (14.4%) trials, and the trial phase was missing for 17 

(8.7%) trials.
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Table 6.3 Summary of continuous markers of trial representativeness 

Table 6.4 Summary of categorical markers of trial representativeness 

Variable Trials Missing (%) Min Max 

Baseline sample size 196 0  18 14752 

Baseline mean age (years) 187 9 (4.6%) 33.97 74.20 

Baseline T2DM duration (years) 178 18 (9.9%) 0.42 18.18 

Baseline mean HbA1C (%) 183 13 (6.6%) 6.30 12.04 

Baseline male percentage 167 29 (14.4%) 0.29 0.81 

Trial duration (years) 196 0  0.06 6.92 

Year difference (difference between the 

year of first register and the year since the 

intervention was first trialled) (years) 

196 0  0 14.62 

Variable Trials (%) 

Trial phase 196 

    Phase III 150 (76.5%) 

    Phase IV 29 (14.8%) 

    Missing 17 (8.7%) 

Trial sponsorship 
 

    Industry 157 (80.1%) 

    Other 39 (19.9%) 

    Missing 0 

Trial blinding 
 

    None 89 (45.4%) 

    Double or more 107 (54.6%) 

    Missing 0 
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6.5.2 SAE reporting in GLP-1 RA trials 

SAE reporting in GLP-1 RA trials is described in 3.5.2. 

6.5.3 The association between the SAE rate and the PRECIS-2 

score 

A linear regression analysis was conducted to estimate the association between the 

normalised SAE rate and the normalised mean PRECIS-2 score. No evidence was found on 

the association between metrics; the estimated coefficient was of small magnitude, and the 

CI included the null (β= 0.002, 95% CI -0.14 – 0.14). Furthermore, another linear 

regression analysis was conducted to estimate the association between the normalised SAE 

rate and each of the 9 domains of the PRECIS-2 score. As illustrated in Table 6.5, no 

evidence was found on the association between the 9 domains and the normalised SAE 

rate; all estimated coefficients were of small magnitudes, and CIs included the null. 

Additionally, there is no evidence of the association between the eligibility criteria domain 

and the normalised SAE rates; CI included the null. 

Table 6.5 The association between the normalised SAE rate and PRECIS-2 domains  

PRECIS-2 domains β 95% CI p-value 

(Intercept) 0.16 -1.16 – 1.48 0.810 

eligibility criteria (unadjusted) -0.09 -0.24 – 0.05 0.205 

eligibility criteria -0.11 -0.26 – 0.04 0.152 

recruitment 0.08 -0.13 – 0.28 0.457 

setting 0.02 -0.12 – 0.17 0.745 

organisation 0.01 -0.14 – 0.15 0.911 

flexibility delivery -0.001 -0.22 – 0.22 0.993 

flexibility adherence 0.02 -0.15 – 0.20 0.802 

follow up -0.003 -0.17 – 0.17 0.974 

primary outcome 0.09 -0.08 – 0.25 0.300 

primary analysis -0.11 -0.26 – 0.05 0.172 
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6.5.4 The association between the fair umpires with the 

normalised SAE rate and the normalised mean PRECIS-2 

score 

As illustrated in Table 6.6, fair umpires had differing associations with both metrics. The 

baseline sample size had positive associations with the normalised mean PRECIS-2 score 

and the normalised SAE rate; CIs did not include the null (β= 0.2, 95% CI 0.08 – 0.33, β= 

0.19, 95% CI 0.08 – 0.31), respectively. Moreover, the baseline mean age and baseline 

mean T2DM duration showed positive associations with normalised SAE rate; CIs did not 

include the null (β= 0.46, 95% CI 0.10 – 0.84, β= 0.52, 95% CI 0.03 – 0.98), respectively. 

However, longer trial durations were negatively associated with the normalised SAE rate; 

CI did not include the null (β= -0.29, 95% CI -0.44 – -0.13). Other umpires were not 

associated with either metric. 

As shown in Table 6.6, all fair umpires did not strongly favour the normalised SAE rate; all 

differences crossed zero. However, the direction of the difference for half of the umpires 

favoured the normalised SAE rate, including baseline mean age, baseline male percentage, 

baseline mean T2DM duration, phase IV trials, and industry-sponsored trials. Moreover, 

the directions of these differences were expected, except for phase IV trials. Only trial 

duration strongly favoured the normalised mean PRECIS-2 score. However, the direction 

of this umpire was unexpected. Other umpires showed no favouring of either metric.
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Table 6.6 The estimated differences between the SAE rate and the mean PRECIS-2 score  

Fair umpires 

SAE Rate Mean PRECIS-2 Difference 

SE 2.5% 97.5% 

Favouring 

β CI (95%) β CI (95%) 

N
u

ll 

U
n

ex
p

ected
 

E
x
p

ected
 

N
eith

er
 

P
R

E
C

IS
 

S
A

E
 

Intercept -4.8 -7.96 – -1.58 -2.25 -5.74 – 1.17 -2.54 2.44 -7.38 2.20  

Baseline sample size 0.19 0.08 – 0.31 0.20 0.08 – 0.33 -0.01 0.09 -0.19 0.16 Neither 

Baseline mean age 0.46 0.10 – 0.84 -0.09 -0.50 – 0.34 0.55 0.29 -0.01 1.12 Favoured SAE 

Baseline male percentage -1.15 -2.67 – 0.33 0.61 -0.98 – 2.17 -1.75 1.12 -3.96 0.46 Favoured SAE 

Baseline mean T2DM 

duration 
0.52 0.03 – 0.98 -0.01 -0.54 – 0.54 0.52 0.41 -0.32 1.30 Favoured SAE 

Baseline mean HbA1C 0.08 -0.17 – 0.34 0.09 -0.19 – 0.36 -0.01 0.20 -0.38 0.40 Neither 

Blinding: Double or more 0.15 -0.10 – 0.40 0.15 -0.13 – 0.42 0.00 0.20 -0.39 0.39 Neither 

Trial Phase: Phase IV 0.3 -0.13 – 0.76 -0.19 -0.66 – 0.28 0.49 0.34 -0.18 1.15 Favoured SAE 

Trial duration -0.29 -0.44 – -0.13 0.06 -0.11 – 0.23 -0.34 0.12 -0.59 -0.10 Favoured PRECIS 
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Year difference 

(difference between the 

year of first register and 

the year since the 

intervention was first 

trialled) 

0.01 -0.41 – 0.44 0.03 -0.42 – 0.47 -0.02 0.33 -0.66 0.64 Neither 

Trial Sponsor: Industry 0.2 -0.27 – 0.68 -0.18 -0.71 – 0.34 0.39 0.38 -0.34 1.13 Favoured SAE 



103 
 

6.6 Discussion 

This chapter explored whether the SAE rate can reflect trial representativeness. It 

examined the association between the normalised SAE rate and the normalised mean 

PRECIS-2 score and with each of the 9 domains of the PRECIS-2 score. Furthermore, it 

compared the normalised SAE rate with the normalised mean PRECIS-2 score as measures 

of trial representativeness based on the differences in their associations with several 

potential markers of trial representativeness. 

6.6.1 Summary of findings 

No association was found between the normalised SAE rate and the normalised mean 

PRECIS-2 score. Moreover, none of the nine domains of the PRECIS-2 score was 

associated with the normalised SAE rate.  

Regarding associations between the fair umpires and metrics of trial representativeness, the 

umpires had varying associations with the normalised SAE rates and the normalised mean 

PRECIS-2 score. The baseline sample size was positively associated with both measures. 

The baseline mean age and baseline mean T2DM duration were positively associated with 

the normalised SAE rate. However, the trial duration was negatively associated with the 

normalised SAE rate. There was insufficient evidence on the associations of other umpires 

with both metrics. 

Regarding the analysis of the difference between the normalised SAE rate and the 

normalised mean PRECIS-2 score as metrics of trial representativeness, none of the fair 

umpires strongly favoured the normalised SAE rate. However, the directions of baseline 

mean age, baseline mean T2DM duration, baseline male percentage, phase 4 trials and 

trials with industry-sponsorship favoured the normalised SAE rate. On the other hand, only 

trial duration strongly favoured the normalised mean PRECIS-2 score. Other fair umpires 

showed null differences in their associations with the normalised SAE rate and the 

normalised mean PRECIS-2 score. 
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6.6.2 Interpretation 

Surprisingly, no association was found between the normalised SAE rate and the 

normalised mean PRECIS-2 score and no associations were found between the normalised 

SAE rate and PRECIS-2 domains, suggesting that these metrics are independent, as the 

PRECIS-2 tool may be more focused on the trial design, whereas SAEs mainly reflect 

baseline health conditions. 

As described in Table 6.7, only three fair umpires demonstrated positive associations with 

the normalised SAE rates, while one umpire showed a negative association. The positive 

associations between baseline sample size, baseline T2DM duration and baseline mean age 

with the normalised SAE rate were expected. Trials with large sample sizes may include 

older adults and comorbid patients, which may explain the association with SAE rates. 

Furthermore, the larger trials included in this analysis were MACE outcome trials, which 

have higher SAE rates by design. Moreover, trials with longer mean T2DM durations may 

recruit subjects with more chronic and advanced stages of the disease. Therefore, including 

patients with longer disease duration is associated with higher SAE rates. Additionally, the 

positive association between baseline mean age and the normalised SAE rate indicate that 

a trial that recruits the elderly, who are likely to be comorbid and weaker, is associated with 

increased SAE rates. However, the negative association between longer trial duration and 

the normalised SAE rate was unexpected. This association may be attributed to the 

tendency of older adults and comorbid patients who are at higher risk of SAEs to decline 

participation in longer-duration trials. These studies often require long-term commitments 

and follow-ups, which can be challenging for such individuals. Consequently, longer trials 

may inadvertently recruit a healthier participant pool (Kaushal et al., 2022; Pitkala and 

Strandberg, 2022). On the other hand, only one umpire showed a positive association with 

the normalised mean PRECIS-2 score. These associations indicate that fair umpires did not 

consistently strongly associate with either metric. 

Regarding the differences in associations of fair umpires with the normalised SAE rate and 

the normalised mean PRECIS-2 score, all fair umpires did not strongly favour the 

normalised SAE rate. However, baseline mean age, baseline mean T2DM duration, 

baseline male percentage, phase IV trials and trials with industry-sponsorship favoured the 

normalised SAE rate. These differences were in the expected direction and favoured as 
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anticipated, except for phase IV trials (Table 6.7). On the other hand, trial duration strongly 

favoured the normalised mean PRECIS-2 score. However, this difference was neither in 

the expected direction nor in the expected favouring (Table 6.7). The remaining differences 

were null; other umpires did not favour either metric. These findings indicate that the 

markers of trial representativeness used in this analysis may not be sensitive enough to 

detect subtle differences between the normalised SAE rate and the normalised mean 

PRECIS-2 score as they did not consistently strongly favour either metric. Furthermore, it 

suggests that the SAE rate did not have a clear advantage over the PRECIS-2 score. 

Therefore, the use of the SAE rate as a metric of trial representativeness is not supported 

by the findings of this chapter.
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Table 6.7 The actual associations of fair umpire tests with the SAE rate and the mean PRECIS-2 score 

Fair umpires 

Direction of association Umpire favour Difference 

SAE rate Mean PRECIS-2 score 

N
eith

er
 

P
R

E
C

IS
-2

 

S
A

E
 ra

te
 

N
u

ll 

U
n

ex
p

ected
 

E
x
p

ected
 

Baseline sample size Positive association Positive association Neither Null 

Baseline mean age Positive association Slight negative association Favoured SAE rate Expected 

Baseline mean T2DM duration Positive association No association Favoured SAE rate Expected 

Baseline mean HbA1C No association No association Neither Null 

Baseline male percentage Slight negative association Slight positive association  Favoured SAE rate Expected 
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Trial blinding: Double or more Slight positive association  Slight positive association  Neither Null 

Trial phase: Phase IV Slight positive association  Slight negative association Favoured SAE rate Unexpected 

Trial duration Negative association No association Favoured PRECIS-2 Unexpected 

Year difference (difference 

between the year of first 

register and the year since the 

intervention was first trialled) 

No association No association Neither Null 

Trial sponsorship: Industry Slight positive association  Slight negative association Favoured SAE rate Expected 
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6.6.3 Comparison with previous literature 

Most of the literature on measuring trial representativeness is focused on quantifying the 

effect of eligibility criteria on trial representativeness and comparing the differences in 

patient characteristics between the trial population and the target population (He et al., 

2020). Furthermore, the feasibility of the SAE rate as a metric of trial representativeness 

has not been widely studied. This study examined SAE rates using a quite different 

approach than previous studies by comparing the SAE rate with the PRECIS-2 score based 

on the differences in their associations with several fair umpire tests. This differs from 

previous studies, which used expected SAE rates from routine care as a benchmark to 

compare it with SAE rates observed in trials. For example, a study assessed trial 

representativeness in RCTs of renin-angiotensin-aldosterone system (RAAS) drugs for 

hypertension by comparing SAE rates between trials and the community and found that 

observed SAE rates were lower than expected SAE rates in the community. However, they 

found that older people trials had higher SAE rates than standard trials, consistent with the 

finding that increased mean age was associated with higher SAE rates (Hanlon et al., 

2021). Another study assessed trial representativeness in RCTs of 21 disease conditions by 

comparing observed SAE rates in RCTs with expected SAE rates in routine care and found 

that observed SAE rates were lower than expected SAE rates (Hanlon et al., 2022). 

Additionally, several studies used the fair umpire method in the absence of gold standard 

measures to compare between new and old tests in a balanced way, showing the ability of 

the fair umpire method to resolve the disagreement between measures. For example, a 

study examined the validity of new classification criteria for early diagnosis of rheumatoid 

arthritis compared to existing classification criteria. They compared between the two 

classification criteria based on symptom duration, rheumatoid factor (RF), anti-cyclic 

citrullinated peptide (anti-CCP) antibody and the requirement of disease-modifying 

antirheumatic drug (DMARD) therapy. They found that the new criteria resulted in 

overdiagnosis of early cases (Cader et al., 2011). Another study examined the validity of 

the abdominal aortic aneurysm (AAA) screening method compared to non-screening in 

reducing disease-specific mortality. They compared them based on the AAA incidence, 

elective surgery, rupture and overtreatment and found that the AAA screening did not 

significantly reduce disease-specific mortality (Johansson et al., 2018). Although these 

studies suggested the reliability of the fair umpire method in resolving the disagreement 



109 
 

between new and existing measures, the assessment of trial representativeness is more 

complex and may be affected by several factors. The selected umpires in this study may 

not accurately resolve the disagreement between the normalised SAE rates and the 

normalised mean PRECIS-2 score because they are not direct measures of trial 

representativeness. 

6.6.4 Strengths and limitations 

This is the first study to explore the validity of the SAE rate as a metric of trial 

representativeness by comparing it with an existing measure in the absence of a gold 

standard measure. Moreover, this is the first study that used fair umpire tests to compare 

between the SAE rate and the PRECIS-2 score in a balanced way. Additionally, this study 

included trials from different registries, which provided a variety of RCTs. This will 

enhance the generalisability of the study findings and reduce selection bias. On the other 

hand, this study was conducted on GLP-1 RA trials, which may limit the generalisability of 

its findings to different diseases and drug classes, especially trials of toxic interventions. 

Furthermore, this study was limited by the lack of some baseline and trial characteristics. 

However, missing data was imputed to reduce the impact of missingness on this analysis. 

The imputation process helps maintain statistical power and prevent bias that can occur 

due to the absence of data. Additionally, the selected fair umpires were not ideal as they do 

not directly assess trial representativeness, which may result in biased findings. 

6.6.5 Implications 

Higher SAE rates were observed with larger baseline sample sizes, increased baseline 

mean age, and longer baseline mean T2DM durations. Furthermore, half of the umpires, 

including baseline mean age, baseline male percentage, baseline mean T2DM duration, 

phase IV trials and industry-sponsored trials, slightly favoured SAE rates, indicating that 

SAE rates may, at least to some extent, reflect trial representativeness. However, the use of 

the SAE rate as a metric of trial representativeness is not supported by the findings of this 

chapter. Further research is required to examine whether the SAE rate can reflect trial 

representativeness because the fair umpires approach did not resolve the disagreements 
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between the SAE rate and the PRECIS-2 score. Therefore, the next chapter will study the 

association between the SAE rate and eligibility criteria. 

6.7 Conclusion 

The SAE rate demonstrated expected associations with certain fair umpires. Moreover, half 

of the umpires slightly favoured the SAE rates over the mean PRECIS-2 score. However, 

fair umpires were neither consistently strongly associated with nor favoured the SAE rate. 

Therefore, the validity of the SAE rate as a metric of trial representativeness is not 

supported by the findings of this chapter. The next chapter will examine the association 

between the SAE rate and eligibility criteria to know whether the SAE rate can reflect trial 

representativeness. 
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Chapter 7 The association between eligibility 

criteria and the SAE rate in GLP-1 RA trials 

7.1 Chapter overview 

This chapter will study the association between the SAE rate and eligibility criteria to 

examine whether the SAE rate can reflect trial representativeness. 

7.2 Background 

7.2.1 Eligibility criteria, a driver of trial representativeness 

Eligibility criteria are crucial in determining the trial population and can potentially driver 

trial representativeness (Averitt et al., 2020). Trials with overly restrictive eligibility 

criteria may exclude subjects who would benefit from the intervention in the real-world, 

thereby limiting their representativeness (Rothwell, 2005; Tan et al., 2022). However, the 

role of eligibility criteria in determining trial participation may be moderated by two main 

factors. First, eligibility criteria are usually replicated from previous studies and 

ambiguously defined, leading to subjective interpretation and application of criteria (Van 

Spall et al., 2007; Hao et al., 2014). Second, healthcare practitioners may exclude eligible 

patients during the informal referral to trials in usual care, weakening the role of eligibility 

criteria in driving trial participation (Howard et al., 2009; Oude Rengerink et al., 2017). 

7.2.2 The association between eligibility criteria and the SAE rate 

The eligibility criteria for T2DM trials contain elements that possibly shape the trial 

population, thereby influencing their representativeness (Sen et al., 2018). Highly 

restrictive age criteria may result in excluding older people who often have a higher 

prevalence of T2DM and higher SAEs (Kirkman et al., 2012). Moreover, trials with 

restrictive BMI ranges, HbA1C levels, renal measurements, disease durations, heart failure 
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classes and history of comorbidities may skew the trial population toward specific body 

composition or disease severity that may not reflect the target population (Dennis, 2020; 

Tan et al., 2022; Shields et al., 2023). Trials with these restrictions may be associated with 

lower SAE rates compared to permissive trials. Furthermore, the exclusion of patients 

based on the use of concomitant medications or a history of alcohol may be associated with 

low SAE rates due to the selection of patients with fewer health complications (Knox et al., 

2019) (Moberg and Humphreys, 2017; Knox et al., 2019; Kim et al., 2021). Additionally, 

trials that require treatment stability or restrict the allowed number of medications used in 

conjunction with the trial intervention are expected to experience lower SAE rates as they 

may inadvertently exclude older and sicker patients (Hamaker, Stauder and van Munster, 

2014; Lichtman et al., 2017). These criteria, collectively or individually, may drive trial 

representativeness as they would not drive ineligibility for treatment in routine care. 

Therefore, the association between eligibility criteria and the SAE rate would indicate that 

the SAE rate may reflect trial representativeness. 

7.3 Aim and Objectives 

This chapter will examine whether SAE rates can reflect trial representativeness. 

Specifically, it will study the association between the SAE rate and eligibility criteria. 

The objectives of this chapter are: 

1)  To study the association between highly restrictive eligibility criteria and the SAE rate.  

2)  To examine the association between the continuous score of eligibility criteria and the 

SAE rate. 
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7.4 Methods 

7.4.1 Study selection and data extraction 

196 GLP-1 RA studies were identified for this project. The study selection and SAE data 

extraction are described in detail in 3.4.1 and 3.4.3. 

7.4.2 Data sources 

Data sources used for this analysis are described in 3.4.2. 

7.4.3 Eligibility criteria data extraction and harmonisation 

The Identification of key eligibility criteria for GLP-1 RA trials 

The eligibility criteria of GLP-1 RA trials were reviewed to identify key criteria. Common 

criteria for GLP-1 RA trials were identified for extraction following a pilot screening of a 

random sample of 10 trials. The identified criteria were reviewed by a diabetologist, Dr 

Elaine Butterly, to ensure that these criteria would not drive ineligibility for treatment in 

routine care and not part of safety assessment for prescribing GLP-1 RAs in routine care 

such as calcitonin levels, a hormone that acts as a marker of medullary thyroid cancer 

(MTC). 

The extraction eligibility criteria of GLP-1 RA trials 

The extraction of the eligibility criteria was protocolised to ensure standardised and 

consistent extraction. As described in Table 7.1, age, BMI, fasting blood glucose (FBG), 

glycated haemoglobin (HbA1C), T2DM duration, systolic blood pressure (SBP), diastolic 

blood pressure (DBP) and renal function range criteria (estimated glomerular filtration rate 

(eGFR) or creatinine clearance (CrCl) whichever is available) were extracted as continuous 
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minimum and maximum values. The requirement of treatment stability was extracted as 

stable and unspecified. The allowed ancillary regimen was extracted as mono, dual and 

triple+. The heart failure (HF) criteria were extracted as the New York Heart Association 

(NYHA) HF classes (Classes I-IV). The criteria of the exclusion based on the use of other 

medications were extracted as steroids, other, other with steroids, or none. The non-

cardiovascular comorbidities criteria were extracted as comprehensive, any other, caution 

and contraindication, or none. The investigation criteria were extracted as the investigation 

name or none. Alcohol and drugs, carers, mental disability, physical disability and 

investigator discretion criteria were extracted as yes or no. Eligibility criteria were mainly 

extracted from ClinicalTrials.gov. However, they were obtained from journal publications, 

CSRs, or protocols for unregistered trials or where sparse information was available on 

ClinicalTrials.gov (i.e. such as not reporting key eligibility details for GLP-1 RA trials 

including HbA1C range, BMI range, renal measurement range and T2DM duration). For 

more details on the extraction of eligibility criteria, see Table 7.1.  
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Table 7.1 The protocol for the extraction of eligibility criteria 

Eligibility criteria Value to be extracted Definition 

Minimum BMI Continuous value(s) for cutoffs Less than BMI values were 

excluded 

Maximum BMI Continuous value(s) for cutoffs More than BMI values were 

excluded 

Minimum age Continuous value(s) for cutoffs Less than age values were 

excluded 

Maximum age Continuous value(s) for cutoffs More than age values were 

excluded 

Minimum HbA1C Continuous value(s) for cutoffs Less than HbA1C values were 

excluded 

Maximum HbA1C Continuous value(s) for cutoffs More than HbA1C values were 

excluded 

Minimum FBG Continuous value(s) for cutoffs Less than FBG values were 

excluded 

Maximum FBG Continuous value(s) for cutoffs More than FBG values were 

excluded 

Minimum T2DM 

duration 

Continuous value(s) for cutoffs Less than T2DM durations were 

excluded 

Maximum T2DM 

duration 

Continuous value(s) for cutoffs More than T2DM durations 

were excluded 

Minimum renal 

function eGFR 

Continuous value(s) for cutoffs Less than eGFR values were 

excluded 

Maximum renal 

function eGFR 

Continuous value(s) for cutoffs More than eGFR values were 

excluded 

Minimum renal 

function CrCl 

Continuous value(s) for cutoffs Less than CrCl values were 

excluded 
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Maximum renal 

function CrCl 

Continuous value(s) for cutoffs More than CrCl values were 

excluded 

Minimum SBP Continuous value(s) for cutoffs Less than SBP values were 

excluded 

Maximum SBP Continuous value(s) for cutoffs More than SBP values were 

excluded 

Minimum DBP Continuous value(s) for cutoffs Less than DBP values were 

excluded 

Maximum DBP Continuous value(s) for cutoffs More than DBP values were 

excluded 

Heart failure Excluded NYHA HF Class, 

e.g. Class II, Class I-III 

Excludes based on the NYHA 

HF Class 

Heart failure Does not exclude based on 

NYHA HF Class 

Does not exclude based on 

NYHA HF Class 

Ancillary regimen 

category 

mono Allow the use of single ancillary 

medications 

Ancillary regimen 

category 

dual Allow the use of two ancillary 

medications 

Ancillary regimen 

category 

triple+ Allow the use of three or more 

ancillary medications 

Treatment stability stable Require treatment stability 

Treatment stability unspecified Do not specify the requirement 

for treatment stability 

Alcohol and drugs yes Excludes based on the history of 

drinking alcohol or using drugs 

Alcohol and drugs no Does not exclude based on the 

history of drinking alcohol or 

using drugs 
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Other medicines other Excludes based on other non-

antidiabetic medications, e.g. 

beta-blockers or ACEIs 

Other medicines steroids Excludes based on the use of 

steroids 

Other medicines other and steroids Excludes based on other non-

antidiabetic medications and 

steroids 

Other medicines none Does not exclude based on other 

non-antidiabetic medications or 

steroids 

Non-

cardiovascular 

comorbidities 

comprehensive Excludes based on the presence 

of all/comprehensive 

comorbidities 

Non-

cardiovascular 

comorbidities 

any other Excludes based on the presence 

of other comorbidities 

Non-

cardiovascular 

comorbidities 

cautions and contraindications Excludes only comorbidities 

listed in the BNF as cautions or 

contraindications 

Non-

cardiovascular 

comorbidities 

none Does not exclude based on the 

presence of comorbidities 

Carers yes Excludes if the participant needs 

a carer 

Carers no Does not exclude if the 

participant needs a carer 

Mental disability yes Excludes based on the presence 

of any mental disability 
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Mental disability no Does not exclude based on the 

presence of any mental disability 

Physical disability yes Excludes based on the presence 

of any physical disability 

Physical disability no Does not exclude based on the 

presence of any physical 

disability 

Investigator 

discretion 

yes Excludes based on unspecified 

investigator discretion 

Investigator 

discretion 

no Does not exclude based on 

unspecified investigator 

discretion 

Investigations Text of investigation name, 

e.g., MRI 

Excludes based on tests or 

investigations that are not part of 

the routine care, e.g., MRI, 

glycaemic clamps. 

Investigations none Does not exclude based on tests 

or investigations that are not part 

of the routine care 

Abbreviations: ACEIs, Angiotensin-converting-enzyme inhibitors. BMI, Body Mass Index, HbA1C, 

Glycated Haemoglobin, FBG, Fasting Blood Glucose, T2DM, Type 2 Diabetes Miletus, CV, 

Cardiovascular, eGFR, estimated Glomerular Filtration Rate, CrCl, Creatinine Clearance, SBP, systolic 

blood pressure, DBP, diastolic blood pressure, HF, Heart Failure, BNF, British National Formulary, MRI, 

Magnetic Resonance Imaging, NYHA, New York Heart Association. 
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7.4.4 Protocolisation and assessment of the restrictiveness of the 

eligibility criteria 

High dimensionality of data often leads to redundancy among variables, where multiple 

variables convey similar information. Eliminating redundant variables is crucial for the 

statistical analysis and the interpretability of the findings. Therefore, addressing the high 

dimensionality of eligibility criteria was essential due to the large number of extracted 

variables and the volume of the data. The extracted eligibility criteria were checked using 

tables and visualisations to examine if they make sense singly or in combination. 

Eligibility criteria elements were dropped if they were completely uniform or perfectly 

correlated with another element. For example, the DBP criteria was dropped because it was 

perfectly correlated with the SBP criteria. Moreover, two approaches were used to 

consolidate these criteria into a single variable and reduce dimensionality. As described in 

Table 7.2, the first approach was to assign highly restrictive cutoffs and levels for each 

criteria according to a predefined protocol. For example, if a trial excluded patients with 

age >60 years, the trial was defined as highly restrictive; if not, proceed to BMI. If the trial 

did not exclude patients with BMI <45, then proceed to other highly restrictive cutoffs or 

levels. A trial was defined as permissive if it did not have any of the highly restrictive 

cutoffs and levels listed in Table 7.2 (see Figure 7.1). This approach produced a binary 

variable that labels trials as highly restrictive or permissive, coded as (1/0). As shown in 

Table 7.3, the second approach was to score each criterion based on cutoffs and levels 

assigned in the protocol and produce a continuous eligibility criteria score of up to 55 for 

each trial. These cutoffs and levels were used to assess the restrictiveness of each criteria. 

Both approaches were developed with clinical input. A diabetologist, Dr Elaine Butterly 

and my project supervisors, Professor David McAllister and Dr Peter Hanlon, contributed 

their clinical knowledge to help formulate clinically informed approaches. Determining the 

pragmatism of cutoffs and levels with clinical insight contributed to the robustness and 

reliability of these approaches. Eligibility criteria included for this analysis were age, BMI, 

HbA1C, T2DM duration, SBP, eGFR, CrCl, treatment stability, ancillary regimen, HF, use 

of other medications, non-cardiovascular comorbidities, alcohol and drugs, and 

investigator discretion. Excluded criteria were omitted because they either showed a linear 

correlation with other criteria or were completely uniform. Excluded criteria included 

FBG, DBP, carers, mental disability, physical disability, and investigations. 
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Table 7.2 Binary restrictiveness score based on highly restrictive cutoffs or levels 

Eligibility criteria Define trial as highly restrictive if it excludes 

Age Trial maximum age is ≤ 60 years old 

BMI 
Trial maximum BMI is ≤ 30 kg/m2 and/or trial minimum 

BMI ≥ 45 kg/m2 

HbA1C 
Trial maximum HbA1C ≤ 8% (64 mmol/mol) and/or trial 

minimum HbA1C ≥11% (97 mmol/mol) 

T2DM Duration 
Trial minimum duration of the disease is ≥ 120 months, 

and trial maximum duration of the disease is ≤ 12 months 

SBP Trial maximum SBP is ≤ 140 mmHg 

eGFR Trial minimum eGFR is ≥ 60 ml/min/1.73m2 

CrCl Trial minimum CrCl is ≥ 100 ml/min 

Heart Failure “Class I-IV” (i.e., exclude all HF classes) 

Alcohol/Drug Use “yes” 

Other medicines “other” 

Non-CV Comorbidities “comprehensive” 

Investigator Discretion “yes” 

Ancillary regimen 

category 
“mono” 

Treatment stability “stable” 

Abbreviations: BMI, Body Mass Index, HbA1C, Glycated Haemoglobin, T2DM, Type 2 Diabetes Miletus, 

SBP, systolic blood pressure, eGFR, estimated Glomerular Filtration Rate, CrCl, Creatinine Clearance, 

CV, Cardiovascular. 
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Figure 7.1 Example of scoring eligibility criteria using the binary restrictiveness score 

 



122 
 

Table 7.3 Scores for each variable based on specific cutoffs 

Eligibility 

criteria level Level position Level position string 

Minimum BMI 

lower BMI limit ≥45 kg/m2 

(i.e. at least morbidly obese) 1 least permissive 

Minimum BMI  

lower BMI limit ≥30 kg/m2 

but ≤40 (i.e. at least obese) 2 middle permissive 

Minimum BMI  

lower BMI limit ≥25 kg/m2 

but ≤30 kg/m2 (i.e. at least 

overweight) 3 middle 2 permissive 

Minimum BMI  

no lower BMI limit or lower 

limit ≥18.5 kg/m2 but ≤25 (i.e. 

normal weight) 4 most permissive 

Maximum BMI  upper BMI limit ≤35 kg/m2 1 least permissive 

Maximum BMI  

upper BMI limit ≥35 kg/m2 

but ≤40 kg/m2 2 middle permissive 

Maximum BMI  

no upper BMI limit or limit 

≥40 kg/m2 3 most permissive 

Minimum age  lower age limit 40-60 years 1 least permissive 

Minimum age  lower age limit 30-40 years 2 middle permissive 

Minimum age  lower age limit 21-30 years 3 middle 2 permissive 

Minimum age  

no lower age limit or lower 

age limit 18-21 years 4 middle 3 permissive 

Maximum age  upper age limit ≤60 years 1 least permissive 

Maximum age  

upper age limit ≥60 but ≤65 

years 2 middle permissive 

Maximum age  

upper age limit ≥65 but ≤75 

years 3 middle 2 permissive 

Maximum age  

upper age limit ≥75 but ≤85 

years 4 middle 3 permissive 

Maximum age  

no upper age limit or upper 

age limit ≥85 years 5 most permissive 
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Minimum 

HbA1C  

Lower limit on HbA1C ≥80 

mmol/mol (9.5%) 1 least permissive 

Minimum 

HbA1C  

Lower limit on HbA1C ≥69.5 

mmol/mol (8.5%) and ≤80 

mmol/mol (9.5%) 2 middle permissive 

Minimum 

HbA1C  

lower limit on HbA1C ≥58.5 

mmol/mol (7.5%) and ≤69.5 

mmol/mol (8.5%) 3 middle 2 permissive 

Minimum 

HbA1C  

no lower limit on baseline 

HbA1C or lower limit on 

HbA1C ≥53 mmol/mol (7%) 

and ≤58.5 mmol/mol (7.5%)  4 most permissive 

Maximum 

HbA1C  

upper limit on HbA1C ≤75 

mmol/mol (9%) 1 least permissive 

Maximum 

HbA1C  

upper limit on HbA1C ≥75 

mmol/mol (9%) but <86 

mmol/mol (10%) 2 middle permissive 

Maximum 

HbA1C  

upper limit on HbA1C ≤97 

mmol/mol (11%) and ≥86 

mmol/mol (10%) 3 middle 2 permissive 

Maximum 

HbA1C  

no upper limit on baseline 

HbA1C or upper limit on 

HbA1C ≥97 mmol/mol (11%) 4 most permissive 

Minimum renal 

function eGFR  

lower limit on eGFR ≥60 

ml/min/1.73 m² 1 least permissive 

Minimum renal 

function eGFR  

lower limit on eGFR ≥45 

ml/min/1.73 m² 2 middle permissive 

Minimum renal 

function eGFR  

no lower limit on eGFR or 

lower limit on eGFR ≥30 

ml/min/1.73 m² 3 most permissive 

Minimum renal 

function CrCl  

lower limit on eGFR ≥100 

ml/min 1 least permissive 

Minimum renal 

function CrCl  

lower limit on eGFR ≥60 

ml/min 2 middle permissive 

Minimum renal 

function CrCl  

no lower limit on CrCl or ≤60 

ml/min 3 most permissive 
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Minimum SBP   Lower limit ≥120 mmHg 1 Least permissive 

Minimum SBP 

 Lower limit ≥100 and ≤120 

mmHg 2 middle permissive 

Minimum SBP 

No lower limit or lower limit ≤ 

100 mmHg 3 Most permissive 

Maximum SBP Upper limit ≤140 mmHg 1 Least permissive 

Maximum SBP 

Upper limit ≥140 and ≤180 

mmHg 2 middle permissive 

Maximum SBP 

No upper limit or upper limit 

≥180 mmHg 3 Most permissive 

Heart failure 

Excludes NYHA HF Class I-

IV 1 least permissive 

Heart failure 

Excludes NYHA HF Class II-

IV or III-IV 2 middle permissive 

Heart failure 

Excludes only NYHA HF 

Class IV 3 most permissive 

Heart failure 

Does not exclude based on any 

NYHA HF Class 3 most permissive 

Alcohol and 

drugs 

Excludes based on the history 

of drinking alcohol or using 

drugs 1 least permissive 

Alcohol and 

drugs 

Does not exclude based on the 

history of drinking alcohol or 

using drugs 2 most permissive 

Other medicines 

Excludes based on other non-

antidiabetic medications, e.g. 

beta-blockers or ACEIs 1 least permissive 

Other medicines 

Does not exclude based on 

other non-antidiabetic 

medications 2 most permissive 

Ancillary 

regimen 

category 

Allow the use of single 

ancillary medication 1 least permissive 
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Ancillary 

regimen 

category 

Allow the use of two ancillary 

medication 2 middle permissive 

Ancillary 

regimen 

category 

Allow the use of three or more 

ancillary medications 3 most permissive 

Treatment 

stability Require treatment stability 1 least permissive 

Treatment 

stability Unspecified 2 most permissive 

Non-

cardiovascular 

comorbidities 

Excludes based on the 

presence of all/comprehensive 

comorbidities 1 Least permissive 

Non-

cardiovascular 

comorbidities 

Excludes based on the 

presence of other 

comorbidities 2 middle permissive 

Non-

cardiovascular 

comorbidities 

Does not exclude based on the 

presence of comorbidities or 

excludes only comorbidities 

listed in the BNF as cautions 

or contraindications 3 Most permissive 

Investigator 

discretion 

Excludes based on unspecified 

investigator discretion 1 least permissive 

Investigator 

discretion 

Does not exclude based on 

unspecified investigator 

discretion 2 most permissive 

Abbreviations: BMI, Body Mass Index, HbA1C, Glycated Haemoglobin, T2DM, Type 2 Diabetes Miletus, 

CV, Cardiovascular, eGFR, estimated Glomerular Filtration Rate, CrCl, Creatinine Clearance, SBP, systolic 

blood pressure, SU, Sulfonylurea, BNF, British National Formulary, NYHA, New York Heart Association. 
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7.4.5 Statistical analysis 

Descriptive statistics 

Descriptive statistics were used to summarise data and results. Frequencies and 

percentages were used to describe the categorical eligibility criteria of all GLP-1 RA trials. 

Statistical summaries and cumulative plots were used to show the distributions of 

continuous eligibility criteria included for analysis. 

Regression analysis 

As previously explained in 3.4.4.2, overdispersion was examined by comparing the 

variance to the mean and calculating the ratio of the residual deviance to the residual 

degrees of freedom. Overdispersion was found with generalised linear regression models 

using the Poisson distribution. 

Therefore, three negative binomial models were fitted to examine the association between 

eligibility criteria and the SAE rate. First, a negative binomial regression model was fitted 

to assess the association between highly restrictive eligibility criteria (binary variable) and 

the SAE rate. Second, another negative binomial regression model was fitted to examine 

the association between the continuous score of eligibility criteria and the SAE rate. Third, 

a negative binomial regression model was fitted to examine the association between 

specific restrictive criteria and the SAE rate. The outcome variable in these models was the 

SAE count. An offset was included to account for the variation in person-time. 



127 
 

 

 

7.5 Results 

7.5.1 SAE reporting in GLP-1 RA trials 

SAE reporting in GLP-1 RA trials is described in 3.5.2. 

7.5.2 Descriptive statistics 

As shown in Figure 7.2, age, BMI, HbA1C, SBP, T2DM duration, eGFR, and CrCl 

eligibility criteria demonstrated reasonable variability between trials; trials were distributed 

across multiple cutoffs. Table 7.4 showed that the age and BMI criteria of GLP-1 RA trials 

were broad and included older adults and obese patients. Patients with high SBP or poor 

glycaemic control were generally eligible for GLP-1 RA trials. Patients with moderate to 

severe renal impairment were also eligible for GLP-1 RA trials. These criteria may 

contribute to observing high SAE rates, especially with highly permissible trials. 

As illustrated in Table 7.5, eligibility criteria for heart failure, alcohol and drugs, other 

medicines, non-cardiovascular comorbidities, and investigator discretion showed 

noticeable differences in frequencies and percentages across their levels. Most trials had no 

restriction on HF and non-antidiabetic medications. However, they had restrictions on the 

allowed number of ancillary medications, treatment stability, alcohol and drugs and non-

cardiovascular comorbidities. Moreover, they mostly excluded subjects based on 

investigator discretion. The total continuous score of eligibility criteria was calculated for 

all trials. The average continuous score of eligibility criteria was 47.3, with a minimum of 

37 and a maximum of 55.  
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Table 7.4 Descriptive statistics of continuous criteria 

  

Eligibility criteria Min Max Mean Mode Not reported 

Min age (years) 18 70 20.8 18 2 

Max age (years) 40 90 77.1  75 121 

Min BMI (kg/m2) 17 35 23 25 83 

Max BMI (kg/m2) 30 50 42 45 94 

Max SBP (mmHg) 140 180 172.3 180 153 

Min HbA1C (%) 5 8 7 7 6 

Max HbA1C (%) 8.5 12 10.2 10 15 

Min T2DM duration (months)  1.1 13 10 130 143 

Min eGFR (ml/min/1.73 m²) 15 60 44.2 30 136 

Min CrCl (ml/min) 15 60 43.5  60 172 
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Table 7.5 The distributions of categorical criteria of GLP-1 RA trials 

Variable Trials (%) 

Heart failure 196 

   Class I-IV 4 (2%) 

   Class II-IV 5 (2.6%) 

   Class III-IV 31 (15.8%) 

   Class IV 31 (15.8%) 

   Do not exclude subjects even if they have HF 125 (63.8%) 

Alcohol and drugs 
 

   Yes 37 (18.9%) 

Ancillary regimen category  

Monotherapy 25 (12.8%) 

Dual therapy 50 (25.5%) 

Triple+ therapy 115 (58.7%) 

Treatment stability  

Stable 111 (56.6%) 

Unspecified 85 (43.4%) 

Other medicines 
 

   Other 82 (41.8%) 

   none 114 (58.2%) 

Non-cardiovascular comorbidities 
 

   Any other 46 (23.5%) 

   Comprehensive 82 (41.8%) 

   None 68 (34.7%) 

Investigator discretion 
 

   Yes 52 (26.5%) 



130 
 

 

 

Figure 7.2 The distributions of continuous eligibility criteria of GLP-1 RA trials 
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7.5.3 The association between eligibility criteria and the SAE rate 

As shown in Figure 7.3, the association between highly restrictive eligibility criteria and 

the SAE rate was analysed using a generalised linear model with Poisson likelihood and 

found that permissive trials were associated with increased SAE rates by 29%; CI did not 

include the null (IRR=1.29, CI 1.26 – 1.32). Furthermore, the association between the 

continuous score of eligibility criteria and the SAE rate was analysed using a generalised 

linear model with Poisson likelihood and found that for each increase in the score, the SAE 

rate increased by 15%, CI did not include the null (IRR= 1.15, CI 1.14 – 1.15). The results 

from the generalised linear models with Poisson likelihood indicated an association 

between eligibility criteria and the SAE rate. However, these models did not account for 

overdispersion. Further models were fitted, which accommodated overdispersion. As 

illustrated in Table 7.6 and Table 7.7, the results of negative binomial models suggested 

that the association between eligibility criteria and the SAE rate is also apparent. 

As shown in Table 7.8, trials with highly restrictive eGFR were associated with lower SAE 

rates by 46%; CI did not include the null (IRR= 0.54, CI 0.38 – 0.77). Moreover, trials that 

excluded patients based on non-CV comorbidities, investigator discretion, use of other 

medications, allowed number of ancillary medications and treatment stability were 

associated with decreased SAE rates by 44%, 37%, 47%, 68% and 52%, respectively; all 

CIs did not include the null. However, other trials with specific highly restrictive eligibility 

criteria were not associated with SAE rates; all CIs included the null. Moreover, trials that 

did not have specific highly restrictive criteria were not associated with SAE rates; CI 

included the null (IRR= 0.84, 95% CI 0.57 – 1.24). 
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Figure 7.3 The association between eligibility criteria and the SAE rate 

 

Table 7.6 The association between highly restrictive eligibility criteria and the SAE rate 

Table 7.7 The association between continuous eligibility criteria score and the SAE rate 

 Restrictive trials Permissive trials 

Number of RCTs 178 ( 90.8%) 18 ( 9.2%) 

Number of subjects at risk 115670 40425 

Number of SAEs 13659 12218 

Person years 202288.4 140292.7 

IRR GLM (Poisson) 1.29 (95% CI, 1.26 – 1.32) 

IRR negative binomial 1.52 (95% CI, 1.11 – 2.14) 

Models IRR Estimates 95% CI 

GLM (Poisson)  1.15 1.14 – 1.15 

Negative binomial  1.04 1.02 – 1.07 
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Table 7.8 The associations between specific highly restrictive criteria and the SAE rate 

7.6 Discussion 

In the attempt to explore whether the SAE rate can reflect trial representativeness, this 

chapter explored the association between the SAE rate and eligibility criteria by 

conducting two separate approaches. First, it examined the association between highly 

restrictive eligibility criteria and the SAE rate. Second, it studied the association between 

the continuous score of eligibility criteria and the SAE rate. 

7.6.1 Summary of findings 

I found that trials with permissive eligibility criteria were associated with increased SAE 

rates. Moreover, I found that trials with increased continuous scores of eligibility criteria 

were associated with increased SAE rates. 

Restrictive criteria IRR Estimates 95% CI 

Maximum age  0.47 0.16 – 1.34 

Maximum SBP 0.76 0.15 – 3.82 

eGFR 0.54 0.38 – 0.77 

Non-CV Comorbidities: comprehensive 0.56 0.34 – 0.92 

Heart failure: Class I-V 0.51 0.22 – 1.18 

Investigator discretion: yes 0.63 0.41 – 0.97 

Other medications: other 0.53 0.39 – 0.74 

Ancillary regimen: mono 0.32 0.22 – 0.47 

Treatment stability: stable 0.48 0.34 – 0.67 

Permissive trials 0.84 0.57 – 1.24 
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7.6.2 Interpretation 

Permissive trials had higher SAE rates than highly restrictive trials, and trials with 

increased continuous eligibility criteria scores were associated with increased SAE rates. 

These findings suggested that eligibility criteria as a driver of trial representativeness are 

linked to SAE rates. As expected, permissive trials were associated with higher SAE rates, 

which could be attributed to the inclusion of older adults and patients with comorbidities in 

these trials. 

Furthermore, the restrictiveness of specific criteria was associated with decreased SAE 

rates. Trials with restrictive eGFR excluded patients who may be candidates for the 

intervention in routine care, resulting in SAE rates that do not reflect the general 

population. Additionally, trials that exclude patients based on non-CV comorbidities, 

investigator discretion, use of other medications, use of antidiabetics and treatment 

stability excluded elderly and patients with comorbidities who are typically seen in routine 

care, thus reporting SAE rates that do not reflect SAE rates in routine care. Consequently, 

restrictive trials are likely to under-represent older adults and patients with long-term 

conditions and have lower SAE rates. These observations may support that SAE rates may 

reflect trial representativeness, though further research is needed to confirm this 

hypothesis. 

7.6.3 Comparison with previous literature 

The association between eligibility criteria and the SAE rate has not been widely studied. 

Most of the literature is focused on quantifying the effect of eligibility criteria on trial 

representativeness. A study examined the association between ineligibility for psoriasis 

trials and SAE rates and found that ineligible patients had higher SAE rates than eligible 

patients (IRR= 2.7, 95% CI 1.5 – 4.7), which was consistent with this study (Garcia-Doval 

et al., 2012). Furthermore, the findings of an observational study compared SAE rates 

between standard trials and trials of older people in the RCTs of RAAS drugs for 

hypertension, which were consistent with this study. They found that older people trials 
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had higher SAE rates than standard trials (IRR= 1.70, CI 1.07 – 2.77) (Hanlon et al., 2021). 

Additionally, a pilot study examined the correlation between eligibility criteria and SAEs 

in 16 sepsis trials, which was consistent with the findings of this study. They found that 

trials with restrictive eligibility criteria were less likely to have more SAEs (Sen et al., 

2017). 

7.6.4 Strengths and limitations 

This study included trials from different registries, which provided a variety of RCTs. 

Moreover, this study conducted two separate investigations on the association between 

eligibility criteria and the SAE rate. Additionally, this study protocolised the cutoffs of 

assessment and blindly conducted the analysis. One limitation is that this study extracted 

eligibility criteria mainly from ClinicalTrials.gov for registered trials and journal 

publications for unregistered trials; other sources were only checked when spars of 

information was available on ClinicalTrials.gov or journal publications. Another limitation 

is that this study focuses on GLP-1 RA trials, which may limit the generalisability of the 

findings to trials of other drug classes or diseases, especially trials of toxic interventions. 

7.6.5 Implications 

Permissive trials had higher SAE rates than restrictive trials. Moreover, the increased 

continuous score of eligibility criteria was associated with increased SAE rates. Therefore, 

the SAE rate can be used as a quick-to-measure proxy of the restrictiveness of eligibility 

criteria, as it can differentiate between permissive and restrictive trials. Furthermore, they 

can be cautiously used in conjunction with other measures of trial representativeness. The 

SAE rate provides a quantitative, tangible, and time-efficient measure that can minimise 

the subjectivity and complexity associated with other methods. Although the findings of 

this chapter may support that SAEs may reflect trial representativeness, additional research 

is needed to validate this hypothesis. Future research may study the association between 

eligibility criteria and the SAE rate in routine care to examine whether SAE rates differ 

between trial and general populations. Moreover, investigating the similarities between 
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eligibility criteria and baseline characteristics may further elucidate the effect of 

differences in eligibility criteria on trial participation. 

7.7 Conclusion 

The SAE rate was associated with eligibility criteria. As the SAE rate can differentiate 

between permissive and restrictive trials, they can be used to measure the restrictiveness of 

eligibility criteria. Furthermore, they can be cautiously used to measure trial 

representativeness in combination with other metrics.  
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Chapter 8 Discussion 

8.1 Review of background and main findings 

8.1.1 Knowledge gap 

RCTs are considered the gold standard for estimating the efficacy of interventions 

(Akobeng, 2005). However, RCTs with restrictive eligibility criteria usually exclude a 

notable proportion of the general population, especially older adults and patients with 

comorbidities (Herrera et al., 2010). Nevertheless, trial representativeness may not always 

be determined by eligibility criteria. For example, eligible patients may be excluded earlier 

during the informal recruitment in routine care or refuse to participate in trials (Kemeny et 

al., 2003; Go et al., 2006; Nipp, Hong and Paskett, 2019). Consequently, these factors may 

limit trial representativeness, contributing to the uncertainty in decision-making in usual 

care (Øvretveit, Leviton and Parry, 2011; Blonde et al., 2018).  

Although there are several measures of trial representativeness, they are either subjective 

or challenging to implement (Burchett et al., 2020). The SAE rate has been proposed as a 

potential measure of trial representativeness (Hanlon et al., 2021, 2022). The use of the 

SAE rate as a metric can overcome the challenges of other measures by offering a 

reasonably objective, quantifiable, and time-efficient metric that is likely to be reported for 

most trials. However, the ability of this metric to compare trial representativeness between 

trials and capture the under-representation of subgroups such as older adults and patients 

with comorbidities is still unclear. Therefore, there is a knowledge gap on whether the SAE 

rate can be used as a measure of trial representativeness. 
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8.1.2 Approach 

In this thesis, I investigated whether the SAE rate can be used as a metric of trial 

representativeness, using GLP-1 RA trials as an exemplar. In Chapters 2, 3 and 4, I 

explored the feasibility of using the SAE rate as a metric of trial representativeness. In 

Chapter 2, I examined the literature on SAE reporting in RCTs to examine how frequently 

SAE data are reported. In Chapter 3, I assessed SAE capturing in GLP-1 RA trials to 

enable the calculation of SAE rates. In Chapter 4, I compared SAE rates between trial 

arms to examine if combining SAE rates of the intervention and control arms is feasible, as 

this will increase the statistical power. In Chapters 5, 6 and 7, I used a triangulation of 

evidence to examine whether the SAE rate can reflect trial representativeness. In Chapter 

5, I assessed GLP-1 RA trials retrospectively using the PRECIS-2 tool to study the 

challenges of using this tool and enable a fair comparison with SAE rates. In Chapter 6, I 

examined the association between the SAE rate and the PRECIS-2 tool. Moreover, I 

compared between the PRECIS-2 tool and the SAE rate based on differences in their 

associations with several markers of trial representativeness, which serve as fair umpires. 

In Chapter 7, I examined the association between eligibility criteria and the SAE rate. 

8.1.3 Main findings and interpretation 

8.1.4 The feasibility of using the SAE rate as a metric of trial 

representativeness 

The literature review concluded that SAEs were sufficiently reported, especially on CSRs 

and trial registries. However, SAE timeframes were frequently underreported. Moreover, 

journal publications had inconsistent SAE reporting with trial registries and CSRs.  

SAEs were reported for most GLP-1 RA trials, indicating the feasibility of calculating SAE 

rates for most trials. However, less than half of these trials reported timeframes of SAE in 

the reported event totals AACT table. Therefore, SAE timeframes of these trials were 
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inferred from timeframes reported in the result group (event type) AACT table and primary 

outcome AACT table or journal publications. However, this may lead to biased results if 

inferred timeframes are shorter than actual SAE timeframes. Furthermore, trials had 

inconsistent reporting of MACE counts in the total SAEs, which was considered while 

calculating SAE rates. 

Interestingly, SAE rates did not differ between placebo and intervention arms nor between 

intervention and active comparator arms in GLP-1 RA trials, suggesting that SAEs were 

not mainly attributed to trial interventions and that SAE rates of trial arms can be 

combined to overcome low event numbers and increase the statistical power. Therefore, 

SAEs from the intervention and control arms were combined in subsequent analyses. 

8.1.5 Triangulation of evidence to determine whether the SAE rate 

can reflect trial representativeness 

Correlations between domains of the PRECIS-2 tool were generally negligible, indicating 

that the domains are independent, and each domain scored different aspects of trial design 

as expected for a well-formed score. The assessment using the PRECIS-2 tool was 

challenging, especially because of the notable subjectivity, the lack of time efficiency and 

the high rates of missing data in some domains. Despite these challenges, the PRECIS-2 

was assessed as objectively as possible to ensure a fair comparison with the SAE rate. The 

mean PRECIS-2 score was calculated for each trial and used in the comparison with the 

SAE rate. 

No association was found between the normalised mean PRECIS-2 score and the 

normalised SAE rate. Moreover, no association was found between PRECIS-2 domains 

and the normalised SAE rate, suggesting that these measures are independent, likely 

because both reflect representativeness but measure different aspects, particularly, the 

PRECIS-2 tool may be more focused on the trial design and settings, whereas SAEs are 

mainly a reflection of the baseline health condition of the recruited patients. 
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In the absence of a gold standard measure, the use of fair umpires enables the comparison 

between the SAE rate and the PRECIS-2 score in a balanced way. Most fair umpires were 

not constantly strongly associated with the normalised SAE rate. Only baseline sample 

size, baseline mean age, and baseline mean T2DM duration were positively associated with 

the normalised SAE rate. However, longer trial duration had a negative association with 

the normalised SAE rate. The analysis of the difference between metrics showed that all 

fair umpires did not strongly favour the normalised SAE rate. However, the direction of the 

differences of baseline mean age, baseline male percentage, baseline mean T2DM 

duration, industry-sponsored trials and phase IV trials favoured the normalised SAE rate as 

expected, except for phase IV trials, the favouring was unexpected. Other fair umpires 

showed null differences. Therefore, these findings do not support the use of the SAE rate 

as a measure of trial representativeness. 

Trials with permissive eligibility criteria were associated with increased SAE rates. 

Moreover, trials with higher eligibility criteria scores were associated with higher SAE 

rates. These findings indicate that the SAE rate can be used as a quick-to-measure proxy of 

the restrictiveness of eligibility criteria. Measuring the restrictiveness of eligibility criteria 

is complicated and time-consuming. Furthermore, these findings suggest that the SAE rate 

may reflect trial representativeness. 

Assessing trial representativeness is complex and may be influenced by different factors. 

Furthermore, some characteristics that reflect trial participation, such as frailty and 

multimorbidity, were unavailable. Moreover, there has been no gold standard measure of 

trial representativeness to compare the SAE rate with. Therefore, I used a triangulation 

approach to examine whether the SAE rate can reflect trial representativeness. I found no 

association between the SAE rate and the PRECIS-2 score. Moreover, all fair umpires did 

not strongly favour the SAE rate. However, the direction of half of the fair umpires slightly 

favoured the SAE rate. Furthermore, eligibility criteria were associated with the SAE rate. 

Consequently, the findings of the triangulation of evidence are inconsistent in supporting 

the use of the SAE rate as a standalone metric of trial representativeness. However, the 

SAE rate may have potential value when used cautiously in conjunction with other metrics 

of trial representativeness. 
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8.2 Contribution to the literature 

First, I found that most GLP-1 RA trials reported SAE counts and relevant timeframes. 

This finding indicated an important methodological aspect for using the SAE rate as a 

metric of trial representativeness, particularly the calculation of SAE rates for most trials. 

Moreover, trials registered on ClinicalTrials.gov had more complete SAE reporting than 

unregistered trials, highlighting the importance of database registration and the value of 

obtaining data from ClinicalTrials.gov. However, I identified a critical gap in SAE 

reporting in RCTs, where trials with serious hard outcomes, such as MACE, may not 

necessarily include their counts in the SAE reporting, resulting in inconsistent serious hard 

outcome reporting in total SAEs. This inconsistency may significantly impact the 

implication of the SAE rate as a metric of trial representativeness or any research focused 

on total SAEs. Furthermore, SAE timeframes were not explicitly reported for nearly half of 

the trials, indicating another gap in SAE reporting. Therefore, rigorous and consistent 

reporting of serious hard outcomes and SAE timeframes in RCTs is advised. 

Furthermore, I found that SAE rates did not differ between intervention and control arms 

of GLP-1 RA trials, indicating an important methodological aspect of using the SAE rate 

as a metric of trial representativeness in future research, particularly the ability to combine 

SAE rates and increase the statistical power. However, this may not apply to trials of toxic 

interventions as SAE rates may differ between interventions and placebo arms. 

Additionally, I protocolised and operationalised the PRECIS-2 tool to assess GLP-1 RA 

trials, contributing to a more objective and standardised assessment. The process involved 

modifying the tool to suit the unique characteristics and requirements of GLP-1 RA trials, 

providing a standardised framework to help researchers use this tool for GLP-1 RA trials. 

Furthermore, tailoring the PRECIS-2 tool for GLP-1 RA trials would help improve the 

translatability of research findings into clinical practice. Furthermore, the retrospective 

assessment of the pragmatism of a wide range of GLP-1 RA trials using the PRECIS-2 tool 

may help understand the applicability of GLP-1 RA trials to the real-world and 

consequently improve the quality of decision-making in clinical practice. Moreover, it 

identified challenges researchers may face when retrospectively using the PRECIS-2 tool. 
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Finally, I explored whether the SAE rate can reflect trial representativeness, showing the 

factors that may or may not be associated with the SAE rate. I found that half of the 

umpires slightly favoured the SAE rate over the PRECIS-2 score. Moreover, eligibility 

criteria were associated with the SAE rate. Therefore, the SAE rate can be used as a quick-

to-measure proxy of the restrictiveness of eligibility criteria. Measuring the restrictiveness 

of eligibility criteria is a complex and time-consuming process. Although the evidence is 

still insufficient to suggest that the SAE rate can be solely used as a measure of trial 

representativeness, incorporating the SAE rate alongside other metrics of trial 

representativeness may enhance their utility. 

8.3 Implications 

The findings of this thesis contributed to a better understanding of the use of the SAE rate 

as a metric of trial representativeness. There are several areas where this thesis can help 

clinical practice, researchers, and policymakers. Firstly, sufficient SAE reporting enables 

the calculation of SAE rates for most trials, accounting for the differences in SAE 

timeframes when comparing SAEs between trials. Furthermore, registering trials and 

posting results on ClinicalTrials.gov can enhance SAE reporting due to its mandatory SAE 

reporting, standardised reporting format, and publicly accessible platform. However, the 

inconsistent reporting of SAE timeframes in the reported event totals AACT table 

highlights the need for standardised and adequate reporting practices. 

Additionally, the lack of the difference in SAE rates between intervention and control arms 

of GLP-1 RA trials indicates the feasibility of combining SAE rates from all arms. Using 

total SAE rates to assess trial representativeness is more powerful, as it deals with low 

event numbers by increasing the statistical power. 

Furthermore, the association between the SAE rate and eligibility criteria indicates that the 

SAE rate can be used as a quick-to-measure marker of the restrictiveness of eligibility 

criteria. Adopting the SAE rate as a proxy measure of the restrictiveness of eligibility 
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criteria is efficient as it addresses the complexity and time-consuming nature of measuring 

the restrictiveness of eligibility criteria.  

Finally, although the triangulation of evidence did not fully support using the SAE rate as a 

standalone metric of trial representativeness, it can be carefully used in combination with 

other metrics. The SAE rate provides a relatively objective, quantitative, tangible, and 

time-efficient metric.  

8.4 Strengths and limitations 

This thesis has several strengths that have allowed it to get novel and robust insight into 

whether the SAE rate can be used to measure trial representativeness. Firstly, data used in 

this thesis were obtained from different sources, including trial registries, CSRs, study 

protocols and journal publications. This approach contributed to minimising data 

missingness, which may enhance the credibility and robustness of this thesis. Furthermore, 

there is no gold standard measure of trial representativeness. Therefore, the SAE rate was 

compared to an existing proxy measure of trial representativeness (the PRECIS-2 score) 

and a potential driver of trial representativeness (eligibility criteria). Finally, the high 

dimensionality of eligibility criteria of GLP-1 RA trials was reduced into a single variable 

to simplify the analysis of their association with the SAE rate. 

However, several limitations may have affected the findings of this thesis. Firstly, this 

thesis used GLP-1 RA trials as an exemplar, which could limit the generalisability of the 

findings to trials of other diseases and drug classes. Researchers should be cautious when 

applying thesis results to other trials, especially trials of toxic interventions, where SAE of 

trial interventions may complicate the analysis. Secondly, the information needed to score 

some domains of the PRECIS-2 tool was unavailable. However, the PRECIS-2 mean 

scores were calculated without the missing domains to minimise the impact of 

missingness. Still, the analysis could have been affected by missing data. Thirdly, although 

the PRECIS-2 tool was operationalised and protocolised to reduce the subjectivity of 

assessment, this thesis was still limited by the inherent subjectivity of the PRECIS-2 score, 
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which may introduced bias to the comparison with the SAE rate. Fourth, baseline and trial 

characteristics were missing in some trials. However, missing data were imputed to 

minimise the impact of missingness on the results. Fifth, trials had heterogeneous reporting 

of their eligibility criteria. It was unclear whether trials reported all eligibility criteria on 

ClinicalTrials.gov or publications and whether these criteria are sometimes copied from 

similar studies. This uncertainty is problematic as it may have led to biased results. Finally, 

there is a lack of information to better assess trial participation, such as multimorbidity and 

frailty. This information was not available across data sources used in this thesis. Factors 

such as multimorbidity and frailty are important to understand whether the SAE rate can 

reflect trial representativeness. 

8.5 Future research 

Based on the findings of this thesis, several areas of research could be explored in the 

future. Here are some potential directions for future research. Firstly, future studies may 

examine the similarities between trial baseline characteristics and trial eligibility criteria, as 

this may further explain the effect of the differences in eligibility criteria on trial 

representativeness. Secondly, future research may investigate that vulnerable eligible 

subjects may be disproportionately excluded during the informal referral in usual care. 

Thirdly, future research may study the association between eligibility criteria and the SAE 

rate in routine care to examine whether SAE rates differ between trial and general 

populations. Finally, future research may use Individual participant data (IPD) to explore 

the differences in SAEs between subgroups in large pragmatic trials. This exploration may 

provide insight into which subgroup may experience higher SAEs. Moreover, it may 

explore the prevalence of specific SAEs, such as cardiovascular events.  
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8.6 Conclusion 

In trials for GLP-1 receptor agonists for type 2 diabetes, SAE counts and relevant 

timeframes were reported for most trials. Moreover, no differences in SAE rates were 

found between intervention and control arms. Therefore, it is feasible to calculate SAE 

rates for most trials and combine SAE rates from intervention and control arms.  

The SAE rate was not associated with the PRECIS-2 score. Moreover, none of the umpires 

strongly favoured the SAE rate over the PRECIS-2 score. However, half of these umpires 

slightly favoured the SAE rate. Furthermore, the SAE rate was associated with eligibility 

criteria. Although this triangulation of evidence is inconsistent in indicating that the SAE 

rate can be used as a standalone measure of trial representativeness. However, there may 

still be value in examining the SAE rate when assessing trial representativeness when 

considered carefully in conjunction with other measures. 

Future studies may examine the association between eligibility criteria and the SAE rate in 

routine care. Future research may also examine the association between baseline 

characteristics and eligibility criteria. Moreover, it may investigate the premature exclusion 

of eligible patients during informal referral in usual care. Finally, this thesis contributed to 

the literature by improving the understanding of the complexities surrounding the use of 

the SAE rate to measure trial representativeness. It also highlighted the challenges and 

possible solutions to improve SAE reporting in RCTs. 
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Appendices 

Appendix A: Details of literature review on AE reporting 

in RCTs 

SAE reporting in RCTs 

Scharf and Colevas (2006) compared AE data from a sponsor’s database with published 

trial data to assess their differences. They searched the National Cancer Institute (NCI) 

Clinical Data Update System (CDUS) for studies that used the Common Toxicity Criteria 

version 2.0. From this, they identified 22 studies. Low-grade AEs were underreported in 

publications; only (58%) of grade 1 and 2 AEs were reported in articles. Inconsistency was 

found between published data and CDUS. Indeed, 28% of reported high-grade events in 

publications could not be linked to the AEs of the agent of interest in CDUS. A total of 

grade ≥ 3 AEs cited on CDUS was 611, while it was 413 in publications. The authors also 

found that the recorded number of high-grade events differed between published data and 

CDUS by 20% or more. Scharf and Colevas concluded that low-grade events were 

underreported, frequencies were underreported, and reporting of high-grade events was 

insufficient and inconsistent.  

Seruga et al. (2011) conducted a study to compare serious adverse drug reactions (SADRs) 

that were reported in post-marketing updated labels and publications of targeted anticancer 

RCTs. They searched the FDA website for authorised, targeted anticancer drugs with 

updated safety labels and RCTs of these agents. They identified 12 drugs with 36 relevant 

RCTs. Of these, 76 SADRs were found in the updated labels, 50% of which were 

considered potentially fatal. Seruga et al. found that 30 of 76 SADRs and 15 of 38 

potentially fatal SADRs were not posted in reports of RCTs. Conversely, 37 of 76 SADRs 

and 22 of 38 potentially fatal SADRs were not mentioned in early labels. They thus 

concluded that RCTs may not be able to detect SADRs in some populations because they 

are rare and the duration of RCTs is too short to capture these reactions. 
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Smith et al. (2013) developed the ACTTION (Analgesic, Anaesthetic, and Addiction 

Clinical Trial Translations, Innovations, Opportunities, and Networks) AE reporting 

checklist to assess reporting of AEs in RCTs with a more comprehensive approach. They 

conducted a systematic review that compares AE reporting in recent RCTs of healthy 

participants and volunteers with multiple pain conditions using ACTTION. The authors 

searched three major pain journals for pain treatment RCTs and identified 77 eligible trial 

publications. The frequency of SAEs was not reported for only 33 (41.2%) of trials. AE 

severity categories were only described in 5% of trials, while 17.5% merely described the 

severity scale. Only 12.5% of the trials did not report information about withdrawals. 

However, 30% did not or only partially mentioned the reason for withdrawal. Moreover, 

withdrawals due to AEs were not reported in 17.5% of RCTs. According to the authors, 

37.5% of trials reported all AEs or clearly mentioned no occurrence of AEs, while 48.7% 

did not mention the severity of AEs. Concerning SAEs, 41.2% of RCTs did not report any 

information. The authors subsequently concluded that industry trials exhibited better 

reporting practices than non-industry trials (22.7% vs 1.7%). However, the frequency of 

SAE reporting did not significantly differ between Industry-funded and non-industry-

funded trials (6.9% vs 4.5%). Furthermore, Smith et al. conclude that the quality of AE 

reporting tends to be low to moderate. However, this study was limited, as publications 

were the only source of AE data, and they selected only three journals. Moreover, they 

selected non-invasive treatment trials, which may affect the rates of SAEs in selected trials. 

Riveros et al. (2013) conducted a study to compare the completeness and timing of RCT 

results posted on ClinicalTrials.gov and journal publications. They systematically searched 

ClinicalTrials.gov for trials that posted their results and searched PubMed for relevant 

publications. They found that AE and SAE reporting was complete for trials with results 

posted on ClinicalTrials.gov compared to those posted on publications (73% versus 45%) 

and (99% versus 63%), respectively. 

Belknap et al. (2013) conducted a study to evaluate the current reporting practice of SAEs 

in RCTs of cancer treatments to an Institutional Review Board (IRB). They retrieved the 

SAEs of six RCTs reported to an IRB between 2001 and 2008. Belknap et al. found that 

182 (75%) of 205 AEs were not reported to an IRB, and six out of 30 SAEs were not 
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reported. They concluded that IRB reports were inadequate due to defective methodologies 

and insufficient investigator training. Two of the RCTs included in this study were Phase 

II, which is not sufficiently competent to detect rare SAEs due to its small sample size. 

Maund et al. (2014) assessed reports of clinical studies and publications of nine RCTs for 

duloxetine, looking for discrepancies in reporting major harm. The literature search 

identified 1,578 articles; of nine RCTs, only one trial was registered on ClinicalTrials.gov. 

The occurrence or non-occurrence of SAEs was not reported in 3 out of 9 trials in their 

relevant publications. The authors found that SAEs, withdrawals due to AEs, and suicide 

attempts were adequately recorded in CSRs; 8 of 9 CSRs reported SAEs. However, they 

found discrepancies between reports of clinical studies and publications in seven SAEs, 

and eight AEs led to withdrawals without significant bias. Moreover, treatment-related 

events were not reported between a median of 406 (range 177–645) in publications and 

166 (100–241) in the registry of trials. Maund et al. concluded that publications did not 

include adequate safety data compared to reports of clinical studies.  

Hughes, Cohen, and Jaggi (2014) conducted a cross-sectional study of trial summaries to 

evaluate the consistency between registries of RCTs for antidepressant and antipsychotic 

therapy and their corresponding publications. They used a bibliography of 244 RCTs to 

search for related publications and found that 142 RCTs had correspondent publications. 

Conversely, 102 RCTs did not have correspondent publications. According to Hughes, 

Cohen, and Jaggi, the frequencies of SAEs were reported in 125 (88 %) of trial summaries, 

85 (59.9%) of journal articles and 95 (93.1%) of unpublished trial summaries. They also 

found that 694 SAEs, out of 1,608 treatment-related events, were not posted in relevant 

publications. Moreover, no description of counted SAEs was found in 60% of publications 

and 41% of RCTs. The authors also found that these publications did not report 62.3% of 

deaths and 53.3% of suicidal events. Inconsistencies between registries and publications 

were found in the reported number of SAEs (49.3%) and descriptions of posted SAEs that 

were not matched (67.6%). Furthermore, 41.8% of RCT registries in this study did not 

have correspondent publications, which may have impacted the applicability of the 

outcomes of this study to other drug classes. 
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Tang et al. (2015) carried out a study to assess the consistency between reported SAEs in 

trials’ publications and ClinicalTrials.gov. From their search on ClinicalTrials.gov, they 

randomly included 300 RCTs out of 1,580, which included at least one SAE. They also 

searched for publications relevant to RCTs included on ClinicalTrials.gov and found that 

26% of the included RCTs had no publications, while 20% did not match records on 

ClinicalTrials.gov. Therefore, 202 RCTs and their corresponding publications were 

examined. The authors found that 13% of RCT publications did not report SAEs, while 2% 

posted no SAEs. Moreover, the reported SAEs were inconsistent between publications and 

ClinicalTrials.gov in 32% of trials, while matched reporting was found in only 11% of 

RCTs. The total number of SAEs was not reported in 33 (16%) publications. However, this 

study was limited, as it only searched a single database for publications, which affected the 

study sample and may have impacted its findings. 

Hodkinson, Gamble, and Smith (2016) carried out a meta-analysis to compare RCT 

summaries and RCT publications of Orlistat to assess the consistency and quality of AE 

reporting. They searched Medline and Cochrane to identify RCT publications and found 31 

corresponding publications to 31 RCTs. Of these, only five RCTs were included in this 

study, as they provided summaries. Hodkinson, Gamble, and Smith found that AEs and 

SAEs were inadequately reported in publications of RCTs. Indeed, of five RCT 

publications, only one matched with the RCT summary in SAE reporting, while other 

publications reported a maximum of one SAE. Moreover, >86% of SAEs and AEs were 

available in the summaries of RCTs, while only 26% of them were available in 

publications. In 91% of studies, withdrawals due to the intervention were present in 

summaries of RCTs and 51% of publications. This study was based on a meta-analysis of 

five RCTs, which may have provided a biased assessment. 

Maillet et al. (2016) carried out a systematic review to assess the reporting of major AEs 

(such as those Grades 3/4 and 5) in RCTs of anticancer drugs (2007–2011). They searched 

Medline and identified publications of 325 eligible RCTs. Maillet et al. found that 96% of 

these publications reported the frequency of Grade 3/4 AEs, while 17% posted their 

reporting level, which may increase the chance of underreporting less-common AEs. 

Moreover, the rate and characteristics of Grade 5 AEs were adequately mentioned in 50% 
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of published RCT reports, while only 19% posted AEs that resulted in the withdrawal of 

participants. Frequencies of grade 5 AEs were reported in (73%) of reports. However, as 

this study focused on publications as its source of safety data, this data may inadequately 

reflect the actual practice of RCTs. 

De Vries et al. (2016) conducted a study to evaluate the contemporary bias in RCT reports 

of second-generation antidepressants and their effect on safety results. They searched for 

FDA reviews of registered trials of second-generation antidepressants and identified 74 

trials. Subsequently, they searched for publications of these registered trials and found 97 

publications. For both sources, the odds ratio for withdrawals due to AEs was 2.4. Of these 

publications, 79% reported inadequate data about SAEs, while 63% reported no 

information about SAEs. Only 29% of the 21 publications that were comparable to FDA 

reviews were fully consistent, while 43% reported an inconsistent number of SAEs, and 

6% did not mention SAEs. De Vries et al. (2016) concluded that inconsistencies in reported 

SAEs are linked to the elimination of post-therapy SAEs or to the omission of events that 

were assumed to be unrelated to treatment. Moreover, since SAEs are usually found to be 

infrequent and can occur coincidentally, authors tend to eliminate infrequent SAEs. 

However, this study was limited, as the FDA database may miss important SAE data, 

which may have affected the outcomes of this comparison. Moreover, this study was 

performed on a single drug class, so its results may not apply to other pharmacological 

interventions. 

Tfelt-Hansen, Lindqvist, and Do (2018) conducted a review to assess the adherence of 

migraine RCTs to the guidelines of AE reporting published by the International Headache 

Society (HIS). They searched Medline and PubMed between 2010 and 2015 for 

publications on migraine drug RCTs. They ultimately included 73 articles: 51 acute attack 

management RCTs and 22 prophylactic trials. Tfelt-Hansen, Lindqvist, and Do found that 

four of the HIS recommendation items were reported in 37% of acute attack management 

RCTs, whereas all items were reported in 23% of prophylactic RCTs. Moreover, 74% of 

acute attack management RCTs reported the number of participants that experienced AEs, 

as did 86% of prophylactic trials. They also found that SAEs were reported in 22% of 

acute attack therapy RCTs, while they were reported in 45% of prophylactic RCTs. 
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Adequate reporting of all parameters was in only (33%) of RCTs. However, the number of 

patients with any SAE was adequately reported in (69%) of studies. The study period may 

result in missing important RCTs concerning acute attack management. 

Phillips et al. (2019) conducted a systematic review to assess the current practice of AEs 

that are reported in RCTs. Having searched the BMJ, the JAMA, the Lancet, and NEJM for 

publications of Phase III and IV RCTs of pharmacological interventions between 2015 and 

2016, they identified 148 RCT reports eligible for this study. Of these, 13% reported only 

the number of events without reporting the event, while nine RCTs in this 13% provided 

the exact events in the appendix. Phillips et al. also found that 89% of RCTs reported the 

number of collected AEs. Moreover, 80% of RCTs reported withdrawals, and 35% of these 

withdrawals were due to AEs. Additionally, 41% of RCT reports noted the seriousness of 

events, while SAEs were adequately reported in 73% of RCTs. The authors thus concluded 

that the reporting practice is partially inadequate and inconsistent. Moreover, adherence to 

the CONSORT recommendation is insufficient. This study was limited, as it included high-

impact journals, which may have led to better outcomes and increased the likelihood of 

bias. The authors also limited their search period to one year, which may not reflect 

contemporary practice. 

Hodkinson et al. (2021) conducted a systematic review to assess the efficacy and safety of 

several treatments for schizophrenia or bipolar disorder. They searched MEDLINE, 

Central, EMBASE and PsycINFO until 2020 for the RCTs of Risperidone, Paliperidone or 

Paliperidone palmitate and their relevant IPD and clinical study reports (CSRs). They 

searched for more studies on trial registers such as ClinicalTrials.gov, the WHO ICTRP 

portal and OpenTrials.net. They found that CSRs reported approximately two times more 

AEs and eight times more SAEs than journal publications. They also found that AEs and 

SAE reporting was complete on CSRs 35 (100%). However, they were underreported on 

trial registries and journal publications, 10 (29%) and 17 (49%), respectively. 

Yao et al. (2021) systematically reviewed SAE reporting in phase III trials of colorectal 

cancer treatments. They searched the PubMed, Embase, Medline, and New England 

Journal of Medicine databases from 1993 to 2018 to identify RCT publications. Yao et al. 
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(2021) mentioned that 25.5% of publications reported SAEs. They found that industry-

sponsored trials reported higher SAEs than trials with other funding sources (57.6 vs 

20.7%). They also found that trials published in high-impact journals such as NEJM, the 

Lancet and JAMA reported higher SAEs than those published in other journals (31.9% vs 

16.7%).  

Paludan-Müller, Créquit and Boutron (2021) carried out a systematic review to examine 

the completeness and discrepancies of harm reporting in the RCTs of cancer treatments. 

They searched the European Medicines Agency (EMA) for oncology trials and retrieved 

their relevant CSRs. They also searched for related data in trial registries such as 

ClinicalTrials.gov and journal publications. They found that CSRs had more complete 

harm reporting compared to other sources. Moreover, SAE reporting was complete on 

CSRs (100%) and trial registries (95%). However, 50% of journal publications did not 

report SAEs.  

Taillefer de Laportalière et al. (2023) conducted a systematic review to examine the quality 

of harm reporting in the RCTs of esketamine. They searched Medline and 

ClinicalTrials.gov to identify trials and their relevant journal publications. They found that 

SAEs were reported in 90% of included trials. Moreover, they found that journal 

publications reported only 41.5% of SAEs reported on ClinicalTrials.gov.  

Madi et al. (2023) carried out a systematic review to assess the quality of AE reporting in 

the RCTs of Covid-19 treatments. They searched PubMed and ClinicalTrials.gov from 

2019 to 2022 for trials and their relevant publications. They found that journal publications 

reported 51% of SAEs compared to trial summaries posted on ClinicalTrials.gov. 

Harm reporting in journal publications 

Smith et al. (2012) conducted a systematic review to identify the modifications of AE 

reporting in RCTs after the publication of the ten items of the 2004 CONSORT harm 

extension. They searched three pain treatment journals and classified them into two periods 
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to assess discrepancies in reporting patterns between epochs. Subsequently, they identified 

101 trials that were eligible publications. 88% of trials fulfilled items concerned with 

reporting SAE counts and timeframes. Additionally, the fulfilment of this item improved 

over time from 74% to 97%. Items 4, 7, 8, and 10 of the CONSORT harm recommendation 

were fulfilled by more than 75% of RCTs, whereas 50–70% met CONSORT harm 

recommendation items 1, 3, and 6. Moreover, items 2 and 5 were fulfilled by less than 50% 

of the included trials. Less than 2% of RCTs met CONSORT recommendation item 9, 

which was not surprising given that this item deals with subgroups and harm analysis, 

which are not typical for pain treatments. According to Smith et al., the fulfilment of these 

CONSORT harm items was significantly higher in the second period than in the first, as it 

improved from 44.8% in the first epoch to 61.8% in the second epoch. Moreover, Industry-

funded trials showed higher CONSORT harms total score than other fund resources, 0.22 

CI (0.09-0.36). Smith et al. found that trials of pain volunteers have a significant tendency 

to report harm compared to trials of healthy participants. 

Péron et al. (2013) conducted a systematic review to assess the quality of AE reporting in 

RCTs. Using Medline via PubMed, they identified all trials’ publications about systemic 

solid tumours therapy between January 2007 and December 2011, which were published at 

least three years after the release of the CONSORT extension. They identified 739 RCTs, 

325 of which were included. The authors developed the AE reporting quality score 

(AERQS) based on the CONSORT harm recommendation to assess reporting quality. The 

mean AERQS for all trials was 10.1, and the range was between 9.8 and 10.4. the average 

AERQS of RCTs that received industrial funding was 1.14 points higher than that of RCTs 

with other fund resources. SAEs were adequately reported for 296 (91%) trials according 

to the fulfilment of CONSORT harm extension items. Reporting was mostly limited to 

SAEs due to space limitations. Withdrawal frequencies were described in 70% of RCTs. 

However, the AEs responsible for withdrawal were not adequately reported in 15% of 

trials. Moreover, details about AEs that caused death were not sufficiently reported in 40% 

of trials. 

Hodkinson et al. (2013) carried out a systematic review of studies that examine the 

adherence of RCTs to CONSORT harm recommendations. Seven studies that assess the 
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quality of reporting in 800 RCTs were reviewed in this study. The authors found 

considerable variation in studies’ adherence to CONSORT harm recommendations. Indeed, 

six of these seven studies assessed harm reporting in the title and abstract; three studies 

found that 70% of RCTs adhered to the recommendations, and less than 30% of RCTs 

followed these CONSORT harm items in three other studies. Hodkinson et al. subsequently 

concluded that these studies were inconsistent in their results regarding the quality of 

reporting. AE reporting was inadequate; (50%) of the CONSORT harm checklist was not 

adhered to in 6 out of 7 studies. However, this study was limited, as it did not include 

studies of other AE reporting guidelines. Moreover, the number of included studies was 

limited to only seven studies. 

Sivendran et al. (2014) conducted a systematic review to describe current AE reporting 

practices and to assess adherence to CONSORT extension recommendations in oncology 

trials. After searching PubMed, Embase, and Medline, they found 175 eligible RCT 

publications. Of these, 96% of trials reported AEs that occurred above a certain level, 

which may result in the underreporting of rare events, while 22% selectively reported the 

severity of AEs by limiting them to a specific grade. However, 135 (77%) articles reported 

AE counts. The authors found that 132 (75%) trials reported death due to AEs. Sivendran 

et al. concluded that AE reporting in oncology trials was selective and heterogeneous; the 

median score was 8 out of 14, and the range was 3 to 12. This study was limited by their 

search time interval of three years, and the probability of poor adherence in the past may 

have limited the analysis of these results. Moreover, this study was limited to RCT 

publications as the source of AEs data. 

Mahinbakht, Lavasani, and Guirguis (2014) conducted a systematic review to assess 

adherence to CONSORT harm recommendations in studies of early-phase breast cancer 

using adjuvant trastuzumab. Five RCTs were included in this review, which found 

adherence to CONSORT harm recommendations among HERA, NSABP-B31, N9831, 

PACS-04, and FinHer RCTs to be 70%, 31%, 31%, 49%, and 49.3%, respectively. The 

authors concluded that these trials did not adequately report AEs, except in one RCT. 

Moreover, the frequency of SAEs was correctly reported in all trials. The poor adherence 

of the included RCTs may be because harm is not their primary outcome. However, this 
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study was limited, as the authors only focused on the early phases of breast cancer. Thus, 

their results may not apply to all RCT reporting practices. Moreover, this study only 

evaluated five RCTs.  

Chen et al. (2015) carried out a systematic review of RCT publications to assess the quality 

of reporting of AEs in trials of immune checkpoint inhibitors. The authors searched 

Medline, Embase, and Cochrane for literature between 2003 and 2013 and thus identified 

2,628 articles. Of these, 50 RCTs were included for analysis. The authors adapted the 

CONSORT harm recommendation to create a quality score of 21 points to assess the 

quality of reporting. The mean quality score was 11.21 out of 21 (95% CI 10.46–11.96). 

Grade 3/4 AEs were reported for 96% of studies. Chen et al. found a significant association 

between high-quality scores and trials that were published in the last five years. They 

concluded that reporting AEs had improved over time; the mean score increased from 9.09 

to 11.81 points, but it was still incomplete. This study scoring tool was adopted from 

CONSORT harm recommendations instead of using the same items, which may have 

impacted the quality of their scoring system. 

Gewandter et al. (2015) conducted a systematic review to assess the quality of AE 

reporting in RCTs of temporomandibular disorders (TMDs) therapy. They searched 

PubMed for publications of RCTs between 1969 and 2013 and identified 90 publications. 

Gewandter et al. found that 10% of articles complied with CONSORT harm items 2, 3, and 

5, while items 1 and 4 were reported in 18–24% of publications. AE reporting was 

inadequate; most items fulfilment range was between (10%) and (23%), and only one item 

exceeded (36%). The authors concluded that, although the quality of AE reporting in RCTs 

of TMDs therapy is inadequate, reporting practices have improved over time. The authors 

used CONSORT harm items to assess the quality of reporting, which was published in 

2004, while they included studies between 1969 and 2013. 

Williams et al. (2016) examined AE reporting practices and assessed adherence to the 

CONSORT harm extension and ACTTION manual. They included RCTs published in three 

major journals of anaesthesiology and three major journals of intravenous and invasive 

pain management. They examined these trials during two different periods (2000–2003 and 
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2008–2012) to assess adherence to the CONSORT harm extension. For the assessment of 

the ACTTION manual, they included trials from the same six journals but only between 

2006 and 2012. Of the 196 identified trials, 165 were used to assess adherence to the 

CONSORT harm extension, and 132 were used for the ACTTION manual. 140 (85%) 

fulfilled the reporting of the item in the CONSORT harm extension that concerns SAE 

reporting. The authors found that CONSORT harm recommendation items 4, 7, and 8 were 

fulfilled by more than 75% of RCTs, whereas 50–70% met CONSORT harm 

recommendation items 3, 6, and 10. Moreover, recommendation items 1, 2, and 5 were 

fulfilled by less than 50% of the included trials, and only less than 2% of RCTs met 

CONSORT harm recommendation item 9. Comparing the two epochs, the authors found 

no significant difference in the fulfilment of CONSORT harm recommendations except for 

items 5 and 10. Thus, the authors found that, of the RCTs assessed according to ACTTION, 

8% of trials did not report any information about AEs. Moreover, 61% of trials reported no 

information about SAEs. However, this study was limited, as publications were the only 

source of AEs data, and they only selected six journals. 

Westergren, Narum, and Klemp (2018) conducted a study of 159 published RCTs, which 

were included in a meta-analysis of corticosteroids and the related risk of gastrointestinal 

bleeding. They similarly assessed adherence to CONSORT harm recommendations. 

According to the authors, the mean score of studies was 5.25 out of 10 with SD of ±2.09. 

The increase in CONSORT scores related to adequate reporting of GI bleeding (odds ratio 

[OR] 1.17, 95% CI 1.01-.37, P = 0.042). 130 (81.8%) fulfilled the reporting of the item in 

the CONSORT harm extension that concerns SAE reporting. Withdrawals of participants 

were adequately reported in 83.6% of the included studies, while definite GI bleeding was 

reported in 81.8% of RCTs. Westergren, Narum and Klemp concluded that reporting AEs 

in RCT publications may be affected by space limits, which means most publications focus 

on efficacy outcomes. However, this study was limited by its use of publications as the 

AEs data resource, which may miss important safety data. 
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Methods of SAE reporting in RCTs 

(London et al., 2009) developed an electronic system to report SAEs, instead of paper-

based systems, called eSAEy. Thomas Jefferson University applied this system to all RCTs 

conducted in their institute and by affiliation members in 2007. Subsequently, 588 SAEs 

were reported using eSAEy, and the median time of the reporting process was <2 days 

(mean 7±0.2 days). The reporting time was significantly lower than the median reporting 

time in a paper-based system, which was 24 days (mean of 45 ± 5.7 days). London et al. 

concluded that eSAEy reduced the reporting period and enhanced reporting precision. This 

system was designed for RCTs based at Thomas Jefferson University and their affiliation 

members’ institutions. As such, the applicability of this system requires more validation to 

be deployed in other RCTs. 

Bolland et al. (2013) conducted a study to assess the consistency between patient-reported 

and investigator-verified cardiovascular AEs in a five-year RCT of a 1g calcium 

supplement. This RCT included 1,471 normal postmenopausal women (mean age 74 

years). The authors found that 50% of 64 patient-reported myocardial infarctions (MIs) 

were verified by investigators, and 58% of 86 self-reported strokes were verified by 

investigators. Thus, 50% of MIs and 42% of strokes were not reported to investigators. 

Moreover, 25 of the 58 verified MIs and 13 of the 63 verified strokes were underreported. 

Bolland et al. concluded that there are discrepancies between patient-reported and 

investigator-verified AEs. The participants in this RCT were older adults (mean age 74 

years) and had comorbidities and cognitive impairment, which may have contributed to 

underreporting and misleading outcomes. 

Crépin, Villeneuve, and Merle (2016) conducted a cross-sectional study to assess the 

quality of reporting SAEs in RCTs to academic sponsors using forms reported by the 

investigators of RCTs. From ten RCTs, they received 274 reports of SAEs, 64% of which 

were pharmacological. The authors found that 3.6% of reports contained no mention of the 

seriousness of events. Moreover, assessments of causality were not reported in 9.3% of 

reports. Additionally, 5.7% of reports did not report the date of onset of the SAE, while 

SAEs were reported during the first 24 hours in only 21% of reports. Crépin, Villeneuve, 
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and Merle concluded that the quality of SAE reports was low, most forms were not filled, 

and the fulfilment of items was also low. They attributed these results to the poor uptake of 

recommendations concerning coding and reporting, as well as insufficient training. 

However, 36% of the RCTs were not pharmacological, which may have affected the 

outcomes of this study. 

Ménard et al. (2019) developed a tool to predict the frequency of AEs per participant in 

clinical studies using data from previous RCTs. They hypothesised that this tool would 

help enhance the reporting of harm in clinical studies. They assessed the ability of this tool 

to forecast underreporting but not the occurrence of AEs in RCTs. Data were obtained from 

104 RCTs funded by Roch-Genentech, and this data was used to train a machine-learning 

model to forecast the underreporting of the frequency of AEs. In total, 54 characteristics 

were used to build the final model. Ménard et al. examined the ability of this tool to predict 

the frequency of AEs in simulated cases and using different scenarios. The authors found 

that this model scored 0.67 in the area under the curve (AUC) of receiver operating 

characteristic (ROC) for the statistical scenario and 0.97 for the zero scenario. Moreover, 

for 25%, 50%, 67%, and 75% scenarios, the AUC was 0.62, 0.79, 0.89, and 0.92, 

respectively. However, as this model did not examine actual underreported data, its results 

need more validation. According to Ménard et al., this model is currently applied in a 

limited number of RCTs that Roch-Genentech conducts, and it will be validated and 

improved to fit all RCTs. 

Mayo-Wilson et al. (2019) compared selection criteria for reporting AEs in RCTs and the 

impact of the differences in criteria of selection on reporting, meta-analysis, and medical 

practice as part of a methodological study. The authors searched for RCTs of gabapentin 

for neuropathic pain and quetiapine for bipolar depression and found 21 gabapentin and 

seven quetiapine RCTs. Besides, they searched for CSRs of identified RCTs and found six 

gabapentin CSRs and two quetiapine CSRs. Mayo-Wilson et al. compared CSRs with other 

resources (including CSR synopses and relevant publications) and found that not every 

CSR applied the selection criteria and reported all AEs, while other resources used the 

selection criteria but did not report all AEs. Moreover, 22% of gabapentin and 40% of 

quetiapine RCT publications and CSR synopses reported the application of selection 
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criteria in their reporting of AEs. Mayo-Wilson et al. concluded that the selection criteria 

significantly affected the reporting of AEs in RCTs and that most AEs and SAEs were not 

reported in publications or CSR synopses.  
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Appendix B: The PRECIS-2 rationale extraction template 

Trial ID Author Study title  

      

Domain PRECIS-2 score Rationale for assessment 

Eligibility Criteria       

Recruitment       

Setting       

Organisation       

Flexibility (delivery)       

Flexibility (adherence)       

Follow-up       

Primary outcome       

Primary analysis       
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Appendix C: Sensitivity analysis for the correlation 

between the PRECIS-2 domains using MICE 

imputation 
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Appendix D: Sensitivity analysis for the association 

between the normalised SAE rate and the PRECIS-2 

domains using MICE imputation 

 

 

PRECIS-2 domains β 95% CI p-value 

(Intercept) 0.24 -1.12 – 1.59 0.730 

eligibility criteria (unadjusted) -0.09 -0.24 – 0.05 0.205 

eligibility criteria -0.08 -0.23 – 0.07 0.268 

recruitment -0.01 -0.11 – 0.10 0.893 

setting 0.03 -0.11 – 0.18 0.653 

organisation -0.04 -0.15 – 0.07 0.483 

flexibility delivery 0.01 -0.24 – 0.27 0.927 

flexibility adherence 0.11 -0.22 – 0.43 0.527 

follow up 0.04 -0.14 – 0.21 0.680 

primary outcome 0.09 -0.07 – 0.26 0.267 

primary analysis -0.11 -0.25 – 0.04 0.141 
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Appendix E: Complete case analysis of the estimated differences between the SAE rate and the 

mean PRECIS-2 score 

Fair umpires 

SAE Rate Mean PRECIS-2 Difference 

SE 2.5% 97.5% 

Favouring 

β CI (95%) β CI (95%) 

N
u

ll 

U
n

ex
p

ected
 

E
x
p

ected
 

N
eith

er
 

P
R

E
C

IS
 

S
A

E
 

Intercept -4.79 -8.96 – -0.64 -3.78 -8.08 – 0.64 -1.04 3.05 -7.12 4.92  

Baseline sample size 0.16 0.03 – 0.29 0.19 0.06 – 0.32 -0.03 0.09 -0.22 0.15 Neither 

Baseline mean age 0.67 0.12 – 1.22 0.08 -0.50 – 0.64 0.60 0.40 -0.17 1.37 Favoured SAE 

Baseline male percentage -1.06 -2.83 – 0.69 0.03 -1.78 – 1.86 -1.09 1.28 -3.58 1.45 Favoured SAE 

Baseline mean T2DM 

duration 

0.39 -0.24 – 0.99 -0.09 -0.70 – 0.55 0.47 0.45 -0.43 1.32 
Favoured SAE 

Baseline mean HbA1C 0.06 -0.25 – 0.38 0.13 -0.20 – 0.45 -0.06 0.23 -0.52 0.39 Neither 
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Blinding: Double or more 0.13 -0.18 – 0.44 0.18 -0.14 – 0.48 -0.04 0.22 -0.48 0.40 Neither 

Trial Phase: Phase IV 0.27 -0.24 – 0.79 -0.13 -0.66 – 0.37 0.41 0.37 -0.32 1.15 Favoured SAE 

Trial duration -0.28 -0.46 – -0.11 0.11 -0.06 – 0.29 -0.40 0.12 -0.64 -0.16 Favoured PRECIS 

Year difference 

(difference between the 

year of first register and 

the year since the 

intervention was first 

trialled) 

-0.12 -0.60 – 0.34 0.16 -0.35 – 0.67 -0.28 0.35 -0.97 0.38 Favoured PRECIS 

Trial Sponsor: Industry -0.31 -0.98 – 0.34 0.51 -0.17 – 1.16 -0.82 0.48 -1.75 0.11 Favoured PRECIS 
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