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ABSTRACT

Background

Sodium-glucose cotransporter (SGLT) 2 inhibitors were recently approved as glucose-lowering interventions in people with type 2 diabetes
mellitus (T2DM). Potential beneficial or harmful effects of SGLT 2 inhibitors in people at risk for the development of T2DM are unknown.

Objectives

To assess the effects of SGLT 2 inhibitors focusing on the prevention or delay of T2DM and its associated complications in people
with impaired glucose tolerance, impaired fasting blood glucose or moderately elevated glycosylated haemoglobin Alc (HbAlc) or any
combination of these.

Search methods

We searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE, PubMed, EMBASE, ClinicalTrials.gov, the World Health
Organization (WHO) International Clinical Trials Registry Platform (ICTRP) and reference lists of systematic reviews, articles and health
technology assessment reports. We asked investigators of ongoing for information about additional trials. The date of the last search of
all databases was January 2016.

Selection criteria

Randomised controlled trials (RCTs) of any duration comparing SGLT 2 inhibitors with any glucose-lowering intervention, behaviour-
changing intervention, placebo or no intervention in people with impaired fasting glucose, impaired glucose tolerance, moderately
elevated HbA1lc or combinations of these.

Data collection and analysis

Two review authors read all abstracts, assessed quality and extracted data independently. We resolved discrepancies by consensus or the
involvement of a third author.
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Main results

We could not include any RCT in this systematic review. One trial was published in two abstracts, but did not provide separate information
of the participants with impaired glucose tolerance, impaired fasting glucose or both. We identified two ongoing trials, both evaluating the
effects of dapagliflozin (and metformin) in people at risk for the development of type 2 diabetes and a follow-up of 24 to 26 weeks. Both
trials will mainly report on surrogate outcome measures with some data on adverse effects and health-related quality of life.

Authors' conclusions

Due to lack of data it is not possible to conclude whether SGLT 2 inhibitors prevent or delay the diagnosis of T2DM and its associated
complications.

PLAIN LANGUAGE SUMMARY

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated
complications in people at risk for the development of type 2 diabetes mellitus

Review question

What are the effects of the group of glucose-lowering drugs called 'sodium-glucose cotransporter (SGLT) 2 inhibitors' for prevention or
delay of type 2 diabetes mellitus and its associated complications in people at risk for the development of type 2 diabetes mellitus?

Background

The SGLT 2 inhibitors (such as canagliflozin, dapagliflozin and empagliflozin) are glucose-lowering drugs that reduce blood glucose levels
by increasing the secretion of glucose from the kidneys to the urine. SGLT 2 inhibitors were recently approved for the treatment of diabetes
in people with type 2 diabetes mellitus. It is currently not known whether SGLT 2 inhibitors should be prescribed for people with raised
blood glucose levels who do not meet the criteria for having type 2 diabetes. We wanted to find out whether these drugs would prevent or
only delay the development of type 2 diabetes. Furthermore, we wanted to analyse the effects of SGLT 2 inhibitors on patient-important
outcomes such as complications of diabetes (for example kidney and eye disease, heart attacks, strokes), death from any cause, health-
related quality of life and side effects of the medications.

Study characteristics

We searched the medical literature and registers of ongoing trials for randomised controlled trials (clinical studies where people are
randomly put into one of two or more treatment groups) of SGLT 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its
associated complications. We wanted to synthesise the findings of several studies to answer our review question. Unfortunately, we did
not find such a study.

This evidence is up to date as of January 2016.
Key results

We could not include any study in our systematic review. However, we identified two ongoing studies, both evaluating the effects of
dapagliflozin in people at risk for the development of type 2 diabetes and a follow-up of 24 to 26 weeks. Both rather short-term studies will
mainly report on laboratory outcome measures with some data on side effects and health-related quality of life.

Quality of the evidence

Because we could notinclude any study we were not able to investigate the quality of the evidence. In both ongoing studies the participants
know what kind of medication they are taking which may create problems with the measurement of some outcomes such as health-related
quality of life and side effects.
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BACKGROUND

Description of the condition

'Prediabetes’, 'borderline diabetes', the 'prediabetic stage', 'high
risk of diabetes', 'dysglycaemia' or 'intermediate hyperglycaemia'
are often characterised by various measurements of elevated blood
glucose concentrations (such as isolated impaired fasting glucose
(IFG), isolated impaired glucose tolerance (IGT), isolated elevated
glycosylated haemoglobin Alc (HbAlc) or combinations thereof)
(WHO/IDF 2006). These elevated blood glucose levels that indicate
hyperglycaemia are too high to be considered normal but are
below the diagnostic threshold for type 2 diabetes mellitus (T2DM).
Therefore, due to the continuous glycaemic spectrum from the
normal to the diabetic stage, a sound evidence base is needed to
define glycaemic thresholds for people at high risk of diabetes. The
different terms used to describe various stages of hyperglycaemia
may cause people to have different emotional reactions. For
example, the term 'prediabetes' may imply (at least for lay people)
that the disease diabetes is unavoidable, whereas (high) risk of
diabetes has the positive connotation to possibly being able to
avoid the disease altogether. In addition to the disputable construct
of intermediate health states termed "prediseases" (Viera 2011),
the label 'prediabetes’ may be associated by many people with
dire consequences. Alternatively, any diagnosis of 'prediabetes'
may be an opportunity to review, for example, eating habits
and physical activity levels, thus enabling 'affected' individuals to
actively change their way of life.

The American Diabetes Association (ADA) and the World Health
Organization (WHO) established the most commonly used criteria
to define people with a high risk of developing T2DM. IGT was the
first glycaemic measurement used by the US National Diabetes
Data Group to define the prediabetic stage (NDDG 1979). It is
based on the measurement of plasma glucose two hours after
ingestion of 75 g of glucose. The dysglycaemic range is defined
as a plasma glucose level of between 7.8 to 11.1 mmol/L (140 to
200 mg/dL) two hours after the glucose load. Studies indicate that
IGT is caused by insulin resistance and defective insulin secretion
(Abdul-Ghani 2006; Jensen 2002). In 1997, the ADA and later
the WHO introduced the IFG concept to define 'prediabetes' and
intermediate hyperglycaemia (ADA 1997; WHO 1999). The initial
definition of IFGwas 6.1t0 6.9 mmol/L (110 to 125 mg/dL). Later, the
ADA reduced the lower threshold for defining IFG to 5.6 mmol/L (100
mg/dL) (ADA 2003). However, the WHO did not endorse this lower
cut-off point for IFG to define 'prediabetes' (WHO/IDF 2006). IFG
seems to be associated with B-cell dysfunction (impaired insulin
secretion) and an increase in the hepatic glucose output (DeFronzo
1989). More recently, HbAlc has been introduced to identify people
at high risk of developing T2DM. In 2009, the International Expert
Committee (IEC) suggested certain HbAlc ranges to identify people
with a high risk of T2DM. People with HbAlc measurements of
between 6.0% to 6.4% fulfilled this criterion (IEC 2009). Shortly
afterwards, the ADA re-defined this HbAlc level as 5.7% to 6.4%
to identify people with a high risk of developing T2DM (ADA 2010).
Unlike IFG and IGT, HbA1lc reflects longer-term glycaemic control,
i.e. how a person's blood glucose levels have been during the
preceding two to three months (Inzucchi 2012).

In 2010, the International Diabetes Federation (IDF) estimated the
prevalence of IGT to be 343 million people, and this is predicted
to increase to 471 million people by 2035 (IDF 2013). Studies have
shown poor correlations between HbAlc and IFG/IGT (Gosmanov

2014; Selvin 2011). Notably, the various glycaemic tests do not
seem to identify the same people as there is an imperfect overlap
among the glycaemic modalities available to define dysglycaemia
(Gosmanov 2014; Selvin 2011). The risk of progression from people
at risk to T2DM depends on the diagnostic criteria used to identify
the risk. Some people with dysglycaemia will never develop
T2DM, and some people will return to normoglycaemia. IGT is
often accepted as the best glycaemic variable for risk to predict
progression to T2DM. However, studies indicate that less than
half of the people defined as 'prediabetic' by means of IGT will
develop T2DM in the following 10 years. Both IFG and HbAlc
are thought to predict a different risk spectrum for developing
T2DM (Cheng 2006; Morris 2013). Most importantly, dysglycaemia
is commonly an asymptomatic condition, and naturally often
remains 'undiagnosed' (CDC 2015).

It has not been clarified whether or not any particular intervention,
especially glucose-lowering drugs, should be recommended for
people at risk for T2DM (Yudkin 2014). Trials have indicated that
the progression to T2DM is reduced, or possibly just delayed,
with behavioural interventions (increased physical activity, dietary
changes or both) (Diabetes Prevention Program 2002; Diabetes
Prevention Program FU 2009; Finnish Diabetes Prevention Study
Group 2001). A recent meta-analysis of 22 trials with interventions
that changed behaviour in people at high risk of T2DM concluded
that the effect of these interventions on longer-term diabetes
prevention is not clarified(Dunkley 2014). Therefore, more research
is needed to establish optimal strategies for reducing T2DM with
behavioral approaches (Dunkley 2014).

International diabetes associations and clinicians do not generally
accept the prescription of pharmacological glucose-lowering
interventions for the prevention of T2DM. Several groups
of pharmacological glucose-lowering interventions have been
investigated in people at risk of T2DM. Some findings indicate
that the progression to T2DM is reduced or may be just delayed
(Diabetes Prevention Program 2002; Diabetes Prevention Program
FU 2009). However, the ADA recommends metformin for people
at risk for T2DM and with a body mass index of over 35 kg/m?,
aged less than 60 years and women with prior gestational diabetes
mellitus (ADA 2015).

Description of the intervention

Recently, several members of a new class of glucose-lowering
interventions, sodium-glucose co-transporter (SGLT) 2 inhibitors,
have been approved to treat people with T2DM. In 2012,
dapagliflozin was introduced as the first SGLT 2 inhibitor to
the European market (EMA 2012). In 2014, the Food and Drug
Administration (FDA) approved dapagliflozin (FDA 2014a) and
empagliflozin (FDA 2014b). Canagliflozin was the first SGLT 2
inhibitor to be approved by the FDA in 2013 (FDA 2013). Currently,
three different SGLT 2 inhibitors are available for people with
T2DM in the USA and Europe: canagliflozin, dapagliflozin and
empagliflozin.

For people with T2DM, SGLT 2 inhibitors can be prescribed
as a monotherapy, usually if diet and exercise alone are
insufficient in controlling T2DM or if there are metformin
intolerances or contraindications; SGLT 2 inhibitors can also be
applied as combination therapy with existing pharmacological
glucose-lowering interventions (ADA 2015). Recently, a large
scale randomised controlled trial indicated a beneficial effect
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on all-cause mortality in people with T2DM and established
cardiovascular disease when they added empagliflozin to
existing glucose-lowering medications (approximately 50% of the
participants were on dual background glucose-lowering therapy
and approximately 74% received metformin treatment) compared
with placebo (EMPA-REG 2015).

The doses of the approved SGLT 2 inhibitors for people with T2DM
differ. All approved SGLT 2 inhibitors are orally administered. For
canagliflozin, the recommended starting dose is 100 mg once daily,
which can be increased to 300 mg/day (Janssen Pharmaceuticals
2013). For dapagliflozin, the recommended starting dose is 5
mg/day or 10 mg/day (AstraZeneca Pharmaceuticals 2014). For
empagliflozin, the recommended starting dose is 10 mg/day,
which can be increased to 25 mg/day (Boehringer Ingelheim
Pharmaceuticals 2014). All FDA-approved SGLT 2 inhibitors are
rapidly absorbed after oral administration and have a half-life that
allows once-daily administration (Scheen 2015).

Adverse effects of the intervention

The most frequently reported adverse effects of SGLT 2 inhibitors
are urogenital tract infections (AstraZeneca Pharmaceuticals 2014;
Boehringer Ingelheim Pharmaceuticals 2014; EMPA-REG 2015;
Janssen Pharmaceuticals 2013). A new report from FDA warns that
there may be an increased risk of ketoacidosis associated with SGLT
2 inhibitors (FDA 2015).

How the intervention might work

In healthy individuals, glucose is filtered and reabsorbed in the
kidneys, so that the amount of excreted glucose in the urine is
almost zero. The main protein in the kidneys that is responsible
for the reabsorption of the glucose in the urine is the sodium-
glucose cotransporter 2 (Mather 2011). In people with T2DM,
the reabsorption of glucose in the kidneys is increased, which
contributes to the development of hyperglycaemia. Moreover,
sodium-glucose cotransporter 2 expression seems to be increased
(Rahmoune 2005). The sodium-glucose cotransporter 2 proteins
are placed in the proximal tubuli (Rahmoune 2005). The action of
SGLT 2 inhibitors does not depend on either the secretion of insulin
or on the insulin sensitivity in peripheral tissues. SGLT 2 inhibitors
reduce fasting plasma glucose, post-prandial glucose levels and
HbAlc in people with T2DM (List 2011).

Why it is important to do this review

There has been an increased focus on the prevention or delay
of diabetes with non-pharmacological interventions and glucose-
lowering medications. Currently, several trials are ongoing to
clarify whether the progression from an at-risk status to T2DM
can be stopped or postponed with glucose-lowering compounds
(ClinicalTrials.gov). However, a more important issue for people
with dysglycaemia is whether or not these interventions reduce
the risk of death and complications — especially cardiovascular
disease — related to T2DM. The present systematic review focuses
on one the benefits and harms of SGLT 2 inhibitors for prevention or
delay of type 2 diabetes mellitus and its associated complications
in people at risk for development of type 2 diabetes mellitus.

OBJECTIVES

To assess the effects of sodium-glucose cotransporter (SGLT) 2
inhibitors for prevention or delay of type 2 diabetes mellitus and its

associated complications in people at risk for the development of
type 2 diabetes mellitus.

Secondary objectives were to analyse the strength and quality
of the body of evidence for the associations between various
definitions of risk (impaired glucose tolerance, impaired fasting
glucose, HbAlc thresholds) and the therapeutic consequences of
SGLT 2 inhibition.

METHODS

Criteria for considering studies for this review
Types of studies

We considered all randomised controlled trials (RCTs) of any design
eligible for this review, if inclusion criteria were fulfilled. We would
have included published and unpublished trials in all languages.

Types of participants

We planned to include nondiabetic individuals who are at an
increased risk of type 2 diabetes mellitus (T2DM) development.

Diagnostic criteria for people at risk of T2DM development

To be consistent with changes to the classification of, and
diagnostic criteria for, dysglycaemia (impaired fasting glucose
(IFG), impaired glucose tolerance (IGT) and elevated glycosylated
haemoglobin Alc (HbAlc)) over the years, the diagnosis should
have been established using the standard criteria valid at the trial
start (e.g. ADA 1997; ADA 2010; NDDG 1979; WHO 1999). Ideally, the
diagnostic criteria should have been described. If necessary, we
planned to use the trial authors' definition of risk but we would
have contacted trial authors for additional information. Differences
in the glycaemic measurements used to define risk may introduce
substantial heterogeneity. Therefore we planned to subject the
diagnostic criteria to a subgroup analysis.

Types of interventions

We planned to investigate the following comparisons of
sodium-glucose cotransporter (SGLT) 2 inhibitors versus all
pharmacological glucose-lowering interventions, behaviour-
changing interventions, placebo or no intervention.

Intervention

e SGLT 2 inhibitors.

Comparator

« Any pharmacological glucose-lowering
acarbose, metformin, sulphonylurea).

« Behaviour-changing interventions (e.g. diet, exercise, diet and
exercise).

« Placebo.
« Nointervention.

intervention (e.g.

Theincluded trials had to have identical concomitant interventions
in both the intervention and comparator groups to enable us to
establish fair comparisons.

Minimum duration of intervention

We wanted to include trials irrespective of the duration of the
intervention.
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Exclusion criteria

« We planned to exclude trials of people diagnosed with the
'metabolic syndrome' because this is a special population
which is not representative of people with just intermediate
hyperglycaemia. Also, the composite of risk indicators such
as elevated blood lipids, insulin resistance, obesity and high
blood pressure which is termed metabolic syndrome is of
doubtful clinical usefulness and uncertain distinct disease
entity. However, if we had identified any trials investigating
participants with any definition of the metabolic syndrome,
we would have summarised some basic trial information in an
additional table.

« We would have excluded trials evaluating participants with
intermediate hyperglycaemia in combination with another
condition, e.g. cystic fibrosis, acute myocardial infarction and
stroke, if such trials were identified.

We planned to include trials that explicitly described that a fraction
of the included participants had intermediate hyperglycaemia. We
contacted the investigators in order to get separate data on the
group with intermediate hyperglycaemia and wanted to include
these in the systematic review and meta-analyses.

We planned to include trials on obese people or participants with
previous gestational diabetes, if trial investigators had described
that the participants had intermediate hyperglycaemia.

We planned to include a trial even if it did not report one or more
of our primary or secondary outcome measures in the publication.
If we identified a trial that did not report any of our primary or
secondary outcomes, we would have contacted the corresponding
trial author for supplementary data. If no additional data were
available, the trial would have been presented in a supplementary
table.

Types of outcome measures
Primary outcomes

o All-cause mortality.
« Incidence of T2DM.
« Serious adverse events.

Secondary outcomes

« Cardiovascular mortality.

« Non-fatal myocardial infarction.
« Congestive heart failure.

« Non-fatal stroke.

« Amputation of lower extremity.
« Blindness or severe vision loss.
« End-stage renal disease.

« Non-serious adverse events.

« Hypoglycaemia.

« Health-related quality of life.

« Time to progression to T2DM.

« Measures of blood glucose control.
« Socioeconomic effects.

Method and timing of outcome measurement

« All-cause mortality: defined as death from any cause and
measured at the end of the intervention and the end of follow-
up.

« Incidence of T2DM and time to progression to T2DM: defined
according to the diagnostic criteria valid at the time the
diagnosis was established using the standard criteria valid at
the time of the trial commencing (e.g. ADA 2008; WHO 1998)
and measured at the end of the intervention and the longest
reported end of follow-up. If necessary, we would use the trial
authors' definition of T2DM.

« Serious adverse events: defined according to the International
Conference on Harmonization Guidelines as any event that
lead to death, was life-threatening, required in-patient
hospitalisation or prolongation of existing hospitalisation,
resulted in persistent or significant disability, or any important
medical event that had jeopardised the participant or required
intervention to prevent it (ICH-GCP 1997) or as reported in trials
and measured at any time of the intervention and during follow-
up. Cardiovascular mortality, non-fatal myocardial infarction,
non-fatal stroke, amputation of lower extremity, blindness or
severe vision loss, hypoglycaemia (mild, moderate, severe/
serious): defined as reported in trials. Measured at the end of the
intervention and at the end of follow-up.

+ End-stage renal disease: defined as dialysis, renal
transplantation or death due to renal disease and measured at
the end of the intervention and at the end of follow-up.

+ Non-serious adverse events: defined as number of participants
with any untoward medical occurrence not necessarily having a
causal relationship with the intervention and measured at the
end of the intervention and at the end of follow-up.

« Health-related quality of life: defined as mental and physical
health-related quality of life as separate and combined,
evaluated by a validated instrument such as Short-Form 36 and
measured at the end of the intervention and at the end of follow-
up.

« Measures of blood glucose control: fasting blood glucose, blood
glucose two hours after ingestion of 75 g glucose and HbAlc
measurements and measured at the end of the intervention and
at the end of follow-up.

« Socioeconomic effects: defined as costs of the intervention,
absence from work and medication consumption and measured
at the end of the intervention and at the end of follow-up.

Specification of key prognostic variables

« Age.

« Gender.

« Equity issues (access to health care, social determinants).
« Ethnicity.

« Hypertension.

« Cardiovascular disease.

o Obesity.

« Previous gestational diabetes.

Summary of findings

We presented a 'Summary of finding' table and reported the
following outcomes, listed according to priority.

1. All-cause mortality.
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Incidence of T2DM.

Serious adverse events.
Cardiovascular mortality.

Non-fatal myocardial infarction/stroke.
Health-related quality of life.
Socioeconomic effects.

No k0w

Search methods for identification of studies
Electronic searches

We searched the following sources from inception of each database
to the specified date and placed no restrictions on the language of
publication.

« Cochrane Central Register of Controlled Trials (CENTRAL) (21
January 2016).

« Ovid MEDLINE(R) In-Process & Other Non-Indexed Citations and
Ovid MEDLINE(R) <1946 to Present> (21 January 2016).

o PubMed (subsets not available on Ovid) (21 January 2016).
o EMBASE <1974 to 2016 January 20> (21 January 2016).
« ClinicalTrials.gov (21 January 2016).

« World Health Organization (WHO) International Clinical Trials
Registry Platform (ICTRP) Search Portal (http://apps.who.int/
trialsearch/) (21 January 2016).

We continuously applied a MEDLINE (via Ovid SP) email alert
service to identify newly published trials using the same search
strategy as described for MEDLINE (for details on search strategies,
see Appendix 1). If we had identified new trials for inclusion, we
would have evaluated these, and incorporated the findings into our
review and resubmit another Cochrane review draft (Beller 2013).

If additional key words of relevance had been detected during any
of the electronic or other searches, we would have modified the
electronic search strategies to incorporate these terms.

Searching other resources

We planned to identify other potentially eligible trials or
ancillary publications by searching the reference lists of
included trials, systematic reviews, meta-analyses and health
technology assessment reports. However, no included trials in
full publication, systematic reviews, meta-analyses and health
technology assessment reports were identified. In addition we
planned to contact authors of included trials, to get clarified
if we missed any potentially relevant trial. However, we could
not include any trial. We identified one abstract which fulfilled
the inclusion criteria, as the trial included obese people with
some of the participants having IFG and/or IGT (Sarich 2010).
When searching for contact information of the investigators, we
identified another abstract reporting the same trial (Sarich 2010a).
We contacted the primary and secondary authors of the abstracts.
The primary author responded that he was unable to provide
additional information. We contacted the investigators of the
identified ongoing trials who replied that they were not aware of
any other existing or ongoing trial.

As none of the existing SGLT 2 inhibitors is approved for people at
risk for T2DM, we did not search the databases of the regulatory
agencies (i.e. the European Medicines Agency (EMA) and the US
Food and Drugs Administration (FDA)).

Data collection and analysis
Selection of studies

Two review authors (BH, JK) independently scanned the abstract
or title, or both, of every record retrieved, to determine which trials
to be assessed further. Differences between review authors were
resolved by discussion and involvement of a third author (BR). We
prepared a flow diagram of the number of trials identified and
excluded at each stage in accordance with the PRISMA (Preferred
reporting items for systematic reviews and meta-analyses) flow
chart of study selection (Liberati 2009).

Data extraction and management

If we identified trials that fulfilled inclusion criteria, two review
authors (BH, JK) would have independently extracted key
participant and intervention characteristics. Data would have
been reported on efficacy outcomes and adverse events using
standardised data extraction sheets from the CMED Group. We
planned to dissolve disagreements by discussion or, if required, by
involvement of a third review author (BR).

We provide information about potentially relevant ongoing trial
including the trial identifier in the 'Characteristics of ongoing
studies' table and planned to also report data in a joint appendix
'Matrix of trial endpoint (publications and trial documents)'. We
wanted to find the protocol of each included trial and planned to
report primary, secondary and other outcomes in comparison with
data in publications in this joint appendix.

We planned to email all authors of the included trials to enquire
whether they would be willing to answer questions regarding
their trials. We planned to present the results of this survey in
an appendix. Thereafter we would have sought relevant missing
information on the trial from the primary trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents or
multiple reports of a primary trial, we planned to maximise the
information yield by collecting all available data and using the
most complete data set aggregated across all known publications.
Duplicate publications, companion documents or multiple reports
of a primary trial would have been listed as secondary references
under the primary reference of the included or excluded trial.

Assessment of risk of bias in included studies

We planned to assess the risk of bias independently by two
review authors (BH, JK) of each included trials. We would have
resolved any disagreements by consensus, or by consultation with
a third review author (BR). If adequate information was unavailable
from the trial publication, trial protocol or both, we would have
contacted the trial authors for missing data on risk of bias items.

We planned to use the Cochrane 'Risk of bias' assessment tool
(Higgins 2011a; Higgins 2011b) and would have judged risk of
bias criteria as at either low, high, or unclear risk. We planned
to evaluate individual bias items as described in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011a)
where any of the specified criteria for a judgement on low, unclear
or high risk of bias justifies the associated categorisation.
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Random sequence generation (selection bias due to inadequate
generation of a randomised sequence) - assessment at trial level

For each included trial we planned to describe the method used
to generate the allocation sequence in sufficient detail to allow an
assessment of whether it should produce comparable groups.

« Low risk of bias: the trial authors achieved sequence generation
using computer random number generation or a random
number table. Drawing of lots, tossing a coin, shuffling cards or
envelopes, and throwing dice are adequate if an independent
person performed this who was not otherwise involved in the
trial. We considered the use of the minimisation technique as
equivalent to being random.

« Unclearrisk of bias: there was insufficient information about the
sequence generation process.

« High risk of bias: the sequence generation method was non-
random (e.g. sequence generated by odd or even date of birth;
sequence generated by some rule based on date (or day) of
admission; sequence generated by some rule based on hospital
orclinicrecord number;allocation by judgement of the clinician;
allocation by preference of the participant; allocation based on
the results of a laboratory test or a series of tests; or allocation
by availability of the intervention). We excluded such trials.

Allocation concealment (selection bias due to inadequate
concealment of allocations prior to assignment) - assessment at
trial level

We planned to describe for each included trial the method used
to conceal allocation to interventions prior to assignment and we
wanted to assess whether intervention allocation could have been
foreseen in advance of, or during recruitment, or changed after
assignment.

« Low risk of bias: central allocation (including telephone,
interactive voice-recorder, web-based and pharmacy-controlled
randomisation); sequentially numbered drug containers of
identical appearance; sequentially numbered, opaque, sealed
envelopes.

« Unclearrisk of bias: insufficientinformation about the allocation
concealment.

« Highrisk of bias: using an open random allocation schedule (e.g.
a list of random numbers); the trial used assignment envelopes
without appropriate safeguards; alternation or rotation; date
of birth; case record number; any other explicitly unconcealed
procedure. We excluded such trials.

We also planned to evaluate trial baseline data to incorporate
assessment of baseline imbalance into the risk of bias judgement
forselection bias (Corbett 2014; Eghbewale 2014; Riley 2013). Chance
imbalances may also affect judgements on the risk of attrition
bias. In case of unadjusted analyses we would have distinguished
between trials we rate at low risk of bias on the basis of both
randomisation methods and baseline similarity, and trials we rated
at low risk of bias on the basis of baseline similarity alone (Corbett
2014). We planned to re-classify judgements of unclear, low or high
risk of selection bias as specified in Appendix 2.

Blinding of participants and study personnel (performance bias
due to knowledge of the allocated interventions by participants
and personnel during the trial) - assessment at outcome level

We planned to evaluate the risk of detection bias separately for
each outcome (Hrdbjartsson 2013). We wanted to note whether
outcomes were self reported, investigator-assessed or adjudicated
outcome measures (see below).

« Lowrisk of bias: blinding of participants and key study personnel
is ensured, and it is unlikely that the blinding could have been
broken; no blinding or incomplete blinding, but we judge that
the outcome is unlikely to have been influenced by lack of
blinding.

« Unclear risk of bias: insufficient information about the blinding
of participants and study personnel; the trial does not address
this outcome.

« High risk of bias: no blinding or incomplete blinding, and the
outcome is likely to have been influenced by lack of blinding;
blinding of trial participants and key personnel attempted,
but likely that the blinding could have been broken, and the
outcome is likely to be influenced by lack of blinding.

Blinding of outcome assessment (detection bias due to
knowledge of the allocated interventions by outcome
assessment) - assessment at outcome level

We planned to evaluate the risk of detection bias separately for
each outcome (Hrodbjartsson 2013). We wanted to note whether
outcomes were self reported, investigator-assessed or adjudicated
outcome measures (see below).

» Low risk of bias: blinding of outcome assessment was ensured,
and it was unlikely that the blinding could have been broken;
no blinding of outcome assessment, but we judged that the
outcome measurement is unlikely to have been influenced by
lack of blinding.

+ Unclear risk of bias: insufficient information about the blinding
of outcome assessors; the trial did not address this outcome.

« High risk of bias: no blinding of outcome assessment, and the
outcome measurement was likely to have been influenced by
lack of blinding; blinding of outcome assessment, but likely
that the blinding could have been broken, and the outcome
measurement was likely to be influenced by lack of blinding.

Incomplete outcome data (attrition bias due to amount, nature
or handling of incomplete outcome data) - assessment at
outcome level

For each included trial and for each outcome, we planned
to describe the completeness of data, including attrition and
exclusions from the analyses. We would have stated whether
the trial reported attrition and exclusions and the number of
participants included in the analysis at each stage (compared
with the number of randomised participants per intervention/
comparator groups). We also wanted to note if the trial reported the
reasons for attrition or exclusion, and whether missing data were
balanced across groups or were related to outcomes. We planned
to consider the implications of missing outcome data per outcome
such as high drop-out rates (e.g. above 15%) or disparate attrition
rates (e.g. difference of 10% or more between trial arms).
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« Low risk of bias: no missing outcome data; reasons for
missing outcome data unlikely to be related to true outcome
(for survival data, censoring unlikely to be introducing bias);
missing outcome data balanced in numbers across intervention
groups, with similar reasons for missing data across groups;
for dichotomous outcome data, the proportion of missing
outcomes compared with observed event risk was not enough
to have a clinically- relevant impact on the intervention effect
estimate; for continuous outcome data, plausible effect size
(difference in means or standardised difference in means)
among missing outcomes was not enough to have a clinically
relevant impact on observed effect size; appropriate methods,
such as multiple imputation, were used to handle missing data.

« Unclear risk of bias: insufficient information to assess whether
missing data in combination with the method used to handle
missing data were likely to induce bias; the trial did not address
this outcome.

« High risk of bias: reason for missing outcome data was
likely to be related to true outcome, with either imbalance
in numbers or reasons for missing data across intervention
groups; for dichotomous outcome data, the proportion of
missing outcomes compared with observed event risk enough
to induce clinically-relevant bias in intervention effect estimate;
for continuous outcome data, plausible effect size (difference
in means or standardised difference in means) among missing
outcomes enough to induce clinically relevant bias in observed
effect size; ‘as-treated’ or similar analysis done with substantial
departure of the intervention received from that assigned at
randomisation; potentially inappropriate application of simple
imputation.

Selective reporting (reporting bias due to selective outcome
reporting) - assessment at trial level

We planned to assess outcome reporting bias by integrating the
results of the appendix 'Matrix of trial endpoints (publications
and trial documents)' (Boutron 2014; Mathieu 2009), with those
of the appendix 'High risk of outcome reporting bias according to
Outcome Reporting Bias In Trials (ORBIT) classification' (Kirkham
2010). This analysis would have formed the basis for the judgement
of selective reporting.

« Low risk of bias: the trial protocol was available and all of the
trial’s pre-specified (primary and secondary) outcomes that are
of interest in the Cochrane review were reported in the pre-
specified way; the study protocol was unavailable but it was
clear that the published reportsincluded all expected outcomes
(ORBIT classification).

« Unclear risk of bias: insufficient information about selective
reporting.

« High risk of bias: not all of the trial’s pre-specified primary
outcomes were reported; one or more primary outcomes are
reported using measurements, analysis methods or subsets of
the data (e.g. subscales) that were not pre-specified; one or
more reported primary outcomes were not pre-specified (unless
clear justification for their reporting is provided, such as an
unexpected adverse effect); one or more outcomes of interest
in the Cochrane review are reported incompletely so that we
cannot enter them in a meta-analysis; the trial report failed to
include results for a key outcome that we would expect to have
been reported for such a trial (ORBIT classification).

Other bias (bias due to problems not covered elsewhere) -
assessment at trial level

Other risk of bias reflects other circumstances that may threaten
the validity of the trials, e.g. funding bias and academic bias (Lundh
2012).

+ Low risk of bias: the trial appeared to be free of other sources of
bias.

« Unclear risk of bias: there was insufficient information to assess
whether an important risk of bias existed; insufficient rationale
or evidence that an identified problem introduced bias.

+ Highrisk of bias: the trial had a potential source of bias related to
the specific trial design used; the trial has been claimed to have
been fraudulent; or the trial had some other serious problem.

We planned to present a 'Risk of bias' graph and a 'Risk of bias'
summary figure.

For 'Risk of bias' evaluation we wanted to group outcome measures
as follows.

+ Health-related quality of life.
 Incidence of T2DM.

« Macrovascular complications: non-fatal myocardial infarction,
non-fatal stroke.

« Measures of blood glucose control.

« Microvascular complications: amputation of lower extremity,
blindness/severe vision loss, end-stage renal disease.

« Mortality: all-cause mortality, cardiovascular mortality.

« Non-serious adverse events (including hypoglycaemic episodes,
depending on measurement).

« Serious hypoglycaemic episodes (including hypoglycaemic
episodes, depending on measurement).

« Socioeconomic effects.

« Time to progression to T2DM.

Furthermore, we wanted to distinguish between self reported,
investigator-assessed and adjudicated outcome measures.

We defined the following outcomes as self reported.

« Non-serious adverse events.

« Hypoglycaemia, if reported by participant(s).

+ Health-related quality of life.

« Blood glucose control, if measured by trial participant(s).

We defined the following outcomes as investigator-assessed.

+ All-cause mortality.

« Incidence of T2DM.

« Time to progression to T2DM.

« Serious adverse events.

« Cardiovascular mortality.

+ Non-fatal myocardial infarction.
« Non-fatal stroke.

« Amputation of lower extremity.
« Blindness or severe vision loss.
« End-stage renal disease.

« Hypoglycaemia, if measured by trial personnel.

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 8

people at risk for the development of type 2 diabetes mellitus (Review)

Copyright © 2016 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

« Blood glucose control, if measured by trial personnel.
« Socioeconomic effects.

Summary assessment of risk of bias
Risk of bias for a trial across outcomes

Somerisk of bias domains, like selection bias (sequence generation
and allocation sequence concealment), affect the risk of bias across
all outcome measures in a trial. Otherwise, we would not have
performed a summary assessment of the risk of bias across all
outcomes for a trial. In case of high risk of selection bias, we
planned to exclude the trial.

Risk of bias for an outcome within a trial and across domains

We planned to assess the risk of bias for an outcome measure by
including all entries relevant to that outcome, i.e. both trial-level
entries and outcome specific entries. 'Low' risk of bias was defined
as low risk of bias for all key domains, 'unclear' risk of bias as
unclear risk of bias for one or more key domains and 'high' risk of
bias as high risk of bias for one or more key domains.

Risk of bias for an outcome across trials and across domains

These are our main summary assessments that we would have
incorporated into our judgements about the quality of evidence in
the 'Summary of finding' table(s). 'Low' risk of bias is defined as
most information coming from trials at low risk of bias, 'unclear
risk of bias as most information coming from trials at low or
unclear risk of bias and 'high' risk of bias as sufficient proportion of
information coming from trials at high risk of bias.

Measures of treatment effect

When at least two included trials were available for a comparison
of a given outcome, we would have expressed dichotomous data
as a risk ratio (RR) with 95% confidence intervals (Cls) and with
Trial Sequential Analysis (TSA)-adjusted Cls if the diversity-adjusted
required information size was not reached. We planned to express
continuous data that were reported on the same scale as mean
difference (MD) with 95% Cls and with TSA-adjusted Cls if the
diversity-adjusted required information size was not reached. For
trials that address the same outcome but use different outcome
measure scales, we planned to use standardised mean differences
(SMD) with 95% Cls. We wanted to calculate time-to-event data as
hazard ratios (HRs) with 95% Cls with the generic inverse variance
method. We preferentially would have used unadjusted HRs as
adjustment may differ among the included trials. For outcomes
meta-analysed as SMD and the genericinverse variance method, we
are presently unable to conduct TSA and adjust the 95% Cls.

The scales measuring health-related quality of life may go in
different directions. Some scales increase in values with improved
health-related quality of life, whereas other scales decrease in
values with improved health-related quality of life. To adjust for
the different directions of the scales, we wanted to multiply by -
1 the scales that report better health-related quality of life with
decreasing values.

Unit of analysis issues

We planned to take into account the level at which randomisation
occurred, such as cross-over trials, cluster-randomised trials and
multiple observations for the same outcome. If more than one
comparison from the same trial was eligible for inclusion in the

same meta-analysis, we would have either combined groups to
create a single pair-wise comparison or appropriately reduced
the sample size so that the same participants do not contribute
multiply (splitting the 'shared' group into two or more groups).
While the latter approach offers some solution to adjusting the
precision of the comparison, it does not account for correlation
arising from the same set of participants being in multiple
comparisons (Higgins 2011a).

We planned to reanalyse cluster-randomised trials that did not
appropriately adjust for potential clustering of participants within
clusters in their analyses. The variance of the intervention effects
was planned to be inflated by a design effect (DEFF). Calculation of
a DEFF involves estimation of an intra-cluster correlation (ICC). We
planned to obtain estimates of ICCs through contact with authors,
or impute them using estimates from other included studies that
report ICCs, or using external estimates from empirical research
(e.g. Bell 2013). We planned to examine the impact of clustering
using sensitivity analyses.

Dealing with missing data

If possible, we would have obtained missing data from the authors
of the included trials. We planned to carefully evaluate important
numerical data such as screened, randomly assigned participants
as well as intention-to-treat (ITT), and as-treated and per-protocol
populations.

We planned to investigate attrition rates (e.g. drop-outs, losses
to follow-up, withdrawals), and wanted to critically appraise
issues concerning missing data and imputation methods (e.g. last
observation carried forward (LOCF)).

Where included trials did not report means and standard deviations
(SDs) for outcomes and we did not receive the needed information
from trial authors, we would have imputed these values by
assuming the SDs of the missing outcome to be the average of the
SDs from the trials that reported this information.

We planned to investigate the impact of imputation on meta-
analyses by performing sensitivity analyses.

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogeneity,
we planned not to report trial results as the pooled effect estimate
in a meta-analysis.

We would have identified heterogeneity (inconsistency) by visually
inspecting the forest plots and by using a standard Chi? test with
a significance level of a = 0.1. In view of the low power of this
test, we also wanted to consider the I? statistic, which quantifies
inconsistency across trials to assess the impact of heterogeneity on
the meta-analysis (Higgins 2002; Higgins 2003); where an I statistic
> 75% indicates a considerable level of heterogeneity (Higgins
2011a).

Assessment of reporting biases

If we included 10 or more trials that investigate a particular
outcome, we would have used funnel plots to assess small-
trial effects. Several explanations may account for funnel plot
asymmetry, including true heterogeneity of effect with respect to
trial size, poor methodological design (and hence bias of small
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trials) and publication bias. Therefore, we planned to interpret
results carefully (Sterne 2011).

Data synthesis

Unless effects appear homogeneous across trials, we primarily
planned to summarise low risk of bias data using a random-
effects model (Wood 2008). We wanted to interpret random-effects
meta-analyses with due consideration of the whole distribution
of effects, ideally by presenting a prediction interval (Higgins
2009). A prediction interval specifies a predicted range for the true
treatment effect in an individual trial (Riley 2011). In addition,
we also planned to perform statistical analyses according to the
statistical guidelines contained in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2011a).

Trial Sequential Analyses

In a single trial, sparse data and interim analyses increase the risk
of type | and type Il errors. To avoid type | errors, group sequential
monitoring boundaries are applied to decide whether a trial could
be terminated early because of a sufficiently small P value; that
is, the cumulative Z-curve crosses the monitoring boundaries (Lan
1983). Likewise, before reaching the planned sample size of a trial,
the trial authors may stop the trial due to futility if the cumulative
Z-score crosses the futility monitoring boundaries (Higgins 2011a).
Sequential monitoring boundaries for benefit, harm, or futility
can be applied to meta-analyses as well, called trial sequential
monitoring boundaries (Higgins 2010; Wetterslev 2008). In Trial
Sequential Analysis (TSA), the addition of each trial in a cumulative
meta-analysis is regarded as an interim meta-analysis and helps
to clarify if significance is reached or futility is reached or whether
additional trials are needed (Wetterslev 2008).

TSA combines a calculation of the diversity-adjusted required
information size (cumulated meta-analysis sample size to detect
or reject a specific relative intervention effect) for meta-analysis
with the threshold of data associated with statistics. We planned to
perform TSA on all outcomes included in the 'Summary of findings'
table (Brok 2009; Pogue 1997; Wetterslev 2008).

The idea in TSA is that if the cumulative Z-curve crosses the
boundary for benefit or harm before a diversity-adjusted required
information size is reached, a sufficient level of evidence for
the anticipated intervention effect has been reached with the
assumed type | error and no further trials may be needed. If
the cumulative Z-curve crosses the boundary for futility before
a diversity-adjusted required information size is reached, the
assumed intervention effect can be rejected with the assumed
type Il error and no further trials may be needed. If the Z-
curve does not cross any boundary, then there is insufficient
evidence to reach a conclusion. To construct the trial sequential
monitoring boundaries, the required information size is needed
and is calculated as the least number of participants needed
in a well-powered single trial and subsequently adjusted for
diversity among the included trials in the meta-analysis (Brok 2009;
Wetterslev 2008). We planned to apply TSA as it decreases the risk
of type | and Il errors due to sparse data and multiple updating
in a cumulative meta-analysis, and it provides us with important
information in order to estimate the risks of imprecision when the
required information size is not reached. Additionally, TSA provides
important information regarding the need for additional trials and
the required information size of such trials (Wetterslev 2008).

We wanted to apply trial sequential monitoring boundaries
according to an estimated clinical important effect. We would
have based the required information size on an a priori effect
corresponding to a 10% relative risk reduction for beneficial effects
of the intervention and a 30% relative risk increase for harmful
effects of the interventions.

We planned to perform TSA for continuous outcomes with mean
difference values, by using the trials applying the same scale to
calculate the required sample size. For the continuous outcomes
we planned to test the evidence for the achieved differences in the
cumulative meta-analyses.

For the heterogeneity adjustment of the required information size
we wanted to use the diversity (D?) estimated in the meta-analyses
of included trials. If diversity was zero in a meta-analysis, we would
have performed a sensitivity analysis with an assumed diversity
of 20% when future trials are included possibly changing future
heterogeneity among trials. Otherwise, we would have been at risk
of underestimating the required information size.

Quality of evidence

We planned to present the overall quality of the evidence for
each outcome according to the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) approach,
which takes into account issues related not only to internal validity
(risk of bias, inconsistency, imprecision, publication bias) but also
to external validity, such as directness of results. Two review
authors (BH, JK) planned to independently rate the quality of
evidence for each outcome. We wanted to present a summary of
the evidence in a 'Summary of findings' table. This provide key
information about the best estimate of the magnitude of the effect,
in relative terms and as absolute differences, for each relevant
comparison of alternative management strategies, numbers of
participants and trials addressing each important outcome and
rating of overall confidence in effect estimates for each outcome.
We would have created the 'Summary of findings' table based on
the methods described in the Cochrane Handbook for Systematic
Reviews of Interventions (Higgins 2011a) by means of Review
Manager (RevMan)'s table editor (RevMan 2014). We planned to
include an appendix named 'Checklist to aid consistency and
reproducibility of GRADE assessments' (Meader 2014) to help with
standardisation of the 'Summary of findings' tables. Alternatively,
we would have used the GRADEpro Guideline Development Tool
(GDT) software (GRADEpro GDT 2015) and presented evidence
profile tables as an appendix. We planned to present results for the
outcomes as described in the 'Types of outcome measures' section.
If meta-analysis was not possible, we would have presented the
results in a narrative format in the 'Summary of findings' table.
We planned to justify all decisions to downgrade the quality using
footnotes, and we wanted to make comments to aid the reader's
understanding of the Cochrane review where necessary.

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical
heterogeneity, and planned to perform the following subgroup
analyses and an investigation of interactions.

« Trials of long duration (two years or longer) versus trials of short
duration (less than 2 years).

« Diagnostic criteria (IFG, IGT, HbAlc).
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« Age, depending on data.

o Sex.

« Ethnicity, depending on the data.

« Comorbid conditions, such as hypertension, obesity or both.
« Participants with previous gestational diabetes mellitus.

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence
of the following factors (when applicable) on effect sizes by
restricting analysis to the following.

o Published trials.

« Taking into account risk of bias, as specified in the Assessment
of risk of bias in included studies section.

« Trials using the following filters: imputation, language of
publication, source of funding (industry versus other) or country.

We also wanted to test the robustness of results by repeating the
analysis using different measures of effect size (RR, odds ratio, etc)

Figure 1. Study flow diagram.

and different statistical models (fixed-effect and random-effects
models).

RESULTS

Description of studies

For a detailed description of studies, see the sections
Characteristics of excluded studies, Ongoing studies, and Table 1.

Results of the search

The initial search of the databases identified 874 records after
duplicates were removed. We excluded most of the references on
the basis of their titles and abstracts because they clearly did not
meet the inclusion criteria (Figure 1). We evaluated five references
further. One reference of potential interest was only published as
two abstracts (Sarich 2010; Sarich 2010a). Three of the retrieved
references referred to ongoing trials (EudraCT 2015-001552-30;
NCT02338193; NCT01248364). However, we excluded one of
these records because it was not a randomised controlled trial
(NCT01248364).

1403 records identified through database

1 additional record identified through other sources

searching

Cochrane Central Register of Controlled
Trials: n =239

MEDLINE: n = 354

PubMed: n =80

EMBASE: n =699

ClinicalTrials.gov: n = 24

WHO ICTRP:n=7

!

|874 records after duplicates removed ‘

‘874 of records screened ‘4.{ 869 records excluded based on title/abstract

5 records excluded:

= 2 potentially relevant ongoing trials
= 1 trial (2 publications) with no separate
data on intermediate hyperglycaemia

‘5 records assessed for eligibility ‘_..

= 1 trial not randomised

‘0 trials included in qualitative synthesis ‘

We identified one abstract which fulfilled the inclusion criteria,
as the trial included obese people with some of the participants
having impaired fasting glucose (IFG), impaired glucose tolerance
(IGT) or both (Sarich 2010). When searching for contact information

on the trial authors of this abstract, we identified a reference
to another abstract reporting the same trial (Sarich 2010a). We
contacted the authors of the abstracts but none of the authors
was able to provide additional information. Therefore, no separate
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information on the participants with impaired fasting glucose (IFG),
impaired glucose tolerance (IGT) or both was available and we
could not include the trial. More information regarding this trial is
available in Table 1.

We contacted the investigators of the two identified ongoing trials
in order to get additional information. Furthermore, we asked if
they were aware of any other existing or ongoing trial of relevance
for this review, but they could not name any specific trial. We did
not discover a health technology assessment report, a systematic
review or a meta-analysis evaluating the effects of SGLT 2 inhibitors
in participants with intermediate hyperglycaemia. Moreover, we
contacted Prof. Silvio Inzucchi, senior author of a large scale trial
of empagliflozin in people with type 2 diabetes mellitus, to ask
if he was aware of any existing or ongoing trials investigating
the effects of SGLT 2 inhibitors in participants with intermediate
hyperglycaemia (EMPA-REG 2015). In reply, Prof. Inzucchi was not
aware of any ongoing or completed trial on this topic.

Included studies

We could notidentify any trial addressing our review objectives and
providing data on persons at risk for the development of type 2
diabetes mellitus.

Excluded studies

We retrieved one reference describing an ongoing non-randomised
trial (NCT01248364) which is listed in 'Excluded studies".

Risk of bias in included studies

Because of lack of included trials we could not assess risk of bias
and did not establish a 'Risk of bias' graph and a 'Risk of bias'
summary figure.

Effects of interventions

We could not include any trial in this review either due to lack
of trials fulfilling inclusion criteria or because separate data on
participants with intermediate hyperglycaemia were not available.
However, in the abstracts it was reported that no participant
experienced hypoglycaemia (Sarich 2010; Sarich 2010a).

DISCUSSION

Summary of main results

Our extensive search for randomised controlled trials (RCTs)
evaluating participants with intermediate hyperglycaemia
randomised to sodium-glucose cotransporter (SGLT) 2 inhibitors
did not reveal any trial to be included. However, one trial
published in two abstracts included some participants of interest.
Unfortunately, no additional information was available (Sarich
2010; Sarich 2010a). The only outcome we could get information
about through the abstract was hypoglycaemia, and no participant
reported this outcome. We identified two ongoing trials, both
evaluating the effects of dapagliflozin in people at risk for the
development of type 2 diabetes mellitus (T2DM) and a follow-up of
24 to 26 weeks. Both trials will mainly report on surrogate outcome
measures with some data on adverse effects and health-related
quality of life.

Overall completeness and applicability of evidence

We performed an extensive search in major databases, conference
proceedings and trials registers. We did not apply any language
restrictions. Despite, we did not discover any published trial.
We contacted investigators of the ongoing trials about further
information of other ongoing or completed trials of relevance,
but the investigators could not provide us with information about
additional trials.

Quality of the evidence

We could not investigate how the Grading of Recommendations
Assessment, Development and Evaluation (GRADE) considerations
would impact on the findings of our key outcome results because
we could notinclude any trial.

Potential biases in the review process

We searched several databases, conference proceedings and
contacted investigators in order to obtain unpublished trials.
However, even with this effort it was not possible to retrieve
any trial. A strength of this systematic review was the fact that
all investigators of the ongoing trials kindly provided additional
information about these trials. We know that one completed trial
included participants of our interest (Sarich 2010; Sarich 2010a).
However, the full report of this short-term trial of two weeks, if
it happened, is unlikely to have a major impact on the overall
conclusion of our review.

Agreements and disagreements with other studies or
reviews

No other systematic review, meta-analysis or health-technology
assessment report is currently available to compare our results
with.

SGLT 2 inhibitors are a relatively new class of glucose-lowering
interventions in people with T2DM. Recently, a large scale
indicated RCT beneficial effects of SGLT 2 inhibitors regarding
patient important outcomes in participants with T2DM (EMPA-REG
2015). Whether the same beneficial effects exist in people with
intermediate hyperglycaemia remains to be proven. Currently, two
RCTs in people with intermediate hyperglycaemia are ongoing, but
none of these are investigating the effects of the SGLT 2 inhibitors
on micro- or macrovascular complications associated with T2DM.

Presently, the American Food and Drug Administration has not
approved any glucose-lowering intervention for people with
intermediate hyperglycaemia. However, the American Diabetes
Association recommends metformin in certain people with
intermediate hyperglycaemia.

The best way to clarify whether SGLT 2 inhibitors could have
a therapeutic role in people with intermediate hyperglycaemia
is through risk of bias minimising RCTs. Observational studies
and non-randomised trials can only detect associations between
an intervention and an outcome. Causality cannot be reliably
appraised with observational studies or non-randomised trials as
the influence of undetectable factors like confounding factors and
generally risk of bias is unknown or difficult to appraise.

More RCTs investigating the potential beneficial effects of SGLT
2 inhibitors on people with intermediate hyperglycaemia might
be initiated in the near future. Future RCTs investigating the
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effect of SGLT 2 inhibitors in people with T2DM should be
performed with minimisation of systematic errors, meaning low
risk of bias on all risk of bias domains ('Assessment of risk of
bias in included studies'). As no glucose-lowering interventions
are approved for people with intermediate hyperglycaemia, the
most appropriate comparisons of a RCT would be to compare
SGLT 2 inhibitors with placebo. All intervention groups should
be treated identically regarding other aspects, e.g. treatment of
hypertension and dietary advice. Outcomes of interest for future
trials in people with intermediate hyperglycaemia should focus
on patient-important outcome measures, like diabetes related
complications (e.g. myocardial infarction, end-stage renal disease).
Combination of outcomes, so called composite outcomes, is
often problematic, especially if mortality is included as one
of the components (Cordoba 2010). Health-related quality of
life measured with validated scales as well as socioeconomic
effects of the interventions should also be included. Moreover,
it is of major importance to investigate whether possible
adverse effects exist. Assessment of surrogate markers, e.g.
cholesterol levels, weight changes, glycaemic measures and even
incidence of T2DM is of limited value because changes in these
outcomes may substantially differ over time and people may
even oscillate between intermediate hyperglycaemia, T2DM and
normoglycaemia over various points in time (Yudkin 2011; Yudkin
2014). To detect differences between interventions with patient-
important outcomes that occur relatively rare will require a large
sample size and long intervention and follow-up periods. It is
impossible to judge how long an intervention period should be in
order to assess patient-important outcomes. Several of the patient-
important outcomes might take years to evolve. An intervention
period of at least two years would probably be a good start.
Regarding a potential reduction in the incidence of T2DM, it should
be kept in mind, that a long follow-up period, also after the end of
the intervention, is required in order to establish whether T2DM is
really prevented, or just delayed. Non-inferiority designs should be
avoided (Kaji 2015).

Millions of people worldwide are said to have intermediate
hyperglycaemia, depending on definition of intermediate
hyperglycaemia, and it is predicted that the prevalence will
increase (IDF 2013). A pharmacological prevention of T2DM
and its associated complications is of huge interest for the
pharmacological industry. It will potentially open up a complete

new market targeting a non-diseased population, as long as the
concept of 'predisease' is not generally accepted. The interest
in sponsoring future clinical trials of SGLT 2 inhibitors in people
with intermediate hyperglycaemia would therefore primarily, if
not solely, be initiated by the pharmaceutical industry. However,
data have shown that industry sponsored studies lead to more
favourable results and conclusions than sponsorship by other
sources, which should be kept in mind (Lundh 2012). Finally, any
intervention interfering with the life of non-diseased persons has
to demonstrate very firm beneficial effects on patient-important
outcomes because even rare but severe adverse effects when
translated to population wide settings could result in deleterious
consequences impacting huge numbers of people.

AUTHORS' CONCLUSIONS

Implications for practice

There is no evidence to show whether sodium-glucose
cotransporter (SGLT) 2 inhibitors influence the risk for developing
type 2 diabetes or its associated complications in people with
intermediate hyperglycaemia. No data are available for patient-
important outcomes such as macrovascular and microvascular
complications.

Implications for research

No randomised controlled trials have investigated the effects
of sodium-glucose cotransporter (SGLT) 2 inhibitors for the
prevention or delay of type 2 diabetes mellitus. Future randomised
controlled trials should focus on patient-important outcomes to
clarify if people with intermediate hyperglycaemia could benefit
of this glucose-lowering intervention. We identified two ongoing
trials, both evaluating the effects of dapagliflozin in people at risk
for the development of type 2 diabetes and a follow-up of 24 to
26 weeks. Both trials will mainly report on surrogate outcome
measures with some data on adverse effects and health-related
quality of life.
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Characteristics of ongoing studies [ordered by study ID]

EudraCT 2015-001552-30

Trial name or title Title: Effect of dapagliflozin, metformin and physical activity on glucose variability, body composi-
tion and cardiovascular risk in pre-diabetes (The PRE-D Trial) - A randomised, parallel, open-label,
intervention study

Acronym: PRE-D Trial

Methods Type of trial: interventional
Allocation: randomised
Intervention model: parallel assignment
Masking: none (open-label)

Duration of the intervention: 13 weeks (4 weeks of titration metformin, thereafter full dose)

Participants Condition: intermediate hyperglycaemia
Enrollment: 160 participants
Inclusion criteria: HbAlc 5.7%-6.4% (39-47 mmol/mol), age 30-70 years, BMI = 25 kg/m?

Exclusion criteria: uncontrolled medical issues including but not limited to cardiovascular pul-
monary, rheumatologic, haematologic, oncologic, infectious, gastrointestinal or psychiatric dis-
ease; diabetes or other endocrine disease; immunosuppression; treatment with hormones which
affect glucose metabolism; treatment with loop diuretics or thiazolidinediones; treatment with be-
ta blockers or peroral steroids; bariatric surgery within the past 2 years; impaired renal function de-
fined as an estimated GFR <60 mL/min/1.73m2; neurogenic bladder disorders; alcohol/drug abuse
or in treatment with disulfiram at time of inclusion; pregnant or lactating women; fertile women
not using birth control agents including oral contraceptives, gestagen injection, subdermal implan-
tation hormonal vaginal ring, transdermal application, or intra-uterine devices; allergic to one or
more of the medications used in the study; treatment with peroral steroids; concomitant participa-
tion in other intervention study; unable to understand the informed consent and the study proce-
dures

Interventions Intervention: dapagliflozin (10 mg daily)
Comparator 1: metformin (850 mg twice daily)
Comparator 2: physical activity (interval training 5 days a week, 30 min per session)

Comparator 3: lifestyle advice (healthy lifestyle and weight loss according to the national recom-
mendations from the Danish Health and Medicines Authority)

Outcomes Primary end point(s): reduction in mean amplitude of glycaemic excursions from baseline to end-
of treatment.

Secondary end point(s): reduction in HbAlc; reduction in intra-day glycaemic variability; reduc-
tion in daily time spent > 6.1 mmol/L,> 7.0 mmol/L,> 7.8 mmol/L and > 11.1 mmol/L; reduction

in fasting and 2-hour glucose concentrations during OGTT; improvement in insulin secretion, in-
sulin sensitivity and disposition index; reduction of mean amplitude of glycaemic excursions and
intra-day glycaemic variability in subgroups of individuals with different baseline characteristics;
reduction in body weight and change in body fat distribution; changes in basal and physical activity
energy expenditure and substrate oxidation; changes in time spent sedentary and in moderate-to-
vigorous physical activity intensity; reduction in blood pressure and lipids; changes in biomarkers
of metabolic functions; number of adverse events and side effects; changes in self-rated health and
quality of life; adherence to the different interventions. All secondary outcomes measured from
baseline to end-of-treatment (13 weeks) and at the end of follow-up (26 weeks)

Starting date Trial start date: February 2016; inclusion of first participant

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 18
people at risk for the development of type 2 diabetes mellitus (Review)
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EudraCT 2015-001552-30 (Continued)
Trial completion date: June 2017; last participant, last visit

Contact information Responsible party/principal investigator: professor, chief physician Marit Eika Jargensen, MD
PhD, Steno Diabetes Center, Niels Steensens Vej 2, DK-2820 Gentofte, Denmark. E-mail: mae-
j@steno.dk. Phone: +45 3075 6008.

Contact: sponsor, senior researcher Kristine Faerch, MSc PhD, Steno Diabetes Center, Niels
Steensens Vej 2, DK-2820 Gentofte, Denmark. E-mail: krif@steno.dk. Phone: +45 3079 1461.

Notes Trial record: EudraCT 2015-001552-30.

The sponsor provided us with the full protocol for internal use.

NCT02338193

Trial name or title Title: a randomized study evaluating dapagliflozin and metformin, alone and in combination, in
overweight women with a recent history of gestational diabetes mellitus: effects on anthropomet-
ric measurements and cardiometabolic abnormalities

Acronym: DAPA-GDM

Methods Type of trial: interventional
Allocation: randomised
Intervention model: parallel assignment
Masking: single blind (investigator)

Duration of the intervention: 24 weeks

Participants Condition: impaired fasting glucose, impaired glucose tolerance or both post partum.

Enrollment: 72

Inclusion criteria: overweight/obese (BMI >25 kg/m2) females 18 years to 45 years of age, who ex-
perienced gestational diabetes during recent (within 12 months) pregnancy, postpartum metabolic
abnormalities determined by a 75 gm OGTT (inclusive of prior gestational diabetes women with im-
paired fasting glucose, impaired glucose tolerance, or both postpartum), completed lactation, us-
ing adequate contraception during study period unless sterilized, written consent for participation
in the trial

Exclusion criteria: cholestasis during the past pregnancy; any hepatic diseases in the past; gall-
stones; abnormal liver function tests or renal impairment; presence of significant systemic disease;
heart problems including congestive heart failure; history of pancreatitis, or diabetes mellitus (type
1 or 2); renal impairment; significantly elevated triglyceride levels; untreated or poorly controlled
hypertension; prior history of a malignant disease requiring chemotherapy; known hypersensitiv-
ity or contraindications to use of insulin sensitizer such as metformin or thiazolidinediones; histo-
ry of hypersensitivity reaction to dapagliflozin or other SGLT 2 inhibitors; current use of metformin,
thiazolidinediones, GLP-1 receptor agonists, DPP-4 inhibitors, SGLT 2 inhibitors or weight loss med-
ications; uncontrolled thyroid disease (documented normal TSH) or hyperprolactinaemia; liver en-
zymes levels exceeding more than twice normal lab values; use of drugs known to exacerbate glu-
cose tolerance; history of diabetes or prior use of medications to treat diabetes except gestational
diabetes; currently lactating; eating disorders or gastrointestinal disorders; suspected pregnancy;
desiring pregnancy in next 6 months; breastfeeding, or known pregnancy in last 2 months; active
or prior history of substance abuse or significant intake of alcohol or history of alcoholism; patient
not willing to use adequate contraception during study period and up to 4 weeks after last dose

of study drug (unless sterilized); debilitating psychiatric disorder such as psychosis or neurologi-
cal condition that might confound outcome variables; inability or refusal to comply with protocol;
not currently participating or having participated in an experimental drug study in previous three
months

Interventions Intervention 1: 10 mg dapagliflozin once daily

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 19
people at risk for the development of type 2 diabetes mellitus (Review)
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Intervention 2: 5 mg dapagliflozin/1000 mg metformin twice a day

Comparator: 1000 mg metformin twice a day

Outcomes

Primary outcome(s): percent change in body weight, change in percent body weight with combi-
nation therapy compared to monotherapy, both from baseline to week 24

Secondary outcome(s): measures of insulin sensitivity and secretion, surrogate measures of in-
sulin action derived from OGTT, plasma lipid fractions, creatinine and calculated eGFR, glycaemic
control, blood pressure, waist circumference, waist-to-height ratio, body mass index, liver en-
zymes, all measured as change from baseline to 24 weeks

Other outcome(s): none

Starting date

Trial start date: August 2015

Trial completion date: estimated study completion date: March 2018

Contact information

Responsible party/principal investigator: Karen E Elkind-Hirsch, PhD 225 231-5278 karen.elkind-
hirsch@womans.org
Contact: Martha Paterson, MD 225-924-8247 martha.paterson@womans.org

United States, Louisiana

Woman's Hospital Recruiting

Baton Rouge, Louisiana, United States, 70815

Contact: Karen Elkind-Hirsch, PhD. 225-231-5278

Contact: Ericka Seidemann, MS 225-231-5275 ericka.seidemann@womans.org
Principal Investigator: Karen Elkind-Hirsch, Ph.D.

Sub-Investigator: Martha Paterson, M.D

Notes

Trial record: NCT02338193

We contacted Karen Elkind-Hirsch through email. She informed us, that the trial has started in De-
cember 2015, and it will take at least two years before the data are published (personal communi-
cation).

BMI: body mass index; DDP-4: dipeptidyl peptidase-4; eGFR: estimated glomerular filtration rate; GLP-1: glucagon like peptide-1; HbAlc:
glycosylated haemoglobin Alc; OGTT: oral glucose tolerance test; SGLT: sodium-glucose cotransporter; TSH: thyroid stimulating hormone

ADDITIONAL TABLES

Table 1. Potentially relevant trial published in abstracts

Study ID (type of publica-
tion)

Sarich 2010; Sarich 2010a (abstracts)

Methods

Type of trial: interventional

Allocation: randomised

Intervention model: parallel assignment
Masking: double blind

Duration of the intervention: 14 days

Participants

Condition: obese participants, including some with impaired fasting glucose or impaired glucose
tolerance

Enrollment: 80

Interventions

Intervention 1: diet + canagliflozin 30 mg daily (n =12)

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in
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Table 1. Potentially relevant trial published in abstracts (continued)

Intervention 2: diet + canagliflozin 100 mg daily (n=12)
Intervention 3: diet + canagliflozin 300 mg daily (n =12)
Intervention 4: diet + canagliflozin 600 mg daily (n=12)
Intervention 5: diet + canagliflozin 300 mg twice a day (n =12)

Comparator: diet + placebo (n = 20)

Outcomes Primary and secondary outcomes: not specified.
Outcomes reported in abstract: 24-hour urinary glucose excretion, fasting plasma glucose, mean
24-hour plasma glucose, insulin levels, weight, renal threshold for glucose excretion, hypogly-
caemia, adverse events, self-reported appetite and satiety measures, urine volume or frequency,
vital signs, urine volume and frequency, electrocardiograms and laboratory tests

Conclusion "CANA was well tolerated and increased 24-h UGE, decreased RTG, and reduced body weight in
obese healthy subjects. In addition, the data suggest that CANA is effective in reducing MPG in pa-
tients with IFG and/or IGT."

Notes We contacted primary and secondary authors through email. The primary author (Sarich) respond-

ed that he was not aware whether additional information regarding this trial would be available.
We asked the primary author Sarich if he could find a person who could provide us with additional
information regarding this trial.

Unknown how many participants were normoglycaemic or had IFG or IGT in each of the ran-
domised groups.

CANA: canagliflozin; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; MPG: mean plasma glucose; RTG: renal threshold for
glucose excretion; UGE: urinary glucose excretion

APPENDICES

Appendix 1. Search strategies

MEDLINE (OvidSP)

Block 1: 'Prediabetes’

1. Prediabetic state/
2. Glucose Intolerance/

3. (prediabet* or pre diabet*).tw.

4. intermediate hyperglyc?emi*.tw.

5. ((impaired fasting adj2 glucose) or IFG or impaired FPG).tw.

6. glucose intolerance.tw.

7. ((impaired glucose adj (tolerance or metabolism)) or IGT).tw.

8. ("HbA(1c)" or HbA1 or HbAlc or "HbA 1c" or ((glycosylated or glycated) adj h?emoglobin)).tw.

9. ((risk or progress* or prevent* or inciden* or conversion or develop* or delay*) adj4 (diabetes or T2D* or NIDDM or "type 2" or "type

1")).tw.
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(Continued)
10. or/1-9

Block 2: SGLT 2 inhibitors

11. Sodium-Glucose Transporter 2/ai [Antagonists & Inhibitors]

12. gliflozin?.tw.

13. ((SGLT2 or SGLT 2) adj2 inhibitor?).tw.

14. (sodium adj2 glucose adj (cotransporter or co transporter) adj 2 inhibitor?).tw.
15. atigliflozin.tw.

16. (bexagliflozin or EGT 1442 OR EGT0001442 or THR 1442).tw.

17. (canagliflozin or invokana or JNJ 24831754 or JNJ 24831754AAA or JNJ 24831754ZAE or TA 7284).tw.
18. (dapagliflozin or BMS-512148 or farxiga or forxiga).tw.

19. (empagliflozin or Bl 10773 or BI10773 or jardiance).tw.

20. (ertugliflozin or PF 04971729).tw.

21. (ipragliflozin or ASP1941 or ASP 1941 or suglat).tw.

22. (luseogliflozin or TS 071 OR TS 71).tw.

23. (sergliflozin or remogliflozin).tw.

24. (sotagliflozin or LX 4211 OR LX4211 or LP 802034).tw.

25. (tofogliflozin or CSG452 or CSG 452 or R 7201).tw.

26. Bl 44847 tw.

27.0r/11-26

Block 1 and block 2

28.10 and 27
29. exp animals/ not humans/

30.28 not 29

EMBASE (OvidSP)

Block 1: 'Prediabetes’

1. impaired glucose tolerance/

2. (prediabet” or pre diabet*).tw.

3. intermediate hyperglyc?emi*.tw.

4. ((impaired fasting adj2 glucose) or IFG or impaired FPG).tw.

5. glucose intolerance.tw.

6. ((impaired glucose adj (tolerance or metabolism)) or IGT).tw.

7. ("HbA(1c)" or HbAl or HbAlc or "HbA 1c" or ((glycosylated or glycated) adj h?emoglobin)).tw.

8. ((risk or progress* or prevent* or inciden* or conversion or develop* or delay*) adj4 (diabetes or T2D* or NIDDM or "type 2" or "type
1")).tw.

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 22
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(Continued)
9.0r/1-8

Block 2: SGLT 2 inhibitors

10. exp sodium glucose cotransporter 2 inhibitor/

11. gliflozin?.tw.

12. ((SGLT2 or SGLT 2) adj2 inhibitor?).tw.

13. (sodium adj2 glucose adj (cotransporter or co transporter) adj 2 inhibitor?).tw.
14. atigliflozin.tw.

15. (bexagliflozin or EGT 1442 OR EGT0001442 or THR 1442).tw.

16. (canagliflozin or invokana or JNJ 24831754 or JNJ 24831754AAA or JNJ 24831754ZAE or TA 7284).tw.

17. (dapagliflozin or BMS-512148 or farxiga or forxiga).tw.
18. (empagliflozin or B 10773 or BI10773 or jardiance).tw.
19. (ertugliflozin or PF 04971729).tw.

20. (ipragliflozin or ASP1941 or ASP 1941 or suglat).tw.

21. (luseogliflozin or TS 071 OR TS 71).tw.

22. (sergliflozin or remogliflozin).tw.

23. (sotagliflozin or LX 4211 OR LX4211 or LP 802034).tw.
24. (tofogliflozin or CSG452 or CSG 452 or R 7201).tw.

25. Bl 44847 tw.

26.0r/10-25

Block 1 and block 2

27.9and 26
[28: Wong 2006 "sound treatment studies" filter - BS version]
28. random™*.tw. or clinical trial*.mp. or exp health care quality/

29.27and 28

Cochrane Central Register of Controlled Trials (Cochrane Register of Studies Online)

1. MESH DESCRIPTOR Prediabetic state

2. MESH DESCRIPTOR Glucose Intolerance

3. (prediabet* or pre diabet*):TI,AB,KY

4. (intermediate hyperglyc?emi*):TI,AB,KY

5. ((impaired fasting ADJ2 glucose) or IFG or impaired FPG):TI,AB,KY
6. glucose intolerance:TI,AB,KY

7. ((impaired glucose ADJ (tolerance or metabolism)) or IGT):TI,AB,KY

8. ("HbA(1c)" or HbAl or HbAlc or "HbA 1c" or ((glycosylated or glycated) ADJ h?emoglobin)):TI,AB,KY

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in
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(Continued)
9. ((risk or progress* or prevent* or inciden* or conversion or develop* or delay*) ADJ4 (diabetes or T2D* or NIDDM or "type 2" or
"type I1")):TI,AB,KY

10. #1 OR#2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9

11. MESH DESCRIPTOR Sodium-Glucose Transporter 2 WITH QUALIFIERS Al

12. gliflozin?:TI,AB,KY

13. ((SGLT2 or SGLT 2) ADJ2 inhibitor?):TI,AB,KY

14. (sodium ADJ2 glucose ADJ (cotransporter or co transporter) ADJ2 inhibitor?):TI,AB,KY

15. atigliflozin:TI,AB,KY

16. (bexagliflozin or EGT 1442 OR EGT0001442 or THR 1442):TI,AB,KY

17. (canagliflozin or invokana or JNJ 24831754 or JNJ 24831754AAA or JNJ 24831754ZAE or TA 7284):TI,AB,KY
18. (dapagliflozin or BMS-512148 or farxiga or forxiga):TI,AB,KY

19. (empagliflozin or BI 10773 or BI10773 or jardiance):TI,AB,KY

20. (ertugliflozin or PF 04971729):TI,AB,KY

21. (ipragliflozin or ASP1941 or ASP 1941 or suglat):TI,AB,KY

22. (luseogliflozin or TS 071 OR TS 71):TI,AB,KY

23. (sergliflozin or remogliflozin):TI,AB,KY

24. (sotagliflozin or LX 4211 OR LX4211 or LP 802034):TI,AB,KY

25. (tofogliflozin or CSG452 or CSG 452 or R 7201):TI,AB,KY

26. Bl 44847:TI,AB,KY

27.#11 OR #12 OR#13 OR#14 OR #15 OR #16 OR#17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26

28.10AND 27

PubMed (subsets unavailable on Ovid)

1. ((prediabet*[tiab] OR pre diabet*[tiab] OR hyperglyc*[tiab] OR ("impaired fasting"[tiab] AND glucose[tiab]) OR IFG[tiab] OR "im-
paired FPG"[tiab] OR "glucose intolerance"[tiab] OR ("impaired glucose"[tiab] AND (tolerance[tiab] OR metabolism[tiab])) OR
IGT[tiab] OR "HbA(1c)"[tiab] OR HbA1[tiab] OR HbAlc[tiab] OR "HbA 1c"[tiab] OR "glycosylated hemoglobin"[tiab] OR "glycosylated
haemoglobin"[tiab] OR "glycated hemoglobin"[tiab] OR "glycated haemoglobin"[tiab] OR ((risk[tiab] OR progress*[tiab] OR preven-
t*[tiab] OR inciden*[tiab] OR conversion[tiab] OR develop*[tiab] OR delay*[tiab]) AND (diabetes[tiab] OR T2D*[tiab] OR NIDDM[tiab]
OR "type 2"[tiab] OR "type 1l"[tiab]))))

2. (("sodium glucose"[tiab] OR "sodium dependent glucose"[tiab] OR SGLT2[tiab] OR "SGLT 2"[tiab] OR gliflozin*[tiab] OR
atigliflozin[tiab] OR bexagliflozin[tiab] OR "EGT 1442"[tiab] OR EGT0001442[tiab] OR "THR 1442"[tiab] OR canagliflozin[tiab] OR
invokana[tiab] OR "JNJ 24831754"[tiab] OR "JNJ 24831754AAA"[tiab] OR "JNJ 24831754ZAE"[tiab] OR "TA 7284"[tiab] OR da-
pagliflozin[tiab] OR "BMS 512148"[tiab] OR farxiga[tiab] OR forxiga[tiab] OR empagliflozin[tiab] OR "BI 10773"[tiab] OR BI10773[tiab]
OR jardiance[tiab] OR ertugliflozin[tiab] OR "PF 04971729"[tiab] OR ipragliflozin[tiab] OR ASP1941[tiab] OR "ASP 1941"[tiab] OR sug-
lat[tiab] OR luseogliflozin[tiab] OR "TS 071"[tiab] OR "TS 71"[tiab] OR sergliflozin[tiab] OR remogliflozin[tiab] OR sotagliflozin[tiab]
OR "LX 4211"[tiab] OR LX4211[tiab] OR "LP 802034"[tiab] OR tofogliflozin[tiab] OR CSG452[tiab] OR "CSG 452"[tiab] OR "R 7201"[tiab]
OR "Bl 44847"[tiab]))

3. #1 AND #2
4., pubstatusaheadofprint OR publisher[sb] OR pubmednotmedline[sb]
5. #3 AND #4

6. (random*[tiab] OR placebol[tiab] OR trial[tiab] OR groups[tiab]) OR (meta analysis[tiab] OR review[tiab] OR search*[tiab])

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 24
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7.#5AND #6

ClinicalTrials.gov (advanced search)

Search terms: (prediabetes OR prediabetic OR "pre diabetes" OR "pre diabetic" OR hyperglycemia OR hyperglycaemia OR hyper-
glycemic OR hyperglycaemic OR "impaired glucose tolerance" OR "impaired fasting glucose" OR "glucose intolerance" OR IGT OR
IFG OR ((diabetes OR "type 2" OR "type II" OR T2D OR T2DM) AND (risk OR progress OR progression OR progressed OR incident OR
incidence OR conversion OR developed OR development OR develop OR delay OR delayed OR prevention OR prevent OR prevent-
ed))) AND ("sodium glucose" OR "sodium dependent glucose" OR SGLT2 OR "SGLT 2" OR gliflozin OR gliflozins OR atigliflozin OR
bexagliflozin OR "EGT 1442" OR EGT0001442 OR "THR 1442" OR canagliflozin OR invokana OR "JNJ 24831754" OR "JNJ 24831754AAA"
OR "JNJ 24831754ZAE" OR "TA 7284" OR dapagliflozin OR "BMS 512148" OR farxiga OR forxiga OR empagliflozin OR "Bl 10773" OR
BI10773 OR jardiance OR ertugliflozin OR "PF 04971729" OR ipragliflozin OR ASP1941 OR "ASP 1941" OR suglat OR luseogliflozin OR
"TS 071" OR"TS 71" OR sergliflozin OR remogliflozin OR sotagliflozin OR "LX 4211" OR LX4211 OR "LP 802034" OR tofogliflozin OR

CSG452 OR"CSG 452" OR "R 7201" OR "BI 44847")

Study Type: Interventional

WHO ICTRP Search Portal (standard search)

prediabetes AND dapagliflozin OR

prediabetes AND canagliflozin OR

prediabetes AND empagliflozin OR

prediabetes AND SGLT OR

prediabetes AND SGLT2 OR

pre diabetes AND dapagliflozin OR

pre diabetes AND canagliflozin OR

pre diabetes AND empagliflozin OR

pre diabetes AND SGLT OR

pre diabetes AND SGLT2 OR

impaired glucose tolerance AND dapagliflozin OR
impaired glucose tolerance AND canagliflozin OR
impaired glucose tolerance AND empagliflozin OR
impaired glucose tolerance AND SGLT OR
impaired glucose tolerance AND SGLT2 OR
impaired fasting glucose AND dapagliflozin OR
impaired fasting glucose AND canagliflozin OR
impaired fasting glucose AND empagliflozin OR
impaired fasting glucose AND SGLT OR

impaired fasting glucose AND SGLT2 OR

glucose intolerance AND dapagliflozin OR
glucose intolerance AND canagliflozin OR

glucose intolerance AND empagliflozin OR

Sodium-glucose cotransporter (SGLT) 2 inhibitors for prevention or delay of type 2 diabetes mellitus and its associated complications in 25
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(Continued)
glucose intolerance AND SGLT OR

glucose intolerance AND SGLT2 OR

diabetes AND risk AND dapagliflozin OR
diabetes AND risk AND canagliflozin OR
diabetes AND risk AND empagliflozin OR
diabetes AND risk AND SGLT OR

diabetes AND risk AND SGLT2

diabetes AND prevent* AND dapagliflozin OR
diabetes AND prevent* AND canagliflozin OR
diabetes AND prevent* AND empagliflozin OR
diabetes AND prevent* AND SGLT OR

diabetes AND prevent® AND SGLT2

Appendix 2. Selection bias decisions

Selection bias decisions for trials reporting unadjusted analyses: comparison of results obtained using method details alone
with results using method details and trial baseline information2

Reported randomi-
sation and alloca-
tion concealment

Risk of bias judge-
ment using meth-
ods reporting

Information gained from study characteristics data

Risk of bias using
baseline informa-
tion and methods

methods reporting
Unclear methods Unclear risk Baseline imbalances present for important prognostic vari- High risk
able(s)
Groups appear similar at baseline for all important prognostic ~ Low risk
variables
Limited or no baseline details Unclear risk
Would generate a Low risk Baseline imbalances present for important prognostic vari- Unclear risk¢
truly random sam- able(s)
ple, with robust allo-
cation concealment Groups appear similar at baseline for all important prognostic ~ Low risk
variables
Limited baseline details, showing balance in some important Low risk
prognostic variablesP
No baseline details Unclear risk
Sequenceisnottruly  High risk Baseline imbalances present for important prognostic vari- High risk

randomised, or allo-
cation concealment
isinadequate

able(s)
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(Continued)

Groups appear similar at baseline for allimportant prognostic ~ Low risk
variables

Limited baseline details, showing balance in some important Unclear risk
prognostic variablesP

No baseline details High risk

aTaken from Corbett 2014; judgements highlighted in grey indicate situations in which the addition of baseline assessments would
change the judgement about risk of selection bias, compared with using methods reporting alone.

bDetails for the remaining important prognostic variables are not reported.

CImbalance identified that appears likely to be due to chance.
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NOTES

We have based parts of the 'Methods' and 'Appendix 1' sections of this Cochrane Review on a standard template established by the CMED
Group.

Congestive heart failure was added as an outcome.
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