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Abstract

Background Randomised controlled trials are often criticised for excluding people with multiple long-term condi-
tions. This study used individual participant data for 25 trials of sodium glucose co-transporter-2 inhibitors (SGLT2i)

to compare baseline characteristics, comorbidities, and event rates between trial participants and community SGLT2i-
treated people in routine care.

Methods Trials were identified through systematic review with subsequent application for individual-level data.
Community SGLT2i-treated people in routine care were identified from the Secure Anonymised Information Link-
age (SAIL) databank (Wales, UK). For each trial, we applied the eligibility criteria to the community SGLT2i-treated
populations. We then (i) assessed the proportion eligible/ineligible for each trial, (i) compared age, sex and number
of comorbidities between trial participants and those eligible/ineligible in routine care, (iii) compared rates of serious
adverse events in the trials to the expected rate in community SGLT2i-treated participants and (iv) compared the rate
of major adverse cardiovascular events (MACE), all-cause mortality, non-cardiovascular mortality, and estimated glo-
merular filtration rate (eGFR) slope between trial and community participants.

Results The number of comorbidities was consistently lower in trial populations compared to community SGLT2i-
treated who met trial eligibility criteria. Compared with other trial populations, in the large cardiovascular outcome
trials (CANVAS, CANVAS-R, CREDENCE and EMPA-REG) levels of participant comorbidity were higher; comorbid-

ity differences between trial and community were smaller; and serious adverse event rates were broadly similar

to the expected rate based on the community. For the remaining trials, the serious adverse event rate was lower
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in the trials than the expected rate based on community SGLT2i-treated participants. In the cardiovascular outcome
trials, rates of MACE, mortality and decline in eGFR slope were similar or higher in trial populations.

Conclusions While people with comorbidity are under-represented in most trials compared to a Welsh routine

care population, the large cardiovascular outcome trials are more representative of SGLT2i-treated patients and have
similar rates of serious adverse events. Therefore, while our findings support calls for caution regarding trial represent-
ativeness, the criticism that trials are not representative does not apply equally to all trials. Our results broadly sup-
port the applicability of cardiovascular outcome trials to people currently treated with SGLT2i within routine clinical

practice.

Keywords Type 2 diabetes, Sodium Glucose Co-transporter 2 inhibitors, Randomised controlled trials, Applicability,
Representativeness, Adverse events, Comorbidity, Multimorbidity

Background

Drugs such as Sodium-glucose Cotransporter-2 inhibi-
tors (SGLT2i) are an important advance in the manage-
ment of type 2 diabetes [1]. In addition to improving
glycaemia, randomised controlled trial (RCT) evidence
shows that SGLT2i reduce the risk of both cardiovas-
cular events and decline in kidney function [2-5]. RCT
evidence provides the most internally valid estimate of
the efficacy of pharmacological agents, but the applicabil-
ity of trial findings to people in routine care can be less
certain [6—10]. There are concerns that the participants
recruited to RCTs are often poorly representative of the
populations who receive treatment in routine care [8, 11,
12]. Specifically, people with multiple long-term condi-
tions are often under-represented in RCTs [9], potentially
threatening the applicability of their findings. Comorbid-
ity (the presence of a long-term condition in the presence
of an index condition) is almost ubiquitous among peo-
ple with type 2 diabetes and is associated with adverse
outcomes such as mortality and hospitalisation [13, 14].
People with comorbidities may be excluded from RCTs
through explicit exclusion criteria (which are not always
well justified [6]) or because the process of recruitment,
screening and monitoring may act as a barrier to partici-
pation of people with multiple conditions [15]. Therefore,
it is important to examine the representation of people
with comorbidities in RCTs for treatments like SGLT2i,
because comorbidity is the norm within the target
population.

Assessing the representativeness of RCTs can be chal-
lenging, and there are various approaches. The com-
monest approach is to apply trial eligibility criteria
to real-world data, and estimate the percentage who
would in theory be eligible. However, this approach is
not very informative as to how trial participants and
real-world patients differ. Direct comparisons of base-
line characteristics of actual trial participants to people
in routine care are arguably more informative, espe-
cially where individual-participant data can be obtained

[8] and therefore seldom-reported trial participant
characteristics such as comorbidity can be compared
[9]. Recently, we have also proposed assessing the rate
of serious adverse events within a trial, and compar-
ing these to the expected rates of similar events within
routine care [11]. Any event within a trial context that
results in hospitalisation or death is considered a seri-
ous adverse event, regardless of whether it is thought
to be related to the trial treatment [16]. As such, if a
trial population is representative of the target popula-
tion in terms of health status, one would expect the rate
of serious adverse events within the trial to be similar
to the rate of hospitalisations and deaths among people
eligible for treatment within routine care.

This study sought to combine these approaches to
assess the representativeness of trials of SGLT2i for
type 2 diabetes, comprehensively. Using a set of tri-
als for which we have obtained individual participant
data, we aimed to apply each trial’s eligibility criteria
to people treated in the community and then com-
pare age, sex, number of comorbidities and rates of
adverse health outcomes between people included in
randomised controlled trials and people treated with
SGLT2i in the community who would have been eligi-
ble for each trial.

Methods

Overview

The approach to analysis is summarised in Fig. 1. We
sought to compare characteristics, comorbidity counts,
and rates of events (conditional on comorbidity)
between three distinct groups:

« Participants in trials of SGLT2i for type 2 diabetes
(“trial participants”)

o Community SGLT2i-treated people who meet trial
eligibility criteria

o Community SGLT2i-treated people who do not
meet trial eligibility criteria
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Fig. 1 Overview of analysis process

Data sources

Trial data

We identified trials of SGLT?2i for type 2 diabetes through
a systematic review of trials for glucose-lowering agents
(reported elsewhere) [17]. Briefly, the systematic review
inclusion criteria were phase 3 or 4 randomised con-
trolled trials conducted in adults with type 2 diabetes.
Trials within the review were eligible if they compared
SGLT2i, glucagon-like peptide-1 receptor agonists or
dipeptidyl peptidase 4 inhibitors to placebo or active
comparator, and assessed HbAlc, body weight and/
or major adverse cardiovascular events. From included
trials, we selected SGLT2i trials and sought access to
individual participant data available through the Vivli
repository. We excluded trials in which medical history
data (required to assess comorbidities) were not col-
lected or were redacted at the level of MedDRA preferred
terms.

Community comparison
For the comparator population of people using SGLT2i
in the community, we accessed data from the Secure
Anonymized Information Linkage (SAIL) Databank.
Briefly, SAIL is a database of routinely collected health-
care data including coded primary care data (including
prescriptions, diagnoses and test results) with linked
hospital inpatient and mortality data [18]. Patient data
were included in SAIL if the patient is registered with a
participating primary care practice. Approximately 70%
of the population of Wales is covered, and the sample is
nationally representative in terms of age, sex and socio-
economic position [9].

We identified all individuals with type 2 diabetes who
had been prescribed an SGLT2i prior to 1st Novem-
ber 2024. We excluded individuals who had joined the

database less than a year before the first recorded pre-
scription of a SGLT2i to ensure we were assessing inci-
dent use and to improve the ascertainment of long-term
conditions [19].

Measures

Multiple long-term conditions

Within the trial data and within the community compari-
son, we quantified the number of long-term conditions
in addition to type 2 diabetes. We selected conditions
based on a previously published Delphi consensus paper
on measuring multimorbidity in health research [20]. We
included all conditions apart from chronic Lyme disease
and recurrent urinary tract infections (as we were unable
to determine chronicity from the available data). This
resulted in a list of 57 long-term conditions.

To identify conditions in the trial data, we manu-
ally mapped each of these long-term conditions to pre-
ferred terms within the MedDRA classification. We then
applied this list of terms to the baseline medical history
data within the individual participant data for each trial.
Chronic kidney disease (CKD) was identified using eGFR
criteria rather than MedDRA code. eGFR was calculated
based on the single, most recent creatinine value using
the CKDEpi equation [21]. CKD was identified as base-
line eGFR <60 mL/min/1.73m?.

In the community SGLT2i-treated population, we iden-
tified these same long-term conditions using Read ver-
sion 2 codes (diagnostic codes used within primary care
data in SAIL databank) and ICD-10 codes (used in linked
hospital data for participants who had been admitted to
hospital) [22]. Code lists for each of the included condi-
tions were based on the CALIBER code lists where avail-
able (see https://phenotypes.healthdatagateway.org/)
and, where this was unavailable, on previously published


https://phenotypes.healthdatagateway.org/

Hanlon et al. BMC Medicine (2025) 23:661

code lists. Conditions were considered present when any
relevant diagnostic code had been recorded in either pri-
mary or secondary care data prior to the first recorded
date of SGLT2i prescription. As in the trial data, CKD
was identified using eGFR rather than Read codes.

For each participant within each data source, we calcu-
lated (i) the total number of comorbidities (not including
type 2 diabetes), (ii) the total number of cardiometabolic
comorbidities (comprising stroke, coronary artery dis-
ease, heart failure, peripheral artery disease, heart valve
disorders, arrhythmia, venous thromboembolic disease,
aneurysm, hypertension, and chronic kidney disease) and
(iii) the total number of non-cardiometabolic comorbidi-
ties (comprising all other conditions).

Trial eligibility criteria

Within the community SGLT2i-treated population, we
implemented the eligibility criteria for each trial to iden-
tify those who would have been eligible or ineligible for
each trial at the time of first SGLT2i prescription.

Inclusion criteria were gathered from clincialtrials.gov,
published trial protocols, and published results papers
for each trial.

Within the community SGLT2i-treated population,
each of these criteria were implemented using data prior
to the initial SGLT2i prescription. Age and sex were based
on demographic data held within SAIL databank primary
care records. Eligibility criteria based on comorbidities
were implemented using Read codes and ICD-10 codes
from linked primary and secondary care data, respec-
tively. Criteria based on specific values (e.g. HbAlc, sys-
tolic blood pressure) were applied to coded values within
primary care data, taking the most recent value prior to
initial prescription (limited to a 2-year lookback). As in
the trial data, eGFR was calculated from the single, most
recent creatinine value using the CKDEpi equation [21].
Eligibility criteria based on procedures (e.g. no bariatric
surgery within the last 2 years) were identified from pro-
cedure codes from linked hospital inpatient data. We did
not implement any eligibility criteria based on ethnicity
as these data are incomplete within SAIL.

Outcomes

For analysis of outcomes, trial participants were
restricted to those randomised to SGLT2i, and compared
with community SGLT2i-treated participants who met
trial eligibility criteria.

Serious adverse events

In randomised controlled trials, serious adverse events
are defined as events that result in death, hospital admis-
sion, are life threatening, result in disability or result in a
birth defect. Within the trial data, we identified incident
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serious adverse events and calculated time at risk for
each individual. Within the community SGLT2i-treated
population, we identified incident all-cause hospitaliza-
tions or deaths (which, by definition, would be serious
adverse events in a trial context). For each trial, we iden-
tified events occurring after randomisation and before
the primary endpoint. We then applied this same time-
window of observation to the comparator community
SGLT?2i-treated population for each trial.

Deaths

In both trial and community samples, we identified all
recorded deaths and then further classified these into
cardiovascular and non-cardiovascular deaths. In the
trial data, deaths adjudicated as being cardiovascular
deaths with respect to the MACE endpoint of the trial
were classified as cardiovascular deaths, and the rest as
non-cardiovascular deaths. In the community sample,
cardiovascular death was defined from national mortal-
ity registration data as those where the underlying cause
of death was an ICD-10 code starting with “I'; and non-
cardiovascular death was defined as all other deaths.

Major adverse cardiovascular events

Within the trial data, we defined 3-point major adverse
cardiovascular event (MACE) as the first event of non-
fatal myocardial infarction, non-fatal ischaemic stroke,
or cardiovascular death. Within the community SGLT2i-
treated population, we identified similar events by
identifying ICD-10 codes from linked hospital episode
statistics for myocardial infarction and ischaemic stroke,
and cardiovascular death from linked mortality registra-
tion records.

Estimated glomerular filtration rate slope

We calculated total eGFR slope in each population using
a mixed effects model with an unstructured residual
variance—covariance matrix using code developed by the
SGLT2 inhibitor Meta-Analysis Cardio-Renal Trialists
Consortium (SMART-C) [23].

In the trial populations, total eGFR slope was calcu-
lated as the annualised rate of change of eGFR from
baseline, using all available eGFR values during the
follow-up period of the trial until the end of follow-up.
We restricted the analysis to trials with at least 2 years
of follow-up, as shorter time frames have not been vali-
dated to predict future risk of kidney failure [24, 25], and
there were insufficient measurements in the correspond-
ing community sample to calculate slope accurately over
time periods shorter than 2 years.

In the community SGLT2i-treated population, total
eGFR slope was calculated as the annualised rate of
change of eGFR from baseline (the most recent value
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prior to initiation of SGLT?2i), using all available eGFR
values during the timeframe of the corresponding trial,
and for a minimum of 2 years.

We calculated total eGFR slope (rather than chronic
slope), as eGFR is not routinely tested in the period
immediately after treatment initiation within the com-
munity SGLT2i-treated population (in keeping with cur-
rent clinical guidance), precluding accurate calculation
of the chronic slope. The spline term for the acute effect
of SGLT2i was set at 21 days following initiation (corre-
sponding to the first post-treatment sample within the
trials).

Statistical analysis

Descriptive statistics

For each of the included trials, we generated descriptive
statistics (counts and percentage, or mean and stand-
ard deviation) for age, sex and each comorbidity count
among (i) community SGLT2i-treated participants who
were ineligible for the trial, (ii) community SGLT2i-
treated participants who were eligible for inclusion and
(iii) trial participants who were included and randomised.

Distribution of comorbidities

We summarised the count of total comorbidities, car-
diometabolic comorbidities and non-cardiometabolic
comorbidities within each population (ineligible, eligible
and included) using statistical distributions appropriate
to count data (e.g. Poisson or negative binomial). Fit of
each distribution was assessed visually (plotting the fit-
ted distribution over the observed counts) and using
Kolmogorov-Smirnoft tests. We selected the best-fit-
ting distribution for each population and each trial and
exported the parameters estimates from the secure anal-
ysis platform. This allowed us to plot the distributions
from each population together, while the individual-level
data remained within their respective secure analysis
platforms.

Observed and expected event rates

For each trial, we compared the observed to expected
SAE ratio. The community rates for each outcome (seri-
ous adverse events, MACE and death), separately, were
obtained by fitting Poisson or negative binomial regres-
sion models on age and sex as well as (for model 2)
comorbidity count. We included an offset term for time
at risk which was calculated separately for each out-
come as the first of time to first event, de-registering
from a participating practice (and thus no longer being
observable) or the end of the follow-up period of the cor-
responding trial (whichever occurred first). Non-linear
associations for age and comorbidity count were accom-
modated using up to two fractional polynomial terms.
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We assessed interaction terms between covariates and
included these where they improved model fit, which we
assessed using likelihood ratio tests and comparing AIC.
We then exported the model coefficients (\beta) and vari-
ance—covariance matrices (\sigma) from the secure anal-
ysis platform to allow them to be applied to the trial data
(which was held separately).

We then used the coefficients to estimate the expected
event rates for each trial given the trial-distribution
of age, sex distribution and (for model 2) comorbid-
ity count. These expected rates, number of partici-
pants and trial duration were then used to estimate the
expected counts. We then calculated the SAE ratio as the
observed/expected counts.

We calculated 95% confidence intervals reflecting
uncertainty in both the expected counts and the observed
counts. We allowed for uncertainty in the expected
counts by repeating these analyses using 10,000 samples
representing the uncertainty in the regression model
coefficients. These were obtained by sampling from a
multivariate normal distribution (mean=coefficient
point estimate, sigma=variance—covariance matrix).
These coefficient samples were then applied to the trial
covariate distribution to obtain a set of 10,000 expected
counts for each trial. We allowed for uncertainty in the
observed counts by obtaining 10,000 samples from a
beta distribution (as this is the conjugate prior for the
binomial likelihood which is appropriate for propor-
tion data) and multiplying this by the number of partici-
pants. For each sample, we calculated the ratio (as above)
and obtained a 95% confidence interval as the 2.5th and
97.5th centiles.

Results

Individual-level data were available for 31 of the 140 trials
of SGLT2i included in the systematic review. Six of these
were excluded as medical history data were redacted at
the level of preferred MedDRA terms. There were 25 tri-
als (n=41,395 participants; range 157 to 7063 per trial)
included in the final analysis (out of a total of 140 poten-
tially eligible trials with #n=84,230 participants).

There were 29,544 people prescribed SGLT2i within
our community sample in whom we assessed trial eli-
gibility. Summary statistics for trial and community
SGLT2i-treated populations are shown in Additional
File 1, Table S1. Community SGLT2i prescribing rose
from 1.5% (2032/137,828) of those with type 2 diabetes
in 2015, to 11.4% (20431/178510) in 2024. People pre-
scribed SGLT2i were younger than those who were not
prescribed (mean age 58.9 vs 66.8 in 2015) but this dif-
ference narrowed by the end of the study period (mean
age 64.3 vs 67.6 in 2024). The mean number of comor-
bidities was lower in those prescribed versus those not
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Fig. 2 Proportion of community SGLT2i-treated participants meeting trial eligibility criteria. This plot shows the percentage of incident SGLT2 users
within SAIL databank who would have met the inclusion criteria for each of the trials

prescribed an SGLT?2i (2.7 vs 3.2 in 2015); however, this
difference also narrowed over time (3.6 vs 3.7 in 2024).
The proportion of females was lower among those pre-
scribed (39%) compared to those not prescribed (45%) an
SGLT2i.

Comparison of trial participants and community
SGLT2i-treated populations

The proportion of community SGLT2i-treated partici-
pants who met eligibility criteria for each of the trials is
shown in Fig. 2 (range 2% to 76%, median 31%, IQR 4% to
39%). Eighty nine percent of people treated in the com-
munity were eligible for at least one of the included trials.
Trial participants were often slightly younger than the
eligible community SGLT2i-treated participants (Addi-
tional File 1, Table S1). In the cardiovascular outcome
trials, the percentage of women included was typically
low (29 to 37% of trial participants); however, these fig-
ures were closely matched by the percentage of women
in the community SGLT2i-treated population who were
eligible.

The distribution of comorbidities within each of the
included trials is shown in Fig. 3. When comparing trial
participants to eligible community SGLT2i-treated par-
ticipants, the mean number of comorbidities was lower

among participants for all trials. However, this difference
was relatively small in the cardiovascular outcome trials
and those focusing on higher-risk populations such as
older people or those with hypertension or chronic kid-
ney disease. In these trials of higher-risk populations,
the mean comorbidity count in the trials was consist-
ently greater than two (ranging 2.2 to 3.4) and around
20% lower than the eligible community SGLT?2i-treated
participants (ranging 3.1 to 4.1, see Additional File 1,
Table S2 showing mean counts and Additional File 1,
Table S3 showing the ratio of mean counts between trial
participants and community eligible populations). For
these trials in “high risk” populations, comorbidity counts
in the community SGLT2i-treated ineligible population
was lower than in the community SGLT2i-treated eligible
(reflecting the selection of higher risk individuals within
the trial inclusion criteria). In the remaining trials, the
absolute number of comorbidities was lower and the dif-
ference in comorbidity counts between trial participants
and community SGLT2i-treated populations was greater
in magnitude (generally 40 to 60% lower in the trial than
in the community). The difference between the treated-
eligible and treated-ineligible populations was consid-
erably lower (10-20% lower in the eligible compared to
the ineligible), suggesting that while explicit exclusion
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criteria resulted in some reduction in comorbidity, most
of the difference in comorbidity between trial and com-
munity SGLT2i-treated populations is not explained by
explicit eligibility criteria.

When separating cardiometabolic and non-cardiomet-
abolic comorbidities, trials were more similar to routine
care for cardiometabolic comorbidities; however, the
differences in non-cardiometabolic comorbidities were
more marked (Additional File 1, Table S2 and S3 and Fig-
ure S1).

Rates of serious adverse events

Figure 4 shows the ratio of observed to expected serious
adverse events based on eligible community SGLT2i-
treated participants, standardised by age and sex alone
(red) and by age, sex and comorbidity (blue). In trials
with higher levels of comorbidity, which were also trials
that specifically included high-risk populations (based on
cardiovascular risk, chronic kidney disease or older age),
the ratio of observed to expected serious adverse events
was similar or greater to the rate seen in people treated
with SGLT2i in routine care. For the remaining trials, the
age-sex standardised ratios were<1, showing that trial
participants had significantly lower event rates than com-
munity SGLT2i-treated participants (often between half
and a quarter of the rate age-sex standardised rate). Dif-
ferences between trials and routine care were attenuated
with additional standardisation by comorbidity count;
however, for trials in which the difference was large the

difference remained significant after accounting for
comorbidity.

Rates of cardiovascular events, deaths, and change

in kidney function

For the four large cardiovascular outcome trials (EMPA-
REG, CANVAS, CANVAS-R and CREDENCE) (in which
there were sufficient participants and follow-up to model
cardiovascular, kidney and mortality outcomes), Fig. 5
shows the rates of serious adverse events, cardiovascular
events, all-cause mortality and non-cardiovascular mor-
tality among people on SGLT2i treatment in each trial
and community SGLT2i-treated participants who were
eligible for the trial. Across all levels of comorbidity, rates
of cardiovascular, kidney and mortality outcomes were
either comparable or higher in the trial participants com-
pared to community SGLT2i-treated participants eligible
for each trial. Figure 6 shows this same comparison for
the rate of serious adverse events, which were similar or
higher in trial participants than in community SGLT2-
treated participants. Finally, the eGFR slope was similar
for the treatment arm of each trial and the trial-eligible
community SGLT2i-treated participants.

Discussion

This analysis of individual participant data from 25
trials of SGLT2i in type 2 diabetes showed that trial
populations had fewer comorbidities on average than
people currently treated with SGLT2i in routine care.
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population, blue indicates the analysis standardised to age, sex and comorbidity count. Points show the ratio of observed events (in the trial
population) to the expected number of events (based on hospitalisation and deaths among community SGLT2i-treated people meeting trial

eligibility criteria). Lines indicate 95% confidence intervals

However, for the large cardiovascular outcome tri-
als that focused on higher risk populations (often in
people with evidence of end-organ damage), trial par-
ticipants had levels of comorbidity that were closer to
those seen among community SGLT2i-treated partici-
pants who were eligible for those trials. Furthermore,
the rates of adverse clinical outcomes (including target
and competing events) were similar or higher in these
cardiovascular outcome trials than in people treated
in the community who met the inclusion criteria. This
suggests that while many trials are unrepresentative,
others more closely reflect those currently prescribed
SGLT2i in routine care. Given that these large cardio-
vascular outcome trials are particularly influential in
terms of clinical guideline recommendations, this gives
some confidence that the promotion of SGLT?2i for type
2 diabetes, which is increasingly based on their effects
on hard cardiovascular and kidney outcomes rather
than explicitly on their glycaemia effects, is appropriate
in the context of multiple long-term conditions, at least
with respect to people currently being treated.

Our findings should be interpreted with careful con-
sideration of our community comparison population,
who were both currently treated and would have met
trial eligibility criteria. There are also likely to be indi-
viduals who would be eligible for, and may benefit from,
SGLT?2i treatment but were not prescribed, and there-
fore are not included in our analysis. Our sample was
also drawn from a specific setting (primary care within
Wales) and may not necessarily reflect use in other
settings or at different time-points. Our assessment
of eligibility was made at the point when the SGLT2i
was first prescribed, but this may not reflect the point
at which this treatment was first indicated (e.g. due to
clinical inertia leading to delays between a treatment
becoming indicated and it being initiated, particularly
earlier in our study period when these treatments were
relatively new). As use of SLGT2i becomes more wide-
spread (as is reflected in our findings showing higher
comorbidity in more recent, compared to earlier,
incident users), some patients are likely to be offered
SLGT?2i relatively earlier in their disease course, or in
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Rate of events by comorbidity count, conditional on age and sex
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the presence of greater degrees of comorbidity than
when these drugs were first introduced.

Previous literature showed that a large proportion of
people with a given condition (including, but not lim-
ited to, type 2 diabetes) do not meet eligibility criteria
for most trials [8]. Our findings are consistent with
this literature, but also highlight that for many trials
the under-representation of people with comorbidity
is not fully explained by explicit exclusion criteria. For
many trials, including those that appeared most under-
representative in terms of comorbidity, we found that
comorbidity counts in community SGLT2i-treated par-
ticipants who were eligible and ineligible for the trial
were more similar, despite considerably lower levels in
those randomised. When considering these trials with
lower comorbidity counts, the significantly lower rates
of serious adverse events in trial populations compared
to community SGLT2-treated participants who were
eligible for those trials also suggest that these differ-
ences in comorbidity are likely to reflect genuine dif-
ferences in the health status of trial participants and
people treated in routine care.

While these observations are consistent with the com-
monly expressed concern that trials are poorly repre-
sentative of their target populations [26], our findings
show that this criticism cannot be levelled equally at all
trials. In the context of SGLT2i’s, trials that intention-
ally recruited high-risk populations (such as those with
high cardiovascular risk based on prior events or kidney
disease) had levels of comorbidity much closer to those
treated in the community, although this was driven by
trial participants having higher levels of cardiovascu-
lar comorbidity and lower levels of non-cardiovascu-
lar comorbidity. Event rates in trial participants were
broadly similar or higher to those treated in routine care,
including the rate of all-cause serious adverse events and
non-cardiovascular mortality. This is an important obser-
vation as one source of concern regarding the applicabil-
ity of trial evidence is that rates of competing risks (such
as non-cardiovascular mortality) may be higher in rou-
tine care. Our findings suggest this is unlikely to be the
case in people currently treated with SGLT2i in routine
care. However, as treatment expands to larger numbers
of people with type 2 diabetes, this may still be a con-
cern when applying treatment decisions to individuals,



Hanlon et al. BMC Medicine (2025) 23:661

Page 10 of 12

Rate of serious adverse events by comorbidity count, conditional on age and sex
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particularly people with severe or advanced comorbidi-
ties unrelated to diabetes or living with severe frailty, in
whom event rates may differ from those included in trials
and those currently prescribed SGLT2i treatment in rou-
tine care. It would be important to repeat the compari-
sons we present if and when SGLT2i usage expands.

A challenge when assessing the representativeness of
trial populations is selecting the appropriate community
sample with whom to compare the trial population. We
selected people with type 2 diabetes who were currently
prescribed SGLT2i in routine care, as this accurately
reflects current real-world use of these agents and allows
a more direct comparison than selecting (for example) all
people with the index condition. However, a drawback
of this approach is that some people may be potentially
eligible for treatment in routine care but, for various rea-
sons, may not be prescribed treatment [27]. For example,
a study from Denmark demonstrated that people at risk
of frailty are less likely to receive treatment with SGLT2i
despite being potentially eligible for treatment. This may
result in an under-estimation of the difference between
trial participants and the target population [28]. Further-
more, as drugs such as SGLT2i become closer to first-line

treatments the treated population may diverge from the
original trial populations. Repeating similar analyses in
future may therefore reveal changes in the representa-
tiveness of trial relevant to incident users over time.
Strengths of our analysis include the use of individual
participant data, study selection nested within a large
systematic review and the application of multiple differ-
ent analyses to assess representativeness. There are also
important limitations. First, it was not possible to imple-
ment every trial eligibility criterion within the routine data
because some characteristics (e.g. ethnicity) could not be
identified, and others are implicit (such as investigator dis-
cretion). Second, while our list of comorbidities was based
on published consensus, the coding system in which these
were operationalised (Read codes versus MedDRA codes)
were different, which could lead to differences in the quan-
tification of some comorbidities between data sources.
Third, while hospitalisations and deaths make up the major-
ity of serious adverse events in trials, some other events
(such as those resulting in disability) also qualify. This
could result in an over-estimation of the rate in trials com-
pared to routine care (in which only hospitalisations and
deaths were quantifiable). Fourth, while we implemented
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similar definitions of MACE between trials and routine
care, these were based on hospitalisation and death codes
in routine care and on adjudicated events within the trials,
which could introduce some discrepancies in measure-
ment. Fifth, while our community sample was nationally
representative of people in Wales prescribed SGLT2i, this
may not precisely reflect comorbidity, hospitalisation rates,
or SGLT?2i usage in other settings. Management of type 2
diabetes in the UK is strongly influenced by National Insti-
tute of Health and Care Excellence guidance. Comparisons
between trial and routine care populations receiving treat-
ment may therefore be different in other settings where
the culture, incentives and controls around who receives
treatment are different. Sixth, while restricting our analy-
sis of the routine care data to people who received SGLT2i
ensured that the comparator population were “eligible for
treatment in routine care’; this may have resulted in the
exclusion of people who either declined treatment or who
clinicians were hesitant to treat despite being technically
eligible (e.g. according to guidelines). Seventh, the trials
to which we had access to IPD were not a random sample
of SGLT?2i trials and did not include trials of some agents
within this class (e.g. dapagliflozin). As we found that rep-
resentativeness of the included trials was highly variable,
our findings should not be interpreted as an assessment
of the whole body of evidence for SGLT2i. Finally, as the
use of these agents becomes more widespread, treatment
is likely to extend to populations who are likely to be more
different to trial participants, and who may have rather dif-
ferent patterns of cardiovascular events and adverse events.
There is a need for further research to understand the rep-
resentativeness of trials in people not currently treated with
SGLT?2i as treatment expands.

Conclusions

Trials of SGLT2i for type 2 diabetes varied considerably
in their representativeness, across multiple metrics, with
respect to people in Wales who were prescribed SGLT2i
in routine care. While many glycaemia efficacy trials
included healthier and less comorbid populations than
those treated in routine care, participants in large cardio-
vascular outcome trials appeared to be largely compara-
ble to people in routine care who received treatment in
terms of comorbidity. These findings provide a degree of
reassurance to decision-makers uncertain as to the appli-
cability of these trials to patients in real-world settings,
such as people with multiple long-term conditions.
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