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Abstract 

Background 

Randomised controlled trials (RCTs) are the gold standard for determining the 

efficacy and safety of medical interventions. However, their representativeness 

is often uncertain, as many trials tend to recruit healthier, younger, and less 

comorbid patients, potentially limiting the generalisability of findings to the 

real-world population. Assessing trial representativeness is complex, and 

currently, there is no gold standard measure to address this. Serious adverse 

events (SAEs) are clearly defined by the Food and Drug Administration (FDA), and 

regulatory bodies obligate trial sponsors to report all SAEs, regardless of 

causation. SAEs may reflect the underlying health status of participants, as they 

include events such as hospitalisations that may not be directly related to the 

intervention, thus serving as a potential marker of how sicker the participants 

are. Consequently, SAE reporting could provide insights into trial 

representativeness. In this thesis, I will explore whether SAE rates can be used 

to measure trial representativeness, using RCTs of sodium-glucose co-

transporter-2 (SGLT-2) inhibitors as an exemplar. 

Methods 

Clinical trials of SGLT-2 inhibitors were identified from a recent systematic 

review and included in this thesis. I extracted data on SAE reporting, eligibility 

criteria, and multiple variables for trial and baseline characteristics. 

ClinicalTrials.gov, other trial registries, clinical study reports, and trial-relevant 

publications were used to extract the required data. To assess the feasibility of 

using SAE rate as a measure of trial representativeness, I initially explored 

whether SGLT-2 trials reported adequate information to calculate the SAE rates. 

I then compared SAE rates between trial arms to determine whether SAE rates 

varied depending on treatment and, by extension, whether each arm should be 

considered separately or together when assessing SAE rates. In the absence of a 

gold standard, I used different approaches to explore whether SAEs reflect trial 
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representativeness. First, I used the pragmatism metric (PRECIS-2 tool, 

PRagmatic Explanatory Continuum Indicator Summary) to examine its association 

with SAE rates. I operationalised the PRECIS-2 tool to align with the 

characteristics of SGLT-2 trials and assessed the trials retrospectively by scoring 

the nine PRECIS-2 domains. Second, I compared SAE rates with the PRECIS-2 

score based on the differences in their associations with trial and baseline 

characteristics (included as fair umpires) to explore whether SAE is a better 

metric. Lastly, I examined the association between trial eligibility criteria and 

the SAE rates to further assess their potential as a measure of trial 

representativeness. 

Results 

A total of 146 RCTs for SGLT-2 inhibitors were identified and included in the 

analysis. In my literature review I found a lack of representativeness in clinical 

trials, which limited the generalisability of their findings. This lack of 

representativeness is driven by underrepresentation of older patients, 

racial/ethnic minorities, and the impact of strict eligibility criteria. 

Trials of SGLT-2 inhibitors reported sufficient information, including the number 

of participants who experienced SAEs, the number of subjects at risk of SAEs, 

and the timeframe for these events, allowing for the calculation of SAE rates. 

Trials registered on ClinicalTrials.gov showed better SAE reporting than other 

trials. The reporting of major adverse cardiovascular events (MACE) was 

consistently included in the reporting of SAEs. There was no significant 

difference in the rates of SAE between the intervention and placebo arms 

(incidence rate ratio [IRR] 0.89, 95% confidence interval [CI] 0.73-1.07), and 

between the intervention and active comparator arms (IRR 0.90, 95% CI 0.69-

1.17). Trials registered on ClinicalTrials.gov had higher SAE rates than trials 

registered on other registries (IRR 1.94, 95% CI 1.23-3.02). Multinational trials 

showed higher SAE rates than national trials (IRR 1.79, 95% CI 1.32-2.41). 

Additionally, SAE rates were higher in trials with hard outcomes (e.g., MACE) 

compared to those with soft outcomes (IRR 2.86, 95% CI 1.84-4.74). 
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A higher mean PRECIS-2 score was associated with higher SAE rates (β = 0.17, 

95% CI 0.00–0.33). The score for the setting domain was also associated with 

higher SAE rates (β = 0.51, 95% CI 0.26–0.76). Furthermore, the SAE rate and 

mean PRECIS-2 score were positively associated with certain baseline/trial 

characteristics (umpires), such as diabetes duration and sponsorship. The trend 

for most umpires generally favoured SAE as a metric of trial representativeness; 

however, only age and type of blinding umpires strongly favoured SAE over 

PRECIS-2 (β = 0.97; 95% CI 0.26 to 1.70, β = 0.72; 95% CI 0.02 to 1.43, 

respectively). Trials with more restrictive eligibility criteria had lower SAE rates 

(IRR 0.75, 95% CI 0.73-0.77) than trials with more permissive criteria (IRR 1.33, 

95% CI 1.30-1.37). 

Conclusion 

Clinical trials of SGLT-2 inhibitors reported sufficient information on SAE, 

allowing for the calculation of SAE rates. There was no difference in SAE rates 

between trial arms, enabling the combination of total SAEs for both arms. 

Pragmatic trials, which resemble real-world practice according to the mean 

PRECIS-2 score, showed higher SAE rates. The trend for most umpires favoured 

SAE more than PRECIS-2, and trials with restrictive eligibility criteria showed 

lower SAE rates compared to those with permissive criteria. Therefore, SAE rates 

may help assess the representativeness of clinical trials.  
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Chapter 1 Introduction 

1.1 Chapter overview 

This chapter will provide a brief introduction about the importance of clinical 

trials. It will also cover the importance of trial representativeness and its 

consequences. 

1.2 Randomised controlled trials (gold standard) 

Randomised controlled trials (RCTs) are essential in the development and 

evaluation of pharmacological drugs (Houle, 2015). They are prospective studies 

that typically involve at least two groups of patients: an intervention group and 

a control group (Kendall, 2003). Trials are important for clinicians and decision-

makers because they can determine whether a new treatment works, is 

effective compared to other treatments, or caused side effects (Selker et al., 

2019). They employ randomisation to minimise bias and attribute any 

differences in outcomes to the treatment rather than to confounders. This 

randomisation ensures an equal distribution of patient’s characteristics between 

treatment and control group, randomising known and unknown confounding 

factors that may bias results (Berger et al., 2021). This robust approach is not 

available with other study designs (e.g., observational studies), which mean that 

randomisation allows researchers to examine cause-effect relationships more 

rigorously (Concato, Shah and Horwitz, 2000). Trials are therefore considered the 

gold standard for examining the efficacy and safety of new treatments (Kabisch 

et al., 2011). 

1.2.1 Eligibility criteria 

Eligibility criteria define what individual-level characteristics are required for a 

person to be included in a trial and are crucial in conducting clinical trials (Weng 

et al., 2010). The success of RCTs and the reliability of their results rely heavily 
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on these criteria (Su, Cheng and Huang, 2023). They are essential for defining 

the patient population under investigation, specifying characteristics such as 

age, gender, comorbidities, severity of the condition, and medical history (Cragg 

et al., 2021). Eligibility criteria have several purposes: they specify the target 

population for the drug, ensure participants safety, facilitate trial conduct by 

excluding people who would struggle to participate, and ensure the trial reflects 

the intended use (Kim et al., 2017). 

Appropriate selection of eligibility criteria is important to ensure that trial 

findings can be applied to routine care (Raymond et al., 2024). However, 

restrictive criteria can impact the representativeness of clinical trials and 

potentially compromise the generalisability of their results by limiting the 

diversity of trial participants (Li et al., 2020).  This restrictiveness often 

excludes older people with comorbidities, who represent a high proportion of 

patients in the community. Consequently, these trials may not accurately reflect 

the broader patients that would use the intervention in routine care (Florisson et 

al., 2021). Given these potential challenges with generalising trial findings, it is 

important to be able to assess the representativeness of clinical trials to allow 

informed consideration of their implications (Qi et al., 2021). 

1.2.2 Representativeness, applicability, pragmatism 

As mentioned above, RCTs are the best design in evidence-based medicine but 

randomisation does not, of itself, promote the applicability of a trial’s results to 

target population (Pibouleau et al., 2009). To understand the applicability and 

their context in clinical trials, some concepts and principles are defined below: 

Trial representativeness: Refers to the extent to which the clinical trial samples 

mirror or represent broader samples (real-world population) to which the trials 

interventions are intended to be extrapolated. In other words, it concerns about 

how well the recruited participants reflect the diversity and characteristics of 

the broader population in daily practice (Kennedy-Martin et al., 2015). 
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Trial applicability: Atkins et al. (2011) defined the trial applicability as “the 

extent to which the effects observed in published studies are likely to reflect 

the expected results when a specific intervention is applied to the population of 

interest under ‘real-world’ conditions”. 

Trial pragmatism: RCTs were classified as either effectiveness or efficacy trial. 

In 1976, Schwartz and Lellouch characterised pragmatism as an “attitude to trial 

design rather than a characteristic of the trial itself”. They introduced two 

terms for clinical trials: the pragmatic and explanatory approaches. The 

pragmatic trials are designed with the aim of enhancing the applicability of the 

examined intervention to real-world practice (Omerovic et al., 2024). 

Conversely, the design of explanatory trials aims to increase the intervention’s 

ability to exhibit optimal effect under ideal conditions (Margolis et al., 2022). 

Although some authors seem to indicate that a trial is either pragmatic or 

explanatory, there is a continuum rather than a strict division between these 

trials (Treweek and Zwarenstein, 2009). Additional details and key comparisons 

between pragmatic and explanatory trials can be found in Chapter 6. 

1.3 Representativeness of randomised controlled trials 

Although clinical trials are the highest level of evidence and offer the most 

unbiased estimates of treatment efficacy, concern about their 

representativeness persist (Susukida et al., 2016). Often, the participants in 

these trials do not accurately represent the patients treated in routine care. 

This issue is particularly evident in type 2 diabetes mellitus (T2DM), a condition 

explored in this thesis. Indeed, compared to the population identified through 

record-linkage from the Scottish diabetes register, trial participants in T2DM 

trials were younger, had fewer comorbid diseases, and women were under-

represented (Saunders et al., 2013). 

The issue of representativeness is exacerbated by the frequent exclusion of 

individuals with polypharmacy and older people, often due to restrictive 

exclusion criteria or factors such as clinician preferences during the recruitment 
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process (Hanlon et al., 2021). When clinical trials are conducted using samples in 

which certain patient groups are under-represented or excluded, not only is the 

representativeness of the trial compromised, but also the impact and relevance 

of these studies affected (Domingo and Helman, 2022). This problem of under-

representation may ultimately influence clinical guidelines by generating 

evidence that does not accurately meet the individual needs of patients in 

routine care (Lindsay et al., 2020). Consequently, a lack of representativeness 

may undermine trust in trials (Fortin et al., 2006). 

Achieving representativeness in trials is crucial for enhancing the trust of both 

clinicians and the public in clinical trial findings (Clark et al., 2019). Improving 

the representativeness of trial populations is essential for maximising the 

applicability of trials to the target population, which in turn leads to better 

quality care for under-represented patients (Kennedy-Martin et al., 2015). 

Moreover, enhancing the representativeness of trial populations helps improve 

clinical guidelines that are often developed from evidence derived from studies 

involving unrepresentative populations (Mas-Llado et al., 2023). However, the 

absence of a practical method that can effectively assess trial 

representativeness could potentially compromise the usefulness of trials results 

and clinical guidelines. Therefore, it becomes necessary to find a method that 

can address this issue and appropriately assess the representativeness of clinical 

trials. This thesis aims to explore the feasibility of using serious adverse events 

(SAEs) as a metric for assessing the trial representativeness, particularly in the 

context of clinical trials for sodium glucose cotransporter-2 inhibitors (SGLT-2) as 

an exemplar. 

1.4 Aim and objectives of the thesis 

To determine whether SAEs reported in clinical trials for SGLT-2 inhibitors can be 

used as a metric of representativeness of those trials. To address this aim, the 

current thesis will conduct the following objectives: 

1. Explore the feasibility of capturing SAE rates from clinical trials. 
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2. Compare the SAE rates between trial arms. 

3. Apply a trial pragmatism metric (PRECIS-2 tool) to assess the pragmatism 

of RCTs of SGLT-2 inhibitors and compare this tool to SAE. 

4. Examine the association of SAE rates and mean PRECIS-2 score with trial 

and baseline characteristics. 

5. Explore the association between eligibility criteria and SAE rates. 

The rationale for the thesis aims and objectives is presented in Chapter 3, which 

outlines the thesis structure.
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Chapter 2 Generalisability of clinical trials (Literature 

review) 

2.1 Chapter overview 

This chapter provides a review of the issue of representativeness in clinical trials 

and its impact on the generalisability of their results across different index 

conditions, rather than focusing solely on a single condition. It summarises the 

factors contributing to the lack of representativeness. 

2.2 Background 

2.2.1 Rationale for choosing this review 

The advantage of RCTs lies in their ability to control for confounding factors 

through randomisation, making them less prone to bias than observational 

studies (Ratain and Sargent, 2009). RCTs are therefore considered the gold 

standard for evaluating the efficacy of treatments. However, RCTs are limited in 

terms of generalisability (Gheorghe et al., 2015). Although these trials often 

provide precise estimates of intervention's effect for the patients recruited for 

the trial (referred as “internal validity”), they do not always provide applicable 

information about the effects on the boarder target population (referred as 

“external validity”) (Stuart et al., 2015). Some have raised concerns that trial 

findings are often more applicable to trial participants than the broader target 

population (Rothwell, 2005). This is because many trials have been shown not to 

be representative of the real-world populations, suggesting that their findings 

may not be applicable to all (Hanlon et al., 2022). Therefore, this review was 

conducted to explore trial representativeness, how the trial participants are 

representative to real-world populations, and how their findings are 

generalisable. Table 2.2 summarises the main findings of this review and the 

methods that have been used to assess trial generalisability. 
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2.2.2 What is generalisability? 

Generalisability describes the extent to which the findings of a study with a 

specific sample can be applied to a broader target population (Kennedy-Martin 

et al., 2015). If the trial results can be extrapolated to a population different 

from the trial population, the trial has good generalisability (S. V. Wang et al., 

2019). Conversely, poor generalisability indicates that a study's findings are 

applicable to a very limited population (Bornhöft et al., 2006). 

2.2.3 Validity 

The study’s validity can be described as the degree to which the findings and 

interpretations derived from a study are reliable and likely to yield consistent 

results (Steg et al., 2007). This is can be achieved when the study methods and 

the nature of the population are comparable (Akobeng, 2008). Study validity can 

be classified into two types: internal and external validity. Internal validity is 

associated with the extent to which the design of the trial is performed to avoid 

or minimise biases (Jadad et al., 1996). The quality of evidence derived from the 

trial can be negatively affected if the trial has low internal validity (Stephenson 

and Babiker, 2000). Also, internal validity is a crucial prerequisite for achieving 

external validity, which is defined as the degree to which the trial results can be 

applied to real-world populations (Akobeng, 2008). If a trial lacks sufficient 

internal validity, it will also lack external validity (Steg et al., 2007). However, 

even if trial results are internally valid, they may have limited clinical utility if 

the external validity is low (Rothwell, 2005). Clinical trials should possess both 

internal and external validity. In practice, however, clinical practitioners often 

argue that the external validity of clinical trials is frequently poor (Reiss, 2019). 

Moreover, the key determinants of external validity are not always adequately 

reported (Bornhöft et al., 2006). 
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2.3 Clinical trials generalisability review 

2.3.1 Search strategy 

The relevant literature was searched using MEDLINE and EMBASE (via Ovid) 

databases. These databases were chosen due to their medical specialisation and 

relevance to the thesis topic. As illustrated in table 2.1, the literature search 

was conducted using different keywords related to the representativeness and 

generalisability of clinical trials. The included study must assess the 

representativeness and generalisability of clinical trials. Studies that were 

irrelevant to the topic were excluded; 768 out of 1159 articles were excluded 

after screening the titles, 237 were excluded after reviewing the abstract, and 

126 were excluded after reviewing the full text. Eventually, 28 studies were 

included in the current review (Figure 2.1). 

Table 2.1 Keywords used in the literature review search 

Steps Keywords used 

1 randomised controlled trial or RCT or clinical experimentation or clinical 

experiment or clinical study or clinical studies or clinical trial or clinical 

research or clinical test or phase III trial or phase IV trial 

2 reliability or reliable or validity or valid or external validity or internal 

validity 

3 representativeness or representative or generalisability or generalizability 

or generalisation or generalization or applicability or applicable or 

generalizable or generalisable or real-world setting 

4 1 and 2 and 3 
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Figure 2.1 PRISMA diagram of the literature review 

2.3.2 Oncology trials 

The generalisability of cancer clinical trials is uncertain, given that less than 5% 

of patients participate (Chen, Skingley and Meyer, 2000). Clinical trials often 

exclude older patients, despite their significant representation among 

medication consumers, in favour of younger patients who typically exhibit better 

performance status and fewer comorbidities (Pitkala and Strandberg, 2022). 

Karim et al. (2019) examined the impact of eligibility criteria on the 

representativeness of oncology trials. They applied common exclusion criteria to 

a real-world population to determine the proportion of patients who would be 

eligible vs ineligible to participate in the RCTs. Their study found that 38% of 

cancer patients were ineligible for trials due to strict criteria of age (over 75 

years), heart disease, and prior malignancy. Trial-eligible patients had higher 

cancer-specific survival (CSS) compared to trial-ineligible patients (HR 0.72, 95% 

CI 0.70-0.74). Similarly, 52% of patients with ductal carcinoma in situ (DCIS) 

were ineligible in the EORTC 10853 trial due to rigorous patient selection 
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process. Non-entered patients had higher recurrence rates than randomised 

patients, indicating that the trial results might not be applicable to all DCIS 

patients due to the unrepresentativeness of the selected participants (Bijker et 

al., 2002). However, the study only focused on people receiving treatment in 

speciality cancer centres, which may not represent the broader healthcare 

setting. Moreover, trial-eligible patients for vemurafenib (Vem) and ipilimumab 

(Ipi) trials had improved survival compared to ineligible patients (HR 0.68, 95%CI 

0.44–0.98) (Sam et al., 2018). Common reasons for ineligibility included recent 

primary cancer, comorbidities, and untreated brain metastases, which 

significantly impact the applicability of trial findings. 

Costa, Hari and Kumar (2016) conducted a retrospective cohort study on multiple 

myeloma trials to determine how the dissimilarities between trial participants 

and the target population affect external validity. They found that real-world 

populations were older and had more advanced disease compared to trial 

participants. The stringent eligibility criteria, designed to exclude patients with 

more advanced disease, underrepresent these patients. While this enhances 

internal validity, it potentially compromises the external validity of trial results. 

However, this study was limited to trials conducted in the US, which may not 

accurately reflect the global patients. Similarly, Elting et al. (2006) compared 

the characteristics of trial participants and non-participants, finding significant 

differences in marital status, gender, race, health status, and comorbidities. In 

contrast, there were no significant differences in tumour characteristics, age, 

gender, and breast surgery between participants in the SENOMIC trial and the 

target population, suggesting the trial was representative (Andersson et al., 

2019). 

Mishkin et al. (2016) assessed the representativeness of NCI-sponsored 

gynaecological cancer trials by comparing trial participants' demographics (age, 

race, ethnicity) and insurance status to the real-world population from the NCI’s 

SEER program. They found under-representation of Black women in ovarian trials 

and Hispanic participants in uterine and ovarian trials. Older patients were 

under-represented across all trials, while privately insured patients were 

overrepresented in ovarian trials. These discrepancies between NCI participants 
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and the target population may limit the generalisability of the trial results. 

Moreover, Tam et al. (2009) assessed the trials’ generalisability by comparing the 

chemotherapy toxicity rates of irinotecan (grades 3 and 4 diarrhoea) between 

trial participants and non-participants. No significant difference was found, 

indicating the representativeness of the included participants. 

2.3.3 Cardiology trials 

The exclusion of potentially eligible patients from RCTs may lead to selection 

bias that may influence the representativeness of the trial and its external 

validity, as demonstrated by several studies (Kahan, Rehal and Cro, 2015). Steg 

et al. (2007) found that hospital mortality was doubled in eligible non-enrolled 

acute myocardial infarction patients compared to trial participants (7.1% vs 

3.6%) (2.07; 95% CI, 1.44-2.97), indicating that the outcomes observed in the 

trial may not fully represent broader population. Similarly, Fareed, Suri and 

Qureshi (2012) reported that ischemic stroke patients recruited in RCTs had 

different characteristics and clinical outcomes than those not recruited. African 

American or white race are more likely to be recruited in RCTs than others. The 

rate of intracranial haemorrhage (6% vs 2%, p<0.05) and progression of stroke 

(12% vs 3%, p<0.05) during hospitalisation were also higher in patients recruited 

in RCTs. Further, Lim et al., (2022) compared heart failure trials with registries 

and found that over half (56%) of registry patients met the trial eligibility 

criteria. While all-cause mortality rates were similar between trial and registry 

patients (0.97; 95%CI 0.92–1.03), cardiovascular mortality rates were higher in 

trial patients (1.19; 95%CI 1.12–1.27). However, this study was limited to only 5 

trials and 2 registries, which may not fully capture all heart failure patients. 

2.3.4 Psychiatry trials 

Clinical trials for psychiatric disorders such as borderline personality disorder 

(BPD) and generalised anxiety disorder (GAD) often exclude patients with 

different psychiatric comorbidities due to strict eligibility criteria (Stoffers et 

al., 2010), even though a significant proportion of real-world patients have these 
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comorbidities such as mood and anxiety disorders and substance dependence 

(Sjastad et al., 2012). Thus, the representativeness of these trials is affected, 

compromising their generalisability. Few studies have focused on the 

generalisability of pharmacological and psychotherapy treatment trials for these 

disorders. Hoertel et al. (2015) and Hoertel et al. (2012) examined the 

representativeness of BPD and GAD trials by applying trial eligibility criteria to 

the target population in a disease registry (National Epidemiologic Survey on 

Alcohol and Related Conditions (NESARC)) to determine the percentage of 

patients who would have been excluded. They found that 76% of the 2,232 

participants were excluded from BPD trials, and 75% of participants were 

excluded from both pharmacological and psychotherapy efficacy GAD trials. A 

history of bipolar disorder and recent history of alcohol abuse were major 

reasons for exclusion. Additionally, current depression was the single criterion 

excluding the largest proportion of patients in both groups in GAD trials (55.43% 

participants). 

In addition, Blanco et al. (2017) and Hoertel et al. (2013) applied the same 

approach to assess trial representativeness for major depressive disorder (MDD) 

and bipolar disorder. Using data from the National Comorbidity Survey (NCD) and 

NESARC registries, they found that 61.9% and 58.2% of the target population with 

MDD and bipolar disorder, respectively, would have been excluded due to a 

single criterion: the risk of suicide. Similarly, 75.8% of patients with major 

depression and 63.8% of patients with post-traumatic stress disorder (PTSD) 

would have been excluded due to a single criterion (Blanco et al., 2008; Franco 

et al., 2016). Although these studies utilised large representative datasets and 

examined both pharmacological and psychotherapy trials, the analysis was 

limited to eligibility criteria and did not evaluate patient outcomes. 

Overall, these findings indicate that restrictive criteria lead to under-

representation of certain patient categories in clinical trials, potentially 

reducing the external validity of the trials. Therefore, there is a need for more 

justification and balance in exclusion criteria to ensure a representative 

population and generalisable results to real-world settings. 
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2.3.5 Type 2 diabetes trials 

Dugard et al. (2024) explored the representativeness of type 2 diabetes trials by 

comparing the characteristics of general practice patients to the baseline 

characteristics of participants enrolled in 23 trials. They found that general 

practice patients were older (mean age 68.8 vs 59.9 years), had a higher BMI 

(31.5 vs 28.2 kg/m2), and used more hypoglycaemics and antihypertensives drugs 

compared to patients randomised in clinical trials. These findings indicate that 

the trial participants may not fully represent the typical patients seen in general 

practice, potentially affecting the generalisability of trial results. However, this 

study relies on trials conducted between 1995 and 2012, which may not reflect 

current routine care practice. 

2.3.6 Substance use disorder 

Susukida et al. (2017) conducted a study to compare the treatment effects of 10 

RCTs for substance use disorder (USD) (3,592 participants) with population 

effects (1,602,226 patients). The characteristics of trial participants were 

adjusted using propensity scores to resemble those of the target population. 

They then re-compute the effects from the included RCTs for three outcomes: 

retention, abstinence, and urine toxicology using statistical weighting. After 

weighting the samples, the statistically significant effect observed in the trials 

became non-significant. However, this study would only be able to adjust for 

measured confounding variables using the propensity scores, whereas the trial 

results would account for both measured and unmeasured confounding through 

randomisation. Therefore, the findings of this study could be, at least in part, 

due to unmeasured confounding, which might influence the study's conclusion 

about the generalisability of RCT results. 

Furthermore, when trial exclusion criteria were applied on routine patients 

diagnosed with alcohol dependence, half (50.5%) were found to be ineligible 

(Blanco et al., 2008). Financial situation and lack of compliance and motivation 

were the main criteria excluding these individuals. Similarly, the results of 
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tightly controlled trials for cannabis dependence may not be useful to the 

community, as their results cannot be extrapolated (Okuda et al., 2010). These 

trials included a very selective sample because they used numerous exclusion 

criteria that excluded 80% of community samples with cannabis dependence. 

2.3.7 HIV trials 

Gandhi et al. (2005) conducted a study that aimed to assess the 

representativeness of HIV clinical trials. They employed the same exclusion 

criteria used in HIV trials within the AIDS clinical trial group (ACTG) and 

Community Programs for Clinical Research on AIDS (CPCRA) to the Women’s 

Interagency HIV Study (WIHS), which is a large cohort study for HIV women in the 

US. The eligibility criteria of 32 HIV trials in the ACTG were applied to 1,717 

WIHS participants. The results showed that approximately 67.6% WIHS 

participants would have been ineligible for the trials based on the ACTG 

eligibility criteria. This high exclusion percentage reflects the limited 

representativeness of HIV clinical trials, as it suggests that a substantial portion 

of WIHS participants would not meet the inclusion criteria. However, this study 

focused only on trials involving HIV-positive women and did not explore how 

these eligibility criteria would affect HIV- positive men. 

2.3.8 Vitamin D trials 

Eisenberg et al. (2015) compare excluded to included patients in the D-Vitamin 

Intervention in Veteran Administration (DIVA) trial and assessed trial design 

according to the effectiveness vs efficacy continuum using the PRECIS tool. A 

retrospective chart review was used to compare data on HbA1c, lipid profile 

(cholesterol, LDL, HDL, and triglycerides), AST, and ALT measures between 

excluded and included patients, and 15 members of endocrinology department 

completed the PRECIS assessment. After comparing 178 patients included in the 

DIVA trial to 178 patients excluded from the trial, no significant differences were 

found between the subjects for most parameters. Furthermore, the PRECIS 

scores indicated that the trial was generally pragmatic. 
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2.3.9 Nicotine dependence trials 

In the context of smoking cessation trials, it has been found that the attempt to 

maximise the safety and efficacy of treatment is addressed by the restrictive 

exclusion criteria (Weisberg, Hayden and Pontes, 2009). However, this approach 

widens the gap between daily clinical practice and experimental research, 

diminishing the representativeness of clinical trials (Kennedy-Martin et al., 

2015). Le Strat et al. (2011) investigated the representativeness of nicotine 

dependence trials by applying the eligibility criteria to 4,962 adults obtained 

from NESARC. They found that approximately 66% of adults were excluded 

because of one criterion, specifically smoking fewer than ten cigarettes per day. 

Similarly, over 47% of the daily-smoking population was excluded from 

varenicline trials when the common eligibility criteria were applied (Motschman 

et al., 2016). Key exclusion factors included lack of motivation to quit and 

comorbidities such as COPD or cardiovascular disorders. These findings show the 

lack of trial representativeness, which may challenge extrapolating trial results 

to a broader population. In contrast, Howard-Pitney et al. (2001) found no 

significant differences in characteristics of trial participants in chewing tobacco 

cessation trials and the target populations, indicating that the trial participants 

are representative of the general population. 

2.3.10 Rheumatoid arthritis trials 

The representativeness of rheumatoid arthritis trials might be uncertain as they 

often include only patients with active disease, whereas many patients in 

routine practice have less active disease (Kingsley et al., 2005). Vashisht et al. 

(2016) investigated this issue by applying the eligibility criteria of 30 RCTs for 

rheumatoid arthritis to two observational clinical cohorts: the Veterans Affairs 

Rheumatoid Arthritis (VARA) registry (1,523 patients) and the Rheumatology and 

Arthritis Investigational Network Database (RAIN-DB) (1,548 patients). They 

assessed patient eligibility based on disease activity, recorded through the joint 

activity score. The mean activity score in RCTs was 6.95, double that of VARA 

(3.87) and RAIN-DB (3.65). This difference raises questions about the clinical 

relevance of findings from these RCTs. The high activity scores observed in the 
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trials suggest that they may not be representative of the broader patient 

population, which typically exhibits lower disease activity. However, the study 

was limited to only two cohorts (RAIN-DB and VARA), which may not accurately 

reflect the global population of rheumatoid arthritis patients. In contrast, Koog, 

Lee and Wi (2015) conducted a systematic review of RCTs for knee osteoarthritis 

(KOA) to assess their external validity. They observed that for every three 

patients screened, two were randomised, indicating a good generalisability for 

KOA trials. 
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Table 2.2 Summary of the main findings from the literature review 

Speciality Study  Type of study Assessment approach Data sources Main findings  

Oncology Karim et al. 

(2019) 

Retrospective 

cohort study. 

Assess the impact of eligibility 

criteria of an oncology trial on the 

real-world population. 

They applied common exclusion 

criteria on 125,316 patients from 

the Albert Cancer Registry (ACR) 

diagnosed with 11 different types 

of malignancy between 2004 and 

2015. 

Albert Cancer 

Registry (ACR). 

Among the cohort of 125,316 cancer 

patients, 48,149 (38%) would have 

been ineligible for trials. The median 

overall survival was 47 months for 

trial-ineligible patients compared to 

135 months for trial-eligible patients 

(p <0.001).  

High number of real-world populations 

cannot participate in clinical trials 

because of strict exclusion criteria. 

Bijker et al. 

(2002) 

Retrospective 

cohort study. 

Assessed trial representativeness 

by examining the impact of 

patient selection in a EORTC trial 

on the applicability of its results 

to a larger population with DCIS 

and compared the outcomes 

between ineligible and randomised 

patients. 

EORTC Trial. Out of 910 patients treated for DCIS, 

477 (52%) were ineligible, primarily 

due to lesion size, leaving 433 eligible 

patients. 

Of these, 278 were randomized into 

the trial. Main reasons for non-entry 

of eligible patients included physician 

preference and patient refusal. 

At a four-year follow-up, non-entered 

patients who received local excision 

and radiotherapy had higher local 

recurrence rates than randomized 

patients. 
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There were differences in outcome, 

and the trial results may not be 

applicable to target population. 

Sam et al. 

(2018) 

Retrospective 

cohort study. 

Reviewed unresectable melanoma 

patients from 2011−2014 and 

analysed the eligibility criteria for 

Vemurafenib (Vem) and 

Ipilimumab (Ipi) trials to assess the 

applicability of their findings. 

Vem and Ipi 

Trials. 

High number of ineligible patients has 

been found. 

Of the 290 patients in the Vem cohort, 

49 were trial-eligible, and 36 received 

treatment, showing improved overall 

survival (HR 0.68, 95%CI 0.44–0.98) 

compared to ineligible patients. 

In the Ipi cohort, 119 out of 212 

patients were trial-eligible, with 43 

receiving treatment, also showing 

improved survival. 

Costa, Hari 

and Kumar 

(2016) 

Retrospective 

cohort study. 

Compare the similarity and 

differences between trial 

participants and target 

populations. 

They included 128 published trials 

for multiple myeloma (MM) in the 

United States (US) with a total of 

8,869 participants and compared 

them to samples from Surveillance 

Epidemiology and End Results 

(SEER). 

SEER and 

multiple 

myeloma trials. 

There was under-representation of 

older individuals in the trials and 

differences in age, trial participants 

were younger (median age 61) than 

target populations younger (median 

age 69). 

The trial included patients who seem 

to have lower risk disease compared 

to unselected patients. 



39 

Elting et al. 

(2006) 

 Examined the generalisability of 

cancer trials by evaluating the 

comparability of trial participants 

and non-participants. 

They used a cohort of 62,562 

patients newly diagnosed with 

cancer at the University of Texas 

M. D. Anderson Cancer Centre 

during the period 1990−1997. They 

compared the characteristics of 

trial participants with the 

characteristics in the SEER 

population. 

SEER and 

University of 

Texas M. D. 

Anderson Cancer 

Centre. 

There were significant differences 

among participants in terms of marital 

status, gender, and race, since there 

were fewer African American 

participants than white and Hispanic 

participants. 

Although participants had more 

progressive cancer, their health was 

better than that of non-participants. 

Moreover, participants had fewer 

comorbidities, were younger, and had 

better performance. 

Andersson et 

al. (2019) 

Comparative 

analysis. 

Compare SENOMIC trial 

participants (548 patients) with 

1,070 cases reported to the 

Swedish National Breast Cancer 

Register (NKBC). 

SENOMIC trial 

and NKBC. 

No significant differences were found 

in tumour characteristics, age, and 

breast surgery. 

Participants of SENOMIC trial were 

representative of the target 

population in NKBC. 

Mishkin et al. 

(2016) 

Retrospective 

cohort study. 

Compare the demographics of RCTs 

sponsored by the National Cancer 

Institute (NCI) for gynaecological 

malignancies to a target US 

population. 

They reviewed cervical, uterine, 

and ovarian cancer trials 

NCI-sponsored 

gynaecological 

cancer trials and 

NCI’s SEER 

program. 

There are discrepancies between NCI 

participants and the target 

population, which may reduce the 

applicability of NCI trials. 
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conducted between 2003 and 

2012. The study included 18,913 

participants from 156 trials, with 

56% for ovarian, 32% for uterine, 

and 12% for cervical cancer. 

Tam et al. 

(2009) 

Retrospective 

cohort study. 

Compare adverse events rates 

observed in the patient charts 

with those reported in the largest 

phase III clinical trials. 

Retrospective 

review of patient 

charts from the 

Juravinski Cancer 

Centre (JCC). 

No significant difference in the 

toxicity rates among non-trial patients 

(21%) and trial participants (31%) (P = 

0.10).  

Cardiology Steg et al. 

(2007) 

Retrospective 

cohort study. 

Compare eligible patients not 

enrolled in RCTs to ineligible 

patients and participating 

patients. 

The sample size was 8,469 divided 

as follows: 953 RCT participants, 

4,669 eligible non-enrolled 

patients, and 2,847 ineligible 

patients for RCT. The main 

outcome of this study was the rate 

of hospital mortality. 

Global Registry 

of Acute 

Coronary Events 

(GRACE). 

Ineligible patients had higher 

mortality rate than eligible non-

enrolled patients and trial 

participants (11.4%, 7.1%, and 3.6%, 

respectively) (P<001). 

All three groups had AMI but were 

entirely different in terms of their 

baseline characteristics, outcomes, 

and treatment. 

Fareed, Suri 

and Qureshi 

(2012) 

Retrospective 

cohort study. 

Compare the characteristics of 

ischemic stroke participants 

participated in RCTs with those not 

participated and their effects on 

outcomes and generalisability. 

University Health 

Systems 

Consortium 

(UHC) 

benchmarking 

The characteristics of patients 

recruited in RCTs are different from 

those not recruited which affect trial 

representativeness. 
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Data was collected for 1,256 

patients with a mean age of 67 

years. Of these, 77 patients were 

recruited in RCTs and 1,179 were 

not recruited. 

project 

conducted in 

2005. 

Lim et al. 

(2022) 

Comparative 

analysis. 

Compared individual patient data 

(IPD) of five HF RCTs and two HF 

registries. 

CHECK-HF, the 

SwedeHF 

registries, and 5 

HF RCTs. 

A total of 26,104 (56%) registry 

patients fulfilled the eligibility 

criteria. 

Trial patients were younger (mean 

63.6 years vs. 72.7 years) and less 

frequently women (22% vs. 31%). 

Clinical outcomes were similar 

between trial patients and registry 

patients. 

Psychiatry Hoertel et al. 

(2015) 

Cross-sectional. Examined trial representativeness 

by applying trial eligibility criteria 

to target population in disease 

registry to explore the number of 

patients who would be ineligible. 

NESARC for the 

period 

2004−2005. 

Restrictive eligibility criteria were 

responsible for excluding most of the 

target population with borderline 

personality disorder. 

Hoertel et al. 

(2012) 

Cross-sectional. Applied same method as above on 

GAD trials. 

NESARC for the 

period 

2001−2002. 

Restrictive eligibility criteria were 

responsible for excluding the majority 

of the target population with 

generalised anxiety disorder.  

Blanco et al. 

(2017) 

Cross-sectional. Applied same method as above on 

MDD trials. 

NCD for the 

period 

2001−2004. 

There is lack of representativeness for 

both pharmacological and 

psychotherapy trials, as the trials 



42 

tend to include ideal patients rather 

than typical patients seen in practice. 

Hoertel et al. 

(2013) 

Cross-sectional. Applied same method as above on 

bipolar disorder trials. 

NESARC for the 

period 

2001−2002. 

Majority of patients would have been 

excluded because of one criterion, 

which may limit the applicability of 

clinical trials. 

Franco et al. 

(2016) 

Cross-sectional. Applied same method as above on 

PTSD trials. 

NESARC. Same findings as above. 

Blanco et al. 

(2008) 

Cross-sectional. Applied same method as above on 

major depression trials. 

NESARC. Same findings as above. 

Substance use 

disorder 

Susukida et 

al. (2017) 

Comparative 

analysis. 

Assessed trial generalisability by 

re-compute the effects from the 

included RCTs. 

10 RCTs of USD 

and 

Treatment 

Episodes Data 

Set-Admissions 

(TEDS-A) 

between 2001 

and 2009. 

The finding indicates that the trial 

results cannot be easily generalised to 

the target population. 

Blanco et al. 

(2008) 

Cross-sectional. They examined the impact of 

eligibility criteria on trial 

representativeness by applying a 

set of eligibility criteria for RCTs 

on routine patients with alcohol 

use disorder. 

NESARC. Half of the routine patients were 

excluded due to a single   criterion. 
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Okuda et al. 

(2010) 

Cross-sectional. Applied same method as above on 

cannabis dependence trials. 

NESARC. Eligibility criteria excluded 80% of 

community samples with cannabis 

dependence from clinical trials. 

HIV trials Gandhi et al. 

(2005) 

Comparative 

observational 

study. 

Applied same method as above on 

HIV trials. 

32 major HIV 

RCTs and the 

Women’s 

Interagency HIV 

Study (WIHS). 

Around 67.6% of participants in the 

WIHS would have been excluded from 

the trial if the ACTG eligibility criteria 

had been applied. 

Vitamin D 

trials 

Eisenberg et 

al. (2015) 

Comparative 

analysis. 

Compare excluded to included 

patients in the-Vitamin D trial and 

assess trial design using the PRECIS 

tool. 

DIVA. No significant difference was found 

between patients, and the trial was 

generally pragmatic. 

Nicotine 

dependence 

trials 

Le Strat et 

al. (2011) 

Cross-sectional. The eligibility criteria of nicotine 

dependence trials were applied to 

a sample of target population. 

NESARC. Approximately 65.89% of adults were 

excluded because of one criterion. 

Howard-

Pitney et al. 

(2001) 

Comparative 

analysis. 

Compare characteristics of trial 

participants (n=401) to sample of 

the general population (n=155). 

Chewing tobacco 

cessation trials. 

No significant difference was found 

between both groups.  

 

Motschman et 

al. (2016) 

Systematic 

review. 

Eligibility criteria and participants’ 

characteristics of 32 varenicline 

trials were compared to national 

representative data. 

National Health 

Interview Survey 

(NHIS) and 

National Survey 

on Drug Use and 

Health (NSDUH). 

The application of this type of 

eligibility criteria was responsible to 

exclude more than 47% of patients. 
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Rheumatoid 

arthritis trials 

Vashisht et 

al. (2016) 

Cross-sectional. Applied the eligibility criteria of 

30 RCTs for rheumatoid arthritis to 

target population in registry. 

VARA and RAIN-

DB. 

The clinical trials for rheumatoid 

arthritis lack representation to the 

population, as most patients do not 

meet the trial participation criteria. 

Koog, Lee 

and Wi (2015) 

Systematic 

review. 

Systematically reviewed and 

analysed 352 RCTs for knee 

osteoarthritis (KOA) to examine 

their external validity. 

KOA RCTs. They found that for every three 

patients screened, two were 

randomised. 

 



45 

2.4 Summary of the literature review 

This chapter reviewed several studies that investigated the representativeness 

of clinical trials and provided an overview of how this impacted their 

generalisability. The literature showed that strict exclusion criteria prevented a 

significant number of real-world patients from participating in trials, potentially 

limiting the generalisability of the results. Moreover, many studies have noted 

that the characteristics of patients recruited in RCTs often differ from those not 

recruited, although this is not universally observed across all studies reviewed. 

These differences might reduce the representativeness of the trial and raise 

questions about the generalisability of their findings. Trialists need to balance 

external and internal validity by loosening the restrictiveness of eligibility 

criteria to include a more diverse population, leading to more representative 

and applicable trials. In this thesis I will examine the usefulness of using SAEs as 

tool to assess trial representativeness. It will focus on clinical trials for type 2 

diabetes mellitus, particularly RCTs for SGLT-2 inhibitors.
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Chapter 3 Rationale and outline of thesis 

3.1 Chapter overview 

Previous chapters (Introduction and literature review) highlighted issues in 

clinical trials regarding representativeness and their generalisability. In this 

chapter, I will present the approaches that decision-makers currently use to 

assess trial representativeness. I will also introduce the thesis research question 

and explain how I propose to examine the SAEs as a metric. Accordingly, I will 

outline the chapters conducted in this thesis to address the research question. 

3.2 Current approach used as a metric for trials 

representativeness 

Representativeness is a key part of generalisability; however, assessment of trial 

representativeness is a complex and challenging task. Despite this, some studies 

have assessed representativeness by comparing the trial population to the real-

world population. This method compares baseline characteristics of trial 

participants, such as age, sex, and race/ethnicity to baseline characteristics of 

the target population in registries or routine healthcare data. Although this 

approach assesses representativeness by identifying underrepresented 

subgroups, trial descriptions may not capture all relevant characteristics of trial 

participants (Hanlon et al., 2022). For example, clinical characteristics (e.g., 

multimorbidity, disease severity), concomitant medication use, and lifestyle 

factors (e.g., exercise, diet) influence trial representativeness and are rarely 

included in such descriptions, thus they may not be captured through this 

approach (Leinonen et al., 2015). 

Other studies have assessed trial representativeness by applying trial exclusion 

criteria to population samples obtained from disease registries or routine health-

care data (Karim et al., 2019). Trials with restrictive eligibility criteria may 

exclude specific populations due to medical comorbidities, age, and concomitant 
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medication use (Beaver et al., 2017). While high restrictive criteria contribute to 

high internal validity by creating a homogeneous study population and 

controlling for potential confounding factors, they are associated with less 

representative samples that may potentially limit the generalisability of trial 

findings to the real-world population. Applying trial exclusion criteria on routine 

care patients can determine the proportion of people who would be ineligible 

for trials. However, assessing trial representativeness using this method is also 

challenging because eligibility criteria may not always determine trial 

representativeness; eligible patients may sometime refuse to participate in a 

trial due to concerns about potential risks or may be withdrawn during the trial 

(Kim et al., 2022; Hillman et al., 2023). Moreover, health outcomes in the trial 

population compared to routine patients cannot be directly assessed through this 

approach (Averitt et al., 2020). 

An additional method is the Pragmatic Explanatory Continuum Indicator 

Summary (PRECIS-2) tool, which is developed to assess the pragmatism of 

clinical trials (Additional details on trial pragmatism and its assessment can be 

found in Chapter 6). Pragmatism focuses on the extent to which the trial design 

reflects real-world practice (Smelt et al., 2010), while representativeness refers 

to how well the trial population mirrors the target population in routine care for 

whom the intervention is intended (He et al., 2020). Although these concepts 

are different, both relate to a trial's applicability to everyday clinical settings. 

Therefore, the PRECIS-2 tool may indirectly reflect representativeness and 

contribute effectively to standard care settings (Usman et al., 2022). The 

PRECIS-2 tool assesses trials across nine domains, assigning scores ranging from 1 

(least pragmatic) to 5 (most pragmatic). These scores help determine the degree 

to which trials align with usual care conditions. Trials scoring high are more 

likely to have inclusive eligibility criteria, and their protocols for intervention 

delivery and adherence reflect real-world scenarios. The most pragmatic trials 

exhibit trial designs and outcomes that reflect routine practice and included 

participants who closely represent real-world demographics. In contrast, trials 

scored 1, indicating a more explanatory nature, are less likely to be 

representative of real-world practice (Loudon et al., 2015). This approach offers 

a systematic framework that permits the assessment of representativeness, 

enabling the identification of trials that better reflect the broader population 
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and allow for the extrapolation of trial findings to clinical practices. However, 

this tool has limitations when used retrospectively to assess published trials. 

Lack of information in published protocols for scoring some domains may lead to 

inaccurate or incomplete assessment. Moreover, the subjectivity introduced 

when scoring domains may lead to biased assessments. 

Overall, while these methods can be employed to assess trial 

representativeness, their limitations underscore the need for alternative 

methods. Serious adverse events represent an alternative approach that may be 

considered as a novel metric to assess trial representativeness, which will be 

explored in this thesis. 

3.3 Serious adverse events (SAEs) 

3.3.1 Overview 

During the investigation of a new intervention, it is expected that SAEs may 

occur. The occurrence of SAEs, by definition, is not necessarily caused by the 

intervention being studied, and trials are required to report all SAEs regardless 

of cause (whether or not they are suspected to be related to the treatment 

under investigation). The purpose of reporting SAE data in clinical trials is to 

ensure the safety of trial participants (Arnaud-Coffin et al., 2019). SAEs are any 

undesirable events that result in death, cause or increase hospitalisation, lead to 

persistent or significant disability, or cause birth defects. Among these, 

hospitalisation and death are commonly reported SAEs in clinical trials (FDA, 

2023). Moreover, trial reports routinely include SAEs, primarily accounting for 

all-cause hospitalisations and deaths.
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3.3.2 SAE as promising alternative measure of trial representativeness 

SAEs can provide insight into the health status of trial participants, including 

aspects such as disease severity and comorbid conditions, which may contribute 

to understanding the broader applicability of trial results (Sheppard et al., 

2020). From first principles, it can be expected that SAEs would naturally be 

higher in populations that are sicker or have more severe underlying health 

conditions because they include by definition all-cause hospitalisation and 

deaths (Panagioti et al., 2015). Because trials are often criticised for excluding 

older people and those with more comorbidities, more representative trial would 

likely include sicker individuals. Thus, if trials are representative, they would be 

expected to report a higher incidence of SAEs than trials with more restrictive 

criteria (Hanlon et al., 2021). This expectation arises because these populations 

are generally more susceptible to SAEs. Consequently, this supports the use of 

SAEs as a tool for assessing trial representativeness, particularly when other 

measures are lacking (Hanlon et al., 2019). 

If the trial population is representative of the target population, it is expected 

that the SAEs in the trial would be similar to the SAEs within the target 

population. Hanlon et al. (2022) previously showed that observed SAEs in a trial 

population are often significantly lower than SAEs in the target population in 

routine care. This difference indicates that trial participants were healthier and 

younger than the target population, raising concerns about the 

representativeness of clinical trials. It also highlights the potential feasibility of 

using SAEs to capture the representativeness of trial participants, SAEs may 

therefore be explored as a promising alternative metric to assess trial 

representativeness.
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3.4 Thesis research question and justification 

The research question that will be answered in this thesis is: 

Can we use serious adverse event rates in clinical trials as a measure of trial 

representativeness? 

SAEs offer advantages over other methods; they are an objective measure as 

clearly defined by the FDA. Also, they are well-documented, as trial sponsors are 

obligated to report all SAEs for both treatment and control arms, regardless of 

whether they are related to the intervention or not. Therefore, this thesis aims 

to explore the feasibility of using SAEs as a metric to assess trial 

representativeness. However, there might be challenges in studying SAE rates as 

metric. First, it is unclear whether trials of SGLT-2 inhibitors report sufficient 

information about SAEs and their timeframes to allow for the calculation of SAE 

rates. Consequently, I will explore the feasibility of capturing SAE rates from 

clinical trials. Second, it is not known whether the treatment arm needs to be 

considered separately. This consideration is important because if the treatment 

(SGLT-2) influences the SAE rate, then the SAE rates would differ between arms, 

and it may not be valid to compare the overall trial rate to some (untreated) 

target population. However, selecting only a single arm reduces statistical 

power. Therefore, I will compare the difference in SAE rates between trial arms 

to determine whether to consider each arm separately or use the total for both 

arms in the analysis when examining the SAE rates. Lastly, it is not known 

whether SAEs are related to representativeness, and there is no gold standard 

metric to compare with. Thus, I will use triangulation approach to explore 

whether SAE rates reflect trial representativeness by i) using a trial pragmatism 

metric (PRECIS-2 tool) to compare with SAE, ii) comparing SAE rates and PRECIS-

2 score to trial and baseline characteristics (as a fair umpire), and iii) comparing 

SAE rates to eligibility criteria. I will use T2DM condition and clinical trials of 

SGLT-2 inhibitors as an exemplar, with the rationale explained in detail in section 

3.5.  
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3.5 Rationale for choosing T2DM and trials of SGLT-2 inhibitors as 

an example 

The interventions in the included trials are generally safer compared to more 

toxic intervention (e.g., chemotherapy). These trials were selected from a 

recent systematic review of novel antidiabetics (Butterly et al., 2022). Type 2 

diabetes is a global and chronic health condition and is the ninth leading cause 

of mortality (Galicia-Garcia et al., 2020; Whicher et al., 2020). Approximately 

462 million individuals, accounting for around 6.28% of the world's population, 

are affected by T2DM (Abdul et al., 2020). Furthermore, diabetic patients are 

commonly seen in primary care settings, constituting 65.8% of primary care visits 

in the US, which contributes to substantial health and economic burdens (Pilla, 

Segal and Maruthur, 2019). Therefore, given this prevalence and burden of T2DM, 

clinical trials of antidiabetics need to be highly representative of routine care. 

Additionally, four large cardiovascular outcome trials have found that SGLT-2 

inhibitors reduce the risk of cardiovascular events and mortality rate, 

particularly in T2DM patients with cardiovascular disease at baseline (Zelniker et 

al., 2019). Accordingly, clinical guidelines and treatment strategies have 

evolved, and the European Society of Cardiology now recommends SGLT-2 

inhibitors as a first-line drug in patients with T2DM and CV diseases (Cosentino et 

al., 2020). However, the strict enrolment criteria vary among trials, which may 

impact their representativeness and limit generalisability (Birkeland et al., 

2019). This uncertainty may, in turn, affect the clinical guidelines implemented 

in routine care. Given that the care of patients with T2DM is an integral part of 

everyday clinical practice, and the relevance of SGLT-2 trials extends beyond 

diabetes management, T2DM and SGLT-2 trials have been chosen as an example 

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

representativeness.



52 

3.6 Outline of thesis 

Chapter 1: Introduction  

This chapter provides a brief introduction to clinical trials and the selection 

process of participants and defines trial representativeness and trial 

applicability. The representativeness of clinical trials, their importance, and how 

they often compromised are also discussed. The chapter finally presents the aim 

and objectives of this thesis. 

Chapter 2: Literature review. Generalisability of clinical trials across 

different conditions. 

This chapter explores how the lack of representativeness impacts the 

generalisability of clinical trials across different conditions, including 

cardiovascular disease, oncology, and psychiatry. It summarises the factors 

contributing to the lack of representativeness, including the role of strict 

inclusion and exclusion criteria, the exclusion of older people, and the 

underrepresentation of sicker people. 

Chapter 3: Rationale and outline of thesis 

This chapter provides the research question and the rationale for conducting this 

thesis. It outlines the approaches that decisions-makers currently use to assess 

trial representativeness. It also presents an overview of SAEs as a promising 

alternative measure. Finally, it outlines the chapters for the current thesis.
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Chapter 4: The feasibility of capturing SAE rates from RCTs of SGLT-2 

inhibitors. 

This chapter aims to determine whether clinical trials of SGLT-2 inhibitors report 

the necessary information to calculate SAE rates, including the number of trial 

participants who experienced SAEs, the number of participants at risk of SAEs, 

and the timeframe of SAEs (the specific period during which SAEs occurred). It 

also explores the consistency in the reporting of SAEs (i.e., reporting MACE 

within SAE reporting). Additionally, this chapter describes the process of 

extracting these data and the sources from which SAE data were obtained. 

Chapter 5: Difference in SAE rates between intervention and control arms of 

SGLT-2 inhibitors. 

This chapter examines the difference in SAE rates between intervention and 

control arms, explaining why this analysis was conducted. It determines whether 

to consider each arm separately or to use the total for both arms in the analysis 

for the chapters that follow. 

Chapter 6: Assessment of the pragmatism of RCTs of SGLT-2 inhibitors: using 

the pragmatism metric PRECIS-2 tools 

Because there is no gold standard for assessing trial representativeness, the 

PRECIS-2 tool was used in this chapter to compare the tool with the SAE rates. 

This tool assesses the pragmatism of the included trials and distinguishes 

pragmatic trials undertaken in usual care from explanatory trials conducted in 

an idealised setting. The chapter details the assessment criteria used for 

assessing the included trials and scoring the nine PRECIS-2 domains. It presents 

the distribution of PRECIS-2 score across the trials and examines the association 

of SAE rates with the mean PRECIS-2 score and each domain. 
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Chapter 7: Comparison between SAEs and PRECIS-2 tool by exploring the 

difference in their association with trial and baseline characteristics of SGLT-

2 inhibitors. 

This chapter compares the SAE and PRECIS-2 tool to trial and baseline 

characteristics. It presents the umpire test used in the absence of the gold 

standard and provides justification for each umpire used. It also presents the 

associations of SAE rates and PRECIS-2 score against trial and baseline 

characteristics. 

Chapter 8: Association between eligibility criteria and SAE rates in clinical 

trials for SGLT-2 inhibitors. 

This chapter further explores the feasibility of SAE rates as a metric by 

comparing them with the trial eligibility criteria. It explains the expected 

relationship between SAE rates and the type of eligibility criteria (restrictive vs 

permissive). The chapter describes the methods applied to measure the 

eligibility criteria and presents their distribution. It also explores and presents 

the associations between eligibility criteria and SAE rates. 

Chapter 9: Discussion 

This final chapter summarises the main findings and contributions of the thesis. 

It also discusses the limitations, strengths, implications, and future research. It 

finally presents the overall conclusions derived from the conducted thesis. 
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Chapter 4 The feasibility of capturing SAE rates from 

RCTs of SGLT-2 inhibitors: coverage of reporting 

4.1 Chapter overview 

Before examining the usefulness of SAE rates as a metric for trial 

representativeness, this chapter explores SAE reporting and determines whether 

clinical trials report sufficient information to calculate SAE rates within RCTs of 

SGLT-2 inhibitors. It also demonstrates the process and sources for extracting the 

required data to calculate the SAE rates, and it illustrates the source of the 

included trials. Additionally, it explores the consistency in reporting major 

adverse cardiovascular events (MACE) outcomes within SAE reporting. 

4.2 Background 

Assessing trial representativeness is essential for clinicians who rely on trial 

findings. Some literature has suggested using SAEs as a metric to assess trial 

representativeness (Hanlon et al., 2021). However, it is unknown whether 

clinical trials of SGLT-2 inhibitors adequately report SAEs. Trial sponsors are 

obligated to report all SAEs, but the specific requirements for reporting may 

vary depending on the regulatory authorities. For example, the FDA requires that 

SAE be reported within specific timeframes, whereas the European medicines 

agency (EMA) does not specify exact timelines (FDA, 2021). Adhering to the 

standard classification of SAEs helps maintain uniformity and accuracy in 

reporting these events, while also minimising the risk of misinterpretation 

(Gliklich et al., 2014). 

To determine the usefulness of SAE rates as a metric of trial representativeness, 

it is crucial to prioritise the sufficient reporting of SAEs. The level of SAEs 

reporting would be considered adequate if the number of SAEs for each trial arm 

is reported. Failing to report this information adequately can hinder the 

calculation of SAE rates, thus, compromising the feasibility of using SAE rates as 
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a metric. In this chapter, I will explore the feasibility of capturing SAE rates 

using aggregated data from completed RCTs, focusing on whether these reports 

provide sufficient information to allow for the calculation of SAE rates. 

4.3 Aim and objectives 

In this chapter, in order to explore whether SAE rates can be used as a metric for 

trial representativeness, I will explore the feasibility of capturing SAE rates and 

determine whether clinical trials of SGLT-2 inhibitors report sufficient 

information about SAEs in each arm to calculate the SAE rates that will be used 

in this thesis. I will also compare the level of reporting between 

ClinicalTrials.gov and other trial registries. Additionally, I will explore the 

consistency of SAE reporting by determining whether MACE count was included 

within the reported SAE count. 

4.4 Methods 

4.4.1 Study selection 

The selection of studies was obtained from a recent systematic review (Butterly 

et al., 2022). This systematic review encompasses various classes of novel 

antidiabetics, and specifically, 146 clinical trials of SGLT-2 inhibitors have been 

identified and selected for inclusion in this thesis. 

Description of systematic review 

The review identifies phase 3 and 4 RCTs of SGLT-2 inhibitors, GLP-1 RA, and 

DPP-4 inhibitors. It aims to compare the efficacy of these novel antidiabetics on 

Glycated Haemoglobin (HbA1c), body weight, and cardiovascular events in 

patients with type 2 diabetes mellitus by applying meta-analysis and calibrating 

to representative population from Scottish diabetes register.
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Eligibility criteria (For the systematic review) 

Inclusion criteria: 

o Presence of type 2 diabetes mellitus. 

o Phase III or IV RCTs. 

o Age 18 years and older. 

o Any country. 

o Any subgroup population will be included e.g., patients with co-existing 

comorbidities.  

o Any class of novel antidiabetics. 

Exclusion criteria: 

o Any other types of diabetes mellitus. 

o Phase I and II RCTs.  

o Diagnosis of pre-diabetes. 

o People at risk of type 2 diabetes mellitus but not currently diagnosed. 

o Other class of novel antidiabetics. 

Interventions (for trials included in this thesis) 

The interventional trials involved novel antidiabetic drugs of SGLT-2 inhibitors, 

including canagliflozin, dapagliflozin, empagliflozin, ertugliflozin, ipragliflozin, 

luseogliflozin, bexagliflozin, tofogliflozin, and sotagliflozin. 

Comparators (for trials included in this thesis) 

Comparators were either placebo alone, active medication alone (other 

antidiabetic medications), or both active and placebo. 



58 

4.4.2 Data sources 

Data sources for the 146 trials varied depending on the type of trial registration 

and the availability of required data within trial registries. Data were obtained 

from ClinicalTrials.gov, University Hospital Medical Information Network (UMIN) 

Clinical Trial Registry, Japan Pharmaceutical Information Center (Japic) Clinical 

Trials Information, and Thai Clinical Trials Registry (TCTR), as well as from trial-

relevant publications. 

4.4.2.1 ClinicalTrials.gov registry 

ClinicalTrials.gov served as the primary data source for this study. It is an 

extensive public database that provides information on both publicly and 

privately supported clinical trials across various diseases and conditions. This 

platform offers access to summary information about study design, aims, 

intervention details, eligibility criteria, and study results, including efficacy and 

safety data, particularly for all SAEs. The provided trial information is for 

completed and ongoing clinical trials. For trials registered to the US Clinical Trial 

registry at ClinicalTrials.gov, data was accessed via the Aggregate Analysis of 

ClinicalTrials.gov (AACT) database. This is a publicly available relational 

database that contains all information about studies registered in 

ClinicalTrials.gov. For some trials that did not post their results on 

ClinicalTrials.gov, required information was obtained from published research 

papers or study documents [e.g., Clinical Study Reports (CSR)]. The number of 

trials for which data were obtained from AACT or from published research papers 

is presented in the results (section 4.5.1). 

4.4.2.2 Other trial registries and publications 

For trials not registered on ClinicalTrials.gov, data were obtained from other 

trial registries such as UMIN, Japic, and TCTR. In case where some information 

was not available within these registries, the required data were collected from 

trial-relevant publications and CSR (detail in section 4.4.3). 
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4.4.3 Data extraction and harmonisation 

Structured data extraction forms were used to collect information from the 

included studies. Data extraction for SAEs involved capturing the number of 

participants who experienced SAEs in each trial arm, the number of participants 

at risk of SAEs, and timeframe of these events. Additionally, the extracted data 

included trial registration identifier, type of trial registries, and arm names. 

I conducted data extraction for reported SAEs in three steps. First, for trials 

registered on ClinicalTrials.gov, I extracted the SAE data for all trial arms from 

the total reported event tables in the AACT database. Second. for trials 

registered on registries other than ClinicalTrials.gov (e.g. UMIN, Japic, and 

TCTR), I manually extracted the SAE data from their registries using Excel spread 

sheets. Third, for trials that did not post their results for reported SAE data on 

ClinicalTrials.gov or other registries, I downloaded trial-relevant publications and 

manually extracted the SAE data from reported safety tables within the papers 

using Excel. Additionally, I explored the consistency in the reported SAEs by 

reviewing the number of MACE events to check if they were included within the 

SAE reports or not. 

Furthermore, I initially extracted timeframes for the reported SAEs as text from 

the AACT database and then harmonised them into numeric values. I extracted 

the timeframe data for these SAEs from the reported event tables in the AACT 

database. However, some trials did not specify timeframes in their reported 

event tables. For these trials, I first extracted the timeframes from the result 

group table. If timeframes were also not specified in the result group table, I 

then extracted them from the primary outcome tables (sources for timeframes 

are presented in table 4.2 in results). For trials that did not post their results or 

were not registered on ClinicalTrials.gov, I manually extracted the timeframes 

from the published research papers. Furthermore, timeframes were reported in 

different formats such as days, weeks, months, or years across different data 

sources. I harmonised these timeframes into a standardised unit by converting 

them to years. The type of trial registry was classified as either registered on 

ClinicalTrials.gov or registered on other registries. 
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4.4.4 Statistical analysis 

Descriptive statistics (counts and percentages) was conducted to summarise the 

reported SAEs across all the trials. This includes the number of trials reported 

SAEs, the number of participants for whom SAEs were reported in each trial, the 

number of participants at risk of SAEs, and the timeframe for which the SAEs 

were reported. 

R software (R-4.1.2) was used to perform all data analysis and presentation for 

this thesis. Various packages within R software were employed to generate 

summary statistics, tables, charts, and regression analyses. 

4.5 Results 

4.5.1 Description and source of included studies 

A total of 146 trials investigating SGLT-2 inhibitors were identified and included 

in this thesis, involving 116,207 participants. The distribution of trials was as 

follows: 51 trials for dapagliflozin (35%), 25 for empagliflozin (16%), 26 for 

canagliflozin (17%), 15 for ipragliflozin (10%), 9 for ertugliflozin (6%), 5 for 

tofogliflozin (3%), 3 for luseogliflozin (2%), 5 for bexagliflozin (3%), and 7 trials 

for sotagliflozin (5%) (Figure S.1). These trials were conducted in a variety of 

healthcare settings and countries. The included trials compared the safety and 

efficacy of SGLT-2 inhibitors either to placebo or active medication.  

Out of the 146 trials, 120 (82%) were registered on ClinicalTrials.gov, while the 

remaining 26 trials (18%) were registered on other registries, including 17 on 

UMIN (11%), 4 on Japic (3%), 1 on TCTR (1%), and 4 trials were unregistered (3%) 

(Table 4.1). Of the 120 trials registered on ClinicalTrials.gov, 99 posted their 

results on ClinicalTrials.gov, and their data were extracted from the AACT 

database. The remaining 21 trials did not post their results on ClinicalTrials.gov; 

their data were manually extracted from publications. Additionally, for the 26 
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trials registered on other registries, all data were manually extracted from trial-

relevant publications (Table 4.1). 

Regarding timeframe reporting for trials registered on ClinicalTrials.gov, 87 trials 

reported the timeframes for SAE in the reported event tables within the AACT 

database, while 12 trials did not provide them in these tables. For these trials, 

timeframes were captured from the result group tables for 8 trials and from the 

primary outcome tables for 4 trials. For trials that did not post their results on 

ClinicalTrials.gov, and for trials registered on other registries, timeframes were 

captured from reported safety tables in corresponding journal articles (Table 

4.2). 

Table 4.1 Types of trial registers and data sources 

Clinical trial registration Number of trials Data sources 

ClinicalTrials.gov 

(Posted their results on ctgov) 
99 (68%) AACT 

ClinicalTrials.gov 

(Not posted their results on ctgov) 
21 (14%) Publications and CSR 

UMIN 17 (11%) Trial registry and Publications 

Japic 4 (3%) Trial registry and Publications 

TCTR 1 (1%) Trial registry and Publications 

Unregistered 4 (3%) Publications 
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Table 4.2 Sources of timeframe for the reported SAEs. 

4.5.2 SAEs reporting in clinical trials of SGLT-2 inhibitors 

The feasibility of capturing SAE rates was determined by exploring the level of 

SAEs reporting in trials of SGLT-2 inhibitors, including a comparison of reporting 

between trials registered on ClinicalTrials.gov and those on other registries. SAEs 

were reported in all trials (100%) registered on ClinicalTrials.gov, indicating 

sufficient reporting that allows for the calculation of SAE rates. Among trials 

registered on other registry, only 5 trials (19%) did not reported SAEs (Table 4.3). 

As shown in table 4.4, all trials reporting MACE outcomes included MACE counts 

in the SAE reporting table (Table 4.4). 

Table 4.3 Summary of trial registries and SAEs reporting on each registry. 

Sources for timeframe No. of Trials 

Adverse events table 87 (59.6%) 

Result Group table 8 (5.5%) 

Primary outcome table 4 (2.7%) 

Corresponding journal articles 

(for trials on other registries) 

47 (32.2%) 

Total 146 (100%) 

SAE reporting ClinicalTrials.gov 
Other 

registry/Unregistered 
Total 

No. of trials reported 

SAEs 
120 (100%) 21 (81%) 141 (97%) 

No. of trials not 

reported SAEs 
0 5 (19%) 5 (3%) 

No. of participants 

experienced SAEs 
21,026 (99%) 115 (1%) 21,141 (100%) 

No. of persons at 

risk of SAEs 
112,717 (97%) 3490 (3%) 

116,207 

(100%) 
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Table 4.4 Reporting of MACE count within the reporting of SAEs 

4.6 Discussion 

4.6.1 Summary of main findings 

The analysis aimed to assess whether trials of SGLT-2 inhibitors report sufficient 

information to capture SAE rates, and the extent to which SAEs were reported in 

each registry category. A total of 141 (97%) trials provided the required 

information on reported SAEs, leaving 5 (3%) trials that did not report SAEs. All 

trials registered on ClinicalTrials.gov reported SAEs, and 81% of trials registered 

on other registries reported these events in their relevant publications. 

4.6.2 Interpretation 

The findings reveal that trials registered on ClinicalTrials.gov demonstrate a high 

level of reporting based on the number of SAEs reported for each arm, as all 

trials (100%) reported the SAEs. Conversely, some unregistered trials on 

ClinicalTrials.gov (19%) did not report SAEs. Trial-level factors, including 

Trial ID MACE 
reported 

Subject at 
risk for 
MACE 

SAE 
reported 

Subject 
at risk 

for SAE 

Reported 
MACE 
within 
SAE 

Results 
posted 

on 
ctgov 

 
NCT01131676 

772 7020 2777 7020 YES YES 

 
NCT01032629 

1214 4330 1791 4327 YES YES 

 
NCT01989754 

601 5812 1489 5807 YES YES 

 
NCT02065791 

598 4401 1543 4397 YES YES 

 
NCT01730534 

1559 17160 6623 17143 YES YES 

 
NCT02597049 

5 423 13 423 YES YES 

 
NCT01986881 

325 8238 3010 9790 YES YES 
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differences in reporting practices and potential underreporting of SAEs by trial 

sponsors, may contribute to this variation. This may also indicate that 

registration on ClinicalTrials.gov is a marker of sponsors adhering to the required 

regulations for FDA approval, which includes SAE reporting, thereby explaining 

the correlation between ClinicalTrials.gov registration and SAE reporting. 

Additionally, only 60% of the trials reported the SAE timeframe in the reported 

event tables. For the other trials, timeframes were captured from either the 

result group tables or the primary outcome tables. However, this method is not 

perfect because the timeframe for SAEs may be longer than that of the result 

group or primary outcome. Nevertheless, it was the only method available to 

calculate the SAE rates. 

Furthermore, the results provide reassurance regarding the consistency of SAEs 

reporting in trials with a hard serious outcome, particularly in the context of 

reporting cardiovascular events. Specifically, all trials reported hard outcomes 

(MACE), consistently included them in their reporting of SAEs, indicating a 

consistent and reliable reporting. Such consistency is crucial, as inconsistent 

reporting of MACE may lead to biased results by showing lower SAE rates, 

potentially impacts the implication of SAE rates as a metric of trial 

representativeness. 

4.6.3 Comparison with other studies 

Several studies examined the reporting of safety data in clinical trials across 

various diseases and interventions and found different level of reporting. A 

previous study examined SAE reporting for 156 trials studying 52 drugs registered 

on ClinicalTrials.gov and found that all trials (100%) reported SAE on 

ClinicalTrials.gov (Chen et al., 2022). Similarly, other study found that 199 (99%) 

of 202 trials registered on ClinicalTrials.gov reported SAE (Riveros et al., 2013). 

However, Yao et al. (2021) examined SAEs reporting in 160 publications on 

cancer trials and found that only 41 articles reported the SAEs. Additionally, 

higher SAEs reporting was observed in trials sponsored by pharmaceutical 
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companies compared to those sponsored by investigators. Reporting of SAEs in 

high-impact journals (e.g. New England Journal of Medicine) was higher than in 

other journals. Moreover, another study assessed the completeness of safety 

reporting and found that only 39% of 192 trials from 7 different medical areas 

reported the safety data adequately, indicating that reporting varied across 

medical areas and settings (Ioannidis and Lau, 2001). 

4.6.4 Implications 

The findings of this chapter have implications for clinicians, developers of 

reporting guidelines, and researchers. It highlights the importance of 

ClinicalTrials.gov registry in improving transparency in clinical research, as it 

adheres to stricter reporting standards, thus enhancing the accuracy and proper 

reporting for SAEs (Riveros et al., 2013). ClinicalTrials.gov conducts quality 

control reviews to ensure that the information submitted is complete and 

accurate (Tse et al., 2018). This contributes to a reliable database for 

researchers and healthcare professionals, facilitating evidence-based decision-

making (Wieseler et al., 2012). On the other hand, other registries may be 

subject to varying reporting practices, potentially leading to underreporting or 

incomplete information regarding SAEs. SAE reporting is a regulatory 

requirement in trials, and investigators must inform sponsors and regulatory 

bodies of any events that meets the FDA criteria for SAE. Overall, the 

information on SAEs was reported for most trials of SGLT-2 inhibitors, making it 

feasible to calculate the SAE rates. Therefore, the use of SAE rates as a metric 

for trial representativeness can be investigated in this thesis. However, other 

trials with different interventions may fail to report it sufficiently. 

4.6.5 Strengths and limitations 

Strength of this analysis include exploring the reporting of SAEs across different 

trial registries and publications, providing a variety in SAEs reporting from these 

sources and demonstrating that most of these sources reported the SAEs. 

However, a limitation of the study is that the inconsistencies in SAE reporting 
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between trial registries and publications was not assessed. Moreover, another 

limitation is that, for some trials, the timeframe for reported events was 

captured from a different resource (result group or primary outcome tables) 

rather than the actual timeframe from the reported event tables. This may 

introduce bias in calculating the SAE rates, as the timeframes reported in these 

tables may not precisely match those in the event tables. 

4.7 Conclusion 

The included trials reported the sufficient information on SAEs, including the 

number of participants that experienced SAEs, the number of subjects at risk of 

SAEs, and, in most cases, the timeframe for these SAEs, which allows for the 

calculation of SAE rates. In the next chapter, I will calculate the SAE rates for 

both the intervention and control arms and compare the differences in rates 

between the two arms to determine which one to consider in the analyses for 

the subsequent chapters.
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Chapter 5 Difference in serious adverse event rates 

between trial arms of SGLT-2 inhibitors 

5.1 Chapter overview 

This chapter addresses the initial examination of the feasibility of using SAE 

rates as a metric for trial representativeness. First, it examines whether there 

are significant differences in SAE rates between the trial arms of SGLT-2 

inhibitors. This analysis will determine whether it is reasonable to consider SAE 

across all arms, or whether it is necessary to focus on an individual arm when 

analysing the SAE rate for this thesis. The chapter then explores how various 

trial characteristics, such as type of trial outcome and trial settings, influence 

the rates of SAE. 

5.2 Background 

According to the definition re-stated from chapter 3, SAEs include any untoward 

medical events that may result in death, are life-threatening, causes or prolong 

hospitalisation, result in persistent or significant disability, or cause a birth 

defect. If a trial were representative, it would be expected that the SAEs 

observed in the trial would be similar to those within the target population, 

suggesting that SAEs could serve as a suitable measure of trial 

representativeness. Generally, the incidence of SAEs is recorded regardless of 

treatment, including in the control arms. In some trials, particularly for less 

toxic treatments, it is likely that most SAEs are not directly related to the 

treatment, in which case it would be expected that SAE rate between treatment 

and control arms may be similar (Mahr et al., 2017). However, for some trials 

that involve potential toxic treatment like chemotherapy, the treatment arm is 

likely to have a higher SAE than the control arm. Thus, where there is a 

difference, the control arm would likely provide the suitable comparison with 

patients in routine care, especially when control arm reflects usual care by 

giving ‘standard’ treatment (Hanlon et al., 2022). In the context of SGLT-2 



68 

inhibitors (as in this thesis), it is not clear whether SAE rates vary depending on 

treatment arm in a trial, and it therefore remains uncertain which arm's SAE 

should be considered when determining the SAE rate as a metric of 

representativeness (whether the treatment, control, or the combined total of 

both). Therefore, in this chapter I will compare the differences in SAE rates 

between both arms to determine which SAE I will consider for analysis 

throughout this thesis. 

In addition, SAE rates could be influenced by certain factors. For example, trials 

with hard serious outcomes, like cardiovascular events, may recruit older and 

sicker subjects, targeting patients with cardiovascular diseases who are 

inherently more vulnerable to SAEs (Wise et al., 2020). Moreover, 

ClinicalTrials.gov, as one of the largest registries, tends to have better reporting 

standards that might capture more SAEs than smaller registries. As a results, SAE 

rates in trials registered on ClinicalTrials.gov could be higher compared to those 

registered on other registries. Also, it is expected that SAE rates would be higher 

in multinational trials compared to national trials due to the broader and 

potentially more diverse participant base. Therefore, in this chapter, I will also 

explore how these variations in SAE rates across different trial outcomes, trial 

registries, and trial settings might reflect differences in trial representativeness 

as measured by SAEs. By examining these differences, I aim to assess whether 

SAE rates can serve as a reliable metric for trial representativeness. 

5.3 Aim and objectives 

In this chapter, in order to initially explore the feasibility of using SAE rates as a 

metric for trial representativeness, I will address the following objectives: 

1. Examine the difference in SAE rates between treatment and control arm. 

2. Examine the differences in SAE rates based on the following 

characteristics: 

i. Type of trial outcome (hard vs soft outcome). 
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ii. Type of trial settings (single-centre sites vs multicentre, multinational vs 

one country). 

iii. Type of trial registries (ClinicalTrials.gov vs other registries). 

5.4 Methods 

5.4.1 Data source 

Trial selection and data sources are presented in detail in Chapter 4. 

5.4.2 Data extraction 

Data extracted included the number of reported SAEs, the number of subjects at 

risk of SAEs in each trial arm, and the timeframes for SAE occurrence.  

Additionally, the type of trial arm as intervention or control were extracted for 

each trial. Trials were classified based on the type of control arm, distinguishing 

between trials with placebo arms and trials with active comparator arms. This 

classification was determined by reviewing the designations of control arms and 

their prespecified aims. Furthermore, trial outcomes were categorised, 

distinguishing between MACE outcomes (considered a hard outcome) and 

surrogate endpoints like the change in HbA1c (considered a soft outcome). Other 

variables extracted included the type of trial registries, study centre (single or 

multi-centre), and the geographic scope (national or multinational). Additional 

variables of person-time and the rate for SAE were calculated for each trial. 

5.4.3 Statistical analysis 

Descriptive statistics were used to summarise the SAE counts across each trial 

arm. The SAE rate for each trial arm was calculated by dividing the number of 

SAEs by person-time. The person-time for each arm was computed using this 

formula: 
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(follow-up time [in years] × number of subjects at risk of SAEs − follow-up time 

[in years] × number of subjects affected by SAEs × 0.5). 

First, I calculated the total time at risk by multiplying the follow-up time by the 

number of subjects at risk for SAEs. Then, I adjusted for subjects who 

experienced SAE by subtracting half of their follow-up time (using a factor of 

0.5). The 0.5 factor assumes that participants who experienced SAE contributed, 

on average, only half of the follow-up period before the event occurred. This 

adjustment avoids overestimating person-time and provides a more accurate 

estimate when the exact timing of SAEs is unknown. This approach is a widely 

used approximation in epidemiology when the exact timing of events (e.g., SAEs) 

is not known within the follow-up period (Hanlon et al., 2021, 2022). 

The first analysis was conducted to compare the differences in SAE rates 

between intervention and control arms across all trials using generalised linear 

models with Poisson likelihood regression. However, overdispersion was observed 

in the Poisson models. This was assessed by comparing the variance to the mean, 

where it was found that the variance was greater than the mean. Additionally, 

overdispersion was confirmed by calculating the ratio of the residual deviance to 

the residual degrees of freedom, which was significantly greater than 1, 

indicating overdispersion. Therefore, two separate negative binomial models 

were employed to more accurately compare the differences in SAE rates 1) 

between intervention and placebo arms across all trials, and 2) between 

intervention and active comparator arms across all trials. For both models, the 

SAE count was the outcome variable. To account for variations in person-time 

across trials, an offset was included in each model. 

The second analysis employed separate negative binomial models to examine the 

differences in SAR rates between trials based on: types of trial outcome, types 

of trial registries, and types of trial settings. This analysis used combined SAE 

counts across all trial arms as the outcome variable. The choice of whether to 

use overall SAEs or individual arm SAEs was based on the first analysis. The 

incidence rate ratio (IRR) was compared for all analysis. 



71 

5.5 Results 

5.5.1 Summary statistics 

Reported SAEs were available at the arm level, except for five trials that did not 

report these events and were excluded from the analysis, leaving 141 trials with 

reported SAEs. Trials were classified according to the type of the comparator 

(control arm), specifically whether it was a placebo arm or an active comparator 

arm. The intervention arm received either one of the 9 SGLT-2 drugs 

(dapagliflozin, empagliflozin, canagliflozin, ertugliflozin, ipragliflozin, 

luseogliflozin, bexagliflozin, tofogliflozin and sotagliflozin). Out of the 141 trials 

analysed, 95 trials had a placebo as a control arm, while 46 trials had an active 

comparator. The total number of reported SAEs for trials with a placebo 

comparator (95 trials) and trials with an active comparator (46 trials) were 

19,453 and 1688, respectively, across both arms (Table 5.1). 

Table 5.1: Summary statistics for SAEs counts across arms of SGLT-2 trials. 

5.5.2 SAE rates between trial arms 

The difference in SAE rates between intervention and placebo arms across all 

trials of SGLT-2 inhibitors was examined. The results showed that SAE rates were 

11% lower in the intervention arms compared to the placebo arms; however, the 

confidence interval included the null (IRR 0.89, 95% CI 0.73-1.07). Similarly, in 

the comparison between the intervention and active comparator arms across all 

trials of SGLT-2 inhibitors, the results showed that SAE rates were 10% lower in 

Type of 

arms 

Placebo comparator arms  Active comparator arms 

Placebo Intervention Total  
Active 

Comparator 
Intervention Total 

No. of 

SAEs 

reported 

8423 11,030 19,453  768 920 1688 

Percentage 

(%) 
43.3% 56.7% 100%  43.3% 56,7% 100% 
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the intervention arms than in the active comparator arms; however, the 

confidence interval included the null (IRR 0.90, 95% CI 0.69-1.17). 

5.5.3 Differences in SAE rates based on some factors 

For this analysis, the overall trial rate was used because there were no 

significant differences across trial arms. The analysis examined the differences 

in SAE rates among trials based on multiple factors, including trials registration 

on ClinicalTrials.gov, type of outcome, and trial settings. The rate was 94% 

higher in ClinicalTrials.gov registry compared to non ClinicalTrials.gov registries, 

and the confidence interval did not include the null (IRR 1.94, 95% CI 1.23-3.02). 

Trials with hard outcomes (MACE) had a higher rate than trials with soft 

outcomes (HbA1c) (IRR 2.86, 95% CI 1.84-4.74). Furthermore, trials that involved 

more than one country (multinational) showed 79% higher rates of SAE compared 

to trials that involved only one country (IRR 1.79, 95% CI 1.32-2.41). However, 

there was no difference in the rate between trials conducted at multicentre 

sites in comparison to those conducted at single-centre sites (IRR 1.07, 95% CI 

0.55-2.11). 

5.6 Discussion 

5.6.1 Summary of main findings 

The total SAEs across all trials was 21,141 events. No significant difference was 

found in SAE rates between the intervention and control arms across all SGLT-2 

trials. This indicates that the intervention-related effect in the included trials 

was not the major driver of SAEs. The SAE counts for both intervention and 

control arms were combined to increase the statistical precision. Moreover, the 

rates of SAE were higher in trials registered on ClinicalTrials.gov, in trials with 

hard outcome, and in trials conducted in more than one country. 



73 

5.6.2 Interpretation 

The findings show that the SAE rates did not significantly differ between the 

intervention and placebo arms nor between the intervention and active 

comparator arms in trials of SGLT-2 inhibitors. It is expected that there would be 

no significant difference between treatment and control arms, as in trial 

settings, most SAEs are not particularly related to the investigational product 

(Gebrie et al., 2021). Although SGLT-2 inhibitors are known to cause conditions 

such as diabetic ketoacidosis, amputation, and genital infections, the results 

suggest that these events are likely to be sufficiently rare. Therefore, for the 

purposes of modelling the overall SAE rate, the impact of these treatment-

specific events is relatively small. The improvement in precision from using both 

arms together outweighs the potential bias that might be caused by including 

SAEs related to treatment. Furthermore, the similar rates between trial arms 

may suggest that SAE rates reflect the underlying health status of the trial 

participants as a population, which may reveal information that can be useful in 

assessing the representativeness of the trial. 

Furthermore, trials registered on ClinicalTrials.gov showed higher SAE rates 

compared to those not registered, indicating better reporting in these trials. 

ClinicalTrials.gov has detailed reporting requirements and undergoes rigorous 

checks by staff members (ClinicalTrials.gov, 2023). These requirements involve 

the inclusion of information such as severity, types of events, and their 

relationship to the study intervention (Mathieu, Moher and Altman, 2009). These 

requirements may vary by registry, and other registries may not consistently 

document all SAEs, particularly if the event occurred at the end of the study or 

was unrelated to the investigated drug (Wortzel et al., 2020). 

Additionally, the analysis revealed a difference in the rates of SAE based on the 

type of outcome, specifically between trials with hard and soft outcomes. The 

higher rate found in trials with a prespecified hard outcome, suggests that these 

trials may have broader eligibility criteria, possibly being more inclusive of older 

and sicker people who are ultimately more vulnerable to SAE. Moreover, it is 

possible that these trials deliberately recruited participants at higher risk of 
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events, such as heart attacks or strokes, especially since the studies are 

designed to detect MACE. Furthermore, the higher incidence of SAEs in 

multinational trials may be attributed to the heterogeneity of patient 

characteristics. Multinational trials cover a diverse population with varying 

disease progression and comorbidities compared to single-country trials. 

Additionally, healthcare standards and protocol adherence can differ across 

countries, influencing patient outcomes and the reporting of SAEs. Consequently, 

this factor may contribute to a higher incidence of SAEs. 

5.6.3 Comparison with other studies 

This comparison offers insights by showing no significant difference in SAE rates 

between the trial arms of SGLT-2 trials. While few studies have used SAEs to 

assess representativeness, this issue of treatment arms is an important aspect of 

such assessments. Hanlon et al. (2022) assessed trial representativeness across 

21 index conditions and compared SAE rates between intervention and control 

arms, finding no differences between them. Another study examined the rates of 

SAE between treatment and control arms in RCTs for hypertension and similarly 

found no differences in SAE rates between both arms (IRR 0.81, 95% CI 0.59–

1.08) (Hanlon et al., 2021). Furthermore, another study compared the difference 

in SAEs between the intervention and control arms in 26 naltrexone trials and 

found no significant difference in SAEs across both arms (Bolton et al., 2019). 

However, Wolff et al. (2022) found that SAEs were 1.3 times higher in the 

treatment arm than in the control arm of cancer trials. This difference could be 

related to the investigational agents, as cancer drugs are likely more toxic and 

potentially result in more SAEs than other interventions. However, it could also 

be attributed to the underlying disease, as cancer patients are more vulnerable 

to SAEs than others. 

5.6.4 Implications 

The comparison of SAE rates between trial arms has important implications for 

the analyses conducted throughout this thesis. It provides valuable information 

on which arms’ SAE data should be considered when assessing SAE rates as a 



75 

metric of representativeness. This analysis suggests that combining SAEs across 

all arms is a reasonable approach when analysing SAE rates against the PRECIS-2 

tool, trial/baseline characteristics, and eligibility criteria. Combining arms 

addresses the issue of lower event numbers in control arms and enhances 

statistical power. However, this approach may not be applicable to all trials, 

particularly those involving potentially toxic treatments (e.g. chemotherapy), 

where higher SAEs in the intervention arm are likely to be directly related to the 

treatment. Additionally, the comparison of SAE rates between trials with hard 

and soft outcomes offers insights into how the nature of trials’ outcomes can 

influence SAEs reporting. Specifically, trials targeting hard serious outcomes, 

such as MACE, tend to report higher SAE rates, potentially due to their focus on 

outcomes that are inherently more serious. This suggests that the type of 

outcome a trial measures may impact the incidence of SAEs, offering a deeper 

understanding of the factors that contribute to SAE variability. Such insights are 

crucial for assessing the representativeness of clinical trials. 

5.6.5 Strengths and limitations 

The included trials were from different trial registries, offering a diverse 

selection of RCTs. This may help minimise the bias that could arise from the 

limitations of using trials from single registries. However, it is worth noting that 

this study has limitations. First, it is possible that there is a true difference 

between trial arms, but because the SAE are relatively rare, the sample may 

lack sufficient power to detect it. Second, the use of the 0.5 factor in 

calculating person-time assumes that SAEs occur, on average, midway through 

the follow-up period. This may not always reflect the true timing of events and 

could slightly overestimate or underestimate the actual person-time. 

Nonetheless, this approach is a widely accepted approximation in epidemiology 

when the exact timing of events is unavailable (Hanlon et al., 2021, 2022). 
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5.7 Conclusion 

There was no difference in the rates of SAE between the intervention and 

control arms. Total SAEs from all trial arms for each trial will be combined in the 

subsequent analyses of this thesis. In the next three chapters, I will explore 

whether SAE rates reflect trial representativeness by examining their association 

with the pragmatism metric (PRECIS-2 tool), baseline and trial characteristics, 

and eligibility criteria.
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Chapter 6 Assessment of the pragmatism of RCTs of 

SGLT-2 inhibitors: using the pragmatism metric PRECIS-

2 tool 

6.1 Chapter overview 

I will first describe the Pragmatic Explanatory Continuum Indicator Summary 

(PRECIS-2) tool in detail and its importance, then present the findings from 

applying this tool on the RCTs of SGLT-2 inhibitors. I will also examine the 

association between SAE rates and PRECIS-2 score and each domain. The finding 

of comparing this pragmatism metric to SAEs against their association to baseline 

characteristics will be shown in Chapter 7. 

6.2 Introduction 

6.2.1 PRECIS-2 tool 

The PRECIS-2 tool was employed to assess the pragmatism of clinical trials. It 

has undergone rigorous development to ensure its reliability and broad 

applicability across diverse clinical trial contexts. It was revised by Loudon et al. 

in 2015 as a modification of the original PRECIS tool that was developed by 

Thorpe et al. in 2009. This tool distinguishes pragmatic trials undertaken in usual 

care from explanatory trials conducted in an idealised setting. Its application 

assists trialists in determining whether the trial design matches the proposed 

aim (Loudon et al., 2015). The PRECIS-2 tool contains nine domains, including 

eligibility criteria, recruitment, setting, organisation, flexibility (delivery), 

flexibility (adherence), follow-up, primary outcome, and primary analysis. Each 

domain is assessed by assigning a score that reflects the pragmatic or 

explanatory nature of trials. The scoring system ranges from 1 (highly 

explanatory approach) to 5 (highly pragmatic approach), and labelled as follows: 

1_ very explanatory, 2_ rather explanatory, 3_ equally pragmatic and 

explanatory, 4_ rather pragmatic, 5_ very pragmatic. 
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6.2.2 Rationale for using PRECIS-2 tool 

The pragmatism of a trial refers to the extent to which its design reflects the 

setting of routine care (Smelt et al., 2010). On the other hand, trial 

representativeness refers to the extent to which a trial population reflects the 

target population in routine care (He et al., 2020). Although these concepts have 

different meanings, both are concerned with enhancing the applicability of 

clinical trials to routine clinical practice (Treweek and Zwarenstein, 2009). For 

example, pragmatic trials tend to recruit more representative patients by using 

inclusive eligibility criteria. The PRECIS-2 tool can assess trial pragmatism by 

scoring the eligibility criteria domain to assess its inclusiveness. The framework 

design of the tool includes various domain structures, focusing on multiple 

aspects of trial design. This structure offers a systematic and standardised 

evaluation with a multidimensional assessment of the degree of trial pragmatism 

(Loudon et al., 2015). Moreover, it is known that pragmatic trials investigate 

medications under usual conditions that resemble routine care, thereby enabling 

the extrapolation of trial findings to real-world practice. Hence, the PRECIS-2 

tool, as reflected by its pragmatism score, potentially reflects how the trials 

represent routine practice, and whether the trial findings can be generalised to 

the population. Therefore, in the absence of a gold standard for assessing trial 

representativeness, comparing SAEs feasibility, as a metric, with the PRECIS-2 

tool may serves as an approach to gauge the tool’s feasibility (SAEs) in assessing 

trial representativeness. 

6.2.3 Domains of PRECIS-2 tool 

The different domains and their importance in trial design are presented below. 

6.2.3.1 Eligibility criteria 

A highly pragmatic trial is designed to include participants who are eligible for 

treatment in routine care. Thus, if the intervention under study is expected to 

be prescribed for diverse demographic groups in routine care, including older 
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people and patients with different comorbidities, it is essential to include these 

groups in the trials to yield pragmatic trials with applicable results (Kanzler et 

al., 2022). Conversely, if the eligibility criteria are restrictive, excluding certain 

groups, the trial becomes more explanatory, focusing on measuring intervention 

efficacy under ideal rather than real-world conditions typical in routine care. 

Trialists might limit trial pragmatism by implementing restrictive exclusion 

criteria (Loudon et al., 2015). However, for trials investigating the safety and 

efficacy of interventions, particularly in phase I and II trials, and due to ethical 

considerations, the trial requires to be as explanatory as possible (Le-

Rademacher et al., 2023). 

6.2.3.2 Recruitment 

Recruitment is a preliminary step that precedes the trial's commencement, and 

trialists should carefully consider where and how participants will be recruited. 

Clarification of this process helps to differentiate between pragmatic and 

explanatory trials. A highly pragmatic approach would recruit participants from 

usual care settings, whereby individuals attending routine clinic appointments 

are recruited without additional efforts (Ford and Norrie, 2016). However, 

conducting additional assessments on individuals recruited from usual care, and 

employing methods of explanatory approach such as media advertising, sending 

letters, or emails to prospective patients, may lead to an explanatory trial. To 

ensure that the trial can provide more relevant results, participants should be 

recruited from multiple clinics rather than one (Dal-Ré, de Boer and James, 

2020). 

6.2.3.3 Setting 

This domain is crucial in describing where the trial is conducted. While accepted 

guidelines for assessing the impact of setting on generalisability are lacking, 

there are several characteristics of setting that need to be considered. This 

includes geography, healthcare system, country, and ethnic mix of the included 

participants, all of which might affect the trial's generalisability (Dekkers et al., 
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2010; St Sauver et al., 2012). Pragmatic trials are more likely to involve multiple 

centres (Sepehrvand et al., 2019). However, in some instances, trials conducted 

in a single centre may be still considered pragmatic if the intervention targets a 

highly specialised centre. Trialists should ensure that the trial setting mirrors the 

healthcare setting where their results are anticipated to be implemented. 

6.2.3.4 Organisation 

This domain focuses on the expertise and resources used to deliver the 

intervention, this aspect contributes to generating trials with broader 

applicability by encouraging the utilisation of the same resources and healthcare 

staff available in routine care settings. An explanatory trial often implements 

the intervention under different protocols compared to the usual care system; it 

might involve additional staff and provide extra training to healthcare 

professionals (Casey et al., 2022). However, these additional services may not be 

available in routine care practice. 

6.2.3.5 Delivery 

The method of delivering the intervention plays a role in assessing the 

pragmatism of clinical trials. A highly pragmatic design can be achieved by 

allowing participants to determine how the intervention will be delivered 

without imposing additional instructions. However, this doesn't imply that the 

trial must specify which other interventions are permitted or refrain from 

outlining specific delivery protocols, as these aspects are often part of usual 

practice. Essentially, the administration of the intervention should closely 

resemble the protocol followed in usual care (Loudon et al., 2015). If the trial 

team requires healthcare providers to execute additional intervention 

procedures, the trial would tend towards being more explanatory. 
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6.2.3.6 Adherence 

A highly pragmatic trial would allow participants to engage with and adhere to 

the intervention without further instructions (Fitzpatrick et al., 2020). However, 

in regular practice, practitioners typically continue to persuade patients during 

each follow-up visit to comply with the intervention to the best of their ability. 

This encouragement doesn't significantly impact the pragmatism of the clinical 

trial since it aligns with routine care practices. Conversely, a trial protocol that 

uses adherence monitoring methods uncommon in routine care and excludes 

nonadherent patients would be considered highly explanatory. 

6.2.3.7 Follow-up 

Follow-up, in this context, refers to the domain that examines how closely 

participants are monitored and the procedures carried out during these follow-

up visits. A highly pragmatic approach regarding follow-up would entail having 

follow-up visits no more frequent than those in usual care settings. It would 

involve collecting outcome data from administrative or clinical record systems 

without direct contact with the participant (Le-Rademacher et al., 2023). 

Furthermore, pragmatic trials should aim to collect as little additional data as 

possible while avoiding extensive data collection. 

6.2.3.8 Primary outcome 

This domain focuses on the trial’s outcome that is most relevant to the patients. 

The selection of the trial’s primary outcome is pivotal for trialists, who should 

prioritise outcomes that hold significance for patients rather than just 

practitioners (Kanzler et al., 2022). This approach aims to ensure the production 

of an applicable and pragmatic trial. Furthermore, the methods used to measure 

the outcome should be similar to the standard care protocol. 
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6.2.3.9 Primary analysis 

This domain evaluates the extent to which data is incorporated into the analysis. 

If the intention-to-treat analysis (ITT) is used, all participants will be included in 

the data analysis, making the trial more pragmatic (Loudon et al., 2015). 

Table 6.1 PRECIS-2 tool domains and variation between pragmatic and 
explanatory design 

Domain Explanatory approach Pragmatic approach 

Eligibility criteria 

(what are the 
criteria in 
patient 
selection?) 

Highly selected patients; strict 
inclusion criteria, e.g., high 
restrictions on comorbidities, 
concomitant medication 

Typical patients; minimal 
inclusion criteria, e.g., 
include any patients with 
condition of interest (T2DM)  

Recruitment 

(what are the 
ways to recruit 
participants?) 

Use methods and resources 
outside of, or in addition to, 
what is typical, e.g., recruit 
patients through using media 
advertising, and sending letters 
to participants 

Recruited in usual healthcare 
setting; participants may 
include patients, providers, or 
health systems, e.g., use the 
regular appointment to 
recruit participants 

Setting 

(Where is the 
trial has been 
conducted?) 

Specialist practice or academic 
medical centre 

Primary care clinic or setting 
where the trial results will be 
applied, e.g., usual care 
centre like primary care 

Organisation 

(What resources 
and expertise 
were used in the 
trial?) 

Changes the workflow, adds 
equipment, or need for extra 
staff training, or affects how 
care is typically delivered, e.g., 
use additional staff, and 
extensive resources 

Changes to clinical delivery 
and resources are minimal, 
easy to implement in usual 
care after the trial, e.g., no 
more than usual healthcare 
staff and resources 

Flexibility 
(delivery) 

(How was the 
intervention 
delivered?) 

Highly specified, protocol-driven 
with timing of intervention 
tightly defined, e.g., restriction 
on drug administration and 
prevent use of other medication 
during the trial  

Details of intervention 
delivery left to the care 
provider, e.g., no more 
direction than used in usual 
care 

Flexibility 
(adherence) 

(How were 
participants 
monitored for 
adherence?) 

Measures to monitor patient 
adherence and excludes patients 
judged not to be adherent, e.g., 
use some test and procedure to 
monitor and enhance adherence 
and compliance 

No special measures to 
enforce intervention 
engagement or compliance, 
e.g., use similar protocol of 
usual care for adherence 
enhancement 
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6.3 Aim and objectives 

In this chapter, in order to determine whether SAEs reported in clinical trials for 

SGLT-2 inhibitors can be used as a marker of trial representativeness, I will use 

PRECIS-2 tool to assess the trial pragmatism and compare it with SAEs. I will also 

examine the association between SAE rates and individual domains of the 

PRECIS-2 tool. 

6.4 Methods 

6.4.1 Data source 

Trial selection and data sources are presented in Chapter 4. Data required for 

assessing trial pragmatism and scoring all domains were obtained from trial-

relevant publications. Additionally, trial protocols and CSRs were reviewed to 

collect data that were not reported in the publications. 

Follow-up 

(How were 
participants 
followed up?) 

Rigorous follow-up protocol 
distinct from usual care. e.g., 
monthly visits, or extensive data 
collection 

Follow-up visits similar to 
usual care. e.g., clinic visits 
every 3-6 months 

Primary outcome 

(How the trial’s 
primary outcome 
was relevant to 
participants?) 

Surrogate outcomes or measures 
distant from the key question, 
e.g., blood test 

Outcomes of importance to 
patients, measured as they 
would be in usual care, e.g., 
MACE 

Primary analysis 

(how was the 
data included in 
the analysis?) 

Excludes noncompliant 
participants, or dropouts, e.g., 
per protocol analysis 

Intention-to-treat analysis 
(ITT) 
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6.4.2 Data extraction 

For the pragmatism assessment, the extracted data included details of published 

trials (publication title, authors, trial ID, PMID, publication year) and key 

information required for assessing pragmatism and scoring PRECIS-2 domains. 

This information covers eligibility criteria, type of trial settings, recruitment 

method, intervention delivery and follow-up protocols, type of primary 

outcome, and type of population analysis. These data were manually extracted 

and organised in a table to be used as the rationale for scoring each domain. 

Data sources and extraction methods for SAEs and their timeframes are 

presented in Chapter 4. 

6.4.3 PRECIS-2 ratings and protocolisation of assessment criteria 

The assessment process involved a careful review of trial protocols and methods 

from the trial-relevant publications or supplementary materials retrieved from 

trial registries or sponsors. The original criteria of the PRECIS-2 tool underwent 

an extensive protocolisation process to create a scoring template that aligned 

with the specific characteristics of clinical trials for SGLT-2 inhibitors within the 

context of T2DM. Domains requiring clinical insight were reviewed by a 

diabetologist. For the eligibility criteria domain, the participants selection 

criteria were reviewed and tailored to SGLT-2 inhibitor trials in type 2 diabetes. 

Criteria such as age, comorbidities, and concomitant medications were carefully 

considered with the diabetologist before scoring the domain and to gauge the 

inclusiveness of trial populations. Furthermore, a multi-disciplinary team of 

researchers in diabetology and epidemiology was involved in the protocolisation 

process to mitigate the subjectivity in the assessment. 

As illustrated in table 6.2, the scoring system for each domain ranged from 5 

(pragmatic scale) towards 1 (explanatory scale) based on the protocolised 

criteria. The eligibility criteria domain was scored 5 if trial criteria were 

inclusive. The score reduced toward 1 as the criteria became more restrictive, 

excluding participants based on their comorbidities, adherence, and 
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concomitant medications. The recruitment domain was scored 5 if the trial 

recruited participants from a usual care setting where the interventions are 

likely to be prescribed. The score moved toward the explanatory scale if the 

trial used incentives (e.g., vouchers) or advertisements to recruit participants. 

The setting domain was scored 5 if the trial was conducted in multinational, 

multicentre and usual care clinics, and the score reduced toward 1 if the trial 

was conducted in a single centre or site other than the usual care clinic, such as 

an academic or specialist centre. The primary outcome domain scored 5 if the 

endpoint was important for both healthcare providers and the patients, such as 

adverse events. The score moved toward the explanatory scale if the outcome 

was a surrogate outcome, required central adjudication, or was measured 

earlier than in usual care. Furthermore, the adherence domain was scored 5 if 

the trial allowed complete flexibility for participants to adhere to the 

intervention without special measures or additional effort. If the trial included 

pre-screening stages to monitor patient adherence or a lead-in period to exclude 

non-adherent participants, it scored toward explanatory scale. Examples of 

pragmatic and explanatory trials are provided in Supplementary Table S.1. 

Details of protocolised assessment criteria for all PRECIS-2 domains are 

illustrated in table 6.2. 

To ensure consistency in the trial assessment, a revision was conducted following 

a random sample of 10 trials by another PhD student, Saleh Almazam. Before 

commencing the assessment for all the trials, multiple discussion meetings have 

been conducted to resolve disagreements and reach a consensus. After scoring 

all domains and completing the assessment, all scores were reviewed by a 

diabetologist to ensure the reliability of the assessments. Each domain was 

scored based on the available information found in the trial protocol. If the 

required information was not reported there, other pertinent publications 

related to the assessed trial and the original protocol from ClinicalTrials.gov 

were reviewed. If the required information remained missing despite these 

efforts, then the domain was left blank, and during analysis, the missing domain 

was assigned a score of 3 (equally pragmatic/explanatory).
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Table 6.2 The protocolisation of the PRECIS-2 for clinical trials of SGLT-2 
inhibitors. 

Domain Score Condition 

Eligibility 

criteria 

1 If the trial applies highly restrictive criteria, such as 

specific age groups or comorbidities (e.g., including 

diabetic patients with only chronic kidney disease). 

1 If the trial applies 4 or more of the below exclusion 

criteria that reduce the score by 1 point. 

2 If the trial applies 3 of the below exclusion criteria 

that reduce the score by 1 point. 

3 If the trial applies 2 of the below exclusion criteria 

that reduce the score by 1 point. 

4 If the trial includes participants who are eligible for 

treatment in routine care but only excludes 

participants who are not known to be highly 

adherent. 

4 If the trial includes participants who are eligible for 

treatment in routine care but only excludes 

participants with comorbid conditions (e.g. heart 

failure). 

4 If the trial includes participants who are eligible for 

treatment in routine care but only excludes 

participants using other medications (e.g. 

antihyperlipidemic drugs). 

4 If the trial includes participants who are eligible for 

treatment in routine care but only excludes 

participants due to the delivery challenges unrelated 

to the intervention (e.g. geographical location). 

4 If the trial includes participants who are eligible for 

treatment in routine care but only uses measures or 

tests to exclude participants (e.g. Glycaemic clamps 

or C-peptide). 

4 If the trial includes participants who are eligible for 

treatment in routine care but only excludes 

participants relies on carers. 

5 If the trial includes participants who are eligible for 

treatment in routine care but only excludes severely 

comorbid participants who are not likely to receive 

the intervention in routine care. 

5 If the trial includes participants who are eligible for 

treatment in routine care. 

Missing If no information reported about eligibility criteria. 
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Recruitment 1 If the trial was single centres and used other usual 

care (e.g., hospitals, speciality clinics and research 

centres) to recruit participants for an intervention 

that is likely to be prescribed in primary care. 

1 If the trial recruited participants through 

advertisements (e.g.  radio and television), or 

telephone calls, or used incentives and rewards (e.g. 

vouchers and cash payments).  

2 If the trial was national, multicentre and used other 

usual care (e.g., hospitals, speciality clinics and 

research centres) to recruit participants for an 

intervention that is likely to be prescribed in primary 

care. 

2 If the trial sent invitation letters or emails to the 

eligible participant identified through searching the 

medical records 

3 If the trial was multinational, multicentre and used 

other usual care (e.g., hospitals, speciality clinics and 

research centres) to recruit participants for an 

intervention that is likely to be prescribed in primary 

care. 

3 If the trial was national, single centre and used usual 

care clinics to recruit participants. 

4 If the trial was national, multicentre and used usual 

care clinics to recruit participants. 

5 If the trial was multinational, multicentre and used 

usual care clinics to recruit participants without any 

additional effort. 

Missing If no information reported about recruitment. 

Setting 1 If the trial was conducted in a single centre and site 

other than the usual care (e.g. hospitals, speciality 

clinics and research centres) for an intervention that 

is likely to be prescribed in usual care. 

2 If the trial was conducted in national, multicentre 

and sites other than usual care (e.g. hospitals, 

speciality clinics and research centres) for an 

intervention that is likely to be prescribed in usual 

care. 

3 If trial was conducted in a single centre and usual 

care clinic. 

3 If the trial was conducted in multinational, 

multicentre and sites other than usual care (e.g. 
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hospitals, speciality clinics and research centres) for 

an intervention that is likely to be prescribed in usual 

care. 

4 If the trial was conducted in national, multicentre, 

and usual care clinics. 

5 If the trial was conducted in setting that mimics usual 

care setting. 

5 If trial was conducted in multinational, multicentre 

and usual care clinics. 

Missing If no information reported about trial setting. 

Organisation 1 If the trial applies 3 of the below criteria that reduce 

the score by 2 points. 

2 If the trial applies 2 of the below criteria that reduce 

the score by 2 points. 

3 If the trial provides training or education not required 

in usual care. 

3 If the trial requires a certification or an experience 

not required in usual care (e.g. nurses certified in 

diabetes management). 

3 If the trial uses additional resources or additional 

diagnostic procedures that are not used in usual care 

(e.g. MTT). 

3 If the trial uses an additional staff that is not used in 

usual care (e.g. pathologists). 

4 If the trial increases the resources used to deliver the 

intervention beyond what is typical in usual care (e.g. 

increasing the number of intervention providers or 

using additional facilities) 

5 If the trial was conducted without using additional 

resources, staff or requires certification that is not 

required in usual care.  

Missing If no information reported about organisation. 

1 If the trial applies a highly specified protocol. 
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Flexibility 

(delivery) 

1 If the trial applies 4 of the below restrictions or 

protocols that reduce the score by 1 point.  

2 If the trial applies 3 of the below restrictions or 

protocols that reduce the score by 1 point. 

3 If the trial applies 2 of the below restrictions or 

protocols that reduce the score by 1 point. 

4 If the trial applies restrictions on the number or the 

type of cointerventions. 

4 If the trial provides specific direction on managing 

side effects or complications of the intervention.  

4 If the trial provides specific direction to enhance the 

delivery of the intervention.  

4 If the trial tightly defines the timing of the 

intervention.  

4 If the trial undertakes additional interventions 

unavailable in usual care. 

5 If the trial does not specify permitted cointerventions 

or the delivery procedure mimicking the usual care. 

5 If the trial leaves the details of the delivery 

procedure to the health care provider. 

Missing If no information reported about delivery procedure. 

Flexibility 

(adherence) 

1 If the trial withdrew non-adherent participants.  

2 If the trial applies a pre-screening stage (run-in or 

lead-in period) for adherence and excludes non-

adherents. 

3 If the trial measures and monitors the adherence of 

subjects to the intervention. 

4 If the trial does not report any measurement of 

adherence or exclusion of non-adherents. 
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5 If the trial does not apply measures or enforce the 

adherence of subjects to the intervention. 

5 If the trial permits full flexibility on how and when 

subjects take the intervention. 

Follow-up 1 If the trial applies 2 of the below criteria that reduce 

the score by 3 points. 

2 If the trial has longer visits for follow-up or more 

extensive data collection than the usual care. 

2 If unscheduled follow-up visits were triggered by a 

primary outcome event.  

5 The score will be 5 for the trial that has follow-up 

visits and intervals no more than usual care.  

5 The score will be 5 for the trial that has no follow-up 

contact with participants to obtain data.  

____ The trial that does not report the follow-up 

frequencies or intervals will be assessed based on the 

frequency and the intervals of the primary outcome. 

____ The trial that has follow-up visits and intervals more 

than usual care will be assessed based on the 

intervals and the frequency of the visits as below: 

1 If the follow-up visits were every 2 weeks or less.  

2 If the follow-up visits were every 3 weeks or less.  

3 If the follow-up visits were every 4-6 weeks. 

4 If the follow-up visits were every 7-12 weeks.  

5 If the follow-up visits were every 8 weeks or more. 
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Primary 

outcome 

1 If the trial applies 2 of the below criteria that reduce 

the score by 3 points. 

2 If the trial has a surrogate outcome, on which the 

intervention is expected to have a direct effect on.  

2 If the trial has an outcome that requires central 

adjudication or special training to measure it.  

2 If the trial has an outcome that is not of importance 

to the health care provider and the patients. 

3 If the trial has an outcome of importance only to the 

health care provider. 

4 If the trial measures the outcome at a time earlier 

than the usual care (less than 4 weeks). 

5 If the trial has hard composite outcome (e.g. MACE). 

5 If the trial has an outcome of importance to the 

health care provider and the patients (e.g. adverse 

events). 

Primary 

analysis 

1 If the trial uses per-protocol or as-treated analysis. 

2 If the trial includes data from all patients who were 

randomised and received a trial product with efficacy 

data. 
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6.4.4 Statistical analysis 

For each trial, the mean score of all PRECIS-2 domains was calculated. Also, the 

mean score for each domain across all trials was calculated. The PRECIS-2 score 

across all the trials were summarised using descriptive statistics (means and 

standard deviation). Histogram was used to visualise the distributions of the 

mean PRECIS-2 scores for all trials. PRECIS-2 wheel was used to show the mean 

scores for all PRECIS-2 domains, reflecting the overall pragmatism of SGLT-2 

trials. 

To allow for fair comparisons, the SAE rates, mean PRECIS-2 score, and the 9 

domains need to be normally distributed and on the same scale. Therefore, they 

were transformed using the "orderNorm" function from the R package 

"bestNormalize”. Linear regression was used to examine the association between 

SAE rates and mean PRECIS-2 score. Additionally, the association of SAE rates 

with individual domains of PRECIS-2 was estimated using simple and multiple 

linear regression. Simple linear regression was fitted for unadjusted analysis to 

3 If the trial reports the use of modified intention-to-

treat analysis without details of the modification.  

4 If the trial analyses its 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. 

5 If the trial analyses its primary outcome based on an 

intention-to-treat analysis using all available data for 

all randomised participants. 

Interpretation of the scores: 1) very explanatory, 2) rather explanatory, 3) equally 

pragmatic/explanatory, 4) rather pragmatic, 5) very pragmatic. 
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capture the association between SEAs and single domains independently, 

whereas multiple linear regression was fitted for adjusted analysis to estimate 

the association while accounting for the combined influence of other domains 

(as outlined in Table 6.3). This analysis will provide insight about how the design 

of trials, as reflected by assessing each PRECIS-2 domains, is associated with the 

SAE rates. 

6.5 Results 

6.5.1 PRECIS-2 scores 

The required information for scoring some domains was not reported within 

some trials. Recruitment was the domain with most missing information (77%) 

(Figure 6.1).  The mean (SD) PRECIS-2 score across 146 trials was 3.34 (0.48), 

indicating a medium level of pragmatism (Figure 6.2). Moreover, a sensitivity 

analysis for the mean (SD) PRECIS-2 score using complete case (i.e. where the 

mean score was calculated based only on the domains with non-missing scores) 

showed a similar medium level of pragmatism, with a mean (SD) score of 3.37 

(0.55). The mean score of most and least pragmatic studies in the sample were 

4.22 and 1.78, respectively. The frequency of scores for each domain within the 

PRECIS-2 tool are illustrated in figure 6.4. The mean (SD) PRECIS-2 score for 

trials categorised by SGLT-2 inhibitor medications are presented in 

Supplementary Table S.2. Moreover, the frequency of PRECIS-2 scores for all 

domains with missing information is shown in Supplementary Figure S.5. 

Additionally, in terms of individual domains of PRECIS-2, setting and organisation 

had the highest scores, 4.18 (1.26), 4.08 (0.94) respectively, indicating a 

pragmatic level. Conversely, primary outcome and eligibility criteria had the 

lowest score, 2.16 (0.66), 2.45 (0.76) respectively, indicating an explanatory 

level (Figure 6.3). These mean scores were calculated after replacing missing 

domain scores with a value of 3. The mean PRECIS-2 scores for all domains, 

based only on the available non-missing scores, are displayed in Supplementary 

Figure S.6 and show similar results. 
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Figure 6.1 Heatmap of missing for all domains of PRECIS-2 tool 

 

Figure 6.2 Histogram of the mean PRECIS-2 scores for all SGLT-2 trials 
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Figure 6.3 Wheel for the mean PRECIS-2 scores for all domains, this wheel is 
a visible figure to show the direction of score to demonstrate whether 
domain was pragmatic, explanatory, or equally pragmatic/explanatory 
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Figure 6.4 Frequency of PRECIS-2 score among all domains 

6.5.2 The association between SAE rates and PRECIS-2 score 

The mean PRECIS-2 score was positively associated with the SAE rates (β = 0.17, 

95% CI 0.00–0.33). This positive coefficient indicates that an increase in the 

PRECIS-2 score corresponds to a 0.17 increase in the SAE rates. Moreover, a 

sensitivity analysis using complete case (i.e. where the mean PRECIS-2 score was 

calculated based only on the remaining domains with non-missing scores) showed 

a similar positive association with SAE rates (β = 0.19, 95% CI 0.02–0.35). 

6.5.3 The association between SAE rates and domains of PRECIS-2 

The setting domain was the only domain associated with SAE rates in both 

unadjusted and adjusted models, the confidence interval did not include the null 

(β = 0.51, 95% CI 0.26–0.76). Other domains did not show associations with SAE 

rates in either the unadjusted or unadjusted models (Table 6.3).
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Table 6.3 Association between PRECIS-2 domains and SAE rates 

6.6 Discussion 

6.6.1 Summary of main findings 

This chapter utilised the pragmatism metric tool (PRECIS-2) to compare it with 

SAE rates. Applying this tool assessed the trial pragmatism and illustrated where 

they lie on a spectrum from pragmatic to explanatory. Based on the mean 

PRECIS-2 score, the 146 trials were, on average, in the middle of the efficacy 

and effectiveness continuum. Regarding individual domains, the eligibility 

criteria and primary outcome domains were more explanatory compared to the 

setting and organisation domains, which represented a more pragmatic 

approach. The domains of recruitment, delivery, and adherence demonstrated a 

medium level of pragmatism. 

Serious Adverse Event Rates 

PRECIS-2 

Domains 

Unadjusted Adjusted 

β CI P β CI P 

Eligibility criteria  0.14 -0.05 to 0.33 0.143  0.05  -0.14 to 0.25 0.596 

Recruitment  0.11 -0.09 to 0.32 0.280  0.05  -0.16 to 0.24 0.652 

Setting  0.49 0.29 to 0.69 <0.001  0.51   0.26 to 0.76 0.001 

Organisation  0.09 -0.10 to 0.29 0.340 -0.11  -0.34 to 0.12 0.339 

Flexibility 

delivery 
 0.09 -0.09 to 0.27 0.338  0.01  -0.22 to 0.24 0.951 

Flexibility 

adherence 
 0.03 -0.15 to 0.21 0.774  0.03  -0.19 to 0.25 0.808 

Follow up -0.01 -0.22 to 0.19 0.903 -0.01  -0.22 to 0.20 0.915 

Primary outcome -0.09 -0.35 to 0.16 0.479  0.04  -0.22 to 0.31 0.754 

Primary analysis  0.10 -0.09 – 0.28 0.300  0.03  -0.17 to 0.22 0.799 
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The SAE rates and the mean PRECIS-2 score were found to be associated with 

each other. Also, the SAE rate was significantly associated with only one PRECIS-

2 domain (setting). 

6.6.2 Interpretation 

The medium level of pragmatism (a score of 3.34 out of 5) for the included trials 

might be explained by the individual trials' aim of addressing the efficacy and 

effectiveness of the intervention. This analysis highlights the importance of 

clinical trials design by assessing each domain of PRECIS-2 tool. Particularly, the 

restrictive eligibility criteria, which excluded many patients with comorbidities, 

contributed to the low mean PRECIS-2 score in the eligibility criteria domain. 

Notably, patients with uncontrolled hyperglycaemia and/or concurrent use of 

other antidiabetic or anti-obesity medications were frequently excluded. These 

restrictions may maximise the internal validity of the trials and consequently 

enhance the efficacy of the intervention being studied. This could be related to 

the study's aim, as some trials were designed to explore how the intervention 

works under controlled conditions, thus including selective patients 

(characterised as explanatory trial). However, this approach might limit trial 

representativeness, impacting decision-making in real-world practice (Lu et al., 

2017). Additionally, the lower mean PRECIS-2 score for the primary outcome 

reflects that, in most trials, a surrogate endpoint was used, which is considered 

explanatory. Conversely, the higher mean PRECIS-2 score for the setting domain 

is due to many trials being multinational and multicentre. 

In addition, the pragmatic trials are designed to reflect real-world practice and 

enhance representativeness. Therefore, the observed association between the 

mean PRECIS-2 score, indicative of pragmatism, and the SAE rates may suggest 

that SAE rates could reflect trial representativeness. This association may also 

indicate the possibility of more SAEs being observed in pragmatic trials. 

Similarly, the pragmatic setting domain was associated with higher SAE rates, 

which is consistent with findings in chapter 5 that showed higher SAE rates in 

multinational trials. This suggests that the pragmatic trial design, as reflected by 

this PRECIS-2 domain, could influence SAE rates. Thus, explanatory trials, which 
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are less likely to be representative of real-world practice, might be associated 

with lower SAE rates. 

6.6.3 Challenge of using PRECIS-2 tool 

The PRECIS-2 tool was a suitable approach to compare with SAE as a metric of 

trial representativeness, especially in the absence of gold standard. However, 

this tool presents some challenges for retrospective assessment. Information 

required for scoring certain PRECIS-2 domains, particularly the recruitment 

domain, was often missing. Most published RCTs did not provide details in their 

protocols or other relevant publications about how they recruited participants. 

Moreover, it is time-consuming as it requires a thorough review of RCT reports to 

assess each of the nine domains. Specifically, each trial required approximately 

60 minutes to extract the required information and an additional 40 to 60 

minutes to assess each trial. 

6.6.4 Comparison with other studies 

The original PRECIS tool was developed to prospectively assess pragmatism when 

writing a trial protocol. However, this study utilises the developed PRECIS-2 tool 

to retrospectively assess pragmatism, as many investigators have used it for 

retrospective assessment for trials that have already been completed (Forbes et 

al., 2017). Saesen et al. (2023) conducted a study to assess the degree of 

pragmatism of clinical trials for antineoplastic treatments. Using the PRECIS-2 

tool, they assessed 42 trials that were tagged as pragmatic in their titles. In 

terms of the PRECIS-2 score, their findings were consistent with this analysis; 

with a mean PRECIS-2 score of 3.13. Moreover, Choi et al. (2019) retrospectively 

assessed the pragmatism of 96 RCTs in rheumatoid arthritis and similarly found 

that the eligibility criteria domain was very explanatory, reflecting strict 

inclusion criteria, and the setting domain was pragmatic, because many trials 

were multinational and conducted in multiple centres. 
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Furthermore, previous literature that applied PRECIS-2 for retrospective 

assessment used the mean score of all PRECIS-2 domains to describe the 

pragmatism of each trial, which is similar to the approach used in this study 

(Palese et al., 2014; Choi et al., 2019; Sepehrvand et al., 2019; Fitzpatrick et 

al., 2020). Additionally, like this study, previous studies addressed domains with 

missing information for scoring by assigning a score of 3 (equally 

pragmatic/explanatory) (Devos et al., 2019; Fitzpatrick et al., 2020). 

The developers of the PRECIS-2 tools assume that every clinical trial lies on a 

continuum, meaning they are not purely pragmatic or purely explanatory 

(Loudon et al., 2015). This assumption is consistent with the findings of the 

study on the Pragmatic Nature of Cardiovascular Clinical Trials (Sepehrvand et 

al., 2019), which found no trials that were completely pragmatic or explanatory 

in their samples. 

6.6.5 Strengths and limitations 

The strength of this study lies in the application of the PRECIS-2 tool on several 

trials (n=146), whereas many other studies used the tool on a smaller scale. This 

is the first study to assess the level of pragmatism for SGLT-2 inhibitors using the 

PRECIS-2 tool. Furthermore, subjectivity is possible when assessing the trials; 

also, some domains necessitate clinical insight for proper scoring. However, this 

issue was mitigated by consulting two diabetologists, who also reviewed the 

operationalised assessment criteria. These criteria were developed to create a 

scoring template tailored for use in SGLT-2 trials based on original PRECIS-2 

criteria. The required information for scoring some domains was not available in 

some trials, which is considered a limitation of retrospective PRECIS-2 

assessments. 

6.7 Conclusion 

This chapter assesses the pragmatism of the included trials using the PRECIS-2 

tool and shows a medium level of trial pragmatism. PRECIS-2 tools are viable 
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resources that trial units can use to determine whether the trial design aligns 

with their intended purpose. Trials with more pragmatic designs showed higher 

SAE rates, suggesting that SAE rates could reflect trial representativeness. In the 

next chapter, I will further explore whether SAE rates can reflect trial 

representativeness by comparing SAE rates and PRECIS-2 scores to baseline and 

trial characteristics.
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Chapter 7 Comparison between SAEs and PRECIS-2 

tool by exploring their association with trial and 

baseline characteristics of SGLT-2 inhibitors 

7.1 Chapter overview 

This chapter further explores the usefulness of SAE rates as a measure for trial 

representativeness. First, it explores the trend and strength of the association of 

the SAE rates with trial and baseline characteristics. It also explores the 

association of the mean PRECIS-2 score with these characteristics. Then, it 

compares the two metrics based on the differences in the estimates of their 

associations with these characteristics. 

7.2 Introduction 

7.2.1 Using SAEs to assess trial representativeness and lack of gold standard 

SAEs might be a feasible approach that can be used retrospectively to assess the 

representativeness of clinical trials. This approach can be utilised by capturing 

the observed SAE rates and comparing them to the expected SAE rates seen in 

routine healthcare. However, this approach requires access to real-world data 

from daily practice, often through record-linkage, where trial data are linked 

with external sources such as electronic health records or national registries. 

Exploring the association of SAE rates with trial and baseline characteristics 

could help assess the feasibility of SAE as a metric because these characteristics 

may predict SAEs (see section 7.2.3). To investigate this feasibility further, SAEs 

can be compared with other metrics such as PRECIS-2 tool to determine if SAE is 

a better measure. However, one difficulty of examining the feasibility of using 

SAEs as a metric for trial representativeness is the lack of real gold standard. 

One approach to address this issue is to use ‘fair umpire’ test, which 

incorporates baseline and trial characteristics as umpires to compare between 

SAEs and the current metric (PRECIS-2 tool). The concept of a ‘fair umpire’ test 
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is based on a test that reasonably discriminates for outcome of interest and is 

mechanistically unrelated to the comparator tests (Glasziou, Irwig and Deeks, 

2008). Hence, in this study, the baseline and trial characteristics included serve 

as impartial referees (fair umpire), not favouring one metric (PRECIS-2) over the 

other (SAEs), as they are neutral and not inherently biased towards both 

comparator metrics. This approach for comparisons ensures a fair assessment 

and offers an informative decision regarding the feasibility of using SAEs as a 

metric for trial representativeness. 

7.2.2 Justification of using these umpires as marker of trial 

representativeness 

The selected baseline characteristics (umpires) may reflect trial 

representativeness. Previous research has indicated that trials often exclude 

older people, those with longer disease durations, and those with higher levels 

of HbA1c (Neven et al., 2022). Characteristics such as age, disease duration, 

gender, and HbA1c are likely to be affected by the restrictiveness of the 

eligibility criteria, which in turn may reflect the representativeness of the trial. 

Trials with baseline characteristics that closely resemble population in real-

world practice are likely to be more representative (Kirkman et al., 2012; 

Kennedy-Martin et al., 2015). Moreover, trials with larger sample size and longer 

follow-up durations may enhance the external validity of the trial findings by 

providing more precise estimates and a better understanding of long-term 

efficacy (Faber and Fonseca, 2014; Sepehrvand et al., 2019). While these 

aspects do not directly reflect representativeness, they do help in judging the 

applicability of the findings to broader populations. 

From another perspective, trials characteristics could serve as an effective 

marker for trial representativeness. For instance, phase 4 trials may be more 

representative as they target a wider community and have less restrictive 

criteria than phase 3 trials (Sen et al., 2018). Trials with double or triple-blinding 

may serve as good markers for representativeness by minimising potential 

reporting bias compared to single-blinded or open-label trials (Pitre et al., 

2023). Moreover, industry-sponsored trials are often larger and more inclusive 
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than trials sponsored by other entities (Yao et al., 2013). Trial with longer 

duration could reflect real-world practice because they are likely to monitor 

patients over several years (Sen et al., 2018). 

Therefore, these markers (trial and baseline characteristics) were chosen as 

umpires because they reflect trial representativeness and are not biased towards 

both measures. Other characteristics were not included as umpires because they 

may bias the comparison, as they were part of the PRECIS-2 assessment. For 

example, the type of trial settings (multicentre, multinational) was considered 

in scoring the setting domain of the PRECIS-2 tool. The type of trial outcome 

(hard or soft) and type of population analysis (intention to treat or per protocol) 

were also considered in scoring the primary outcome and primary analysis 

domains of the PRECIS-2 tool. 

7.2.3 Expected association of baseline and trial characteristics with SAEs 

The occurrence of SAEs may be influenced by trial characteristics and patient 

demographics (Table 7.1). Participants with higher ages, longer durations of 

diabetes, and higher HbA1c levels are generally sicker and more likely to have 

comorbidities, potentially increasing the risk of SAEs. Larger trials are expected 

to detect more events compared to smaller trials (Lessing et al., 2010). 

Similarly, longer trials may allow for the observation of events that might not be 

observed in shorter trials (Dworkin et al., 2021). Thus, these trials may result in 

more SAEs than shorter trials with small sample sizes. Moreover, phase 4 trials 

are often conducted after drug approval for the community and usually aim to 

provide more evidence of treatment safety. These trials often examine longer 

treatment durations, employ different outcome measures, and focus on specific 

populations such as older people (Dworkin et al., 2021). As a result, phase 4 

trials are expected to exhibit more events compared to other phases (FDA, 

2018). Female patients with diabetes are at a higher risk of cardiovascular 

disease compared to males (Y. Wang et al., 2019), potentially leading to a higher 

incidence of SAEs in this group. Thus, a higher proportion of male participants 

may result in lower SAEs. Consequently, both trial and baseline characteristics 
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may play an essential role in influencing the incidence of SAEs in clinical trials, 

underscoring their importance in assessing trial representativeness. 

Based on these exceptions, the feasibility of using SAE rates as a metric can be 

investigated by examining the association of these characteristics with SAE rates 

and the PRECIS-2 score, and then capturing the difference in the estimates of 

the associations between these two metrics will further indicate whether these 

characteristics (umpires) strongly favour SAEs as a metric, potentially reflecting 

trial representativeness (as outlined in Table 7.4). If these umpires strongly 

favoured SAE rates, it suggests that SAE rates may reflect trial 

representativeness. 

Table 7.1 Expected associations of baseline/trials characteristics with the SAE 
rates 

Variables Expected direction of association (if 
SAEs are a metric of trial 
representativeness) 

Baseline sample size; increase Increase SAEs 

Age (years); increase Increase SAEs 

Male, %; increase Decrease SAEs 

Duration of diabetes; increase Increase SAEs 

HbA1c, %; increase Increase SAEs 

Trial year difference (the difference 
between when a clinical trial was first 
registered and when the intervention 
being studied was first trialled); increase 

Increase SAEs 

Trial duration; increase Increase SAEs 

Sponsorship; (being Industrial sponsored 
trials) 

Increase SAEs 

Trial phase; (being Phase IV) Increase SAEs 

Blinding (being Double or more blinding) Increase SAEs 
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7.3 Aim and objectives 

To determine whether SAE rates in clinical trials for SGLT-2 inhibitors can be 

used as a marker of representativeness of those trials, I will address the 

following objectives: 

1. Estimate the association between SAE rates and trial/baseline 

characteristics. 

2. Estimate the association between the trial pragmatism metric (PRECIS-2 

tool), as a mean score, with baseline and trial characteristics. 

3. Compare SAE with the PRECIS-2 tool as metrics of trial representativeness 

based on the differences in the estimates of their associations with these 

characteristics (fair umpires). 

7.4 Methods 

7.4.1 Data source 

Trial selection and data sources are presented in Chapter 4. For the PRECIS-2 

metric, data was utilised from Chapter 6, where they were synthesised by 

assessing the pragmatism of the included trials using this tool. 

7.4.2 Data extraction 

For this analysis, baseline characteristics were extracted for each trial, including 

mean age, proportion of males, duration of diabetes, sample size (number of 

participants), and the levels of HbA1c, Additionally, trial characteristics were 

extracted, including types of blinding, duration of trial, trial year difference 

(the difference between when a clinical trial was first registered and when the 

intervention being studied was first trialled), types of sponsorship, and trial 

phases. Types of blinding were classified into single and double blinding, trial 
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phases were classified into phase 3 and 4, and types of sponsorship were 

classified to industrial and non-industrial-sponsored trials. Data extraction for 

SAEs is presented in Chapter 4 (section 4.4.3). 

Baseline characteristics were extracted from baseline tables within trial 

publications using TableTidier software (https://tabletidier.org/). This software 

was utilised to extract and harmonise the data, as it is designed to convert 

structured tables with non-standard terminologies into standard formats. Trial 

characteristics were manually extracted from trial registries and published 

research papers. 

The metrics of interest, indicative of trial representativeness, were the SAE 

rates and the mean PRECIS-2 scores. SAE data were collected from selected 

trials as a count of the number of participants who experienced SAEs. The rate 

for these events was then calculated by dividing the number of SAEs by person-

time. Additionally, the analysis used SAEs at the trial level rather than individual 

arms; the total number of SAEs for each trial arm (treatment and control arms) 

was aggregated. 

7.4.3 Statistical analysis 

Descriptive statistics (means and standard deviation for continuous variables and 

counts and percentages for categorical variables) were used to summarise trial 

and baseline characteristics. 

To address the study objectives, a bivariate Bayesian regression model was fitted 

using the brms package. This model simultaneously estimated the associations of 

SAE rates and PRECIS-2 scores with various trial/baseline characteristics, 

allowing for the borrowing of strength between outcomes and accounting for 

potential correlation across the two metrics (Xiaochen Yuan, 2019). This 

approach effectively handles complex relationships and dependencies, offering 

greater efficiency and precision than separate univariate models. Therefore, it is 

the most suitable method to compare between SAEs and PRECIS-2 based on the 

https://tabletidier.org/
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differences in their associations with these characteristics. The model used 

default non-informative priors as set by the brms package to ensure that the 

conclusions drawn were primarily driven by the data rather than prior 

assumptions. This choice allowed the data to exert a more significant role in 

determining the posterior distributions, especially in the absence of strong prior 

knowledge specific to the relationships being modelled. For comparing SAE rates 

and PRECIS-2 scores, the output from the Bayesian model was used. For each 

covariate (mean age, duration of diabetes, sample size, proportion of males, 

levels of HbA1c, trial year difference, duration of trial, types of sponsorship, 

trial phases, and types of blinding), 20,000 samples for the parameter 

representing the association with SAE rates and PRECIS-2 scores were obtained. 

For each sample, I subtracted the SAE estimate from the PRECIS-2 estimate. I 

then summarised these differences via the mean and 2.5th and 97.5th centiles. 

This represents the differences in association, providing a basis for comparing 

PRECIS-2 and SAE. The outcomes of interest in this model were the SAE rate and 

the mean PRECIS-2 score. Continuous variables in the model included mean age, 

proportion of males, duration of diabetes, sample size, levels of HbA1c, trial 

year difference, and duration of trial. Binary variables were types of 

sponsorship, trial phases, and types of blinding. 

7.5 Results 

7.5.1 Descriptive statistics 

The mean PRECIS-2 score across 146 trials was 3.34. A total of 21,141 SAEs were 

reported, involving 116,207 participants. The mean (SD) age of the included 

participants was 58.7 years (4.46). The average duration of type 2 diabetes, and 

the average HbA1c level were 9.1 (3.65) 8.1 % (0.46), respectively. The trial and 

baseline characteristics are summarised in table 7.2 and table 7.3.
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Table 7.2 Summary of baseline and trial characteristics (continuous variables) 

Variables Minimum Maximum Mean (SD) 

Number of participants 25 17160 808.9 

Mean age (years) 51.35 77.2 58.7 (4.46) 

Male, % 42 85 59 (1) 

Duration of diabetes (years) 1.11 19.6 9.1 (3.65) 

HbA1c, % 6.60 10.20 8.1 (0.46) 

Year difference (years) 0 12.53 3.87 (3.4) 

Trial duration (years) 0.08 7.38 0.88 (0.93) 
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Table 7.3: Summary of baseline and trial characteristics (binary variables) 

7.5.2 The association of trial/baseline characteristics with SAEs and PRECIS-2 

The SAE rates and PRECIS-2 score were positively associated with some trial and 

baseline characteristics. Duration of diabetes was strongly associated with both 

the SAEs rate and the mean PRECIS-2 score, and the confidence interval did not 

include the null (β = 0.81; 95% CI 0.23 to 1.39, β = 0.89; 95% CI 0.28 to 1.5, 

respectively). This means that trials with long disease duration are linked to 

increased SAE rates and higher PRECIS-2 score. Moreover, no observed difference 

in the estimate was found in the association between the two metrics (β = -0.08; 

95% CI -0.89 to 0.75), suggesting that diabetes duration has similar association 

with both measures (Table 7.4). 

In addition, baseline sample size was positively associated with the PRECIS-2 

score (β = 0.27; 95% CI 0.12 to 0.43), while no association was observed with the 

SAE rates (β = 0.03; 95% CI -0.12 to 0.18). Also, the difference in the estimate 

between both metrics was observed (β = -0.24; 95% CI -0.45 to -0.03), favouring 

the PRECIS-2 score, and the confidence interval did not include the null (Table 

7.4). This implies that sample size is more strongly associated with PRECIS-2 

than with SAEs, indicating that as the number of trial participants increases, the 

mean PRECIS-2 score tends to increase. Conversely, age had notable negative 

Variables Count (%) 

Total 146 (100%) 

Sponsorship 

      Industrial sponsored trials 

      Non-industrial sponsored trials 

 

119 (81%) 

27 (19%) 

Trial phase 

      Phase III 

      Phase IV 

 

107 (73%) 

39 (27%) 

Blinding 

      Single or open-label 

      Double or more blinding 

 

27 (19%) 

119 (81%) 
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association with PRECIS-2 (β = -0.58; 95% CI -1.11 to -0.05). Moreover, it showed 

positive association with the SAE rates, however the confidence interval 

included the null (β = 0.39; 95% CI -0.09 to 0.90). The large difference in the 

estimate suggests that age strongly favour SAE as a metric of trial 

representativeness more than PRECIS-2, and the confidence interval did not 

include the null (β = 0.97; 95% CI 0.26 to 1.70). 

Industrial-sponsored trials had a strong positive association with SAE rates (β = 

0.78; 95% CI 0.10 to 1.46). However, the difference in the estimate did not 

strongly favour SAE (β = 0.17; 95% CI -0.83 to 1.16). Moreover, trial year 

difference was positively associated with SAE rates (β = 0.55; 95% CI 0.06 

to 1.03). The difference in the estimate favoured SAE; however, the confidence 

interval included the null (β = 0.69; 95% CI -0.02 to 1.39). Type of blinding was 

positively associated with SAE rates while negatively associated with PRECIS-2. 

The difference strongly favoured SAE, and the confidence interval did not 

include the null (β = 0.72; 95% CI 0.02 to 1.43). Furthermore, no notable 

associations were observed between trial duration, trial phase, and level of 

HbA1c with both SAEs and PRECIS-2, and no large differences in estimates were 

found; all confidence intervals included the null.
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Table 7.4 Comparison between SAE and PRECIS-2 

Metrics of Representativeness 

Umpire variables 

SAE PRECIS-2 Difference in estimates Significant 

favouring *1 

Direction of 

favouring *2 
β 95% CI β 95% CI β CI 

Type of blinding; Double 

or more 

0.44 -0.06 to 0.93 -0.28 -0.79 to 0.22 0.72 0.02 to 1.43 SAE SAE 

Trial phases; Phase IV -0.23 -0.79 to 0.33 -0.06 -0.66 to 0.53 -0.16 -0.97 to 0.65 Neutral PRECIS-2 

Sponsorship; industrial-

sponsored trial 

0.78 0.10 to 1.46 0.62 -0.11 to 1.33 0.17 -0.83 to 1.16 Neutral SAE 

Trial duration/years 0.02 -0.18 to 0.21 -0.12 -0.33 to 0.08 0.14 -0.14 to 0.42 Neutral SAE 

Year difference/decade; 

(the difference between 

when a clinical trial was 

first registered and when 

the intervention being 

studied was first trialled) 

0.55 0.06 to 1.03 -0.14 -0.66 to 0.37 0.69 -0.02 to 1.39 Neutral SAE 

Baseline sample size 0.03 -0.12 to 0.18 0.27 0.12 to 0.43 -0.24 -0.45 to -0.03 PRECIS-2 PRECIS-2 

Age/decade 0.39 -0.09 to 0.90 -0.58 -1.11 to -0.05 0.92 0.26 to 1.70 SAE SAE 
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Proportion of male -1.14 -2.61 to 0.33 -0.73 -2.31 to 0.84 -0.41 -2.61 to 1.81 Neutral SAE 

Duration of 

diabetes/decade 

0.81 0.23 to 1.39 0.89 0.28 to 1.50 -0.08 -0.89 to 0.75 Neutral Neutral 

HbA1c -0.09 -0.49 to 0.31 -0.26 -0.71 to 0.18 0.18 -0.42 to 0.78 Neutral SAE 

*1 Criteria for significant favouring (Cl does not include the null): SAE: if the difference in association significantly favours SAEs. PRECIS-2: if the 

difference in association significantly favours the PRECIS-2. Neutral: if there is no difference in associations between metrics. 

*2 Criteria for direction of favouring (direction of point estimate): SAE: if the difference estimate in association is in the direction of SAEs. 

PRECIS-2: if the difference estimate in association is in the direction of the PRECIS-2. Neutral: if the difference in associations between metrics was 

close to zero (null). 
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7.6 Discussion 

7.6.1 Summary of main findings 

Some baseline/trial characteristics showed a degree of association with the two 

trial representativeness metrics (SAEs and PRECIS-2). These associations were 

consistent and followed the same direction, although the magnitude of the 

associations varied. Therefore, the findings of this analysis, to some extent, 

align with the initial expectations that these characteristics might be associated 

with an increase in the SAE rate (Table 7.1). 

Regarding the differences in associations of umpires with both metrics, only age 

and type of blinding umpires strongly favoured SAE more than PRECIS-2. For 

other umpires, including trial year difference, sponsorship, trial duration, 

proportion of males, and HbA1c, the direction of these differences generally 

favoured SAEs, although the confidence intervals included the null. On other 

hand, two umpires of baseline sample size and trial phases favoured PRECIS-2; 

however, for trial phases the confidence intervals included the null. Moreover, 

only one umpire, the duration of diabetes, showed no difference between the 

metrics. 

7.6.2 Interpretation and comparison with literature 

Longer duration of diabetes for the included participants revealed increases in 

the rates of SAE as well as the pragmatism score (PRECIS-2). Severity and 

complications of diabetes tend to increase over time (Ghouse et al., 2020). 

Patients with longer duration of diabetes are more likely to have higher risk 

characteristics, clinical impairment, and more comorbidity (Badano et al., 

2003), eventually expected to experience more SAEs than other. Similarly, the 

pragmatic trials that resemble routine care are designed to include patients with 

long disease duration to reflect real-world practice (Loudon et al., 2015). This 

observed finding was consistent with the prior expectation that disease duration 

could contribute to trial representativeness. Trials that included participants 
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with longer disease duration are expected to have higher SAEs than trials with 

shorter disease duration. Although no difference was observed in the estimate 

between SAEs and PRECIS-2, this indicates that diabetes duration factor may 

influence both metrics, potentially reflecting the trial representativeness. 

The sample size partially meets the expectation as it positively associated with 

the PRECIS-2 but not associated with SAEs. The difference found in the estimate 

indicates that an increase in sample size likely results in a higher PRECIS-2 score 

without a notable increase in SAE rates. This finding is consistent with a study 

that investigated the nature of cardiovascular trials using the PRECIS-2 tool, 

which found that pragmatic trials, as reflected by their high scores, had larger 

sample sizes (Sepehrvand et al., 2019). 

In addition, the positive association observed between SAEs and age might be 

attributed to the recruitment for older participants who have a greater risk of 

SAEs (Luo et al., 2016; Datta et al., 2018). Excluding older people from clinical 

trials may limit the generalisability. Thus, patient characteristics like age may 

consider an important factor that can help in predicting SAEs. Increasing age is 

associated with higher SAEs rates, which could help assess trial 

representativeness. Hence, age meets expectations and could serve as a 

predictive marker for representativeness, particularly in relation to SAEs. On the 

other hand, age was unexpectedly associated with PRECIS-2, indicating that 

recruiting older participants may lead to lower score. This finding contradicts 

existing literature with regard to the PRECIS-2 tool, which claims that an 

increase in age contributes to obtaining pragmatic trials (Loudon et al., 2015). 

Nevertheless, age is more relevant to patient characteristics, as reflected by 

SAEs, than to trial design, which is captured by PRECIS-2. Indeed, the difference 

in the estimate suggests that age strongly favours SAE rates as a metric more 

than PRECIS-2. 

Additionally, umpire of year difference was associated with higher SAE rates. The 

direction of the difference in association favoured SAE. This might be attributed 

to the fact that recent trials tend to be more inclusive as they aim to examine 

the effectiveness of already-marketed drugs, compared to earlier trials that are 
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still in the licensing process which require strict protocols to maximise the 

internal validity. Moreover, industrial-sponsored trials were strongly associated 

with higher SAE rates, which may be due to these trials typically involving larger 

enrolments and a more diverse group of participants (Versavel et al., 2023). 

However, the difference in association did not strongly favour SAEs. The type of 

blinding strongly favoured SAE, which meets prior expectations that double-

blinded trials, when compared to single-blinded or open-label trials, could be 

more representative by keeping participants and investigators unaware of the 

treatment assignment (Monaghan et al., 2021). 

Although some studies have used trial eligibility criteria and patient 

characteristics to assess trial representativeness, no study has directly compared 

SAE rates to the PRECIS-2 score. Nevertheless, two previous studies assessed 

trial representativeness by comparing SAE rates in trial populations to SAE rates 

in the target population and found that trial populations relatively have lower 

SAE rates than population in routine care (Hanlon et al., 2021, 2022). Another 

study conducted on psoriasis compared SAE rates between trial-eligible and trial-

ineligible patients and found lower SAE rates among eligible patients (Garcia-

Doval et al., 2012). Additionally, another study investigated the pragmatism of 

cardiovascular trials and whether it changed over time, comparing trial 

characteristics such as sample size and duration of follow-up with the mean 

PRECIS-2 score. They found that the level of pragmatism increased over time. 

Trials with larger sample sizes and longer follow-up durations also had higher 

PRECIS-2 scores (Sepehrvand et al., 2019). 

7.6.3 Implications 

Assessing the representativeness of clinical trials is challenging, especially when 

there is no gold standard metric. The differences in estimates of association of 

SAE and PRECIS-2 with some baseline/trial characteristics (umpires) favoured 

SAE over PRECIS-2. This may indicate the possibility of SAE as a proxy for 

assessing trial representativeness. However, not all umpires favour SAEs, so, 

exploring the plausible association could be further investigated by including 

other characteristics, such as socioeconomic status, that might reflect trial 
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representativeness. The strong association observed between diabetes duration 

and SAEs is reassuring, offering valuable insight into the influence of disease 

duration on capturing SAEs and potentially reflecting real-world disease duration 

in routine care. The association with industry sponsorship should be considered 

in predicting SAEs and assessing trial representativeness. Specifically, future 

research should investigate whether industrial-sponsored trials report higher 

SAEs compared to those sponsored by other entities and examine how these 

differences might impact the representativeness. While the current analysis 

involves a range of trial and baseline characteristics, incorporating additional 

variables and a higher number of trials could potentially enhance the 

associations observed. 

7.6.4 Strengths and limitations 

This analysis has several strengths. First, it could explore the SAE rates from 

different aspects by including multiple covariates of both trial and baseline 

characteristics, rather than a single characteristic. Moreover, the clinical trials 

were selected through a systematic review and were obtained from different 

trial registries with various sponsors. Additionally, the trials were conducted in 

different settings across multiple countries, which contributes to efficient 

comparison. However, there were some limitations. The failure to reach 

significant associations between all trial/baseline characteristics and the SAE 

rates might be attributed to the relatively small sample size (i.e. the small 

number of clinical trials included). Moreover, some of the selected umpires may 

not directly assess trial representativeness. For example, while larger sample 

size and longer follow up duration are useful for providing more precise 

estimates and understanding of long-terms efficacy, they may not be perfect 

markers of representativeness. Additionally, factors such as multimorbidity and 

frailty, which may relate to trial representativeness and could influence SAE 

rates, were not included in this analysis because such data are rarely reported in 

trials. 
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7.7 Conclusion 

Some trial and baseline characteristics were associated with both SAEs and 

PRECIS-2. Although the direction of the difference in associations for most 

umpires generally favoured SAE rates as a metric of trial representativeness, age 

and type of blinding were the only umpires that strongly favoured SAE rates over 

PRECIS-2. Therefore, these findings suggest that it may be premature to 

conclusively determine that the SAE rate is a reliable metric of trial 

representativeness. In the next chapter, I will further explore whether SAE rates 

reflect trial representativeness by examining the associations between SAE rates 

and eligibility criteria.  
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Chapter 8 Association between eligibility criteria and 

SAE rates in clinical trials for SGLT-2 inhibitors 

8.1 Chapter overview 

In this chapter, further examination will be conducted to analyse SAE rates 

against the elements of eligibility criteria to determine whether SAEs are 

associated with trials eligibility criteria, potentially reflecting the 

representativeness of clinical trials. 

8.2 Background 

Clinical trials are one of the most reliable sources of evidence on treatment 

effectiveness. However, there is uncertainty regarding the applicability of trial 

findings due to the lack of representativeness. Eligibility criteria are an essential 

component in conducting RCTs. Trials with broader eligibility criteria are 

expected to have more SAEs and to be more representative (Kim et al., 2017). 

Inappropriate eligibility criteria may enrol participants who do not accurately 

represent the community (Li et al., 2020). Where this results in trial participants 

who are healthier, on average, than people treated in the community, the SAE 

rate is also likely to be lower. It has been found that the SAEs observed in 

clinical trials were lower than those in routine care (Hanlon et al., 2022). 

Underrepresented populations, such as older people, comorbid patients, and 

those with a long duration of T2DM, heart failure, and renal dysfunction, 

represents a high proportion of patients in the community. These patients are 

expected to experience more SAEs than other populations, and excluding them 

through restrictive criteria may not accurately capture the true incidence of 

SAEs (Florisson et al., 2021). Therefore, adopting trials with permissive eligibility 

criteria may better reflect the true SAEs expected in routine practice, 

potentially enhancing the trials representativeness. Thus, the association 

between SAEs rates and eligibility criteria could address this issue and suggest 

the feasibility of using SAEs as a metric for trial representativeness. In this 
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chapter, the focus will be on how the eligibility criteria, whether they were 

permissive or restrictive, are associated with SAE rate. 

8.3 Aim and objectives 

In this chapter, in order to determine whether SAEs reported in clinical trials for 

SGLT-2 inhibitors can be used as a marker of trial representativeness, I will 

examine the association between eligibility criteria and SAE rate using two 

different approaches to quantify eligibility criteria:- 

1. Using a decision tree to assign each trial to an eligibility status. 

2. Using a single measure where each criterion contributes to an overall 

score. 

8.4 Methods 

8.4.1 Data source 

The elements of eligibility criteria for 146 clinical trials involving nine 

medications of SGLT-2 inhibitors were manually extracted from ClinicalTrials.gov. 

For trials on other registries, the criteria were manually extracted from 

published research papers or study documents (e.g., Clinical Study Reports). 

Data sources and extraction methods for SAEs and their timeframes are 

presented in Chapter 4. 

8.4.2 Data extraction and harmonisation 

Initially, all eligibility criteria across the trials were identified. Subsequently, a 

diabetologist and an epidemiologist were consulted to review the identified 

criteria and advise on which were relevant to the context and needed to be 

extracted. Accordingly, 22 common exclusion criteria were extracted and 
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harmonised. After several meetings, criteria that conveyed similar information 

were dropped, leaving 16 key exclusion criteria to be included in the analysis. 

Moreover, the cutoff for each criterion was determined based on clinical 

practice and input from the clinicians, as illustrated in table 8.2 (detail in 

section 8.4.3). 

The common eligibility criteria extracted included both continuous and 

categorical variables. Continuous variables included body mass index (BMI), age, 

systolic blood pressure (SBP), duration of diabetes, HbA1c, estimated Glomerular 

Filtration Rate (eGFR), and creatinine clearance (CrCl). These criteria were 

extracted as minimum and maximum values of exclusion level, as presented in 

each eligibility criterion (Table 8.1). For example, if a trial’s criteria specified 

that subjects with a BMI of 18-45 kg/m2 are eligible, I extracted 18 and 45 as the 

minimum and maximum values, respectively, for exclusion. Moreover, some trials 

reported the criteria for HbA1c in mmol/l, which I standardised to a percentage 

(%) using this formula: (HbA1c (mmol/mol) / 10.929) + 2.15. Also, criteria for the 

duration of diabetes were reported in days, weeks, or months, which I 

harmonised to weeks. 

Furthermore, categorical variables included heart failure classes, glycaemic 

control medicines, stability of diabetes treatment, non-cardiovascular 

comorbidities, other medications, alcohol/drug abuse, investigator discretion, 

previous surgery, and participation in other study. These criteria were extracted 

and harmonised based on their exclusion status. For example, non-

cardiovascular comorbidities criteria were categorised as follows: comprehensive 

– excludes if presence of all/comprehensive comorbidities, any other – excludes 

if presence of other comorbidities, cautions/contraindications – excludes only 

based on reasonable exclusions related to comorbidities appearing as cautions or 

contraindications to the intervention, and none – does not exclude based on 

other comorbidities. Heart failure criteria were extracted according to the New 

York Heart Association (NYHA) class. The criteria for glycaemic control medicines 

were extracted as mono, dual, or triple, based on the number of antidiabetics 

allowed. Similarly, criteria for exclusion based on medications other than 

antidiabetics were extracted and harmonised into three levels: steroids, other, 
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or none (Table 8.1). Criteria for the stability of diabetes treatment were 

extracted as stable or unspecified. Other criteria of alcohol/drug abuse, 

investigator discretion, previous surgery, and participation in other study, were 

extracted as yes or no. For details regarding the extraction of eligibility criteria, 

as well as definitions for all variables and their highly restrictive cutoffs, please 

refer to table 8.1 and table 8.2. 

Table 8.1 Extraction and harmonisation of eligibility criteria and their 
definitions 

Eligibility criteria elements 

Criterion Extracted value Interpretation 

Non-cardiovascular 
comorbidities 

Comprehensive 
Excludes if presence of 
all/comprehensive 
comorbidities. 

Any other 
Excludes if presence other 
comorbidities. 

Cautions/Contraindications 

Excludes only on 
reasonable exclusions 
based on comorbidities 
which appear cautions or 
contraindications to the 
intervention. 

None 
Does not exclude based on 
other comorbidities. 

Other medications 

Steroids 

Excludes only if high dose 
steroids, which would 
generally require either 
sulfonylurea or Insulin 
treatment. 

Other 
Excludes based on other 
non-glucose lowering 
drugs. 

None 
Does not exclude based on 
other non-glucose lowering 
drugs. 

Glycaemic control 
medicines 

Triple 
Allow inclusion of 
participants with three 
antidiabetics. 

Dual 
Allow inclusion of 
participants with two 
antidiabetics. 
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Mono 
Allow inclusion of 
participants with only one 
antidiabetic. 

Stability of treatment 

Stable 
Requires a stable dose of 
diabetes treatment. 

Unspecified 

Dose not specify a 
requirement for a stable 
dose of diabetes 
treatment. 

Alcohol and drugs 

Yes 
Exclude participants with 
history of alcohol or drug 
abuse. 

No 

Does not require to 
exclude participants with 
history of alcohol or drug 
abuse. 

Investigator discretion 

Yes 
Exclude participants based 
on unspecified investigator 
discretion. 

No 

Does not exclude 
participants based on 
unspecified investigator 
discretion. 

Investigations 

Yes 

Exclude participants 
according to investigation 
not part of routine care 
like C-peptide. 

None 

Does not exclude 
participants according to 
investigation not part of 
routine care. 

Previous surgery 

Yes 
Excludes if a participant 
had previous surgery. 

No 
Does not exclude if a 
participant had previous 
surgery. 

Participation in other study 

Yes 
Excludes if a participant 
has participated in a 
previous study 

No 

Does not exclude if a 
participant has 
participated in a previous 
study 

Age, BMI, SBP, HbA1c, 
diabetes duration, eGFR, 
and CrCl 

Continuous value 
The Maximum value for 
exclusion (e.g., BMI > 45 
kg/m2 were excluded). 
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8.4.3 Measure (restrictiveness of eligibility criteria) 

To explore the association between SAE rates and eligibility criteria, two analysis 

approaches were applied. These approaches aimed to simplify the complexity of 

eligibility criteria elements into a single variable. This step was important for 

reducing the dimensionality and facilitating the creation of plots and regression 

models. Therefore, redundant variables that reflected similar information of 

other criteria were dropped. For example, fasting blood glucose (FBG) criterion 

was dropped because it conveyed similar information of Hb1Ac criterion. For 

first approach, highly restrictive cutoffs were defined for each element of 

eligibility criteria to assign the restrictiveness of each trial. Each criterion was 

categorised into two levels (restrictive-unrestrictive) by defining a threshold 

that represents the highly restrictive cutoff. For example, a criterion such as 

BMI, which excludes participants with a BMI over 45 kg/m2, was defined as highly 

restrictive (cutoffs for each criterion are presented in table 8.2). These 

thresholds were defined based on clinician judgment (from a diabetologist), 

which reflects common practice in routine care. Using these cutoffs, each trial 

was labelled as either restrictive or permissive. For example, if a trial excluded 

patients older than 60 years, it was labelled as restrictive; if not, the process 

proceeded to the next criterion, which is BMI. If it excluded participants with a 

BMI over 45 kg/m2, the trial was labelled as restrictive; if not, the process 

proceeded to the next criterion. If no other criteria excluded participants based 

on highly restrictive cutoffs (as illustrated in table 8.2), then the trial was 

labelled as permissive. Subsequently, I examined the association between the 

trial eligibility status and SAE rates. 

For the second approach, an algorithmic approach was applied to generate a 

continuous restrictiveness score for eligibility criteria that ranges from least to 

most restrictive, which reflects the restrictiveness of the eligibility criteria for 

each trial (Table 8.3). These scores were calculated by summing the score for 

Continuous value 
The Minimum value for 
exclusion (e.g., BMI < 18 
kg/m2 were excluded). 
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each criterion and analysing it against SAE rates. The combination of these 

analysis approaches provides a comprehensive framework for addressing the 

research objectives and assessing the association between eligibility criteria and 

the rates of SAE. 

Table 8.2 Highly restrictive cutoffs and levels 

Eligibility criteria Highly restrictive criteria if value extracted for exclusion 

was: 

Age Max value is ≤ 60 years old. 

BMI Min value is ≥ 45, and/or Max value is ≤ 30 kg/m2. 

HbA1c Min value is ≥ 11% (97mmol/mol), and/or Max value is ≤ 8% 

(64mmol/mol). 

T2DM Duration Min duration of disease is ≥ 120 months, and Max duration is ≤ 

12 months. 

Heart failure Class I-IV (exclude all heart failure). 

SBP Trial Max SBP is ≤ 140 mmHg. 

eGFR Trial Min eGFR is ≥ 60 ml/min/1.73m2. 

CrCl Trial Min CrCl is ≥ 100 ml/min. 

Medicines Other. 

Non-CV Comorbidities Comprehensive. 

Previous surgery Yes. 

Participation in other 

study 

Yes. 

Stability of treatment Stable. 

Alcohol and drugs Yes. 

Investigations Yes. 

Glycaemic control 

medicines 

Mono. 

Investigator 

discretion 

Yes. 
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Table 8.3 Restrictiveness score for each criterion based on specific cutoffs 

Criterion Condition 
Restrictiveness score 

given 

BMI; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥40 kg/m2 (i.e. at least 

morbidly obese). 

4 (most restrictive) 

If the minimum value for exclusion 

was ≥30 but ≤40 kg/m2 (i.e. at 

least obese). 

3 (middle restrictive) 

If the minimum value for exclusion 

was ≥25 kg/m2 but ≤30 kg/m2 (i.e. 

at least overweight). 

2 (middle restrictive) 

If no minimum value for exclusion 

or was ≥18.5 kg/m2 but <25 kg/m2 

(i.e. normal weight). 

1 (least restrictive) 

BMI; Maximum 

value for exclusion 

If the maximum value for 

exclusion was ≤35 kg/m2. 
3 (most restrictive) 

If the maximum value for 

exclusion was ≥35 but ≤40 kg/m2. 
2 (middle restrictive) 

If no maximum value for exclusion 

or was ≥40 kg/m2. 
1 (least restrictive) 

Age; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥60 years. 
5 (most restrictive) 

If the minimum value for exclusion 

was ≥40 years but ≤60 years. 
4 (middle restrictive) 

If the minimum value for exclusion 

was ≥30 years but ≤40 years. 
3 (middle restrictive) 

If the minimum value for exclusion 

was ≥21 years but ≤30 years. 
2 (middle restrictive) 

If no minimum value for exclusion 

or was ≥18 years but ≤21 years. 
1 (least restrictive) 

Age; Maximum 

value for exclusion 

If the maximum value for 

exclusion was ≤60 years. 
5 (most restrictive) 
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If the maximum value for 

exclusion was ≥60 but ≤65 years. 
4 (middle restrictive) 

If the maximum value for 

exclusion was ≥65 but ≤75 years. 
3 (middle restrictive) 

If the maximum value for 

exclusion was ≥75 but ≤85 years. 
2 (middle restrictive) 

If no maximum value for exclusion 

or was ≥85 years. 
1 (least restrictive) 

HbA1c; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥80 mmol/mol (9.5%). 
4 (most restrictive) 

If the minimum value for exclusion 

was ≥69.5 mmol/mol (8.5%) and 

≤80 mmol/mol (9.5%). 

3 (middle restrictive) 

If the minimum value for exclusion 

was ≥58.5 mmol/mol (7.5%) and 

≤69.5 mmol/mol (8.5%). 

2 (middle restrictive) 

If no minimum value for exclusion 

or was ≥53 mmol/mol (7%) and 

≤58.5 mmol/mol (7.5%). 

1 (least restrictive) 

HbA1c; Maximum 

value for exclusion 

If the maximum value for 

exclusion was ≤ 75 mmol/mol 

(9%). 

4 (most restrictive) 

If the maximum value for 

exclusion was ≥75 mmol/mol (9%) 

but ≤86 mmol/mol (10%). 

3 (middle restrictive) 

If the maximum value for 

exclusion was ≤97 mmol/mol (11%) 

and ≥ 86 mmol/mol (10%). 

2 (middle restrictive) 

If no maximum value for exclusion 

or was ≥97 mmol/mol (11%). 
1 (least restrictive) 

eGFR; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥60 ml/min/1.73 m². 
3 (most restrictive) 

If the minimum value for exclusion 

was ≥45 ml/min/1.73 m². 
2 (middle restrictive) 
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If no minimum value for exclusion 

or was ≥30 ml/min/1.73 m². 
1 (least restrictive) 

CrCl; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥100 ml/min. 
3 (most restrictive) 

If the minimum value for exclusion 

was ≥60 ml/min. 
2 (middle restrictive) 

If no minimum value for exclusion 

or was ≤60 ml/min. 
1 (least restrictive) 

SBP; Minimum 

value for exclusion 

If the minimum value for exclusion 

was ≥120 mmHg. 
3 (most restrictive) 

If the minimum value for exclusion 

was ≥100 mmHg and ≤120 mmHg. 
2 (middle restrictive) 

If no minimum value for exclusion 

or was ≤100 mmHg. 
1 (least restrictive) 

SBP; Maximum 

value for exclusion 

If the maximum value for 

exclusion was ≤140 mmHg. 
3 (most restrictive) 

If the maximum value for 

exclusion was ≥140 and ≤180 

mmHg. 

2 (middle restrictive) 

If no maximum value for exclusion 

or was ≥180 mmHg. 
1 (least restrictive) 

Heart failure 

Excludes Class I-IV. 4 (most restrictive) 

Excludes Class II-IV or III-IV. 3 (middle restrictive) 

Excludes Class IV. 2 (least restrictive) 

No exclusion. 1 (least restrictive) 

Alcohol and drugs 

Exclude participants with history 

of alcohol or drug abuse. 
2 (most restrictive) 

Does not require to exclude 

participants with history of alcohol 

or drug abuse. 

1 (least restrictive) 

Stability of 

treatment 

Requires a stable dose of diabetes 

treatment. 
2 (most restrictive) 
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Dose not specify a requirement for 

treatment stability. 
1 (least restrictive) 

Glycaemic control 

medicines 

Allow inclusion of participants 

with only one antidiabetic. 
3 (most restrictive) 

Allow inclusion of participants 

with two antidiabetics. 
2 (middle restrictive) 

Allow inclusion of participants 

with three or more antidiabetics. 
1 (least restrictive) 

Other medicines 

Excludes participants based on 

other non-glucose lowering drugs 

(anti-obesity or antihypertensive 

drugs). 

2 (most restrictive) 

Does not exclude participants 

based on other non-glucose 

lowering drugs. 

1 (least restrictive) 

Non-cardiovascular 

comorbidities 

Excludes if presence of 

all/comprehensive comorbidities. 
3 (most restrictive) 

Excludes if presence other 

comorbidities (not cautions or 

contraindications) 

2 (middle restrictive) 

Does not exclude based on other 

comorbidities or excludes only on 

reasonable exclusions based on 

comorbidities which appear in BNF 

as cautions or contraindications to 

the intervention. 

1 (least restrictive) 

Investigator 

discretion 

Allows unspecified investigator 

discretion to exclude participants 
2 (most restrictive) 

Does not allow unspecified 

investigator discretion to exclude 

participants 

1 (least restrictive) 

Previous surgery 
Excludes if a participant had a 

previous surgery. 
2 (most restrictive) 
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8.4.4 Statistical analysis 

The eligibility criteria across all the trials were summarised using descriptive 

statistics (means and standard deviation for continues criteria and counts and 

percentages for categorical criteria). 

For both analysis approaches, Poisson regression models were fitted to examine 

the association between eligibility criteria and the SAE rates. However, 

overdispersion was observed in the Poisson models, which was assessed by 

comparing the variance to the mean, where it was found that the variance was 

greater than the mean. Furthermore, overdispersion was confirmed by 

calculating the ratio of the residual deviance to the residual degrees of freedom, 

which was significantly greater than 1, indicating overdispersion. Therefore, 

negative binomial models were fitted for both analysis approaches. The first 

analysis used negative binomial model to examine the association between 

highly restrictive criteria and SAE. The outcome of interest was the SAE count, 

and the variable representing highly restrictive criteria was coded as binary, 

categorising each trial as either restrictive or permissive, coded as (1/0). The 

second analysis employed also negative binomial model to examine the 

association between restrictiveness scores of eligibility criteria and the SAE 

rates. Another negative binomial model was fitted to examine the association 

between individual restrictive criteria and SAE rates. To account for variations in 

person-time across trials, an offset was included in each model. 

Does not exclude if a participant 

had a previous surgery. 
1 (least restrictive) 

Participation in 

other study 

Excludes if a participant 

participated in a previous study 
2 (most restrictive) 

Does not exclude if a participant 

participated in a previous study 
1 (least restrictive) 
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8.5 Results 

8.5.1 Characteristics of eligibility criteria 

The included eligibility criteria were 16 variables that included medical history, 

patient characteristics, laboratory values, comorbidities, and medication history. 

The trials were classified as either restrictive or permissive trial based on the 

defined restrictive cutoffs. A summary of SAE counts and the number of 

participants in each trial is presented in table 8.4. 

The highest exclusion value for the age criteria was 130 years. Additionally, the 

maximum exclusion values for HbA1c, SBP, and BMI were 12.5%, 181 mmHg, 50 

kg/m2, respectively. Summaries of the categorical and continuous criteria are 

presented in table 8.5 and table 8.6. 

Table 8.4 Summary statistics for eligibility criteria status 

Outcomes Restrictive RCTs Unrestrictive RCTs Total 

No. of Trials 122 (84%) 24 (16%) 146 

No. of Participants 71,202 (61%) 45,005 (39%) 116,207 

No. of SAEs Reported 8946 (42%) 12,195 (58%) 21,141 
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Table 8.5 Summary statistics of continuous criteria of SGLT-2 trials 

Criteria Minimum Maximum Mean (SD) 

Minimum age; years 18 65 20.9 (7.01) 

Maximum age; years 65 130 81.8 (16.56) 

Minimum BMI; kg/m2 18 29 20.6 (2.47) 

Maximum BMI; kg/m2 35 50 44.4 (2.24) 

Maximum SBP; 

mmHg 
140 181 169.9 (10.94) 

Minimum HbA1c; % 6 8 7 (0.38) 

Maximum HbA1c; % 8 12.5 10.3 (0.72) 

Minimum Diabetes 

duration; weeks  
8 48 15.8 (12.67) 

Minimum eGFR; 

ml/min/1.73m2 
15 60 48.7 (12.58) 

Minimum CrCl; 

ml/min 
50 60 58 (4.14) 
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Table 8.6: Summary statistics of categorical criteria of SGLT-2 trials 

Criteria Count (%) 

Non-cardiovascular comorbidities 

      Comprehensive 

      Any other 

      None 

146 

39 (27%) 

54 (37%) 

53 (36%) 

Heart failure 

      Class III-IV 

      Class II-IV 

      Class IV 

      Do not exclude even if they have HF 

 

44 (30%) 

2 (1%) 

28 (19%) 

72 (50%) 

Other medications 

      Other 

      None 

 

46 (32%) 

100 (68%) 

Glycaemic control medicines 

      Triple 

      Dual 

      Mono 

 

70 (48%) 

61 (42%) 

15 (10%) 

Stability of treatment 

      Stable 

      Unspecified 

 

68 (47%) 

78 (53%) 

Alcohol and drugs 

      Yes 

      No 

 

41 (28%) 

105 (72%) 

Investigator discretion 

      Yes 

      No 

 

56 (38%) 

90 (62%) 

Previous surgery 

      Yes 

      No 

 

32 (22%) 

114 (78%) 

Participation in other study 

      Yes 

      No 

 

39 (27%) 

107 (73%) 
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8.5.2 Association between eligibility criteria and SAE rates 

The analysis using Poisson model showed association between restrictive 

eligibility criteria and a reduction in SAE rates within clinical trials of SGLT-2 

inhibitors. Trials with restrictive criteria had decreased SAE rates by 25%, the 

confidence interval did not include the null (IRR 0.75, 95% CI 0.73-0.77). 

Furthermore, as shown in table 8.7, the results of negative binomial model 

showed a similar association between restrictive criteria and SAE rates. 

Moreover, the analysis aimed to explore which individual eligibility criteria had a 

higher association with SAE rates compared to other criteria. The exclusion of 

participants with impaired renal function, as defined by a highly restrictive 

cutoff for eGFR (>60 ml/min/1.73m2), was significantly associated with a 

reduction in SAE rates (IRR 0.64, 95% CI 0.60-0.68). Similarly, trials that excluded 

patients based on the stability of diabetes treatment were associated with 

decreased SAE rates (IRR 0.64, 95% CI 0.62-0.66). The most restrictive criterion 

associated with decreased SAE rates was the criterion for glycaemic control 

medicines (IRR 0.38, 95% CI 0.33-0.45). 

8.5.3 Association between eligibility criteria score and SAE rates 

The restrictiveness score of eligibility criteria was analysed against SAE rates. It 

showed that an increase in the total sum of restrictiveness scores was associated 

with a 41% decrease in the SAE rates, the confidence interval did not include the 

null (IRR 0.59, 95% CI 0.55-0.63). Additionally, the negative binomial model 

showed similar association as observed in the Poisson model (Table 8.7).
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Table 8.7 Models result for the associations between SAE rates and eligibility 
criteria 

8.6 Discussion 

8.6.1 Summary of main findings 

There is uncertainty regarding the representativeness of clinical trials, which 

affects extrapolation of trial findings to a broader population. This chapter 

explores the feasibility of using SAEs as a metric for trial representativeness by 

comparing the eligibility criteria to the SAE rates using two approaches. The 

eligibility criteria of RCTs for SGLT-2 inhibitors demonstrated a decrease in SAEs 

with highly restrictive criteria (IRR 0.75) compared to unrestrictive criteria (IRR 

1.33). The restrictiveness score of eligibility criteria also showed a decrease 

(41%) in the SAE rates (IRR 0.59). 

8.6.2 Interpretation 

The findings for the association suggest that the trial eligibility criteria may 

predict the incidence of SAEs. The decrease in SAEs observed with restrictive 

criteria compared to permissible criteria could be attributed to trial designs that 

aim to exclude individuals with certain medical conditions who are more 

susceptible to SAEs. For example, criteria such as stability of diabetes 

treatment, which require the patients to be on a stable dose of antidiabetics, 

might result in lower SAE rates compared to those with unstable doses commonly 

Models IRR 95% CI P-value 

Highly restrictive criteria and SAE rates 

      Poisson 

      Negative Binomial 
 

 

0.75 

0.71 

 

0.73-0.77 

0.53-0.93 

 

0.001 

0.017 

Restrictiveness score of eligibility criteria 

and SAE rates 

      Poisson 

      Negative Binomial 
 

 

 

0.59 

0.49 

 

 

0.55-0.63 

0.33-0.72 

 

 

0.001 

0.001 
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seen in practice. By excluding these individuals and enrolling healthier 

participants, trials may capture a relatively lower rates of SAE. If such criteria 

were applied to real-world practice, different SAE rates might be observed 

compared to what is typically expected, potentially resulting in relatively lower 

SAEs, as observed in some RCTs. 

Criterion for glycaemic control medicine, as defined by including only patients 

on a monotherapy regimen of antidiabetics, was the most restrictive criterion 

associated with a greater decrease in SAE rates compared to other criteria. This 

criterion is potentially intended to include patients with adequately controlled 

glycaemia, who, as a result, may experience fewer SAEs compared to those on 

dual or triple therapy of antidiabetics with poor glycaemic control. While this 

criterion may appear restrictive, it often has a reasonable rationale, as trials, at 

least in some cases, may implement such criteria to define different clinical 

scenarios. For example, evaluating whether SGLT-2 inhibitors work as initial first 

line-therapy (versus metformin) poses a different clinical question than assessing 

their usefulness as an add-on therapy in people not well-controlled on 

metformin. Thus, restrictive criteria are not necessarily wrong and may not all 

be about excluding certain people; rather, they are about being precise in what 

is being tested. Nevertheless, the broader question of whether these findings 

then reflect real-world practice remain an important consideration, particularly 

where patients often have more complex treatment regimens. 

Applying stringent criteria to clinical practice may render the majority of routine 

patients ineligible to participate in clinical trials, thus potentially limiting the 

representativeness of the trial. For instance, using specific eligibility criteria, 

like renal disease, and implementing strict standards that exclude participants 

with eGFR higher than 60 ml/min/1.73m², may result in the exclusion of 

individuals commonly encountered in routine care. 

Conducting clinical trials that closely resemble routine clinical practice by 

implementing permissive and inclusive eligibility criteria, which include 

underrepresented and high-risk people like older adults and patients with 

comorbidities, may show higher SAE rates. 
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8.6.3 Comparison with other studies 

Based on the association between eligibility criteria and SAEs, the included 

participants may not highly represent the real-world population because lower 

SAEs were observed with restrictive eligibility criteria. It is also expected that 

the SAE rates in routine care populations would be higher than in trial 

populations. Study conducted by Hanlon et al. (2022) compared the rates of SAE 

in trial participants to the SAE rates in routine care patients. They found that 

the SAE rates were higher in routine care than in clinical trials and concluded 

that most trials substantially have lower SAE rates and were unrepresentative. 

Additionally, the estimates of SAE incidence in the community would be lower 

when stringent criteria similar to those used in clinical trials are applied to real-

world practice, compared to estimates derived without applying such stringent 

criteria. This was consistent with a cohort study conducted on psoriasis that 

compared the SAE rates between trial-eligible and trial-ineligible patients. The 

study found that eligible patients for trial participation had lower SAE rates 

compared to ineligible patients (Garcia-Doval et al., 2012). 

Furthermore, a cohort study aimed to evaluate the impact of trial eligibility 

criteria on cancer treatment and to characterise the potential eligibility of real-

world population for oncology clinical trials. They applied common cancer trial 

eligibility criteria to populations in routine care to determine the proportion of 

patient who would be ineligible for clinical trials. The study found that a 

significant proportion, approximately 38% of patients, were unable to participate 

in clinical trials because the restrictive criteria and were considered trial 

ineligible. Age and heart disease criteria were the most common reasons for 

ineligibility (24% and 16% respectively) (Karim et al., 2019). Moreover, He et al. 

(2020) conducted a systematic review to estimate the percentage of population 

with different chronic health conditions who would be excluded from RCTs of 

treatments for those conditions. They found that a high rate of population would 

be ineligible for most trials, including hypertension (83%), T2DM (81%), COPD 

(84%), and asthma (96%). 
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8.6.4 Implications 

The observed association between eligibility criteria and a decreased SAE rate, 

indicates that the restrictive trial may select individuals at a lower risk of SAEs. 

In this context, the characteristics of eligibility criteria, whether considered 

individually or in combination, may predict the incidence of SAEs. Trialists 

should employ eligibility criteria that include a representative patient cohort 

reflecting the expected SAEs in real-world populations. Therefore, assessing the 

association between eligibility criteria and SAE rates might be a useful approach 

to explore the feasibility of SAEs as a metric for assessing trial 

representativeness. However, it is important to be cautious when extrapolating 

these findings regarding the association to other clinical trials because the 

associations could vary across different therapeutic and disease areas. 

Confirming the usefulness of SAEs as a metric based on this association needs 

further investigations by conducting comparative analyses for other RCTs in 

different contexts like examining this association in cancer trials involving toxic 

medications. Moreover, examining the association of eligibility criteria with trial 

SAEs, alongside the association of characteristics of routine care patients with 

routine SAEs, and then comparing these two associations, may contribute to 

more informed decisions about its feasibility. 

8.6.5 Strengths and limitations 

The included trials were obtained from different registries and conducted in 

various countries and type of settings, which provides an efficient estimation for 

the association. Additionally, the analysis focused on common key exclusion 

criteria that are consistently measured and defined, such as age, duration of 

diabetes, and laboratory measurements like HbA1c, eGFR, and BMI. Moreover, 

the restrictiveness cutoffs were operationalised for the included trials with input 

from diabetologists to reflect the real-world settings. However, one limitation is 

that the associations found in this study are primarily applicable to trials 

involving SGLT-2 inhibitors. Differences in pharmacological drugs and medical 

condition like chemotherapy and cancer may not capture the same association 

observed between eligibility criteria and SAEs rate, thus generalising these 
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findings to other clinical trials might be limited. Moreover, reporting of eligibility 

criteria may vary between sources which I did not assessed this; I only looked at 

other sources when information was not available with trial registry. 

8.7 Conclusion 

Restrictive eligibility criteria were associated with a decrease in SAE rates. Trials 

with restrictive criteria may exclude participants at a higher risk of SAEs. 

Eligibility criteria related to the regimen of glycaemic control medicines were 

the most stringent criteria. The occurrence of SAEs can be attributed either to 

the intervention being examined or the characteristics of the included 

participants. As eligibility criteria reflect participant characteristics, their 

association with SAEs suggests the feasibility of using SAEs as a potential metric 

for assessing trial representativeness.
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Chapter 9 Discussion 

9.1 Chapter overview 

This chapter presents a discussion of the findings from the previous chapters. 

Firstly, it will present the background of the thesis, and a summary of the 

findings related to the research question and each objective, followed by 

strengths and limitations of the research in this thesis. Subsequently, the 

contributions, implications and recommendations of research will be discussed. 

9.2 Background of the thesis 

RCTs provide the most reliable evidence on treatment effectiveness. However, 

their generalisability has been a longstanding concern due to the lack of 

representativeness in such clinical trials. Assessing trial representativeness is 

challenging; current approaches often rely on participants characteristics. 

However, these methods are complex and may be unfeasible for widespread use 

because not all trials report these characteristics consistently. SAEs reporting 

provides useful safety information for each trial and could be used to address 

the issue of trial representativeness. This thesis aimed to explore the feasibility 

of using SAE rates as a possible metric to assess trial representativeness, using 

RCTs of SGLT-2 inhibitors as an exemplar. However, it was not known if trials of 

SGLT-2 inhibitors reported adequate information on SAEs to calculate SAE rates. 

It was also unclear whether to consider trial arms separately or use the total SAE 

count across all trial arms. Furthermore, it was unclear whether SAE rates 

reflected trial representativeness, and there was no gold standard measure for 

trial representativeness. Therefore, to address the thesis's aim, I conducted the 

following objectives: 

1. Examined the feasibility of calculating SAE rates and assessing whether 

RCTs of SGLT-2 inhibitors reported sufficient SAE data. 



141 

2. Compared the SAE rates between trial arms to determine which arm to 

consider in the analysis; whether the treatment, the control, or the 

combined total of both. 

3. Examined the differences in the SAE rates based on some characteristics 

(e.g., type of trial outcome, type of trial settings, and type of trial 

registries). 

4. Given the absence of a gold standard for measuring trial 

representativeness, I employed triangulation approach to explore whether 

SAE rates could serve as an indicative metric by: 

I. Examined the association between SAE rates and the PRECIS-2 score. 

II. Compared SAE rates with PRECIS-2 score based on the differences in their 

associations with trial and baseline characteristics that included as fair 

umpires. 

III. Examined the association between eligibility criteria and the SAE rates. 

9.3 Summary of findings 

A summary of the findings for the above research objectives is presented below. 

9.3.1 Representativeness of clinical trials and their generalisability 

The literature review covered the generalisability of RCTs across various index 

conditions. It found that, in most trials, a high proportion of patients would be 

ineligible to participate in trials due to the restrictiveness of those trials’ 

eligibility criteria. The generalisability of the trials was limited due to their lack 

of representativeness driven by these eligibility criteria. 
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9.3.2 SAEs reporting in RCTs of SGLT-2 inhibitors 

Chapter 4 explored whether trials of SGLT-2 inhibitors reported sufficient 

information to capture SAE rates and explored the extent to which SAEs were 

reported across different registry categories. Out of the 146 trials, 141 (97%) 

trials provided the required information on reported SAEs. In terms of 

comparison between trial registries, all trials registered on ClinicalTrials.gov 

(100%) reported all SAEs, and 81% of trials registered on other registries reported 

them. The high level of SAE reporting on ClinicalTrials.gov is reassuring and 

provides a valuable resource and a strong basis for using SAEs to examine their 

usefulness as a metric for trial representativeness. Moreover, all trials with MACE 

outcomes reported their MACE events within the safety reporting for SAEs. 

9.3.3 Comparison of SAE rates between trial arms 

The differences in SAE rates between treatment and control arms, whether 

placebo or active comparator, were examined in chapter 5. This comparison was 

conducted to determine whether SAE rates varied depending on treatment and 

to decide which SAE to consider in this thesis, whether from individual arms or 

the total for both arms when analysing SAE rates. There was no significant 

difference in the rates of SAE between the intervention and placebo arms, nor 

between the intervention and active comparator arms. This indicates that the 

SAEs may be attributed to the underlying participants' characteristics rather than 

the intervention. Therefore, the total SAEs for both interventions and control 

arms were combined to increase statistical precision. Furthermore, the 

differences in SAE rates based on some characteristics, including type of trial 

outcome, type of trial settings, and type of trial registries, were examined. 

Trials with prespecified hard outcomes (e.g., MACE) had a significantly higher 

SAE rate compared to trials with soft outcomes (e.g., HbA1c). Trials registered 

on ClinicalTrials.gov showed higher SAE rates than trials not registered on 

ClinicalTrials.gov. Trials conducted in more than one country (multinational) 

showed higher rates of SAE compared to national trials. 



143 

9.3.4 Association between pragmatism metric and SAE rates 

The PRECIS-2 tool was used retrospectively to assess the pragmatism of clinical 

trials. The mean PRECIS-2 score of all trials was 3.34 out of 5, indicating a 

medium level of pragmatism. The mean PRECIS-2 score was associated with 

higher SAE rates, suggesting that more pragmatic trials, which reflect real-world 

practice and could be more representative, may result in higher SAE rates 

compared to explanatory trials, which may lack representativeness. Among the 

nine PRECIS-2 domains, only the setting domain was associated with SAE rates. 

The setting domain may play a role in the incidence of SAEs. 

9.3.5 Association of SAEs and PRECIS-2 with trial/baseline characteristics 

Some baseline and trial characteristics showed expected association with both 

SAE rates and the mean PRECIS-2 score, although the magnitudes of these 

associations varied. Longer duration of diabetes was strongly associated with 

both the mean PRECIS-2 score and SAE rates. Baseline sample size was strongly 

associated with the PRECIS-2 score but not with SAE rates. Moreover, baseline 

age had a negative association with the PRECIS-2 score and a positive association 

with the SAE rates. Industrial-sponsored trials were strongly associated with SAE 

rates. Other characteristics, such as trial duration, trial phase, and level of 

HbA1c, showed no notable association with SAE rates. The lack of substantial 

associations suggests that these characteristics may not serve as direct measures 

of trial representativeness. Moreover, SAE metric may capture 

representativeness from different dimensions rather than being associated with 

certain baseline and trial characteristics. 

In terms of comparison between metrics, the difference in the estimates for trial 

blinding and age strongly favoured SAE as a metric of trial representativeness 

more than PRECIS-2. However, baseline sample size strongly favoured PRECIS-2 

over SAE. Other umpires, including trial year difference, proportion of males, 

HbA1c, sponsorship, and trial duration, showed no significant favouring of either 

metric, but the general trend of these umpires leaned towards favouring SAE 
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rates as metric. Therefore, these findings did not strongly support the claim of 

using SAE rates as a metric of trial representativeness. While these umpires are 

expected to be associated with higher SAE rates, they may not fully capture trial 

representativeness. This could be attributed to different reasons; for example, 

umpires of trial phase and baseline sample size may reflect the trial design more 

than the representativeness of the trial population. 

9.3.6 Association between eligibility criteria and SAE rates 

SAE rates were associated with the status of eligibility criteria. Among 146 trials, 

122 trials with restrictive criteria showed a reduction in SAE rates compared to 

24 trials with permissive criteria, which showed an increase in the rates of SAE. 

Trials employing restrictive criteria enrolled participants with fewer 

comorbidities, shorter durations of diabetes, lower HbA1c levels, and younger 

ages compared to trials using permissive criteria. Trials that implemented 

restrictive criteria may have intended to enrol participants at lower risks for 

SAE, while trials with permissive criteria aimed to enrol participants that more 

closely represent real-world settings without such restrictions. 

9.4 Strengths and limitations of this thesis 

The current thesis has several strengths. Firstly, the literature review on trial 

representativeness was conducted across various index conditions, rather than 

focusing on a single condition. This approach provides a broad overview of the 

representativeness and generalisability of clinical trials. Moreover, data were 

obtained from different sources, including trial registries, trial protocols, CSR, 

and trial-relevant publications, especially when data were not available within 

trial registries. This approach effectively minimised data missingness, potentially 

enhancing the reliability of the findings in this thesis. Additionally, the 

assessment and scoring of PRECIS-2 domains were based on operationalisation 

assessment criteria that were developed with the assistance of a clinical 

diabetologist to avoid subjective assessment and add a clinical perspective. 

Finally, the analysis explored SAE as a metric from different dimensions, utilising 
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a triangulation approach that incorporates multiple aspects of clinical trials. This 

included comparing SAE rates with trial and baseline characteristics, drivers of 

trial representativeness (eligibility criteria), and a commonly used pragmatism 

metric (PRECIS-2). This methodology enhances the reliability of the findings and 

strengthens the conclusion of the study. 

However, there were several limitations. Firstly, different data sources were 

used only when information was not available within a single source. Although I 

did check consistency for random samples from 5 trials and found consistent 

reporting between ClinicalTrials.gov and publications, this sample size may not 

be sufficient to rule out potential inconsistencies across all trials. Broader 

inconsistencies may still exist. Moreover, the research focuses only on SGLT-2 

inhibitors, and the observations and associations derived from this study are 

valuable within the context of SGLT-2 trials. Therefore, it is important to note 

that the findings may not necessarily extrapolate to other clinical trials involving 

different drug classes. Moreover, two baseline characteristics (smoking status 

and race/ethnicity) were excluded from this analysis due to the significant 

amount of missing data within these variables. Additionally, some required 

information for scoring the PRECIS-2 domains was not reported in either the 

clinical study report or the trial-relevant publications. This highlights the need 

for improved reporting of trial protocols. The subjectivity in the assessment of 

some PRECIS-2 domains was observed, which may introduce bias in scoring these 

domains. However, this has been minimised by the protocolised assessment 

criteria that specific to RCTs of SGLT-2 inhibitors. Furthermore, a few trials from 

other registries did not report SAEs; however, the number of such unreported 

SAEs was small, including only five trials. In addition, the study examined SAEs 

as a metric on a single index condition, specifically T2DM. Examining on multiple 

index conditions, rather than just one, could have potentially contributed to 

more informative findings.
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9.5 Contribution of the thesis 

The current thesis introduces the following contributions: 

1. This thesis explored the coverage of SAEs reporting on ClincalTrial.gov and 

other registries for RCTs of SGLT-2 inhibitors, and it found that they 

provided sufficient information on SAEs to enable the calculation of SAE 

rates. This suggests that SAE rates can be captured for future research to 

investigate their feasibility as a metric of trial representativeness. 

Furthermore, trials registered on ClincalTrial.gov had better SAE reporting 

than unregistered trials, indicating that ClincalTrial.gov is a reliable 

source for obtaining such data. 

2. This thesis contributed to the literature by showing that the SAEs rates 

did not differ between treatment and control arms in trials of SGLT-2 

inhibitors. This finding suggests that future analyses, which compare SAE 

rates in SGLT-2 trials to rates of SAE among people eligible for treatment 

in routine care, can reasonably include the entire trial population when 

calculating the rates. This approach will yield more precise estimates 

when assessing SAE rates as a metric of trial representativeness. However, 

this may not be applicable to trials involving potential toxic treatments 

like chemotherapy, where SAE rates might differ between treatment and 

control arms. 

3. This thesis contributed to T2DM trials by demonstrating the consistency of 

MACE reporting within SAEs reporting. All trials with prespecified hard 

serious outcomes consistently reported MACE in their SAE reports. This 

finding provides a basis for future research analysing SAE to assess trial 

representativeness, particularly the consist reporting offers reassurance 

about the reliability of these reports. 

4. This thesis retrospectively assessed the pragmatism of RCTs for SGLT-2 

inhibitors using the PRECIS-2 tool. This assessment could help to 

understand how the trial applicability may relate to trial design. 

Moreover, it examined the association between pragmatic trial design, as 
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measured by the PRECIS-2 score, and SAE rates. The finding indicates that 

trials with higher PRECIS-2 scores, which are more reflective of real-world 

conditions, tend to report higher SAE. This association allows researchers 

and clinicians to better understand how pragmatic trials may influence 

SAE. 

5. The assessment was conducted after extensively protocolising the original 

criteria of the PRECIS-2 tool to suit the unique context and characteristics 

of T2DM trials. It aimed to ensure that the assessment was objective, 

practical, and robust, contributing to the credibility of the findings. 

Moreover, this protocolisation for the criteria provides a framework that 

can facilitate the application of this tool in T2DM trials for future 

research. 

6. This thesis examined the association between the rates of SAE and: 1) 

baseline characteristics, 2) trial characteristics, and 3) compared it with 

the mean PRECIS-2 score. This exploration contributes to the literature by 

illustrating how SAE rates vary based on patients’ characteristics and 

assess whether SAE reflect trial representativeness. 

7. This study is the first to examine the association between the rates of SAE 

and trial eligibility criteria within clinical trials of SGLT-2 inhibitors. It 

contributes to clinical practice by showing that restricting the eligibility 

criteria and excluding representative participants is associated with lower 

SAE rates. This finding may suggest that future studies could use SAE rates 

as a measure to assess the restrictiveness of eligibility criteria. 

9.6 Implications and recommendations of research 

The current thesis contributes to a better understanding of the clinical trial 

generalisability and the issue of trial representativeness, exploring the feasibility 

of using SAEs to address this issue. The findings in these thesis chapters can help 

in clinical practice, trial applicability, and future research. 
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9.6.1 Importance of SAE reporting in RCTs 

The high level of SAE reporting on ClinicalTrials.gov is reassuring and encourages 

the exploration of SAEs as a metric for trial representativeness. It also suggests 

that other trial registries should improve their quality of reporting and 

implement reporting standards similar to those of ClinicalTrials.gov. The 

reporting of SAEs can be incorporated by researchers for evaluation and 

enhancing the generalisability of clinical trials. The consistent reporting of MACE 

and SAEs reporting within ClinicalTrials.gov indicates reliable and transparent 

documentation of SAEs within this registry. Moreover, the absence of a significant 

difference in SAE rates between treatment and control arms suggests that 

combining SAE rates from both arms is feasible. This approach would overcome 

the issue of lower event and enhance statistical power when assessing trial 

representativeness. Additionally, the higher SAE rates observed in trials with 

hard outcomes, multinational trials, and trials registered on ClinicalTrials.gov 

suggest a potential role of outcome types, trial registration and trial setting in 

influencing SAE. While these factors do not confirm SAE as a metric, they 

highlight their importance for future investigation to understand how they might 

reflect the nature of the trials. 

9.6.2 Pragmatism of clinical trial and SAE rate 

The positive association between the mean PRECIS-2 score and SAE rates offer a 

better understanding of the interplay between trial design pragmatism and the 

incidence of SAEs. As trials become more pragmatic, the SAE rates tend to 

increase, suggesting that such trials are likely to recruit sicker, more 

representative participants. This provides foundation for future research on the 

importance of considering trial pragmatism when estimating the SAEs and 

underscores the potential of using SAE rates to assess trial representativeness. 

However, future research is required to establish reliable SAE benchmarks for 

various trial designs. Moreover, domain-specific analysis revealed that setting 

plays a role in SAE, emphasising the need for careful consideration of trial 

settings in the planning and conduct of clinical trials. 
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9.6.3 Importance of trial eligibility criteria 

Lack of representativeness can be across various characteristics such as age and 

comorbidity, which quite directly reflect health status; trial eligibility criteria 

also reflect the characteristics of included participants. Thus, the association 

between restrictive criteria and a reduction in SAE rates suggests that SAEs can 

be a reasonable marker to capture these characteristics and reflect trial 

representativeness. Future research may also employ the SAE rates to assess the 

restrictiveness of trials and distinguish between restrictive and permissive 

criteria. 

9.6.4 Further prospective research 

Future studies should investigate trial recruitment processes, focusing on how 

underrepresented eligible subjects (e.g. vulnerable patients) in routine care are 

excluded from trials. This investigation would aim to identify the selectivity in 

patient selection and uncover the obstacles that sometimes prevent these 

cohorts from participating in trials. Future studies could involve looking at 

system organ classes (SOCs) within SAEs. It may be that SAEs within specific 

organ systems (e.g., cardiovascular) may better reflect trial representativeness 

either with respect to the severity of the index condition (e.g., cardiometabolic 

diseases) or comorbid conditions (e.g., other systems). 

In addition, future research could focus on SAE rates among diabetes patients in 

routine practice, particularly by comparing the observed SAE rates in RCTs of 

SGLT-2 inhibitors to the SAE rates in real-world practice. To achieve this, the use 

of record-linkage (e.g., the Secure Anonymised Information Linkage (SAIL) 

Databank) could enhance the comparison of SAE rates between trial populations 

and real-world populations. This approach would offer a clearer understanding 

of whether trials adequately reflect the health status and comorbidity burden of 

the target population. Such analysis would help determine the feasibility of 

using SAEs as a metric for trial representativeness. Additionally, future studies 

could further explore this feasibility by comparing the SAE rates in new trials to 
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the SAE rates in landmark representative trials. Furthermore, future work may 

utilise individual participant data (IPD), specifically to compare the difference in 

SAE rates between subgroups in clinical trials. Furthermore, future work may 

utilise individual participant data (IPD) to compare the difference in SAE rates 

between subgroups (e.g., age, sex, comorbidities) in clinical trials. This 

approach may provide insight into whether certain subgroups are 

underrepresented in trials. Additionally, it can help identify if older people, 

patients with multimorbidity, or those with specific comorbidities experience 

higher SAE. 
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9.7 Conclusion 

This thesis examined the feasibility of using SAE rates as a metric for assessing 

trial representativeness. Clinical trials of SGLT-2 inhibitors reported all relevant 

information for SAEs, indicating the feasibility of calculating the SAE rates.  SAE 

rates were similar between intervention and control arms, allowing for the 

combination of total SAEs for both arms. The similar rates also suggest that SAE 

rates in RCTs may reflect patient characteristics and could assess trial 

representativeness. Furthermore, the pragmatic design of RCTs that reflects 

real-world practice showed higher SAE rates. 

The direction of the difference in association for most umpires generally 

favoured SAE rates. However, only age and type of blinding umpires that strongly 

favoured SAE as a metric more than PRECIS-2. The findings from these 

associations and comparison do not strongly support the hypothesis of using SAE 

rates as a metric for trial representativeness. However, the eligibility criteria 

analysis showed a significant reduction in SAE rates in trials with more 

restrictive criteria compared to trial with more permissive criteria. 

Therefore, based on the association of SAE rates with eligibility criteria, the 

PRECIS-2 score, and given that SAEs are commonly reported in RCTs with 

sufficient information, SAE rates might be utilised as a practical method to 

assess the representativeness of clinical trials. However, for SAE rates to be 

informative for clinicians and trialists, it is essential to understand the expected 

rates of SAE and explore at what levels they may indicate a lack of 

representativeness. Future studies should explore these dimensions across 

different index conditions to fully assess the reliability of SAEs as a metric of 

trial representativeness and to implement this tool effectively.  
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Supplementary 

Data management  

The final dataset was stored in a CSV file. Four separate datasets were used in 

this thesis. The first dataset contained the scores of the 9 domains for the 

PRECIS-2 tool (10 variables). This dataset was analysed in chapter 6, which 

focused on the PRECIS-2 assessment. The second dataset contained the SAEs 

data (6 variables), which was analysed in chapter 4 and 5. The third dataset 

included trial and baseline characteristics (10 variables) which was analysed in 

the chapter 7. The fourth dataset contained elements of eligibility criteria (16 

variables) and was employed in chapter 8, which explored the association 

between SAEs and eligibility criteria. 
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Figure S.1 The frequency of SGLT-2 Medication 

 

Figure 0.2 Level of SAE reporting within trial registry 
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Figure 0.3 The rates of serious adverse event 
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Figure 0.4 Difference in SAE rates between intervention and control arms 
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Table S.1 Examples of pragmatic and explanatory trial for each domain 

Domain Example of pragmatic trial Example of explanatory trial 

Eligibility 

criteria 

Inclusion criteria included: 

patients with T2DM aged 

≥20years, with a body mass 

index (BMI) of ≤45.0 kg/m2 and 

HbA1c concentrations ≥7.0and 

≤10.0% at screening, despite 

diet and exercise regimens and 

monotherapy with an SU, 

biguanide, TZD, AGI, DPP-

4inhibitor or glinide, were 

eligible for the study. Key 

exclusion criteria included: 

uncontrolled hyperglycaemia 

(>240mg/dl) after an overnight 

fast, (eGFR) during screening or 

run-in of<60 ml/min/1.73m2, 

treatment with anti-obesity 

drugs <12 weeks before consent. 

Eligible patients were adults with 

type 2diabetes and an HbA1c of 7.0–

10.5%. The trial excluded the 

following: History of pancreatitis 

(acute or chronic), Any of the 

following: myocardial infarction, 

stroke or hospitalization for 

unstable angina, or transient 

ischemic attack within the past 180 

days prior to the day of screening, 

renal impairment defined as 

estimated Glomerular Filtration 

Rate <60 ml/min/1.73m2, 

treatment with any medication for 

the indication of diabetes or obesity 

and history of diabetic ketoacidosis.   

Recruitment The recruitment of the initial 

cohort was done at 386 centres 

in 24 countries, commencing in 

December 2009 and completing 

in March 2011 

Patients were recruited through 

advertisements in newspapers, radio 

and television. 

Setting This was a phase 3, randomized, 

double blind, parallel-group 

study conducted from August 

2011 to September 2013 in 197 

centres in 22 countries. 

The present randomized, 24-week, 

open-label, parallel-group 

comparative clinical trial enrolled 

patients treated at Shiga University 

of Medical Science Hospital, Shiga, 

Japan. 

Organisation Patients received diet and 

exercise counselling based on 

local recommendations. 

After assessing eligibility criteria by 

preliminary telephone interview, 

the volunteers underwent detailed 

clinical evaluation, anthropometry, 

carotid ultrasound, 
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echocardiography, ophthalmologic 

evaluation and laboratory 

evaluation. Clinical and laboratory 

measurements were performed at 

the Clinical Research Centre (CRC) 

and Atherosclerosis and Vascular 

Biology Laboratory (AtheroLab) at 

UNICAMP. 

Flexibility 

(delivery) 

After a 2-week placebo run-in 

period, subjects were 

randomized (1:1:1:1:1) to 

receive empagliflozin 25 

mg/linagliptin 5 mg as a fixed-

dose combination (FDC) tablet, 

empagliflozin 10 mg/linagliptin 

5 mg FDC tablet, empagliflozin 

25 mg, empagliflozin 10 mg, or 

linagliptin 5 mg for 52 weeks as 

add-on to metformin at an 

unchanged dose. FDC tablets, 

empagliflozin tablets, and 

linagliptin tablets were taken 

once daily in the morning. No 

restriction, or specific direction.  

During the study, patients were 

prohibited from using 

antihyperglycemic drugs other than 

the allocated study drug. Patients 

were also prohibited from using 

continuous systemic corticosteroid 

treatment for 2 weeks, appetite 

suppressants and other 

investigational products. However, 

other drugs were allowed, and their 

use was to be recorded. Compliance 

with study drug administration was 

assessed by the investigator who 

recorded the number of days taken, 

and the first and last day taken, 

using the case report forms. 

Regarding diet/exercise therapy, the 

investigator recorded the type of 

therapy, duration of therapy, details 

(including prescribed energy intake) 

throughout the study period and the 

reason for initiation of the therapy. 

Patients were instructed to continue 

their diet and exercise therapies 

unchanged from before the study 

until the end of the follow-up 

period. 

Flexibility 

(adherence) 

The investigators were not given 

specific guidelines for 

The purpose of the run-in period 

was to evaluate participants’ 
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Check assumptions of linear regression model 

The assumptions of linear regression were tested before conducting the analysis 

using the Global Validation of Linear Models Assumptions (gvlma) package in R. 

This package checks essential assumptions, including linearity, normality of 

residuals, and homoscedasticity (constant variance of residuals). All key 

assumptions were met, indicating the reliability of the model. 

encouraging adherence to 

diet/exercise therapy, only a 

guideline that the prior therapy 

should be continued. 

willingness to adhere to the long-

term treatment and follow-up 

planned in the trial. 

Follow-up Post randomization follow-up in 

the first 12 months is scheduled 

at 3, 13, 26, 39, and 52 weeks 

after randomization and 

thereafter at 3-month intervals 

All patients will be followed up for 4 

weeks after the last dose of study 

drug. Furthermore, the study design 

includes a 4-week follow-up period 

to assess, using a mixed MTT. 

Primary 

outcome 

The primary outcome of the 

study is time to first occurrence 

of CV death, non-fatal 

myocardial infarction (MI, 

excluding silent MI), or non-fatal 

stroke i.e., 3-point major 

adverse cardiovascular events 

(3P-MACE). Doctor relevant 

outcome. Composite outcome. 

The primary endpoint is the changes 

in UACR (urine albumin-to-

creatinine ratio) from the baseline 

after a 2-year observation. 

Primary 

analysis 

The impact of the intervention 

on the primary endpoint will be 

assessed by an intention-to-

treat analysis. 

we analysed the primary efficacy 

endpoint in the per-protocol 

analysis set. 
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Figure 0.5 Frequency of PRECIS-2 score for all domains with missing 
information 
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Figure 0.6 Wheel for mean PRECIS-2 scores for all domains with missing 
information 
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Table S.2 Summary of mean PRECIS-2 scores among domains and medications 
of SGLT-2 inhibitors 

Comparison of PRECIS-2 scores based on types of their registries 

Trials registered on ClinicalTrial.gov had higher PRECIS-2 scores compared with 

other trials (3.57 [0.49] vs 3.07 [0.66]), although there was considerable 

overlap. Nonetheless, of the 17 trials which were most pragmatic (mean PRECIS-

2 score > 4) 16 were registered on ClincialTrials.gov (Figure S.7). 

PRECIS- 2 

domains                                   

Mean score 

(SD) 

Medication Frequency Mean score 

(SD) 

Eligibility Criteria 2.45 (0.76) Dapagliflozin 51 3.32 (0.58) 

Recruitment 3.14 (0.72) Empagliflozin 25 3.31 (0.47) 

Setting 4.18 (1.26) Canagliflozin 26 3.54 (0.4) 

Organisation 4.08 (0.94) Ipragliflozin 15 3.13 (0.37) 

Flexibility 

(delivery) 

3.42 (1.26) 

 

 

Ertugliflozin 9 3.31 (0.46) 

Flexibility 

(adherence) 

3.08 (1.4) Tofogliflozin 5 3.73 (0.23) 

Follow-up 3.73 (0.75) Luseogliflozin 3 2.93 (0.06) 

Primary outcome 
2.16 (0.66) Bexagliflozin 

 

5 3.47 (0.27) 

Primary analysis 

3.79 (0.89) 

 

 

Sotagliflozin 

 

7 3.16 (0.18) 

Trial's Mean Score 3.34 (0.48) 

Trial's Median Score 3.33 
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Figure 0.7 Compare PRECIS-2 score between trial registries 

Table S.3 Sensitivity analysis for the association between SAE rates and 
PRECIS-2 domains (missing domains were assigned with the median domain 
score) 

Serious Adverse Event Rates 

PRECIS-2 

Domains 

Unadjusted Adjusted 

β CI P β CI P 

Eligibility criteria 0.14 -0.05 – 0.33 0.146 0.07 -0.13 – 0.27 0.499 

Recruitment 0.39 0.16 – 0.62 0.001 0.24 -0.01 – 0.50 0.062 

Setting 0.48 0.28 – 0.68 <0.001 0.42 0.17 – 0.67 0.001 

Organisation 0.07 -0.13 – 0.27 0.469 -0.11 -0.34 – 0.11 0.309 

Flexibility 

delivery 

0.10 -0.08 – 0.28 0.275 0.01 -0.22 – 0.24 0.925 

Flexibility 

adherence 

0.02 -0.16 – 0.21 0.804 0.05 -0.17 – 0.26 0.659 

Follow up -0.04 -0.25 – 0.17 0.688 -0.01 -0.22 – 0.19 0.893 

Primary outcome -0.09 -0.35 – 0.16 0.472 0.06 -0.21 – 0.32 0.673 

Primary analysis 0.06 -0.13 – 0.25 0.519 0.02 -0.17 – 0.22 0.817 
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Table S.4 Sensitivity analysis for the association between SAE rates and 
PRECIS-2 domains (missing domains were imputed using MICE) 

Table S.5 Missing data of trial and baseline characteristics before imputation 

Serious Adverse Event Rates 

PRECIS-2 

Domains 

Unadjusted Adjusted 

β CI P β CI P 

Eligibility criteria 0.14 -0.05 – 0.33 0.143 0.10 -0.10 – 0.31 0.334 

Recruitment 0.46 0.24 – 0.67 <0.001 0.23 -0.17 – 0.62 0.260 

Setting 0.48 0.28 – 0.68 <0.001 0.36 -0.01 – 0.72 0.057 

Organisation 0.05 -0.15 – 0.24 0.633 -0.18 -0.41 – 0.05 0.115 

Flexibility 

delivery 

0.10 -0.08 – 0.28 0.281 0.03 -0.20 – 0.27 0.794 

Flexibility 

adherence 

0.03 -0.16 – 0.21 0.786 0.01 -0.21 – 0.23 0.938 

Follow up 0.00 -0.21 – 0.21 0.997 -0.01 -0.22 – 0.19 0.887 

Primary outcome -0.10 -0.36 – 0.17 0.468 0.06 -0.23 – 0.34 0.705 

Primary analysis 0.11 -0.07 – 0.30 0.231 0.03 -0.17 – 0.22 0.784 

Variables Missing count Missing percentages 

Baseline sample size 5 3.4 

Mean age (years) 7 4.8 

Male, % 12 8.2 

Duration of diabetes (years) 38 26 

HbA1c, % 22 15 

Year difference (years) 0 0 

Trial duration (years) 0 0 

Sponsorship 0 0 

Trial phase 18 12.3 

Blinding 0 0 
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Table S.6 Sensitivity analysis for the comparison between SAE and PRECIS-2 (using complete case for baseline and trial 
characteristics without imputation) 

Metrics of Representativeness 

Umpire variables 
SAE PRECIS-2 Difference in estimates Significant 

favouring *1 

Direction of 

favouring *2 β 95% CI β 95% CI β CI 

Type of blinding; Double or 

more 
0.22 -0.47 to 0.90 -0.78 -1.50 to -0.04 0.99 0.00 to 1.99 SAE SAE 

Trial phases; Phase IV 0.07 -0.59 to 0.74 -0.36 -1.08 to 0.36 0.43 -0.53 to 1.38 Neutral SAE 

Sponsorship; industrial-

sponsored trial 
0.79 -0.22 to 1.82 -0.76 -1.90 to 0.40 1.55 0.06 to 3.07 SAE SAE 

Trial duration/years -0.06 -0.29 to 0.17 -0.14 -0.39 to 0.12 0.08 -0.26 to 0.43 Neutral Neutral 

Year difference/decade; 

(the difference between 

when a clinical trial was 

first registered and when 

the intervention being 

studied was first trialled) 

0.49 -0.07 to 1.09 -0.09 -0.72 to 0.55 0.58 -0.30 to 1.48 Neutral SAE 

Baseline sample size 0.04 -0.14 to 0.23 0.44 0.24 to 0.65 -0.39 -0.68 to -0.12  PRECIS-2 PRECIS-2 
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Age/decade 0.91 0.20 to 1.64 -0.61 -1.41 to 0.23 1.51 0.40 to 2.59 SAE SAE 

Proportion of male -1.37 -3.17 to 0.52 -0.44 -2.53 to 1.67 -0.92 -3.66 to 1.86 Neutral SAE 

Duration of 

diabetes/decade 
0.49 -0.30 to 1.29 0.90 0.05 to 1.77 -0.41 -1.60 to 0.74 Neutral PRECIS-2 

HbA1c 0.01 -0.52 to 0.53 -0.13 -0.71 to 0.46 0.15 -0.63 to 0.92 Neutral SAE 

*1 Criteria for significant favouring (Cl does not include the null): SAE: if the difference in association significantly favours SAEs. PRECIS-2: if the 

difference in association significantly favours the PRECIS-2. Neutral: if there is no difference in associations between metrics. 

*2 Criteria for direction of favouring (direction of point estimate): SAE: if the difference estimate in association is in the direction of SAEs. 

PRECIS-2: if the difference estimate in association is in the direction of the PRECIS-2. Neutral: if the difference in associations between metrics was 

close to zero (null). 
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