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Abstract 
The American Diabetes Association guidelines for the management of type 2 diabetes mellitus recommends treating patients 
with atherosclerotic cardiovascular diseases, heart failure or diabetic kidney disease with sodium-glucose co-transporter-2 
inhibitors or glucagon-like peptide-1 receptor agonists, irrespective of the baseline HbA1c, to reduce adverse renal and 
cardiovascular outcomes. Initiation of such therapies have a significant cost impact on health economies. Cost of gain in 
quality-adjusted life-years is normally used for cost effectiveness for a particular drug. In the absence of head-to-head com-
parisons, prescribers may go for the cheapest option, which may not necessarily be the right decision. We propose using the 
calculated ‘YoDa’ (Years of Drug administration) as an easily comparable metric between the drug accrual cost and clinical 
outcomes. YoDa is calculated as a product of numbers needed to treat and the median duration in years that the trial ran over, 
to accrue the positive clinical outcomes. Clinical phenotyping of the patient to the specific inclusion and exclusion criteria 
of relevant clinical trials could guide the clinician to choose the most appropriate therapy. We also propose a series of steps 
or ‘deliberations’, which a clinician should consider in making a final choice of sodium-glucose co-transporter-2 inhibitor 
therapy. A comprehensive summary of the sodium-glucose co-transporter-2 inhibitor trials, clinical phenotyping and YoDa 
calculations for various significant clinical outcomes could assist making evidence-based, patient-individualised and cost-
effective management plans for diabetes care.
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1 Introduction

Sodium-glucose co-transporter-2 inhibitors (SGLT2i) have 
shown significant efficacy in reducing the risk of major 
adverse cardiovascular events (MACE), heart failure (HF) 
and renal outcomes in patients with type 2 diabetes mellitus 
(T2D) in several randomised, placebo-controlled cardiovas-
cular outcome trials (CVOTs). These studies were primarily 
conducted to show non-inferiority and cardiovascular (CV) 
safety to comply with US Food and Drug Administration 
regulatory requirements for new glucose-lowering agents in 
T2D. The European Association for the Study of Diabetes-
American Diabetes Association (EASD-ADA) consensus 
guidelines proposed the use of a SGLT2i as a preferred sec-
ond-line drug, in patients with established atherosclerotic 
cardiovascular disease (ASCVD), HF with reduced ejection 
fraction or chronic kidney disease (CKD) with significant 
proteinuria [1]. The recently published ADA guidelines 
recommend introducing SGLT2i or glucagon-like peptide-1 
receptor agonists (GLP-1RA) therapy early in diabetes to 
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Key Points 

The sodium-glucose co-transporter-2 inhibitor class of 
drugs has shown consistent benefits in cardiovascular 
events, hospitalisation for heart failure and renal out-
comes in type 2 diabetes mellitus but choosing between 
the drugs can be difficult.

A comprehensive summary of the relevant cardiovascu-
lar outcome trials published and a stepwise systematic 
approach (‘deliberations’) to every consultation to the 
introduction of sodium-glucose co-transporter-2 inhibi-
tors can help this process. Based on the inclusion and 
exclusion criteria of trials, a patient can be reasonably 
matched (‘clinical phenotype’) to a trial to support 
evidence-based therapeutic decision making.

A novel concept of Years of Drug administration 
(YoDa), which gives a simple clinical measure of cumu-
lative drug exposure needed to derive a clinical outcome 
benefit, can help the clinician and patient decide the 
most evidence-based and clinically effective treatment 
available.

choice should therefore depend on patient preferences for the 
potential beneficial outcomes; a clinician’s informed deci-
sion making, comparable cost effectiveness and the evidence 
base.

The objective of this article is to provide a clinical sum-
mary of the various SGLT2i CVOTs published and discuss 
how the positive clinical outcomes from the trial data can 
be applied to specific patient groups with T2D. The EASD-
ADA guideline step of considering SGLT2i in patients with 
established atherosclerotic disease, HF or diabetic kidney 
disease (DKD) will be examined from a clinical efficacy 
and cost-efficiency perspective to guide choosing between 
the drugs [3]. We used the data in the studies to calculate the 
numbers of years of treatment that is needed to accrue spe-
cific outcome benefits in relation to specific patient groups. 
The analyses can be used by clinicians and patients to ‘clini-
cally phenotype’ the patient, prioritise the clinical outcome, 
and devise a cost-effective and evidence-based therapeutic 
plan.

2  Years of Drug Administration: YoDa 
Concept

The number needed to treat (NNT) value informs on the 
number of patients needed to be treated for the duration of 
the study to accrue that specific benefit. To give a theoretical 
example, an NNT of 22 for the outcome of mortality informs 
a clinician that 22 people need to be treated. Though this is 
a useful result, a study of 5 years duration vs 3 years would 
result in very different years of treatment, which could be 
translated into potential costs to accrue a benefit. A prod-
uct of NNT and duration of the trial can be represented as 
person-years of treatment and can help to reasonably equate 
this. This concept is named, Years of Drug administration 
(YoDa).

The YoDa can then be multiplied by the annual cost of 
the drug, (which is commonly readily available from sources 
such as the British National Formulary and ADA Guidelines 
2021) to provide an indication of the cost of deferring or sav-
ing an event from occurring, at least for the duration equal to 
the length of the trial from which such evidence is derived 
[3, 6]. To provide an example of this concept, the NNT for 
all-cause mortality was 41 in the EMPA-REG OUTCOME 
Trial [7]. The median trial duration was 3.1 years. The YoDa 
is therefore 41 × 3.1 years or 127 treatment-years, meaning 
that, as a theoretical consideration, 127 years of treatment 
have to be purchased to save one mortality event. A higher 
YoDa would therefore imply a higher drug acquisition cost 
to derive the intended clinical benefit.

The idea may also help compare the cost effectiveness 
of drugs across various studies; for instance, the MICRO-
HOPE study showed that the NNT for ramipril, for MACE 

offer CV protection, even in patients with good glycaemic 
control, irrespective of HbA1c [2, 3].

Multiple SGLT2i drugs are available for clinical use but 
there is no head-to-head comparison between them to inform 
the choice of use [4]. Healthcare professionals might default 
to using the drug with the lowest acquisition cost, risking an 
inappropriate therapeutic choice. The cost associated with 
the gain in quality-adjusted life-years might be an alternate 
metric but this information may not be easily accessible 
and is based on the overall efficacy of a particular drug [5]. 
There is therefore a risk that clinicians may resort to using a 
headline summary of trials, based on risk reduction values 
to make drug choices. It is therefore imperative that the trial 
data are presented in an easily accessible comparable format 
with relevant cost-effectiveness data, tailored to individual 
clinical endpoints desired in a specific patient cohort.

Though the design of all these trials appear similar, there 
are important differences in the characteristics of patients 
used (i.e. inclusion and exclusion criteria) and clinical end-
points (i.e. primary and secondary outcomes). Such hetero-
geneity needs to be taken into consideration when making 
a clinical choice, but equally provides an opportunity to 
‘match’ a given patient to a clinical trial and individualise a 
treatment option (‘clinical phenotyping’). Patient-accessible 
clinical information would help to facilitate this endeavour 
and actively involve the patient in the decision-making pro-
cess, including the choice of agent to use. Individual drug 
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prevention, was 22 for 4.5 years. This gives a YoDa of 99; 
ramipril being generic, costs approximately £25 a year [8]. 
This means that only £2500 needs to be spent to prevent 
a mortality event. Similar calculations can therefore allow 
comparisons between potential costs within a class (SGLT2i 
in this paper) or between classes for similar outcomes, to 
choose the most cost-efficient option.

3  SGLT2i Trials

Multiple CVOTs and independent randomised controlled 
trials have been published on the safety and outcomes of 
SGLT2i in patients with T2D, specifically looking at MACE 
(combination of CV death, non-fatal myocardial infarction 
or non-fatal stroke), but also reporting on benefits with hos-
pitalisation for HF (hHF), CKD progression and all-cause 
mortality. Further, dedicated trials have since been con-
ducted on specific cohorts of patients with HF and DKD. 
The clinical summary of the relevant trials, with cohorts 
stratified according to clinical phenotypes are shown in 
Table 1.

The ADA guidelines advise the initiation of SGLT2i or 
GLP-1RA in patients with established ASCVD or patients 
with very high risk of such events [3]. Atherosclerotic car-
diovascular disease is broadly defined in the guidelines as: 
Coronary artery disease—known history of myocardial 
infarction, coronary artery bypass grafting, coronary stents, 
unstable angina, imaging-proven myocardial ischaemia; 
Cerebrovascular disease—stroke or transient ischaemic 
attack; Peripheral arterial disease—requiring revasculari-
zation, foot or above amputation [3]. The inclusion criteria 
of many of the trials had an overlap of established or high 
risk for a CV event labelled under the umbrella of ASCVD. 
Some of these trials also included cohorts of patients with-
out such ASCVD but with risk factors for CV disease such 
as hypertension or dyslipidaemia (Table 4 of the Electronic 
Supplementary Material [ESM]).

The outcomes’ statistics of these studies are generally 
published as relative risk reductions, hazard ratios (HRs) 
with 95% confidence intervals (CIs). The percentage reduc-
tion (or indeed increase) in an outcome can be calculated 
from 1 minus the HR multiplied by 100. For example, an HR 
of 0.53 will then equate to a 47% reduction in that outcome. 
The NNT to prevent one event is not often included for all 
outcomes but can be calculated from the absolute risk reduc-
tion data presented in the relevant papers. Table 2 shows 
the calculated YoDa for relevant clinical endpoints where 
the CI for HR did not cross 1 (Table 2 of the ESM pro-
vides a comparison of cost in US dollars, based on NADAC 
(National Average Drug Acquisition Cost) data published 
in ADA guidelines). A patient-friendly version of the trial 
data, with the concept of ‘clinical phenotyping’ is provided 

in Table 3 (Tables 1 and 3 of the ESM provide additional 
information on the calculated NNT and relative risk reduc-
tion for the trial outcomes). 

4  Using the SGLT2i Trial Data in Clinical 
Practice

The ADA guidelines recommend the addition of SGLT2i or 
GLP-1RA irrespective of the HbA1c to reduce CV outcomes 
in those with ASCVD, HF or CKD [2, 3]. This is a paradigm 
shift in how diabetes is managed, moving away from the 
convention of treating a glycaemic target alone, and taking 
on the perspective of primary and secondary CV prevention. 
The use of the most cost-efficient approach is clearly man-
dated in the National Institute for Health and Care Excel-
lence guidelines and specifically within the Getting it Right 
First Time (GiRFT Report 2020) within the Medicines Opti-
misation recommendations in the UK (Table 4 and Table 3 
of the ESM) [9].

Once a clinical decision to choose SGLT2i has been 
made between the patient and the clinician, the following 
stepwise approach might help to facilitate the process of 
clinical phenotyping, individualising the clinical endpoint 
target and choosing the appropriate SGLT2i based on the 
trial outcome and YoDa data (Fig. 1). It is assumed that the 
patient has been optimised, as far as possible within that 
individual patient, with respect to lifestyle measures and 
metformin therapy, which is the first-line treatment in almost 
all national and international diabetes care guidelines. The 
recent ADA guidelines, though have the same recommenda-
tion, also suggest the need to start considering combination 
therapy at the outset if the HbA1c is significantly elevated 
[3].

4.1  First Deliberation: Does the Patient Have 
Established ASCVD or is High Risk for CVD?

The ADA guidelines recommend starting a SGLT2i or GLP-
1RA in patients with ASCVD or with a very high risk for a 
CV event, irrespective of the HbA1c, with an aim to offer 
secondary protection. The clinical outcome that needs to be 
targeted in this cohort would be the improvement in MACE, 
though other clinical endpoints might also be equally rel-
evant. The EMPA-REG OUTCOME and VERTIS included 
patients exclusively with ASCVD; other SGLT2i CVOTs 
included patients with ASCVD or without ASCVD but with 
CV risk factors alone (Table 1, Fig. 1).

EMPA-REG OUTCOME assessed the safety and effi-
cacy of empagliflozin in patients with ASCVD and showed 
a modest but significant 14% reduction in MACE (largely 
driven by a 38% reduction in CV deaths), a 32% reduc-
tion in all-cause mortality, a 35% reduction in incident HF 
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or hHF, and a 36% reduction in renal endpoints [7]. The 
study showed no difference between the 10-mg and 25-mg 
doses with respect to CV outcomes, though the dose incre-
ment would provide some additional metabolic benefit. The 
reduction in mortality was consistent across all sub-groups 
of patients, observed quite early on initiation of treatment; 
the benefit was demonstrated over and above the well-estab-
lished use of renin-angiotensin-aldosterone system inhibi-
tors, aspirin and statins.

The VERTIS study assessed the safety of ertugliflozin, 
which is currently the cheapest available SGLT2i [10]. 
Though the study established CV safety of this drug, it did 
not show superiority of the drug over placebo in reducing 
MACE or deaths but showed a benefit in the reduction in 
hHF (24% of the trial cohort had HF but the diagnostic cri-
teria was not pre-defined).

The CANVAS Program, an integrated analysis of two 
similarly designed CVOTs, CANVAS and CANVAS-R, 

Table 1  Summary of cardiovascular outcome, heart failure and renal trials published on SGLT2i drugs
CV Outcome trials HF outcome trials CKD outcome trials

Trial Label EMPA-REG 
OUTCOME [7]

CANVAS [11] DECLARE-
TIMI 58 [13]

VERTIS CV [10] DAPA HF [15] EMPEROR-
REDUCED [14]

SOLOIST-
WHFa

SCOREDa CREDENCE [19] DAPA-CKD [20]

Drug Empagliflozin Canagliflozin Dapagliflozin Ertugliflozin Dapagliflozin Empagliflozin Sotagliflozinb Sotagliflozinb Canagliflozin 
100mg

Dapagliflozin 
10mg

N= 7020 10142 17160 8238 4744 3730 1222 10584 4401 4304
Age (years) 63 63 64 64 66 67 70 69 63 62
% of diabetes 100% 100% 100% 100% 42% 50% 100% 100% 100% 67%

57% >10 yrs 13.5 yrs 11 yrs 13 yrs - 15.8 yrs
HbA1c% 
(mmol/mol)

8.1% 
65

8.2%
66

8.3%
67

8.2%
66

- 8.0%
64

7.1%
54

8.3%
67

8.3%
67

-

74 77 85 76 66 62 50 44 56 43
% with ASCVD 100% 72% 41% 100% - - - 42% 50% 37%
% with HF 10% 14% 10% 24% 100% 100% 100% 31% 15% 11%

d 3.1yrs 2.4yrs 4.2yrs 3.0yrs 18.2 months 16 months 9 monthsa 16 monthsa 2.6 yrs 2.4 yrs
77% 75% 75% 82% 69% 65%
83% 74% 61% 85% 60%

RAAS inhibitor 81% 80% 81% 81% 83% 70% (+18%) c 82% 87% 100% 88%
MACE 0.86e

(0.74-0.99)
0.86e

(0.75-0.97)
0.93e

(0.84-1.03)
0.97e

(0.85-1.11)
Not reported Not reported Not reported 0.77 

(0.65-0.91)
0.80f

(0.67-0.90)
Not reported

MI (fatal or 
nonfatal)

0.87
(0.70-1.09)

0.89
(0.73-1.09)

0.89 
(0.77-1.01)

1.04 
(0.86-1.26)

Not reported Not reported Not reported Not reported Not reported Not reported

Stroke (fatal or 
nonfatal)

1.18 
(0.89-1.56)

0.87 
(0.69-1.09)

1.01 
(0.84-1.21)

1.06 
(0.82-1.37)

Not reported Not reported Not reported Not reported Not reported Not reported

hHF 0.65 
(0.50-0.85)

0.67 
(0.52-0.87)

0.73 
(0.61-0.88)

0.70 
(0.54-0.90)

0.70e

(0.59-0.83)
0.69f

(0.59-0.81)
0.64e

(0.49-0.83)
0.67e

(0.55-0.82)
0.61 

(0.47-0.80)
Not reported

CV deaths 0.62 
(0.49-0.77)

0.87f

(0.72-1.06)
0.98 

(0.82-1.17)
0.92f

(0.77-1.11)
0.82 

(0.69-0.98)
0.92 

(0.75-1.12)
0.84

(0.58-1.22)
0.90e

(0.73-1.12)
0.78f

(0.61-1.00)
0.81 

(0.58-1.12)
CV deaths or 
hHF

0.66 
(0.55-0.79)

0.78f

(0.67-0.91)
0.83e

(0.73-0.95)
0.88f

(0.75-1.03)
0.75f

(0.65-0.85)
0.75e

(0.65-0.86)
0.67 

(0.52-0.85)
0.74f

(0.63-0.88)
0.69f

(0.57-0.83)
0.71f

(0.55-0.92)
All-cause 
mortality

0.68 
(0.57-0.82)

0.87f

(0.74-1.01)
0.93f

(0.82-1.04)
0.93 

(0.80-1.08)
0.83f

(0.71-0.97)
0.92

(0.77-1.10)
0.82

(0.59-1.14)
0.99f

(0.83-1.18)
0.83f

(0.68-1.02)
0.69f

(0.53-0.88)
Renal  
Endpoint

0.54 
(0.40-0.75)

0.60
(0.47-0.77)

0.53f

(0.43-0.66)
0.81f

(0.63-1.04)
0.71f

(0.44-1.16)
0.50 

(0.32-0.77)
Not reported 0.71f

(0.46-1.08)
0.66e

(0.53-0.81)
0.56e

(0.45-0.68)
Progression to 
ESRD

0.45
(0.21-0.97)

Not reported Not reported Not reported Not reported Not reported Not reported Not reported 0.68 
(0.54-0.86)

0.64 
(0.50-0.82)

[16]
[17]

All outcome statistics shown as hazard ratio (95% confidence interval); values in boxes shaded boxes denote hazard ratio not crossing 1
Trial Labels: EMPA-REG OUTCOME, Empagliflozin Cardiovascular Outcome Event trial in Type 2 Diabetes Mellitus Patients; CANVAS/
CANVAS-R, Canagliflozin Cardiovascular Assessment Study; DECLARE-TIMI 58, Dapagliflozin Effect on Cardiovascular Events-Thrombol-
ysis in Myocardial Infarction; VERTIS CV, Cardiovascular Outcome following Ertugliflozin treatment in Type 2 Diabetes Mellitus Participants 
with Vascular Disease; DAPA-HF, Dapagliflozin and Prevention of Adverse-outcomes in Heart Failure; EMPEROR-REDUCED, Empagliflozin 
Outcome trial in Patients with Chronic Heart Failure and a Reduced Ejection Fraction; SOLOIST-WHF, Effect of Sotagliflozin on Cardiovas-
cular Events in Patients with Type 2 Diabetes Post Worsening Heart Failure; SCORED, Sotagliflozin on Cardiovascular and Renal Events in 
Patients with Type 2 Diabetes and Moderate Renal impairment who are at Cardiovascular Risk; CREDENCE, Canagliflozin and Renal Out-
comes in Type 2 Diabetes and Nephropathy; DAPA-CKD, Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease
ASCVD atherosclerotic cardiovascular disease, CV cardiovascular, CKD chronic kidney disease, DM type 2 diabetes mellitus, ESRD end-stage 
renal disease, GFR glomerular filtration rate (mL/min/1.73  m2), HF heart failure, hHF hospitalisation for heart failure, MI myocardial infarction, 
RAAS renin angiotensin aldosterone system, SGLT1 sodium-glucose co-transporter 1 inhibitor, SGLT2 sodium-glucose co-transporter 2 inhibitor
a Study terminated because of funding withdrawal and drug not available in the UK
b Sotagliflozin is an SGLT1 and 2 inhibitor
c EMPEROR-Reduced, a further 18% were on a sicabutril+valsartan combination
d Median duration
e Primary outcomes as documented in the trials
f Secondary outcomes as protocolled in the trials (some differences accommodated to allow comparability, renal endpoints are different between 
trials; some trials included urgent visits as hHF)
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assessed the safety of canagliflozin and included 66% of 
patients with ASCVD [11]. The use of canagliflozin was 
associated with a significant improvement in MACE, but 
did not show an individual benefit for CV deaths. The study 
however showed a higher risk of lower limb amputation rates 
and fractures compared with placebo. The DECLARE-TIMI 
58 trial, which assessed the safety of dapagliflozin, included 
41% of patients with ASCVD. This study did not show supe-
riority for this drug for MACE or CV death [12]. Both these 
studies showed significant reductions in the combination of 
CV deaths or hHF, driven by HF protection predominantly, 
and no heterogeneity in outcomes between patients with 
ASCVD or risk factors, but the benefit for CV deaths or 

hHF was generally more in the ASCVD cohort. A sub-study 
published from DECLARE-TIMI 58 showed a lower risk for 
MACE in patients with ASCVD, especially previous myo-
cardial infarction [13].

The ADA guidelines suggest the use of empagliflozin or 
canagliflozin in patients with ASCVD for CV benefits, as 
these two drugs showed reductions in MACE. Based on the 
research evidence and class effect, all SGLT2i might be able 
to offer secondary prevention, but the best option might be 
empagliflozin for secondary protection, with an additional 
benefit of reducing hHF and renal outcomes in this cohort 
(Table 2).

Table 3  Patient information version: summary of clinical outcomes for the sodium-glucose co-transporter 2 inhibitor class of drugs

1 2 3 4
ASCVD ASCVD or risk factors Heart failure ± DM Chronic kidney disease

angina
Stroke or TIA (mini-stroke)
Leg vascular disease
Bypass surgery or stents

Over age 50 years with:
High blood pressure
Current smoker
Cholesterol problem

Over age 18 years with any of:
NYHA Class II, III, or IV
HFrEF: LVEF ≤40%
Elevated NT-proBNP 

UACR at least 23–565
eGFR reduced 23–75 
on ACE-I or ARB >4 weeks

RCT trial name

n, 
years

EMPA-REG 
OUTCOME

3.1

VERTIS CV

3.0 

CANVAS

2.4 

DECLARE-
TIMI 58

4.2 

DAPA HF

1.5 

EMPEROR-
REDUCED

1.33 

CREDENCE
(CKD + DM)

2.6 

DAPA-CKD
CKD ± DM

2.4 

Special 
s

Age ≥40 
years

Micro-
albuminuria 
or low HDL

Men aged 
≥55 years

Women aged 
≥60 years

Age ≥ 30 
years
eGFR: 30–89
UACR: 34–565

Age ≥ 18 
years
eGFR 25–75
UACR: 23–565

Drug

Pa�ent
group

Empagliflozin
10 or 25 mg

Ertugliflozin Canagliflozin
100 or 300 mg

Dapagliflozin
10 mg

Dapagliflozin
10 mg

Empagliflozin Canagliflozin 
100 mg

Dapagliflozin 
10 mg

Baseline 
HbA1c 

65 mmol/mol
(8.1%)

66 
mmol/mol

(8.2%)

66 mmol/mol
(8.2%)

67 mmol/mol
(8.3%)

64 mmol/mol
(8.0%)

67 mmol/mol
(8.3%)

MI or stroke or 
CV death − 14% − 13% − 14% − 7% Not reported Not reported − 20% Not reported
Heart k
(MI: fatal or any)

− 13% + 4% − 11% − 11% Not reported Not reported Not reported Not reported

Stroke (fatal or 
nonfatal)

+ 18% + 6% − 13% +1% Not reported Not reported Not reported Not reported

hHF − 35% − 30% − 33% − 27% − 30% − 31% − 39% Not reported
CV deaths − 38% − 8% − 13% − 2% − 18% − 8% − 22% − 17%

CV deaths or 
hHF

− 34% − 12% − 22% − 17% − 25% − 25% − 31% − 29%

All-cause 
mortality

− 32% − 7% − 13% − 7% − 17% − 8% − 17% − 31%

Renal  
endpoint

− 46% − 19% − 40% − 47% − 29% − 50% − 34% − 44%

Progression to 
ESRD

− 55% Not 
reported

Not reported Not reported Not reported Not reported − 32% − 36%

please indicate First, second and third choice  

ACE-I or ARB angiotensin-converting enzyme inhibitors or angiotensin receptor blockers, ASCVD atherosclerotic cardiovascular disease, CKD 
chronic kidney disease, CV cardiovascular, eGFR estimated glomerular filtration rate (mL/min/1.73  m2), ESRD end-stage renal disease, HDL 
high-density lipoprotein, HF heart failure, HFrEF heart failure with reduced ejection fraction, hHF hospitalisation for heart failure, LVEF left-
ventricular ejection fraction, MACE major adverse cardiovascular events, MI myocardial infarction, NYHA New York Heart Assocation, RCT  
randomised controlled trial, TIA transient ischaemic attack, UACR  urine albumin creatinine ratio
Bold values in shaded boxes denote significant p-value or hazard ratio < 1; negative value means a reduction in the risk of outcome
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4.2  Second Deliberation: Does the Patient Have 
a History of HF?

The next consideration in choosing a drug in a clinical-
phenotyped approach would be the presence of HF (Fig. 1). 
The ADA recommends considering SGLT2i in patients with 
HF (especially with left-ventricular ejection fraction <45%), 
again irrespective of HbA1c. The clinically relevant end-
point in this cohort would ideally be a reduction in hHF or 
CV deaths. The SGLT2i as a class are well known to offer 
protection against hHF but the inclusion criteria in various 
CVOT trials are not well characterised and hence difficult 
to define if the prevention is primary or secondary. The 
EMPEROR-Reduced and DAPA-HF specifically addressed 
the efficacy of these drugs in patients with pre-diagnosed 
HF.

The EMPEROR-Reduced trial studied the effect of empa-
gliflozin on patients with clinically advanced HF, with symp-
toms of HF (New York Heart Association, NYHA functional 
class II–IV), elevated B-natriuretic peptide and reduced left-
ventricular ejection fraction ≤ 40% [14]. Seventy-three per-
cent of the included cohort had an ejection fraction < 30% 

and 48% had an estimated glomerular filtration rate (GFR) 
< 60 mL/min/1.73  m2. Empagliflozin showed a significant 
25% reduction in the primary outcome of the combination 
of hHF or CV deaths and hHF alone by 31%, consistent 
amongst all subgroups. The study also showed a slower 
decline in GFR in the empagliflozin cohort, thereby prov-
ing the cardio-renal protective effect. The DAPA-HF trial 
studied the use of dapagliflozin in HF but used marginally 
lower thresholds for inclusion than the EMPEROR-Reduced 
[15]. DAPA-HF showed an overall reduction in the combi-
nation of hHF and CV deaths, as well as individually with 
these endpoints, and a reduction in all-cause mortality. The 
benefit was more pronounced in patients with NYHA class 
II than with NYHA classes III–IV. Both studies included 
patients without diabetes and the outcomes were consist-
ently seen across both groups, therefore validating the ben-
efit of SGLT2i beyond glycaemic control. These studies 
demonstrated the benefits over and above the use of renin-
angiotensin-aldosterone system inhibitors and the safety of 
concurrent use with diuretics.

The SOLOIST-WHF and the SCORED trials looked at 
the efficacy of the SGLT1 and SGLT2 inhibitor sotagliflozin, 

T2D, established on life style changes and Me
ormin

HbA1c Target only HbA1c + risk reduc�on: ASCVD or HF or CKD

Consider these delibera�ons independent of baseline 
HbA1c, individualized target HbA1c or me
ormin use 

D1 ASCVD + or Indicators of high risk 
For secondary preven�on of MACE 

Empagliflozin
Canagliflozin 

D3  
CKD + heavy proteinuria 

For reducing primary renal outcome 
Canagliflozin 
Dapagliflozin 

D2 
Empagliflozin
Dapagliflozin 

HFrEF + 
For reducing hHF 

Any CKD + 
To reduce CV Events/ renal outcome 

Canagliflozin 
Dapagliflozin 
Empagliflozin

D4 
HbA1c above target + risk factors 
For primary preven�on of MACE 

Canagliflozin 
Dapagliflozin 

D5
HbA1c above target

Improving glycaemic control 
Any SGLT2i 
based on cost 

Fig. 1  Flow chart showing the clinical deliberations and evidence-
based decision to guide the choice of sodium-glucose co-transporter 
2 inhibitor (SGLT2i); D stands for deliberations. Glucagon-like pep-
tide-1 receptor agonists would also be alternate choices for delibera-
tions 1–4. Other drug classes such as dipeptidyl peptidase-4 inhibitors 
offer glycaemic control but without cardiovascular or renal outcome 

data. ASCVD atherosclerotic cardiovascular disease, CKD chronic 
kidney disease, CV cardiovascular, HF heart failure, HFrEF heart 
failure with reduced ejection fraction, hHF hospitalization for heart 
failure, MACE major adverse cardiovascular events, T2D patients 
with type 2 diabetes mellitus
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in T2D with HF. The studies were terminated at 9 and 16 
months, respectively, owing to funding withdrawal. How-
ever, an analysis of the available data showed a significant 
reduction in CV deaths or hHF, largely driven by a reduction 
in hHF, again demonstrating the very early clinical benefit 
associated with the use of these drugs [16, 17].

The ADA recommends the use of canagliflozin, empa-
gliflozin or dapagliflozin in this cohort. Dedicated trial evi-
dence is available for the latter two drugs and an informed 
choice can be made between the clinician and the patient 
(Table 2).

4.3  (A) Third Deliberation: Does the Patient Have 
DKD with Significant Albuminuria?

The next clinical phenotyping to consider would be the pres-
ence of DKD (reduction in estimated GFR and/or albuminu-
ria without other reasons for kidney disease) and the ADA 
recommends the use of SGLT2i, irrespective of HbA1c, with 
specific evidence on the reduction of DKD progression; and 
if this is not possible, at least to choose a drug with evidence 
of CKD progression on CVOTs. The primary treatment tar-
get in this cohort would be to prevent progression to end-
stage renal disease and CV events [18]. Though SGLT2i as 
a class may have a reno-protective effect, the CREDENCE 
and DAPA-CKD trials specifically recruited patients with 
DKD (Fig. 1).

The CREDENCE trial evaluated the CV efficacy of cana-
gliflozin 100 mg in patients with T2D with an estimated 
GFR of 30 but < 90 mL/min/1.73  m2 with a urine albu-
min creatinine ratio > 300 (expressed as albumin measured 
in milligrams and creatinine in grams) [19]. Canagliflozin 
showed a significant 30% reduction in the primary outcome 
(composite renal endpoint and CV deaths), achieved over 
and above the use of renin-angiotensin-aldosterone system 
inhibitors and independent of a glycaemic control difference. 
The incidence of individual renal endpoints (progression to 
end-stage renal disease or doubling of serum creatinine) was 
also significantly reduced. There was a 20% reduction in 
MACE, 39% in hHF and 34% with renal-specific outcomes, 
the latter benefit best demonstrated in patients with an esti-
mated GFR between 30 and 60 mL/min/1.73  m2. This is in 
contrast with its glucose-lowering effect, which diminishes 
as the GFR drops.

The DAPA-CKD trial evaluated the effect of dapagliflo-
zin in patients with or without T2D with an estimated GFR 
between 25 and 75 mL/min/1.73  m2 with a urine albumin 
creatinine ratio > 200 (14% of the trial population had an 
estimated GFR < 30 mL/min/1.73  m2) [20]. Dapagliflozin 
showed a significant reduction in progression to the compos-
ite renal endpoint and CV death, independent of the presence 
of T2D and the point estimates for each of the component 
favoured the use of dapagliflozin.

Based on the research evidence available, a choice can be 
made between dapagliflozin or canagliflozin in this cohort 
(Table 2). The established safety of dapagliflozin at a lower 
GFR would likely be applicable across all drugs in this class.

4.4  (B) Does the Patient Have Evidence of CKD?

The ADA recommends the use of SGLT2i (or GLP-1RA) 
with proven CV benefits in this ‘clinical phenotype’ of 
patients with CKD (such as an estimated GFR < 60 mL/
min/1.73  m2), irrespective of HbA1c, with a primary treat-
ment intention to reduce CV events and reduce progression 
to end-stage renal disease. A number of SGLT2i CVOTs 
have also measured renal endpoints and included a small 
proportion of patients with some proteinuria and/or reduced 
estimated GFR. The renal composite endpoints used as the 
outcome are different between the trials (Table 4).

The EMPA-REG OUTCOME included 26% of patients 
with an estimated GFR ≤ 59 mL/min/1.73  m2 of whom 
47% had normoalbuminuria (urine albumin creatinine ratio 
< 30), and reported separately on their microvascular out-
comes [21]. The use of empaglifozin was associated with 
a significant reduction in event rates of composite renal 
endpoints, independent reduction in progression to mac-
roalbuminuria, progression of CKD, and the need for renal 
replacement therapy. It did not show any protection for inci-
dent microalbuminuria, but the renal and CV benefits were 
consistent across all ranges of GFR and albuminuria [22]. 
The DECLARE-TIMI 58 trial included only 7% of patients 
with estimated GFR < 60 mL/min/1.73  m2 and showed an 
improvement in composite renal outcome with dapagliflozin 
use, homogenously across all subgroups especially with or 
without ASCVD [12, 23]. The CANVAS program included 
20% with an estimated GFR < 60 mL/min/1.73  m2 with 
11% normoalbuminuria. A secondary analysis demonstrated 
consistent CV and renal outcome benefits across various 
GFR strata [11, 24].

Though all three SGLT2i drugs have good evidence of 
reducing renal outcomes, it is important to acknowledge that 
the EMPA-REG OUTCOME only involved patients with 
ASCVD. Canagliflozin has evidence for the reduction of 
MACE in this cohort. Dapagliflozin might be a better option 
in achieving renal outcomes. The choice between these 
drugs can be decided based on individualised therapeutic 
endpoints, taking the evidence base into consideration.

4.5  Fourth Deliberation: Does the Patient Need 
Improvement in Glycaemic Control and Have 
Risk Factors for CVD

The management in this clinical phenotype (without 
ASCVD, HF or CKD/DKD but risk factors) would be driven 
by intent for HbA1c control (Fig. 1). The ADA does not 
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classify this as a separate cohort, but the recommendation 
is to individualize treatment based on important clinical 
needs (such as hypoglycaemia risk, weight issues or cost). 
The CANVAS and DECLARE-TIMI 58 included patients 
without ASCVD but with major risk factors. The CANVAS 
programme showed significant improvement with canagliflo-
zin on MACE, with no heterogeneity based on pre-existent 
ASCVD [11, 25]. The DECLARE-TIMI 58 trial enrolled 
the largest proportion of patients without ASCVD, did not 
show a statistically significant reduction in MACE or all-
cause mortality, but a reduction in the combination of CV 
deaths or hHF [12].

A pooled data analysis combining the data of non-
ASCVD from CANVAS and DECLARE-TIMI 58 showed 
a consistent significant reduction in renal outcomes irre-
spective of the presence of ASCVD, better renal outcomes 
in patients with preserved renal function and a reduction 
in hHF irrespective of baseline HF, largely driven by 

dapagliflozin data [26]. Real-life clinical practice studies 
have demonstrated comparable benefit for SGLT2i drugs as 
a class [27]. Based on CV risk factors and the desired clini-
cal endpoint targets in a given patient, an evidence-based 
best treatment option can be derived from the SGLT2i trials. 
For instance, a patient who is 60 years old with dyslipidae-
mia might benefit from the use of dapagliflozin to prevent 
renal outcomes (Table 3).

It is important to note that all CVOTs had a reasonable 
proportion of patients taking metformin monotherapy and 
the average HbA1c in the CVOTs were generally >8.0%, 
hence the evidence on SGLT2is can help to position the 
drug appropriately in the treatment pathways [28]. There is 
certainly also an argument to consider de-prescribing drugs 
without proven CV benefits, such as dipeptidyl peptidase-4 
inhibitors and substitute with SGLT2i [29–31]. However, 
the primacy of patient preference in relation to outcomes 
with clinician input applies as a principle in clinical practice.

Table 4  Comparison data of YoDa of sodium-glucose co-transporter 2 inhibitors SGLT2i and glucagon-like peptide-1 receptor agonistsGLP-
1RA in achieving similar clinical endpoints and approximate cost implication (rounded to nearest £)

Drugs Empagliflozin Canagliflozin Dapagliflozin
Trial label EMPA-REG OUTCOME [7] CANVAS [11] DECLARE-TIMI 58 [13] LEADER [46] SUSTAIN-6 [48] REWIND [47]
Age, years 63 63 64 64.3 64.6 66.2

years
57% > 10 13.5 11 12.8 13.9 9.5

years
3.1 2.4 4.2 3.8 2.1 5.4

% with ASCVD 99 72 41 81 60 31
% with eGFR < 60 26 na 7 23 29 22
% albuminuria 40 30 na 36 na 35
CV inclusion 
criteria

ASCVD only ASCVD OR
age > 50 years + 2 of: 

smoking, diabetes >10 
years, HT, albuminuria 

or HDL <1 mmmol/L

ASCVD OR
men aged > 55 years or 
women aged >60 years

+ 1 of: dyslipidemia, 
smoking or HT

age > 50 + ASCVD or HF 
or CKD stages 3–5; OR 
age >60 years + 1 of  

albuminuria, HT, LVH, LV 

Same as LEADER Age > 50 years + 1 of: 
ASCVD, LVH, CKD stages
3–5 or, albuminuria OR 
age > 60 years + 2 of: 

dyslipidemia, HT,
tobacco use or obesity

MACE 0.86 (0.74–0.99)a

195 YoDa
£93,015

0.86 (0.75–0.97)a

511 YoDa
£243,747

NSa 0.87 (0.78–0.97)a

251 YoDa
£359,432

0.74 (0.58–0.95)a

90 YoDa
£85,680

0.88 (0.79-0.99)a

383 YoDa
£364,616

CV deaths 0.62 (0.49–0.77)
143 YoDa
£68,211

NSb NSb 0.78 (0.66–0.93)
293 YoDa
£419,576

NS NSb

All-cause 
mortality

0.68 (0.57–0.82)
127 YoDa
£60,579

NSb NSb 0.85 (0.74–0.97)b

372 YoDa
£532,704

NSb NSb

Renal endpoint 
parameters

New  macroalbuminuria, 
doubling of serum 

RRT or renal death

RRT, renal deaths <60, ESRD, renal or CV 
deaths

New macroalbuminuria 
with GFR <45, RRT or 

renal death

New macroalbuminuria, 
persistent doubling of 

or need for RRT

New macroalbuminuria, 
30% decline in GFR or 

RRT

Renal  composite 
endpoint

0.54 (0.40–0.75)
220 YoDa
£104,940

0.60 (0.47–0.77)
686 YoDa
£327,222

0.53 (0.43–0.66)b

323 YoDa
£154,071

0.78 (0.67–0.92)
255 YoDa
£365,160

0.64 (0.46–0.88b

92 YoDa
£87,584

0.85 (0.77–0.93)
216 YoDa
£205,632

ABPI ankle brachial pressure index, ASCVD atherosclerotic cardiovascular disease, CKD chronic kidney disease, CV cardiovascular, ESRD end-
stage renal disease, GFR glomerular filtration rate (mL/min/1.73  m2), HF heart failure, HT hypertension, LV left ventricle, LVH left-ventricular 
hypertrophy, MACE major adverse cardiovascular events, na not available, NS not significant, RRT  renal replacement therapy, YoDa Years of 
Drug administration
Liraglutide cost based on 1.8 mg/day, thus £1432/year; semaglutide and dulaglutide £952/year
a Primary outcomes as documented in the trials
b Secondary outcomes as protocolled in the trials
Shaded boxes denote hazard ratio not crossing 1; YoDa not calculated if outcome data not statistically significant
Trial Labels: LEADER, Liraglutide Effect and Action in Diabetes:Evaluation of Cardiovascular Outcome Results; SUSTAIN-6, Trial to Evalu-
ate Cardiovascular and other Long-term Outcomes in Subjects with Type 2 Diabetes; REWIND, Researching Cardiovascular Events with a 
Weekly Incretin in Diabetes



122 L. Varadhan et al.

4.6  Final Deliberation: Does the Patient Need 
Glycaemic Control Improvement Alone?

For patients who need glycaemic control only, the current 
drug choice would not be guided by empirical evidence 
but decided based on patient choice, cost, efficacy and side 
effects as per the ADA. A number of real clinical practice 
database reviews have shown similar benefits of hHF and 
renal outcomes in patients without ASCVD or substantial 
risk factors [27, 32, 33]. Therefore, when there is no specific 
steer from the clinical risk factors, agents with the lowest 
acquisition cost should be considered. The treatment choices 
should be continuously reviewed to assess treatment efficacy. 
At each review, the patient can be clinically phenotyped 
again based on the above deliberations and initiated on a 
different medication based on clinical needs.

5  Discussion

This review provides a stepwise approach to manage a 
patient with T2D, incorporating the current guidelines, pro-
viding trial data in a comparable format and using a simple 
YoDa calculation, to provide evidence-based and patient-
centred individualised care. This approach is summarised 
in Fig. 1.

The YoDa calculation provides an easy and comparable 
parameter to estimate the cost involved in preventing or 
improving a clinical endpoint and making therapeutic judge-
ments. For instance, clinicians could prefer using ertugliflo-
zin as this is the cheapest SGLT2i, but from the trial data its 
CV benefits are not similar; similarly from an hHF perspec-
tive, empagliflozin might be a better choice based on YoDa 
[10]. This model of calculation had been previously reported 
as a teaching tool but this review extends its use as a clinical 
model to inform practice and decision making [34]. A num-
ber of studies have shown the cost effectiveness of SGLT2i 
as a class, especially when balanced against the expenditure 
associated with morbidities of vascular complications of 
diabetes and other therapies [35, 36]. Complex economic 
modelling studies may help to show the advantage of a par-
ticular drug against a specific outcome [37, 38]. The incre-
mental cost-effectiveness ratio (ICER) per quality-adjusted 
life-year is a commonly used parameter to calculate a cost 
estimate but this is based on the overall therapeutic efficacy 
of a particular drug [39, 40]. As per the National Institute 
for Health and Care Excellence technology appraisal guid-
ance in the UK, the ICERs associated with all three SGLT2i 
as monotherapy were deemed comparable [5]. Though this 
does not guide towards a choice, it provides the clinician 
the opportunity to choose between the drugs freely. The 
YoDa calculation can further guide to an ‘individualised’ 

choice based on the most important clinical outcome to be 
prevented.

A number of meta-analyses have been published showing 
the efficacy of SGLT2i on HF and renal outcomes, therefore 
supporting a class effect especially in the high-risk cohort 
[41–43]. A recently published meta-analysis also showed 
that the protection offered by this class increases signifi-
cantly with the presence of multiple ASCVD or increasing 
CVD risk factors in the patient [44]. The benefits of this 
class of drugs have also been shown in real-world prac-
tice. The EMPRISE study showed a significant reduction 
in hHF in patients with or without CV disease with the use 
of empagliflozin [33]. CVD-REAL, a large database com-
parative study of SGLT2i with other anti-diabetic medica-
tions, showed a significant 39% reduction in hHF and a 51% 
reduction in all-cause mortality, with a large proportion of 
patients not having ASCVD, and therefore proving that the 
benefit may also extend to patients with low CV risk [27, 
32]. However, it is important to acknowledge that not all the 
benefits seen in trials can be replicated in real-life clinical 
practice [45].

The ADA guidelines proposes an “either/or” approach 
to choose between GLP-1RA and SGLT2i in the ASCVD 
cohort and three important GLP-1RA CVOTs demonstrated 
CV benefits. YoDa can be applied to reasonably compare 
the benefit offered by various classes of drugs for the same 
clinical outcome (Table 4). The LEADER study demon-
strated the safety and efficacy of liraglutide with a significant 
improvement in MACE, with a particular reduction in CV 
deaths [46]. The REWIND study showed a significant reduc-
tion in MACE with the use of dulaglutide and SUSTAIN-6 
with semaglutide, both of which were largely driven by a 
reduction in non-fatal stroke rather than CV deaths [47, 48]. 
The GLP-1RA trials had different inclusion characteristics 
to the SGLT2i CVOTs (Table 4 of the ESM). Lixisenatide 
(ELIXA trial had 100% patients with ASCVD) or exenatide 
LAR (EXSCEL trial involving 70% with ASCVD) did not 
show a significant reduction in MACE compared to placebo 
[49, 50]. The HARMONY trial had shown evidence of a 
MACE reduction with the use of albiglutide, predominantly 
driven by a reduction in myocardial infarction, but this drug 
has now been withdrawn from clinical use on commercial 
grounds [51]. A combined meta-analysis of these CVOTs 
has shown a favourable effect of these drugs on MACE and 
all-cause mortality [52]. The LEADER, SUSTAIN-6 and 
REWIND trials had included 23%, 28% and 22% with an 
estimated GFR of < 60 mL/min/1.73  m2, respectively, and 
demonstrated reductions in the composite renal endpoint 
[46–48, 53, 54]. The renal outcomes of GLP-1RA are largely 
driven by reductions in the onset of macroalbuminuria data 
whereas SGLT2i offer a more varied protection towards 
worsening GFR, end-stage renal disease and death [55]. The 
GLP-1RA CVOTs did not demonstrate any benefit on hHF. 
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The ADA proposes the use of liraglutide, semaglutide or 
dulaglutide for achieving CV benefits and YoDa can help to 
support making a choice between these.

The factors that guide the choice between SGLT2i and 
GLP-1RA in real clinical practice are different. A compara-
tive study combining the various published studies amongst 
these two classes have demonstrated that SGLT2i, as a class, 
has significant benefits in hHF and CKD progression com-
pared with GLP-1RA [56]. The outcomes with MACE are 
reasonably similar between the drug classes. A comparison 
between these two classes also demonstrated that the adverse 
CV and renal outcomes were fewer with SGLT2i (apart 
from strokes) compared with GLP-1RA on similar cohorts 
of patients [44]. Among drugs with similar outcomes, the 
duration and cost involved in achieving the clinical endpoint 
would be significantly different. The cost effectiveness of the 
drug in achieving these CV outcomes needs to be taken into 
consideration when a patient and the clinician make the final 
choice as to which therapy to initiate. The YoDa calcula-
tion is useful to provide simple clinical guidance to choose 
between the drugs and is not meant to directly compare or 
brand a particular drug as less or more effective than the oth-
ers in the class. This current era of the COVID-19 pandemic 
has resulted in almost all national economies experiencing 
an economic recession of a small or larger magnitude and 
the need for cost efficiency is abundantly clear. Ultimately 
the health economies need to prevent diabetes complications 
by achieving reasonable diabetes ‘remission’ and prevention 
of diabetes itself, which can have a positive impact on diabe-
tes complications, which would in turn reduce expenditure 
on medications and healthcare [57].

6  Limitations

Our comparative review has important limitations. First, 
a number of benefits such as overall secondary preven-
tion of MACE and hHF and a reduction in renal outcomes 
with SGLT2i can be a class effect and might be general-
ized between the drugs; the trials however had not consist-
ently demonstrated this depending on the patient’s inclu-
sion characteristics and choosing a drug within the SGLT2i 
class can be difficult and challenging [26, 42]. A combi-
nation of clinical phenotyping, accessible trial data to the 
patient and clinician, and YoDa can guide an appropriate 
choice. Second, assigning patients to clinical phenotypes 
would not be as discrete and singular as ASCVD, HF or 
CKD in clinical practice. Improving HbA1c would always 
be the overarching priority during clinical encounters. 
Further, various other factors such as patient characteris-
tics and priorities, individualised clinical outcome targets 
and other co-morbidities influence decision making. Third, 
the YoDa calculation is only an approximation of the cost 

involved based on acquisition cost, risk reduction ratios and 
NNT. A number of other medico-economic factors such as 
the cost of hospitalisation or interventions would normally 
be factored into economic models to accurately assess the 
cost effectiveness of the drugs. Similarly, a sub-analysis of 
cohorts in larger trials (such as patients with ASCVD in 
CANVAS or DECLARE-TIMI 58) may yield a different 
NNT. Fourth, using the median duration of a trial, as an 
equivalent of treatment duration to measure cost effective-
ness, has its own limitations. The trial duration is determined 
by numerous factors during trial methodology and does not 
generally reflect the treatment duration needed to derive a 
benefit. Additionally, clinical events happen at random time-
points during a trial. It is well known that the benefits with 
SGLT2i can start quite early. Using the end-of-the-trial NNT 
and the trial duration together may not accurately reflect this. 
Fifth, though NNT could be a useful clinical parameter, it 
is only one of the statistical outcomes and its limitations are 
well recognized [58–60]. Furthermore, making binary deci-
sions on drug choices based on p-values and HRs alone may 
not be ideal as they might not always identify similarities 
or differences between the strength of evidence from these 
trials [61].

7  Conclusions

The YoDa concept provides a triangulated approach between 
the evidence base from randomised controlled trials, clini-
cal phenotyping and practical cost consideration to facilitate 
effective clinical decision making. With the latest diabetes 
management recommendations moving away from using the 
HbA1c alone as the primary target and instead focusing on 
CV outcomes, the deliberation-based stepwise approach and 
YoDa can serve as an effective approach to guide manage-
ment planning. The summaries of key SGLT2i landmark 
studies and the novel approaches used in this paper would 
help facilitate the process of informed decision making, with 
the patient as the centre of focus of care. The above delibera-
tions can provide a template to review the risk profile  and 
clinical treatment target of the patient at each consultation 
to tailor treatment choices.
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