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Introduction

The Diabetes Canada Clinical Practice Guidelines for the Prevention
and Management of Diabetes in Canada (CPG) were last published in
2018 (1). New evidence has been published since the 2018 guide-
lines, prompting this update to our recommendations for Chapter
13, “Pharmacologic Glycemic Management of Type 2 Diabetes in
Adults” (1).

What’s New in 2020

First, additional agents approved for use in Canada have been
shown to have cardiovascular (CV) benefits in patients with type
2 diabetes. Second, some of these CV benefits have now been
demonstrated in people with CV risk factors but without
established atherosclerotic cardiovascular disease (ASCVD).
Third, there is more evidence showing that sodium-glucose
cotransporter-2 inhibitors (SGLT2i) reduce the risk of
hospitalization for heart failure (HHF) and the progression
of chronic kidney disease (CKD). Finally, additional studies of
comparative effectiveness of antihyperglycemic agents provide
stronger evidence that glucagon-like peptide-1 receptor agonists
(GLP1-RA) and SGLT2i are associated with greater weight loss
compared to other agents.

We have, therefore, added new recommendations or updated
existing recommendations based on rigorous and careful review
of the evidence regarding the efficacy on clinically important
outcomes and adverse effects of available medications. Minor
changes to wording have also been made to some recommenda-
tions for enhanced clarity. The revised recommendations,
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treatment algorithm (Figures 1, 2A, 2B, 3), list of available agents
(Table 1) and summary of CV outcome trials (CVOT) (Table 2), with
a rationale and summary of the supporting trials, are presented
here to assist practitioners as they approach antihyperglycemic
therapy for people with type 2 diabetes.

The requirement for health-care providers to consider
multiple factors when selecting antihyperglycemic medications is
unchanged. These include degree of hyperglycemia; efficacy
of agents for reducing diabetes complications and blood
glucose levels; medication effects on the risk of hypoglycemia,
body weight, concomitant medical conditions, and other side
effects; ability to adhere to regimen; broader health and social
needs; affordability of medications; and patient values and
preferences.

Further revisions to the text of the chapter and related
appendices will be published on the Diabetes Canada guidelines
website (guidelines.diabetes.ca).

Methods

The overarching goals and methodologic principles for the
Diabetes Canada CPG are unchanged from 2018 (2,3). Leveraging
the search methods and PICO questions used for the 2018 CPG, a
systematic search of the literature for relevant articles published
from October 2017 to October 2019 was performed by health
science librarians from the McMaster Evidence Review and
Synthesis Team (MERST). The search was limited to studies
conducted in humans and excluded phase 2 and phase 3 studies of
antihyperglycemic agents where there was no active comparator.
The MERST team reviewed all relevant citations at title and

The Canadian Diabetes Association is the registered owner of the name Diabetes Canada.

https://doi.org/10.1016/j.jcjd.2020.08.001


http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcjd.2020.08.001&domain=pdf
www.sciencedirect.com/science/journal/14992671
http://www.canadianjournalofdiabetes.com
https://doi.org/10.1016/j.jcjd.2020.08.001
https://doi.org/10.1016/j.jcjd.2020.08.001
https://doi.org/10.1016/j.jcjd.2020.08.001

576 L. Lipscombe et al. / Can ] Diabetes 44 (2020) 575—591

Assess glycemic control, cardiovascular and renal status*, recent dietary patterns and weight change
Select individualized A1C target (see Chapter 8, 2018 CPG)

Provide and/or refer for diabetes education (see Chapter 7, 2018 CPG)

Start healthy behaviour interventions (see Chapters 10,11,17, 2018 CPG)

+
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GOAL: Lifestyle changes Start metformin Symptomatic
Attain A1C expected to reduce blood hyperglycemia and/or
glucose levels (if A1C is >1.5% above metabolic decompensation
target by formin ol
3 months target, start metformin plus a
No pharmacotherapy second agent) Start insulin™ + metformin
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If A1C NOT
at target at Start metformin Adjust or advance therapy
3 months
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[ Reassess A1C in 3-6 months (see Chapter 9, 2018 CPG) ]

'

Go to Figure 2

\
Go to Figure 3

* Inindividuals with atherosclerotic cardiovascular disease, history of heart failure (with reduced ejection fraction) or chronic
kidney disease, agents with cardiorenal benefits (Figures 2A and 2B) may be considered (see Pharmacologic Glycemic
Management of Type 2 Diabetes in Adults: 2020 Update — The User’s Guide).

1 Unintentional weight loss should prompt consideration of other diagnoses (e.g. type 1 diabetes or pancreatic disease).

11 Reassess need for ongoing insulin therapy once type of diabetes is established and response to health behaviour

interventions is assessed.
A1C, glycated hemoglobin; CPG, clinical practice guidelines.

Figure 1. At diagnosis of type 2 diabetes.

abstract, and full-text levels. Relevant citations that could
potentially lead to new or modified recommendations were
abstracted and critically appraised by a methodologist from MERST.
The full-text citations and critical appraisal reports were provided
to the expert working group who also critically appraised the
citations, graded the evidence and drafted the revised
recommendations. In general, the grading of the whole trial was
applied to all recommendations supported by the trial, even if this
represented a subset of the study population, unless there was
evidence for heterogeneity between subgroups.

The composition of the expert working group and the Steering
Committee, and the approach to disclosure and management of
conflicts of interest, were aligned with recommendations of the
CPG Interim Committee. These recommendations have been
incorporated in a draft process manual which (when finalized) will
be published and updated on the Diabetes Canada website. The
working group members either had no direct financial links to
industry partners or were compliant with institutional policies
regarding interactions with industry. The Steering Committee
includes women and men, different health-care professions,
end-users and persons with lived experience of diabetes.

Two members of the Steering Committee conducted an
independent assessment of the grading. A small group of clinicians
with expertise in dissemination and implementation evaluated the
draft recommendations for clinical applicability and helped
develop the figures. The whole process was overseen by the CPG
Chair and VP, Science and Policy, Diabetes Canada. The finalized
recommendations were unanimously approved by the Steering
Committee.

Rationale and Summary of Evidence Supporting Revision/New
Recommendations

GLP1-RA

Secondary CV prevention in persons with ASCVD: Results of CVOT for
4 GLP1-RA, conducted largely in persons with pre-existing
cardiovascular disease (CVD), were available at the time of
publication of the 2018 guidelines. All GLP1-RA were noninferior
to placebo with respect to major adverse CV events (MACE:
nonfatal myocardial infarction [MI], stroke or CV death). Hazard
rates for MACE were lower for liraglutide and subcutaneous
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Regular Review

If A1C NOT at Target

Assess glycemic control, cardiovascular and renal status
Screen for complications (eyes, feet, kidneys)
Review efficacy, side effects, safety and ability to take

and/or
Change in Clinical Status

current medications
Reinforce and support healthy behaviour interventions

Adjust or advance therapy*

[ ASCVD, CKD or HF OR Age >60 with 2 CV risk factors® ]

[ A1C above target and glucose lowering required ]

!

)

ADD or SUBSTITUTE AHA with demonstrated cardiorenal benefits (see Figure 2B)

ADD or SUBSTITUTE AHA™ according to clinical priorities™"
start insulin for symptomatic hyperglycemia and/or metabolic decompensation (Figure 3)

Established Cardiovascular or Renal Disease | Risk Factors
>60 yrs with CV
RSB ‘ g ‘ b7 risk factorst
GLP1-RA SGLT2i*
MACE or or GLP1-RA
SGLT2i* GLP1-RA
oe®
Z23- SGLT2i*
- g HHF SGLT2i* SGLT2i* (and lower SGLT2i*
ﬂg) g 8 CV mortality)
883
(]
Progression of SGLT2i* SGLT2i* SGLT2i*
Nephropathy

Highest level of evidence: Grade C or D *Initiate only if eGFR >30 ml/min/1.73m?

PROVEN cardiorenal benefit
in high-risk populations** cardiorenal benefit**

GLP1-RA \Weightloss GLP1-RA
dulaglutide, liraglutide, semaglutide  exenatide ER, lixisenatide

SGLT2i

CV safety, but NO proven RISK of HF

rtugliflozin®* (SGLT2i)

empagliflozin

DPP4i
sitagliptin, linagliptin, alogliptin
Acarbose

saxagliptin (DPP4i)

Sulfonylureas
Megiitindss Thiazolidinediones
Insulin

Hypoglycemia Weight gain

Fixed-dose combinations may be considered to reduce burden

*  Changes in clinical status may necessitate adjustment of glycemic targets and/or deprescribing.

1t Tobacco use; dyslipidemia (use of lipid-modifying therapy or a documented untreated low-density lipoprotein (LDL) 23.4 mmol/L, or high-density lipoprotein-cholesterol (HDL-C) <1.0 mmol/L for men and
<1.3 mmol/L for women, or triglycerides 2.3 mmol/L); or hypertension (use of blood pressure drug or untreated systolic blood pressure [SBP] 2140 mmHg or diastolic blood pressure [DBP] 295 mmHg).

11 All antihyperglycemic agents (AHAs) have Grade A evidence for effectiveness to reduce blood glucose levels.

111 Consider degree of hyperglycemia, costs and coverage, renal function, comorbidity, side effect profile and potential for pregnancy.

**  In CV outcome trials performed in people with atherosclerotic cardiovascular disease (ASCVD), chronic kidney disease (CKD), heart failure (HF) or at high cardiovascular (CV) risk.

**  VERTIS (CV outcome trial for ertuglifiozin) presented at American Diabetes Association (ADA) June 2020 showed noninferiority for major adverse CV events (MACE). Manuscript not published at time of writing.

A1C, glycated hemoglobin; DPP4i, dipeptidyl peptidase-4 inhibitors; eGFR, estimated glomerular filtration rate; GLP1-RA, glucagon-like peptide-1 receptor agonists; exenatide ER, exenatide extended-release; HHF,

hospitalization for heart failure; SGLT2i, sodium-glucose cotransporter 2 inhibitors; yrs, years.

Figure 2A. Reviewing, adjusting or advancing therapy in type 2 diabetes.

semaglutide and extended release exenatide (nonsignificantly)
compared to placebo. There was no suggestion of any CV benefit
for lixisenatide.

Lixisenatide was compared to placebo in 6,068 patients with
type 2 diabetes and a recent CV event over a median 2.1 years of
follow up (MACE or hospitalization for unstable angina: 13.4%
vs 13.2%; HR 1.02, 95% CI 0.89-1.17) (4). Extended-release
exenatide was compared to placebo in 14,752 participants
with type 2 diabetes (73% with pre-existing CVD) over a median
3.2 years of follow up (MACE 11.4% vs 12.2%; HR 0.91, 95%
0.83-1.00) (5). The first GLP1-RA to demonstrate significant CV
benefit was liraglutide (6). The Liraglutide Effect and Action in
Diabetes: Evaluation of Cardiovascular Outcome Results
(LEADER) trial evaluated CV outcomes in 9,340 participants
with type 2 diabetes, of whom, 81% had established CVD or
stage 3 or higher CKD and 72% had CVD only (6). Over a median
follow up of 3.8 years, liraglutide was associated with a
significantly lower incidence of MACE than placebo (13.0% vs
14.9%; HR 0.87, 95% CI 0.78—0.97), with significantly fewer CV
deaths in patients treated with liraglutide compared to placebo
(4.7% vs 6.0%; HR 0.78, 95% CI 0.66-0.93).

Since the 2018 guidelines were published, subcutaneous
semaglutide became available in Canada and CVOT have been
published for oral semaglutide, dulaglutide and albiglutide. Trials
for those agents are described below (see also Table 2).

Subcutaneous semaglutide was compared to placebo in the
phase 3a Trial to Evaluate Cardiovascular and Other Long-term
Outcomes with Semaglutide in Subjects with Type 2 Diabetes
(SUSTAIN-6) (7). Similar to the LEADER trial of liraglutide (6),
patients were eligible if they had type 2 diabetes and an A1C of 7%
or greater; and were age >50 years with established CVD or stage 3
or higher CKD or age >60 years with at least 1 CV risk factor
(microalbuminuria or proteinuria, hypertension and left ventricular
hypertrophy, left ventricular systolic or diastolic dysfunction, or an
ankle—brachial index of less than 0.9). SUSTAIN-6 enrolled 3,297
participants with a mean duration of type 2 diabetes of 13.9 years
and mean A1C of 8.7% (7), and they were randomized to
subcutaneous semaglutide 0.5 mg or 1.0 mg weekly or placebo. At
baseline, 98% were on antihyperglycemic therapy, 83% had
established CVD or stage 3 or higher CKD, and 59% had CVD only.
After a median follow up of 2.1 years, the primary composite
outcome of MACE occurred in 6.6% of participants treated with
semaglutide and 8.9% of participants treated with placebo (HR 0.74,
95% CI 0.58—0.95), fulfilling statistical criteria for noninferiority
(p<0.001); a posthoc test for superiority was also significant
(p=0.02). While the main findings from this trial were similar to
those for liraglutide from the LEADER trial (6), as the hypothesis for
CV benefit superiority was not prespecified, the evidence for CV
benefit of subcutaneous semaglutide was graded lower than for
liraglutide.
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Summary of outcome trials of drugs with cardiorenal benefits
Clinical outcomes (HR [95% CI] vs placebo)
Agent (outcome trial) Population All .
. -cause Fatal/ Fatal/ Progression of
RECE G veriliy mortality nonfatal Ml nonfatal stroke hcsells CKD
GLP1-RA
Exenatide (EXSCEL) CVD (73%) or CV risk 0.91* 0.88 0.86 0.97 0.85 = =
factors (0.83-1.00) (0.76-1.02) | (0.77-0.97) (0.85-1.10) (0.70-1.03)
Liraglutide (LEADER) CVD (72%) or CV risk 0.87* 0.78 0.85 0.86 0.86 = =
factors (0.78-0.97) | (0.66-0.93) | (0.74-0.97) (0.73-1.00) (0.71-1.06)
Semaglutide SC (SUSTAIN 6) | CVD (59%) or CV risk 0.74* 0.98 1.05 0.74 0.61 = =
factors (0.58-0.95) | (0.65-1.48) | (0.74-1.50) (0.51-1.08)t (0.38-0.99)t
Semaglutide Oral (PIONEER 6) | CVD (85%) or CV risk 0.79* 0.49 0.50 1.18 0.74 = =
factors (0.57-1.11) (0.27-0.92) | (0.31-0.84) (0.73-1.90)t (0.35-1.57)t
Dulaglutide (REWIND) CVD (31.5%) or CV risk 0.88* 0.91 0.90 0.96 0.76 = S
factors (0.79-0.99) | (0.78-1.06) | (0.80-1.01) (0.79-1.16)t (0.61-0.95)t
Albiglutide (HARMONY) CVD or PVD 0.78* 093 0.95 0.96 0.76 = =
(withdrawn from market) (0.68-0.90) | (0-73-119) | (0.79-1.16) (0.79-1.15) (0.62-0.94)
SGLT2i
Empaglifiozin (EMPA-REG) cvD 0.86* 0.62 0.68 0.87 1.18 0.65 0.61
(0.74-0.99) | (0.49-0.77) | (0.57-0.82) (0.70-1.09) (0.89-1.56) (0.50-0.85) (0.53-0.70)
Canagliflozin CVD (66%) or CV risk 0.86* 0.87 0.87 0.89 0.87 0.67 0.73
(CANVAS PROGRAM) factors (0.75-0.97) | (0.72-1.06) (0.74-1.01) (0.73-1.09) (0.69-1.09) (0.52-0.87) (0.67-0.79)
Canagliflozin (CREDENCE) CKD 0.80 0.78 0.83 = = 0.61 0.70%2
(eGFR 30-90 + proteinuria) | (0.67-0.95) (0.61-1.00) (0.68-1.02) (0.47-0.80) (0.59-0.82)
Dapagliflozin (DECLARE-TIMI) | CVD (41%) or CV risk 0.93* 0.98 0.93 0.89 1.01 0.73 0.76
factors (0.84-1.03) | (0.82-1.17) | (0.82-1.04) (0.77-1.01) (0.84-1.21) (0.61-0.88) (0.67-0.87)
Dapagliflozin (DAPA-HF) CHF (reduced EF) + DM = 0.82 0.83 = = 0.70 0.71
(42%) (0.69-0.98) | (0.71-0.97) (0.59-0.83) (0.44-1.16)

*  Primary outcome.
t Nonfatal events only.

Note: This table presents relative risk reduction versus placebo and NOT absolute risk reduction. Statistically significant results are shown in bold type, with cells outlined when this was the primary out-
come. 'DAPA-HF Primary Outcome = hospitalization for heart failure (Hosp HF) or cardiovascular (CV) death. Hazard ratio (HR) 0.74* (0.64-0.99), p<0.05. 2Primary outcome = chronic kidney disease (CKD)
progression or CV death. ACS, acute coronary syndrome; CHF, congestive heart failure; Cl, confidence interval; CVD, CV disease; DM, diabetes mellitus; EF, ejection fraction; eGFR, estimated glomerular
filtration rate in mL/minute/1.73m? GLP1-RA, glucagon-like peptide-1 receptor agonists; HR, hazard ratio; MACE, major cardiovascular events (CV death, nonfatal myocardial infarction [MI], nonfatal stroke);
MI, myocardial infarction; PVD, peripheral vascular disease; SGLT2j, sodium-glucose cotransporter 2 inhibitors.

Figure 2B. Reviewing, adjusting or advancing therapy in type 2 diabetes.

Oral semaglutide, the first orally available GLP1-RA, was
evaluated in the phase 3a Oral Semaglutide and Cardiovascular
Outcomes in Patients with Type 2 Diabetes (PIONEER 6) trial (8).
This study compared once-daily oral semaglutide to placebo in
participants at high CV risk defined as age >50 years with
established CVD or CKD, or age >60 years with CV risk factors
only. PIONEER 6 enrolled 3,183 participants with a mean age of
66.7 years, mean A1C of 8.2% and mean 14.9 years diabetes
duration. Most participants (84.7%) had established CVD or CKD
at baseline. Following a relatively short follow up of 15.9 months,
the primary composite endpoint of MACE was similar in the 2
groups; 3.8% in the semaglutide group and 4.8% in the placebo
arm (HR 0.79; 95% CI 0.57-1.11), indicating CV safety but not
demonstrating superiority as the trial was not designed to test
this hypothesis. Death from CV causes was lower with sem-
aglutide; 1.4% compared to 2.8% with placebo (HR 0.51; 95% CI,
0.31 to 0.84). This striking finding should be interpreted with
care because of the small number of events and the short dura-
tion of follow up. In addition, due to the hierarchy of statistical
testing, this result must only be considered exploratory. Based on
these findings, the benefit of oral semaglutide to reduce the
composite MACE outcome remains unproven.

Finally, the CV outcomes of albiglutide were evaluated in the
Harmony Outcomes trial (9). Albiglutide was compared to pla-
cebo in 9,463 patients with type 2 diabetes and established CVD,
and MACE occurred in 7% of albiglutide-treated patients and 9%
of placebo-treated patients (HR 0.78, 95% 0.68-0.90) after a

median 1.6 years, fulfilling criteria for noninferiority and supe-
riority of albiglutide. Albiglutide is no longer marketed and is,
therefore, not included as a potential treatment choice in this
update.

Primary CV prevention in persons with CV risk factors: In contrast to
most cardiovascular outcome trials (CVOT), which mainly
included participants with a history of CV disease, the majority of
participants in the Researching Cardiovascular Events With a
Weekly Incretin in Diabetes (REWIND) trial (10) had CV risk
factors only. This trial enrolled 9,901 participants with type 2
diabetes who were age >50 years and either had a previous CV
event or age >60 years and at least 2 CV risk factors
(hypertension, tobacco use, abdominal obesity or dyslipidemia),
and they were randomized to subcutaneous dulaglutide (a
GLP1-RA) 1.5 mg weekly or placebo. The mean age of
participants was 66.2 years, median duration of diabetes was
9.5 years, the median A1C was 7.2% with 25% having a baseline
A1C less than 6.6%, and 68.5% did not have CVD at baseline.
After a median follow up of 5.4 years, there was a lower
incidence of MACE with dulaglutide compared to placebo
(12.0% vs 13.4%; HR 0.88, 95% CI 0.79-0.99; p=0.026). The
hazard ratio was similar in those with and without previous CV
disease. All-cause or CV mortality did not differ between
groups. Since the majority of participants in the trial had CV
risk factors rather than pre-existing CVD and many participants
would be considered to be at target for A1C, this trial provides
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Decision to initiate insulin (from Figure 1 or Figure 2).
Fasting glucose and/or A1C NOT at target on current AHA
or symptomatic hyperglycemia and/or metabolic decompensation.

!

Start basal insulin and titrate to achieve fasting glucose target
Continue metformin unless contraindicated. Review/adjust other AHAs.

579

'

!

- N <
Add GLP1-RA " (fDDl SGLT2i .
. AT or glycemia, i
stop DPP4i
Regular Review (stop ) eGFR >45')

Add DPP4i
(unless taking
GLP1-RA)
If GLPT-RA, SGLT2,

) DPP4i are
Assess glyc?m'c contraindicated or
control, cardio- not options.
vascular and renal Add SGLT2i o Advance therapy if
SEUS S ———— Add GLPT-RA':
. . (for glycemia i (stop DPP4) A1C not at target
. 1)
creeq or. eGFR>45"") within 3-6 months
complications
(eyes, feet, kidneys) l l Despite adequate
+ Review efficacy, p ~ titration of insulin*
side effects, safety and supports for
and ability to take Add bolus insulin step-wise, beginning with one meal injection per day. lifestyle and
current medications (EorsiiCr STty SUs*) ERIEEE L

interventions

+ Reinforce and \ J
support healthy l
behaviour (

Advance to multiple injections with bolus injection at each meal.
(stop SUs'™, review or adjust other AHAS)

Highest level of evidence:

Grade C or D

*  Titration of basal insulin to achieve FPG target without hypoglycemia.
1t And titrate dose of GLP1-RA, as tolerated.

1t Or fixed-ratio combination.

111 If eGFR >30 ml/min/1.73m? may be used for cardiorenal benefit.

**  Sulfonylureas or meglitinides.

AHAs, antihyperglycemic agents; A1C, glycated hemoglobin; DPP4i, dipeptidyl peptidase-4 inhibitors; eGFR, estimated glomerular filtration rate; GLP7-RA, glucagon-like
peptide-1 receptor agonists; SGLT2ij, sodium-glucose cotransporter 2 inhibitors; SU, sulfonylureas.

Figure 3. Starting or advancing insulin in type 2 diabetes.

evidence for prevention of MACE with dulaglutide in people with
type 2 diabetes without established ASCVD and in individuals
who may be at A1C target.

In summary, there is substantial evidence that GLP1-RA (with
the exception of lixisenatide) are associated with a significant
reduction in risk of MACE among patients with type 2 diabetes and
established CVD (11) (see also Table 2). The most reliable evidence
for CV benefit from individual clinical trials is for liraglutide,
dulaglutide and semaglutide. While CV safety has been confirmed
for all GLP1-RA, there is no evidence of CV benefit for lixisenatide.
The CV benefits of exenatide-ER and oral semaglutide remain
unproven. Based on these findings, our recommendations have
been updated to include dulaglutide and subcutaneous
semaglutide as options for patients with ASCVD. We also now have
evidence suggesting GLP1-RA, particularly dulaglutide, can reduce
the risk of MACE in people without established CVD. This evidence
has led to a recommendation that a GLP1-RA with proven CV
outcome benefit can be considered in patients aged 60 years or
older with at least 2 CV risk factors, with the strongest evidence
for dulaglutide followed by liraglutide and subcutaneous
semaglutide.

SGLT2i

Secondary CV prevention in persons with ASCVD: In 2018,
empagliflozin and canagliflozin were included as options for
patients with established CVD based on trials showing CV benefit;
data regarding dapagliflozin were still pending. The Empagliflozin
Cardiovascular Outcome Event Trial (EMPA-REG OUTCOME)
randomized 7,020 participants with type 2 diabetes and clinical
CVD to empagliflozin or placebo. After a median 3.1 years of follow
up, those treated with empagliflozin had significantly fewer MACE
compared to placebo-treated participants (10.5% vs 12.1%, HR 0.86,
95% CI 0.74-0.99). Empagliflozin was also associated with a
significant decrease in CV mortality (HR 0.62, 95% CI 0.49-0.77)
and in HHF (HR 0.65, 95% CI 0.50—0.85), but no reductions in
nonfatal MI or stroke (12,13). As a prespecified component of the
secondary composite microvascular outcome, progression of
kidney disease was also lower in patients treated with
empagliflozin vs placebo (12.7% vs 18.8%, HR 0.61, 95% CI
0.53-0.70) (14). The CV effects of canagliflozin were assessed in
the Canagliflozin Cardiovascular Assessment Study (CANVAS)
program, which integrated findings from 2 placebo-controlled



Table 1

Antihyperglycemic agents for use in type 2 diabetes.

Class and mechanism of

Inhibits pancreatic a-amylase
and intestinal a-glucosidase

action Drug Cost* A1C lowering" Weight" Cautions Other therapeutic considerations
Biguanide: Enhances insulin Metformin $ Approx. 1.0%" Neutral Use lower dose if eGFR <60ml/ Hold during acute illnesses associated
sensitivity in liver and Metformin extended- $S min/1.73m? with risk for dehydration or procedures
peripheral tissues by activation | release Do not initiate if eGFR is <30ml/ associated with high risk of acute kidney
of AMP-activated protein kinase min/1.73m? injury
Gl side effects Provide education regarding sick day
management (Appendix 8: 2018 CPG)
Can reduce vitamin B,, absorption
Incretin: Increases glucose GLP1-RA $$SS 0.6-1.4% Loss of 1.1- 4.4 kg | Gl side effects Less A1C reduction with short-acting
dependent insulin release, Short-acting Monitor retinopathy (especially if agents
slows gastric emptying, Exenatide pre-existing retinopathy) because No proven CV benefit with lixisenatide or
inhibits glucagon release Lixisenatide of risk of progression with rapid short-acting exenatide
Longer-acting drops in A1C
Dulaglutide Contraindicated with personal/
Exenatide extended- family history of medullary thyroid
release cancer or multiple endocrine
Liraglutide neoplasia syndrome type 2
Semaglutide Caution with a history of pancreatitis
or pancreatic cancer
DPP4i $$S 0.5-0.7% Neutral Risk of heart failure with Rare cases of pancreatitis
Alogliptin saxagliptin Rare cases of severe joint pain
Linagliptin Caution with a history of pancreatitis
Saxagliptin or pancreatic cancer
Sitagliptin
SGLT2i: Reduces glucose Canagliflozin $S$ 0.5-0.7% Loss of 2-3 kg Genital mycotic infections Less glycemic efficacy at lower GFR
reabsorption by the kidney Dapagliflozin Urinary tract infections Do not initiate if eGFR is <30ml/
Empagliflozin Hypotension min/1.73m?
Ertugliflozin*** Rare cases of diabetic ketoacidosis | Hold prior to major surgery or during
(which may occur without serious illness or infections
hyperglycemia) Hold during acute illnesses associated
Caution required when combined with risk for dehydration or procedures
with low carbohydrate eating associated with high risk of acute kidney
patterns or with suspected insulin | injury
deficiency Provide education regarding sick day
Good foot care always management (Appendix 8: 2018 CPG)
recommended — particularly in Small reduction in eGFR (<20%) expected
those with high-risk feet (loss of when initiated
protective sensation, previous foot | Only CV safety shown for ertugliflozin
ulcer or amputation)
Dapagliflozin contraindicated with
bladder cancer
Alpha-glucosidase inhibitor: Acarbose $$ 0.7-0.8%"" Neutral Gl side effects common Requires 3 times daily dosing

(continued on next page)

08s

165—525 (0202) ¥ sa12qoid [ up) / v 32 aquiodsdiT 1



Table 1 (continued)

vates sulfonylurea receptor on
B-cell to stimulate endogenous
insulin secretion

Gliclazide
Gliclazide-modified
release
Glimepiride
Glyburide

glyburide

Risk of hypoglycemia increased
with fasting or with eGFR <60ml/
min/1.73m?

Provide education regarding sick
day management (Appendix 8:
2018 CPG)

Class and mechanism of Drug Cost* A1C lowering® Weight" Cautions Other therapeutic considerations
action
Insulin: Activates insulin recep- | Bolus (prandial) $-888$ | 0.9-1.2% or more | Gain Education required regarding Potentially greatest A1C reduction and
tors to regulate metabolism of | Insulins (depend- blood glucose monitoring (theoretically) no maximum dose
carbohydrate, fat and protein Rapid-acting analogues | ing on +  preventing, detecting and Dose escalation may be limited by
Aspart agent treating hypoglycemia hypoglycemia
Aspart (faster-acting) | and Numerous formulations and Numerous formulations and delivery
Glulisine dose) delivery systems systems
Lispro U-100 increases complexity and risk allows for regimen flexibility
Lispro U-200 for errors
Short-acting
Regular
Basal Insulins Gain of 1.0-2.0 kg
Intermediate-acting
NPH
Long-acting analogues
Degludec U-100
Degludec U-200
Detemir
Glargine U-100
Glargine U-300
Premixed Insulins Gain of 2.0-3.5 kg
Premixed
regular-NPH
Biphasic insulin
aspart
Lispro/lispro
protamine
suspension
Other Gain Recommended in individuals taking
Concentrated U-500 >200 units basal insulin per day by 4 or
regular more injections**
Used 2 or 3 times daily instead of basal
insulin
Insulin/GLP1 fixed- $S$$- Neutral Can mitigate weight gain seen with
ratio combinations $$8$ initiation or intensification of basal
Degludec/liraglutide insulin
Glargine/lixisenatide Maximum dose of insulin 50 units for
degludec and liraglutide or 60 units for
glargine and lixisenatide
Insulin secretagogue: Acti- Sulfonylureas S 0.6-1.2% Gain of 1.2-3.2 kg | Higher risk of hypoglycemia with Glycemic control is relatively rapid but

may not be durable

Gliclazide preferred over glyburide due
to lower risk of hypoglycemia
Glimepiride showed CV safety similar to
DPP4 (linagliptin) in CAROLINA trial

(continued on next page)
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Table 1 (continued)

peripheral and hepatic insulin
sensitivity by activation of
peroxisome proliferator
activated receptor-gamma
receptors

Rosiglitazone

individuals
May induce edema and/or
congestive heart failure

Class and mechanism of Drug Cost* A1C lowering" Weight" Cautions Other therapeutic considerations
action
Meglitinides $S 0.7-1.1% Gain of 1.4-3.3 kg | Repaglinide contraindicated when | Useful to reduce postprandial
Repaglinide coadministered with clopidogrel or | hyperglycemia
with gemfibrozil Requires dosing with each meal
(e.g. 3 times daily)
Lower risk for hypoglycemia than
sulfonylureas in renal impairment
Thiazolidinedione: Enhances Pioglitazone S$S 0.7-0.9% Gain of 2.0-2.5 kg | Greater weight gain in some Durable glycemic control

Rare occurrence of macular edema

Higher occurrence of fractures
Pioglitazone not to be used with
bladder cancer

Uncertainty about CV safety with
rosiglitazone, suggestion of
increased risk of MI

Agents are listed in alphabetical order.
*  Estimated costs based on recommended daily doses (from DiPiro Pharmacotherapy: A Pathophysiologic Approach, 11th edition) and reviewing provincial formulary costs of generic agents
(if available) from AB and ON. Where costs differed between provinces, the higher cost was used. $ = less than 50¢ per day, $$ = 50¢ to $1 per day, $$$ = $1 to $4 per day and $$8$ = >$4 per day.
i Values are the min and max point estimates from 3 meta or network metanalyses (26,27,47). It does not represent the range of responses in treated populations. Large variations between individuals
in degree of weight gain can be seen with insulin and thiazolidinediones.
*  Glycated hemoglobin (A1C) lowering vs placebo, Sherifali D, Nerenberg K, Pullenayegum E, Cheng JE, Gerstein HC. Diabetes Care  2010;33:1859-64.
* Based on data from 2 trials in <100 patients.
**  Hood RC, Arakaki RF, Wysham C, Li YG, Settles JA, Jackson JA. Two treatment approaches for human regular U-500 insulin in patients with type 2 diabetes not achieving adequate glycemic
control on high-dose U-100 insulin therapy with or without oral agents: A randomized, titration-to-target clinical trial. Endocr Pract 2015;21:782-93.
**x  VERTIS (cardiovascular [CV] outcome trial for ertugliflozin) presented at American Diabetes Association (ADA) June 2020 showed noninferiority for MACE. Manuscript not published at time of writing.
Approx. , approximately; CPG , clinical practice guidelines; DPP4i , dipeptidyl peptidase-4 inhibitors; eGFR , estimated glomerular filtration rate; G/, gastrointestinal; GLP7-RA , glucagon-like peptide-1 receptor
agonists; MI, myocardial infarction; SGL72i , sodium-glucose cotransporter 2 inhibitors.
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Table 2

Major clinical outcome trial characteristics for antihyperglycemic agents since US Food and Drug Administration guidance 2009.

Treatment [Dose Age Diabetes Follow u
Trial name ’ 9 Men duration A1C (%) P Completed Results*
mg] (n) (years) (years)
(years)
Baseline End Primary outcomes showing benefit are
in bold text
DPPA4i
Alogliptin [25 or 12.5] | 61.0" 68% 7.7 -0.33 2,692 (99%)"
(2,701) :
MACE: 0.96 (UL 1.16)
EXAMINE"? 8.0 (x1.1 1.57
Placebo (2,679) 7.3" *1.1) +0.03 2,663 (99%)'* | HHF: 1.07 (0.79-1.46)
Linagliptin [5] (3,499) | 66.1 62% 15.0 7.9 (+1.0) 2.2 3,458 (99%)
MACE: 1.02 (0.89-1.17)
CARMELINA34 . 0.36 < placebo - MACE+UA: 1.00 (0.88-1.13)
Placebo (3,492) 65.6 64% 14.5 8.0 (¢1.0) 3,430 (98%) HHF: 0.87 (0.57-1.31)
Linagliptin [5] (3,028) | 63.9 61% 2,899 (96%)
MACE: 0.98 (0.84-1.14)
CAROLINASS — - 6.3 7.2 (+0.6) WMD 0% 6.3" - MACE+UA: 0.99 (0.86-1.14)
Glimepiride [1-4] 64.2 59% 2,988 (96 /o) HHF: 1.21 (0.92_1 59)
(3,014)
Saxagliptin [5 or 2.5] 7.7 8,078 (97%)
(B2e) MACE: 1.00 (0.89-1.12)
SAVOR-TIMI 537 65.1 67% 10.3t 8.0 (x1.4 2.17 e . ; o o
Placebo (8,212) R 2 7,998 (97%) HHF: 1.27 (1.07-1.51). 289 (4%) v 228 (3%)
Sitagliptin [100 or 50] 6,972 (95%)
(7287 MACE+UA: 0.98 (0.88-1.09
TECOS® 65.5 71% | 11.6 7.2(0.5) | 0.29<placebo | 3.0° HHE- 1+00 '0'83_5 t )
Placebo (7,339) 6,905 (94%) :1.00 (0.83-1.20)
GLP1-RA
Albiglutide [30 or 50] . 4,620 (97%)
HARMONY (4,731) 641 | 70% | 141 8.8 (1.5) MACE: 0.78 (0.68-0.90). 338 (7%) [4.6] v
Outcomes?1 laceb 0.52 < placebo 1.6" - 428 (9%) [5.9]
Placebo (4,732) 642 wes | an 8.7 (+1.5) 4,578 (97%) CV Death: 0.93 (0.73-1.19)
(thuclaiggl;]tlde [1.5] 62 |san 105 7.311) 4817(97%) | MACE: 0.88 (0.79-0.99). 594 (12%) [2.4] v
b 663 (13%) [2.7]
REWIND11:12 0.61 < placebo 5.4%
Placebo (4,952) P 4,793 (97%) CV Death: 0.91 (0.78-1.06)
66.2 54% 10.6 7.4 (£1.1) HHF: 0.93 (0.77-1.12)

(continued on next page)
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Table 3
Cardiovascular risk factors.

Smoking (tobacco use)

Hypertension

o Untreated BP =2140/95, or

> Current antihypertensive therapy

Dyslipidemia

> Untreated LDL >3.4 mmol/L OR HDL-C <1.0 mmol/L (men)
<1.3 mmol/L (women) OR triglyceride >2.3 mmol/L, or

> Current lipid-lowering therapy

Central obesity

BP, blood pressure; HDL-C, high-density lipoprotein-cholesterol; LDL,
low-density lipoprotein

trials (CANVAS and CANVAS-R) (15). The trials enrolled 10,142
participants (4,330 in CANVAS and 5,812 in CANVAS-R) with
type 2 diabetes who were 30 years or older with symptomatic
CVD (symptomatic ASCVD [coronary, cerebrovascular or
peripheral] [66%]) or 50 years or older with at least 2 CV risk
factors (34%). Over a median follow up of 2.4 years, canagliflozin-
treated participants had significantly fewer MACE compared to
placebo (26.9 vs 31.5 per 1,000 person-years; HR 0.86, 95% CI
0.75—0.97). There were no statistical differences in the individual
components of the composite outcome. There was a reduction in
HHF and in several adverse renal outcomes of similar
magnitude to those seen in EMPA-REG; however, these outcomes
were considered exploratory due to prespecified rules of
hierarchy for statistical testing. While one-third of participants
did not have CVD, a significant decrease in the primary
endpoint was only found in those with CVD. In CANVAS,
canagliflozin was associated with a higher risk of lower extremity
amputation compared with placebo. Canagliflozin was not
associated with an increased risk for amputations in the more
recent CREDENCE trial (16).

Primary CV prevention in persons with CV risk factors: Since all EMPA-
REG and the majority of CANVAS participants had ASCVD, the effects
of SGLT2i on MACE in persons with type 2 diabetes without pre-
existing CVD were unclear. The Dapagliflozin and Cardiovascular
Outcomes in Type 2 Diabetes trial (DECLARE TIMI 58) was the first
SGLT2i CVOT to include a majority of patients with CV risk factors
only (59%) (17) (see also Table 2). Patients with type 2 diabetes age
40 or older with established CVD, or age 55 or older for men and
60 or older for women with at least 1 CV risk factor (hypertension,
dyslipidemia, tobacco use) were eligible to participate. This trial of
17160 people was initially designed to test the safety of
dapagliflozin on MACE. The protocol was then amended to include
2 primary efficacy outcomes: 1) MACE and 2) CV death or HHE.
Participants had a mean age of 64 years, mean A1C of 8.3%,
median duration of diabetes of 11 years and 41% had established
ASCVD. Only 10% of participants had a history of heart failure (HF)
at baseline. After a median follow up of 4.2 years, dapagliflozin
met the pre-specified criterion for noninferiority compared to
placebo for MACE but did not meet the criterion for superiority
(8.8% vs 9.4%, HR 0.93 95% CI 0.84-1.03). There was a lower
incidence of the other primary efficacy endpoint of CV death or
HHF with dapagliflozin (4.9% vs 5.8%, HR 0.83 95% CI 0.73-0.95;
p=0.005), which was driven by reduction of HHF. Dapagliflozin
was also associated with a significant reduction in the secondary
outcome of risk of kidney disease progression (4.3% vs 5.6%, HR
0.76, 95% CI 0.67-0.87). Although the incidence was rare,
dapagliflozin was associated with a higher rate of diabetic
ketoacidosis (0.3% vs 0.1%; HR 8.36; 95% CI 4.19-16.68; p<0.001).
This trial included more than 10,000 participants with CV risk

factors only, found no benefit for reduction of MACE, while
expanding the evidence for the benefit of SGLT2i on reducing HHF
and progression of kidney disease in this lower-risk group.

A meta-analysis of the above SGLT2i CVOT provides further
evidence on the efficacy of SGLT2i on CV and renal outcomes in
specific subgroups based on CV risk (18). This meta-analysis
summarized the data from 34,322 participants, of which 20,650
(60.2%) had ASCVD and 13,672 (39.8%) had multiple CV risk factors
only; 3,891 (11.3%) had a history of HF at baseline. First, SGLT2i
were found to reduce the risk of MACE by 11% (HR 0.89 95% CI
0.83-0.96; p=0.0014). However, this beneficial effect was entirely
restricted to those with ASCVD (HR 0.86, 95% CI 0.80-0.93) and no
difference was found in those with multiple risk factors only (HR
1.00, 95% CI 0.87-1.16). Second, SGLT2i significantly reduced the
risk for the composite of CV death or HHF (HR 0.77 95% CI 0.71-
0.84; p<0.0001). In contrast to MACE, this benefit was shown for
those with ASCVD (HR 0.76, 95% CI 0.69-0.84) and in those with
multiple CV risk factors (HR 0.84, 95% 0.69-1.01). Third, SGLT2i
were associated with a significant reduction in progression of
kidney disease (composite of worsening renal function, end-stage
renal disease or renal death) (HR 0.55 95% CI 0.48-0.64;
p<0.0001). Again, similar to the effect on HHF, this effect was
demonstrated both in people with ASCVD (HR 0.56, 95%CI 0.47-
0.67) and in those with multiple CV risk factors (HR 0.54, 95% CI
0.42-0.71). These findings provide evidence to consider an SGLT2i
in patients with multiple CV risk factors to reduce HHF and pro-
gression of nephropathy.

CV outcomes in persons with a history of HF: Previous CVOT have
demonstrated that SGLT2i reduce the risk of HHF among persons
who have type 2 diabetes, with and without pre-existing CVD (18).
It should be noted, however, that only around 10% of participants
had a history of HF at baseline in prior trials. In addition, with the
exception of the DECLARE-TIMI trial, whereby the composite of
HHF or CV death was included as a coprimary outcome (17), HHF
was considered a secondary outcome.

The Dapagliflozin and Prevention of Adverse Outcomes in
Heart Failure (DAPA-HF) trial was the first trial of an SGLT2i to
evaluate HF as a primary outcome in patients with HF (19). This trial
randomized 4,744 people with New York Heart Association (NYHA)
class II, Il or IV HF and an ejection fraction <40% to dapagliflozin
10 mg daily or placebo in addition to recommended therapies for
HE. Notably, the presence of diabetes was not an inclusion criteria
and randomization was stratified based on the diagnosis of type 2
diabetes at baseline. Only 42% of participants had a diagnosis of
type 2 diabetes at baseline and an additional 3% were diagnosed
during the trial, making this the first CVOT to test SGLT2i in a
population without diabetes. The primary outcome was a com-
posite of worsening of HF (hospitalization or an urgent visit
requiring IV therapy for HF) or CV death. Over a median of 18.2
months, the primary outcome occurred in 16.3% in the dapagli-
flozin group and 21.1% in the placebo group (HR 0.74, 95%CI 0.65-
9.85; p<0.001). Dapagliflozin was associated with a lower risk for
worsening HF (HR 0.70, 95% CI 0.59-0.83), CV death (HR 0.82 95%CI
0.69-0.98) and all-cause mortality (HR 0.83, 95% CI 0.71-0.97). The
effect on the primary outcome was consistent across the pre-
specified subgroups of persons with and without type 2 diabetes at
baseline. These findings provide evidence to recommend an SGLT2i
in patients with HF to reduce the risk of HHF or CV death, with the
strongest evidence for dapagliflozin from this trial, followed by
canagliflozin and empagliflozin based on previous trials.

Cardiorenal outcomes in persons with CKD: SGLT2i have been
shown to reduce progression of nephropathy as a secondary
outcome in patients with CVD or with multiple CV risk factors (18).
The Canagliflozin and Renal Endpoints in Diabetes with Established
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Nephropathy Clinical Evaluation (CREDENCE) study was the first
trial to evaluate the effect of an SGLT2i on progression of kidney
disease as a primary outcome in people with type 2 diabetes and
established CKD with significant proteinuria (16). The trial
randomized adults at least 30 years of age with type 2 diabetes,
eGFR 30 to <90 mL/min/1.73m? and albuminuria (urinary
albumin:creatinine ratio >300 to 5,000 mg/g) receiving a stable
dose of renin-angiotensin system blockade, to canagliflozin
100 mg daily or placebo. The primary composite endpoint of
kidney disease progression was end-stage kidney disease
(dialysis, transplantation or sustained eGFR <15 mL/min/1.73m?),
doubling of serum creatinine, and renal or CV death. The trial was
stopped early after a planned interim analysis indicated that
reduced risk for the primary outcome had been demonstrated. At
that time, 4,401 people had been randomized with a median
follow up of 2.62 years. The mean age was 63 years, mean A1C
was 8.3%, mean eGFR was 56.2 mL/min/1.73m? with a median
urinary albumin:creatinine ratio of 927 mg/g. The relative risk of
the primary outcome was 30% lower in the canagliflozin group
compared to placebo, with event rates of 43.2 and 61.2 per
1,000 patient years (HR 0.70; 95% CI 0.59-0.82; p=0.00001). The
canagliflozin group also had a lower risk of the secondary
outcome of MACE (HR 0.80; 95% CI, 0.67 to 0.95; p=0.01) and
HHF (HR 0.61; 95% CI, 0.47 to 0.80; p<0.001). There were no
significant differences in rates of amputation or fracture, both of
which had been noted with canagliflozin in the CANVAS trial.
There was a higher rate of diabetic Kketoacidosis with
canagliflozin, although the rate was relatively low (2.2 vs 0.2 per
1,000 patient years). This trial supports a recommendation for an
SGLT2i in patients with CKD and eGFR >30 mL/min/1.73m? to
reduce their risk of kidney disease progression, with the
strongest evidence for canagliflozin, followed by dapagliflozin
and empagliflozin.

Two GLP1-RA have also been shown to reduce MACE outcomes
specifically in patients with type 2 diabetes and CKD. In LEADER,
the benefits of liraglutide on MACE appeared to be greatest in the
23% of patients with at least moderate CKD (eGFR <60 mL/min/
1.73m?) (HR for CKD 0.69, 95% CI 0.57 to 0.85 and no CKD 0.94, 95%
0.83 to 1.07; p=0.01 for interaction) (6). In SUSTAIN-6, 28% of
participants had CKD and the benefits of subcutaneous semaglutide
were comparable to those without CKD (7). These agents may,
therefore, be considered in patients with CKD to reduce the risk of
MACE.

DPP4i

Five DPP4i CVOT have been completed; 2 additional CVOT of
linagliptin (comparing to placebo or glimepiride) were published
since the 2018 guidelines (see Table 2). No DPP4i has shown infe-
riority or superiority compared to placebo for the risk of major CV
events (20-23). This was also true for linagliptin when compared
with glimepiride. Saxagliptin was associated with an increased
incidence of HHF (21) that has yet to be fully explained and,
therefore, this agent is not recommended in people with a history
of HF, with CV disease or multiple CV risk factors.

Summary of CV benefits and risks of antihyperglycemic agents

Most recently, Zhu et al conducted an umbrella review of ran-
domized controlled trials to summarize evidence regarding the
association between antihyperglycemic medications and CV out-
comes (24). This review confirmed previous evidence that several
GLP1-RA and SGLT2i showed CV outcome benefits, including
reducing the risk of major adverse CV events (dulaglutide, liraglu-
tide, semaglutide, canagliflozin, empagliflozin), death (canagli-
flozin, empagliflozin), MI (dulaglutide, exenatide, liraglutide,

semaglutide), HF (canagliflozin, dapagliflozin, empagliflozin) and
stroke (dulaglutide). Notably, some medications also increased the
risk of CV outcomes, including increasing the risk of HF (saxagliptin,
rosiglitazone, pioglitazone), MI (rosiglitazone) and stroke (glime-
piride). Pioglitazone was associated with both harms and benefits,
including an increased risk of HF but a decreased risk of major
adverse CV events, MI and stroke. Several classes of medications
were found to be neutral with confirmed CV safety, including
insulin, DPP4i, meglitinides and dopamine agonists. This review
confirms findings from individual trials and supports current rec-
ommendations, and provides evidence to recommend against the
use of thiazolidinediones (TZD) and saxagliptin for patients with
HF. Although metformin has not been formally evaluated in a CVOT,
all of the trials in type 2 diabetes patients have been conducted on a
background of metformin.

It should also be noted that all type 2 diabetes CVOT have been
conducted in patients with established type 2 diabetes on existing
antihyperglycemic therapy. We, therefore, do not have clinical trial
evidence for cardiorenal benefits of GLP1-RA and SGLT2i in patients
with newly diagnosed type 2 diabetes. However, given the totality
of evidence to date, it is likely that these benefits can be
extrapolated to newly diagnosed patients WITH ASCVD, history of
HF and/or CKD. However, in the absence of clinical trial data, we
have not added a recommendation, but have discussed this
scenario in the accompanying commentary document (25).

Comparative effectiveness of antihyperglycemic agents

For patients without CVD in whom glycemic targets are not
achieved on their current antihyperglycemic therapy, the 2018
guidelines recommended incretin agents (DPP4i or GLP1-RA) and/
or SGLT2i over insulin secretagogues, insulin and TZD to improve
glycemic control if lower risk of hypoglycemia and/or weight gain
were priorities. This recommendation was based on meta-
analyses that summarized head-to-head comparisons of
metformin-based combinations (26-30). For glycemic control,
these studies showed that combinations of metformin with a
sulfonylurea, TZD, SGLT2i, DPP4i or GLP1-RA have broadly com-
parable A1C-lowering benefits (26,27,28,29,31-33). Theoretically,
insulin does not have a dose limit and would be expected to have
the greatest potential for A1C lowering (although dose increases
may be limited by hypoglycemia and higher doses of insulin can
become expensive). In contrast, agents were shown to have dif-
ferential effects on risk of hypoglycemia and weight change. The
risk of hypoglycemia is lower with TZD, DPP4i, SGLT2i and GLP1-
RA compared to sulfonylureas and insulin (26-29,31,32,34,35).
For weight, TZD, insulin and sulfonylureas are associated with the
most weight gain (1.5 to 5.0 kg), DPP4i have a neutral effect on
weight, and GLP1-RA and SGLT2i lead to weight loss. Prescribers
should remember that the mean differences reported in short
duration phase 3 trials may not accurately predict the response of
an individual patient. Responses to some drugs are also subject to
large degrees of interindividual variation, particularly with
respect to changes in weight and A1C.

Additional head-to-head trials have since been published that
confirm these findings and provide stronger evidence for weight-
loss benefits of GLP1-RA and SGLT2i (30). We also have evidence of
primary CV prevention for certain GLP1-RA and of prevention of
HF for SGLT2i in patients with multiple CV risk factors, as outlined
above. We have, therefore, made 2 changes to the recommenda-
tion for antihyperglycemic agent selection in patients without
CVD. First, a GLP1-RA and/or an SGLT2i with proven CV benefit is
recommended for persons aged 60 or older with at least 2 CV risk
factors. Second, to acknowledge differing effects of agents on risk
of hypoglycemia and weight loss, we have revised our recom-
mendation to consider the priorities of avoiding hypoglycemia
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and weight gain separately. For patients requiring anti-
hyperglycemic treatment optimization in whom reducing risk of
hypoglycemia is a priority, an incretin agent (DPP4i or GLP1-RA),
an SGLT2i and/or pioglitazone should be considered as add-on
therapy before an insulin secretagogue (sulfonylurea or megliti-
nide) or insulin due to their lower risk of hypoglycemia. For those
in whom weight loss is a priority, a GLP1-RA and/or an SGLT2i
should be considered as first options for add-on therapy as they
are associated with significantly greater weight loss than other
antihyperglycemic agents.

Summary

The rapid release of evidence over the last few years from trials
of antihyperglycemic agents has led to an important shift in
treatment decisions that were based solely on glycemic effects to
now include potential benefits on other clinically relevant out-
comes. Based on a careful review of this evidence, the updated
recommendations provide more specific treatment guidance for
clinicians and people living with type 2 diabetes. We now have
more evidence to recommend certain agents over others for
patients with CVD, a history of HF, CKD and in those 60 years or
older with multiple CV risk factors. As always, treatment decisions
need to be individualized, considering a patient’s needs and pref-
erences, access and cost, and degree of glucose-lowering needed.

RECOMMENDATIONS

Treatment of People With Newly Diagnosed Type 2
Diabetes (see Figure 1)

1) Healthy behaviour interventions should be initiated at
type 2 diabetes diagnosis [Grade B, Level 2 (36)] and
reinforced and maintained throughout. Metformin may
be introduced at the time of diagnosis, in conjunction
with healthy behaviour interventions [Grade D,
Consensus].

2) If glycemic targets are not achieved within 3 months
using healthy behaviour interventions alone, anti-
hyperglycemic therapy should be added to reduce the risk
of microvascular complications [Grade A, Level 1A (37)].
Metformin should usually be selected before other agents
due to its low risk of hypoglycemia and weight gain
[Grade A, Level 1A (26)], and long-term experience with
this agent [Grade D, Consensus].

3) If A1C values are >1.5% above target, initiating metformin
in combination with a second antihyperglycemic agent
should be considered to increase the likelihood of
reaching target [Grade B, Level 2 (38-40) for SGLT2i (41);
for DPP4i (42,43)].

4) Individuals with metabolic decompensation (e.g. marked
hyperglycemia, ketosis or unintentional weight loss)
should receive insulin with or without metformin, until
glycemic control is achieved OR type of diabetes is
established [Grade D, Consensus].

Reassessment and Monitoring

5) Glycemic control, cardiovascular and renal status should
be reviewed regularly (at least annually). Healthy
behaviour interventions should be reinforced and sup-
ported. Efficacy, side effects and adherence to existing
antihyperglycemic therapy should be assessed [Grade D,
Consensus].

6) Dose adjustments, substitutions and/or addition of anti-
hyperglycemic medications should be made in order to

maintain A1C or attain target A1C within 3 to 6 months
[Grade D, Consensus].

7) If glycemic targets are not achieved with existing
antihyperglycemic medication(s), or the individual’'s
clinical status changes, other classes of agents should be
used (either by addition or replacement) to reduce
cardiorenal outcomes and/or improve glycemic control;
or glycemic targets should be reassessed [Grade D,
Consensus].

8) For adults with type 2 diabetes with metabolic decom-
pensation (e.g. marked or symptomatic hyperglycemia,
ketosis or unintentional weight loss), insulin should be
used (see #12-16, below) [Grade D, Consensus].

Advancement or Adjustment of Treatment in People With
Type 2 Diabetes
9) In adults with type 2 diabetes WITH ASCVD, HF and/or
CKD, treatment should include agents from the
following classes with demonstrated CV or renal bene-
fits (see Figures 2A, 2B and Table 2).

a) In adults with type 2 diabetes and ASCVD, a GLP1-RA
or SGLT2i with CV or renal benefit should be used to
reduce the risk of:

i) MACE [Grade A, Level 1A (6,10) for liraglutide and
dulaglutide; Grade B, Level 2 for subcutaneous
semaglutide (7); Grade A, Level 1A (12) for
empagliflozin; Grade B, Level 2 (15) for
canagliflozin].

ii) HHF [Grade B, Level 2 (12,15,17) for empagliflozin,
canagliflozin and dapagliflozin].

iii) Progression of nephropathy [Grade B, Level 2
(44,15,17) for empagliflozin, canagliflozin and
dapagliflozin].

b) In adults with type 2 diabetes and a history of HF
(reduced ejection fraction <40%):

i) An SGLT2i should be used to reduce the risk of
HHF or CV death, if the eGFR is >30 mL/min/
1.73m? [Grade A, Level 1A (19) for dapagliflozin;
Grade A, Level 1 (18) for empagliflozin and
canagliflozin].

ii) TZD and saxagliptin should be avoided due to
their higher risk of HF [Grade A, Level 1A
(21,45,46)].

¢) In adults with type 2 diabetes and CKD and an
estimated eGFR >30 mL/min/1.73m?:

i) An SGLT2i should be used to reduce the risk of:

(1) Progression of nephropathy [Grade A, Level 1A
(16) for canagliflozin; Grade A, Level 1 (18) for
empagliflozin and dapagliflozin].

(2) HHF [Grade A, Level 1 (18) for canagliflozin,
dapagliflozin and empagliflozin].

(3) MACE [Grade B, Level 2 for canagliflozin (16),
Grade C, Level 3 (12) for empagliflozin].

ii) A GLP1-RA may be considered to reduce the risk
of MACE (Grade B, Level 2 (6,7) for liraglutide and
semaglutide).

10) In adults with type 2 diabetes requiring treatment
advancement or adjustment to improve glycemic control,
the choice of antihyperglycemic medication should be
individualized according to clinical priorities (see
Figure 2A and Table 1 for therapeutic considerations and
cautions) [Grade B, Level 2 (26)].

a) In adults with type 2 diabetes aged 60 years or older
with at least 2 CV risk factors (see Table 3), inclusion
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of the following classes in glycemic management
should be considered:

i) A GLP1-RA with proven CV outcome benefit to
reduce the risk of MACE [Grade A, Level 1A (10)
for dulaglutide; Grade B, Level 2 (6) for liraglutide
and Grade C, Level 2 (7) subcutaneous semaglu-
tide]; OR

ii) An SGLT2i with proven cardiorenal outcome
benefit if estimated GFR is >30 mL/min/1.73m? to
reduce the risk of

(1) HHF [Grade B Level 2 (15,17) for dapagliflozin
and canagliflozin].

(2) Progression of nephropathy [Grade C, Level 3
(15,17) for canagliflozin and dapagliflozin].

b) If reducing risk of hypoglycemia is a priority: Incretin
agents (DPP4i or GLP1-RA), SGLT2i, acarbose and/or
pioglitazone should be considered as add-on medi-
cation to improve glycemic control with a lower risk of
hypoglycemia than other agents [Grade A, Level 1A
(26,28,29,47,48,49,74)]. (See Table 1.)

c) If weight loss is a priority: A GLP1-RA and/or SGLT2i
should be considered as add-on medication to
improve glycemic control with more weight loss than
other agents [Grade A, Level 1A (26,28,29,30,47,48,49].
(See Table 1.)

Initiating Insulin Treatment in Patients With Type 2

Diabetes

11) In people not achieving glycemic targets on existing
noninsulin antihyperglycemic medication(s), the addition
of a basal insulin regimen should be considered over
premixed insulin or bolus-only regimens, if lower risk of
hypoglycemia and/or preventing weight gain are prior-

ities [Grade B, Level 2 (50)].

12) In adults with type 2 diabetes treated with basal insulin
therapy, if minimizing risk of hypoglycemia is a priority:

a) Long-acting insulin analogues (insulin glargine U-100,
glargine U-300, detemir, degludec) should be
considered over NPH insulin to reduce the risk of
nocturnal and symptomatic hypoglycemia [Grade A,
Level 1A (51-56)].

b) Insulin degludec or insulin glargine U-300 (57) may be
considered over insulin glargine U-100 to reduce
overall and nocturnal hypoglycemia [Grade B, Level 2
for individuals with >1 risk factor for hypoglycemia
(58,59)]; [Grade C, Level 3 for other individuals
without risk factors for hypoglycemia (56)]; and
severe hypoglycemia in patients at high CV risk
[Grade C, Level 3 (60)]

Treatment Advancement or Adjustment for People With

Type 2 Diabetes Treated With Insulin

13) In adults with type 2 diabetes receiving insulin, doses
should be adjusted and/or additional antihyperglycemic
medication(s) should be added if glycemic targets are
not achieved [Grade D, Consensus].

a) A GLP1-RA should be considered as add-on therapy
[Grade A, Level 1A (61,62)], before initiating bolus
insulin or intensifying insulin to improve glycemic
control with potential benefits of weight loss and lower
hypoglycemia risk compared to single or multiple
bolus insulin injections [Grade A, Level 1A (63-71)].

b) An SGLT2i should be considered as add-on therapy to
improve glycemic control with potential benefits of

weight loss and lower hypoglycemia risk compared
to additional insulin [Grade A, Level 1A (72-74)].

c) A DPP4i may be considered as add-on therapy to
improve glycemic control with potential benefits of
less weight gain and lower hypoglycemia risk
compared to additional insulin [Grade B, Level 2
(72,75-77)].

14) When bolus insulin is added to antihyperglycemic agents,
rapid-acting analogues may be considered over short-
acting (regular) insulin for greater improvement in gly-
cemic control [Grade B, Level 2 (78,79) for aspart].

15) Bolus insulin may be initiated using a stepwise approach
(starting with 1 injection at 1 meal and additional meal-
time injections as needed) to achieve similar A1C reduc-
tion with lower hypoglycemia risk compared to initiating
bolus injections at every meal [Grade B, Level 2 (80)].

Safety Considerations for Pharmacotherapy of Type 2

Diabetes

16) All individuals with type 2 diabetes currently using or
starting therapy with insulin or insulin secretagogues
should be counselled about the prevention, recognition
and treatment of hypoglycemia [Grade D, Consensus].

17) Pharmacotherapy may need to be temporarily adjusted
during acute illness or around the time of some
investigations:

a) Metformin and SGLT2i should be temporarily with-
held during acute illnesses associated with risk for
dehydration or procedures associated with high risk
of acute kidney injury [Grade D, Consensus]. (See
Appendix 8. Sick-Day Medication List. 2018 CPG.)

b) Insulin and insulin secretagogue doses should be
decreased or held to reduce risk for hypoglycemia if
oral intake is reduced [Grade D, Consensus]. (See
Appendix 8. Sick-Day Medication List. 2018 CPG.)

18) SGLT2i should be temporarily withheld prior to major
surgical procedures and during acute infections and
serious illness to reduce the risk of ketoacidosis [Grade D,
Consensus]. Particular caution should be paid to this risk
in people following low-carbohydrate eating patterns
(81) or with suspected insulin deficiency [Grade D,
Consensus].
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