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» Dehydration, fatigue, polyuria, hyperosmolar
states

G O al S Of Lower risks of diabetes-related
2 complications
ty p e Physical activity and exercise

- Weight control
diabetes

Medications to control blood glucose levels:
some of these medications have benefits

Care beyond glucose lowering

Medications to control blood pressure
LDL lowering medications

Other vascular protective medications like
ASA

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

"B{‘ABET ES - Provide and/or refer for diabetes education (see Chapter 7, 2018 CPG)
CANA DA + Start healthy behaviour interventions (see Chapters 10,11,17, 2018 CPG)

!

GOAL: Lifestyle changes Start metformin Symptomatic
Attai;1 AlC expected to reduce blood hyperglycemia and/or
S glucose levels (if A1C s »1.5% above metabolic decompensation
;"g thy target, start metformin plus a
mants No pharmacotherapy second agent) Start insulin' + metformin

If A1C NOT
at target at Start metformin Adjust or advance therapy
3 months

Reassess A1C in 3-6 months (see Chapter 9, 2018 CPG)

!

Go to Figure 2 Go to Figure 3

In individuals with atherosclerotic cardiovascular disease, history of heart failure (with reduced ejection fraction) or chronic
kidney disease, agents with cardiorenal benefits (Figures 24 and 2B) may be considered (see Pharmacologic Glycemic
Management of Type 2 Diabetes in Adults: 2020 Update — The User's Guide).

+ 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.
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ERA 1: UKPDS 1998

Al1C 7% vs. 8%: CVD benefits with metformin, Microvascular
disease benefits with SU and insulin

UKPDS 33 trial design .:, Medicine Matters

i Erryl) Patientsaged 25-65 y with newly diagnosed T2D Wéf*:'!hlt::‘:mﬁ
S . . random 0
(non-overweight: <120% ideal bodyweight) trestimentE metformin

See UKPDS 34
=
Intensive treatment
' {target FPG <6 mmol/L)

Sulfonylureas + Diet @ Insulin + Diet

Aggregate endpoints ¥5e
Any diabetes-related endpoint

, death from hyperglhycemia or hypoglycemia, fatal or nonfati

Al, angina, HF, stroke, renal failure,
ous hemarrhage, retinopathy, blindness in one eye or cataract extraction)

(death from M|, stroke, peripheral vascular disease, renal disease, hyperglycemia, hypoglycamia, or sudden death)
All-cause mortality

SPRINGER NATURE
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he risk for any diabetes-refated endpoint was 12% lower with intensive vs ¢
any diabetes-re | endpoint was

sive therapy (fewer patients required photocoagulation)

Aggregate or single endpoints

RA 088
[95% C€10.79-0.59)"
£ as
mintensive therapy
= Conventional therapy
25 95% €10.80-1.10) AR 0.84
o L 95% €10.73-1.00
20 : [
5 114 By
£1w0 [95% €1 0.81-1.51 AR 065
2 5
abatesrelated  Allcouss mortality M Stroke Ami
rela dpoin death dea o e

e risk for any diabetes-related endpoint was 32% lower with intensive metformin vs conventiona
therapy (p=0.0023)

Aggregate or single endpoints

ERA 2: ACCORD, ADVANCE,
VADT 2008

Death with A1C with under 6% target, no benefits under
6.5%, besides metformin, SU, insulin have TZDs, acarbose,
and glinides as options
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3 trials published in 2008 looking at A1C targets
and outcomes

Target Entry TZD Mean 62 year, 38% 9 years diabetes
A1C on women duration
average

ACCORD <6%vs.7 >10,000 8.3% ~20%
to 8%

ADVANCE <6.5%vs > 10,000 7.5% 3.7% 15% smokers 1/3 prior CVD
more

VADT 1.5% ~1,700 9.4% ~20%

reduction Meds available
VS besides SU,

: metformin, insulin:
standard

« Thiazolidinediones,
acarbose, glinides

Turnbull and colleagues meta-analysis, Diabetologia, 2009

Harmful or neutral for death, neutral for
MACE

Mortality CVvD MACE Stroke Heart failure
(95% (¢])) Mortality hospitalized
or death

ACCORD 1.22 1.35 0.90 0.77 1.18
(1.01-1.46)  (1.04-1.76)  (0.78-1.04)  (0.64-0.93) (0.72 1.39)  (0.93-1.49)

ADVANCE  0.93 0.88 0.94 0.92 0.97 0.95
(0.83-1.06)  (0.74-1.04)  (0.84-1.06)  (0.79-1.17)  (0.81-1.16)  (0.79-1.14)

VADT 1.07 1.32 0.90 0.83 0.87 0.92
(0.81-1.42)  (0.81-2.14)  (0.70-1.16)  (0.61-1.13)  (0.54-1.39)  (0.68-1.25)
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| ORIGINAL ARTICLE ”
Intensive Glucose Control in Patients
with Type 2 Diabetes — 15-Year Follow-up

10.04
9.5+

Standard therapy

9.04
8.5+
8.04
7.54
7.04
6.54

Intensive therapy
6.0

Years 0to 10: Years 0 to 10:
HR 0.83 HR 1.26
(95% CI1 0.70-0.99) (95% CI1 0.90-1.75)

for major cardiovascular disease events

5.5+

Median Glycated Hemoglobin Level (%)

5.04
4.54

0.0 T T T T T T T T
3 5 7 9 11 13 15 e NEW ENGLAND
JOURNAL of MEDICINE

Years since Start of Study

aven PD et al. N Engl J Med 2019;380:2215-2224

ERA 3: SGLT-2 inhibitors and

GLP-1 agonists benefits 2015
onwards

SGLT2i’'s reduce MACE, heart failure hospitalization, and
renal disease progression in CVD, CKD with proteinuria and
GFR > 30, HF, and 60 plus year olds with multiple risk
factors for CVD

GLP-1's reduce MACE in CVD
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ASCVD, CKD or HF OR Age >60 with 2 CV risk factors'

!

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

Established Cardiovascular or Renal Disease = Risk Factors

>60 yrs with CV

ASCVD CKD ! HF risk factorst

f ] :" "
' GLP1-RA SGLT2i*
or or GLP1-RA
| SGLT2i* GLP1-RA |
: n o .
SGLT2i*
SGLT2i* (and lower
| CVmortality)
L J

Lower Risks
Observed in
Outcome Trials

Progression of SGLT2i* SGLT2i* SGLT2i*
Nephropathy

Highest level of evidence:| Grade A || GradeB Grade C or D *Initiate only if eGFR >30 mi/min/1.73ny
- s

‘\l.

Sodium glucose "25— P
:’@? &
/ \

transport \

inhibitors-2 & o |
\ /

\ tubule

« Jung and Jang, Diabetes and
Metabolism, 2014

Glucose Basolateral
lumen

Epithelial lining of
proximal
convoluted tubule

ATPase ATPase

Blood lumen

Glucose ¥ £ Glucose
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Empagliflozin, Canagliflozin, Dapagliflozin

Less MACE, less heart failure hospitalization, less
progression of kidney disease

Clinical outcomes (HR [95% Cl] vs placebo)

Genital

Infections

Agent (outcome trial) Population Alkcitoe Fatal/ Fatal ; fl
" i/ Progression o
pacs CV mortallty mortality nonfatal Ml nonfatal stroke Hiospal CKD
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%
(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 = 0.70 071
(42%) (0.69-0.98) | (0.71-0.97) (0.59-0.83) (0.44-1.16)

Vaginitis and balanitis related

to the glucose in the urine

Mostly women and
uncircumcised men

Topical antifungals, oral
fluconazole responsive

Do not need to discontinue
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Nausea, vomiting, abdominal pain,
confusion
b

5
Can be euglycemic which can cause delay
in diagnosis

SGLT2's can suppress i in but the glycosuria

D | abetl C ay lead to euglycemia

ketoaCidOSiS High anion gap and ketonemia

Low carb diets and keto diets may increase
the risk

Avoid excess alcohol intake

sliding Toward Euglycemic DKA

Worsened by
W insulin and
Intake

Julio Rosenstock, and Ele Ferrannini Dia Care

2015;38:1638-1642 American

Diabetes




What about
the
eGFR?

m) NIDDK Research & Funding Health Information v About NIDDK

CKD-EPI Adults (Conventional
Units)

CKD-EPI Calculator for Adults
(51 Units)

For Children (Conventional
Units)

For Children (SI Units)

SHOUIT DE USTTE CIEatINIITe MENoas Callbrated o be TDNI S Traceanle. Read More about TEPOTTINgE

GFR and creatinine standardization.

This CKD-EPI equation calculator should be used when S, is reported in pmol/L. This equation

is recommended when eGFR values above 60 mL/min/1.73 m? are desired.

Age

GFR = 141 x min(Se/x, 1)% x max(Seq/, 1) x 0.993%° x 1,018 [if female] x 1159 [if African

American]

where:

Sy is serum creatinine in pmol/L,

xis 61.9 for females and 79.6 for males,

a is -0.329 for females and -0.411 for males,
min indicates the minimum of 5 /x or 1, and

max indicates the maximum of S /x or1

The equation does not require weight because the results are reported normalized to 1.73 m?
body surface area, which is an accepted average adult surface area.

03/05/2021
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eGFR examples

CKD-EPI for Adults (SI Units)
Serum creatinine (pmol/L)*

140

Age*

52

African American? (@ Yes

Gender Male (@ Female

Calculate

[GFR value (mL/min/1.73 m2**)

43 mumin/1.73 m2

CKD-EPI for Adults (S| Units)
Serum creatinine (umol/L)*

140

Age*

52

African American? Yes (® No

Gender Male (® Female

Calculate

’rGFR value (mL/min/1.73 m2*¥)

37 mUmin/1.73 m:

Michael C. Honigberg. Circulation: Heart
Failure. Practical Considerations for the Use
of Sodium-Glucose Co-Transporter 2
Inhibitors in Heart Failure, Volume: 13,
Issue: 2, DOL:
(10.1161/CIRCHEARTFAILURE.119.00662
3)

© 2020 American Heart Associ

03/05/2021

CKD-EPI for Adults (S| Units)
Serum creatinine (umol/L)*

140

Age*

52

African American? Yes ® No

Gender (@ Male Female

Calculate

[GFR value (mL/min/1.73 m2**)

49 mumini73 m?

s Sjecho
ki

45 to <60
30 to =45

=30 or on Dialysis

ey
{if alburminuria=300g/day)
Contraindicated

Contraindicated Contraindicated Contraindicated

l
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For what indications can we prescribe these
medications under the public health plan in Quebec?

* EN 179: Only empagliflozin has a code for a cardiovascular disease indication
with the requirements that the A1C is above 7% and other antihyperglycemic
agents are prescribed

» EN148: All 3 have a code for use in combo with metformin if a sulfonuylurea is
not tolerated, contraindicated, or not effective (A1C high)

* EN149: Similarly all 3 have a code for use in combo with sulfonylurea if
metformin is not tolerated, contraindicated, or not effective

» EN167: Canagliflozin and dapagliflozin have a code for use if neither
sulfonylurea nor metformin are tolerated or if they are both contraindicated

If my patient has atherosclerotic
heart disease, reduced ejection
fraction heart failure, or renal
disease or a combination of these,
SGLT-2 inhibitors are a good
choice... when prescription is
financially possible

03/05/2021
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lumen Food components and metabolites
v 1
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Metabolite s] \“\.,
) )| Y

Figure 1| The sensory and secretory function of the L cell. Release of glucagon-like
peptide 1{GLP-1) from L cellsis requlated by nutritional, hormonal and neural signals.

Muskiet and colleagues, Nature Reviews, 2017

Brain
LFood intake Heart and vessels
%Werer ntake TGlucose utilization
Neuroprotection rdioprotection
e TNeurogenesis TCardiac output

+Gastric emptying

TVasodilation
+Acid secretion

LFatty acid metabolism

Pancreas x Kidnay
Tinsulin secretion/ [ e / o
biosynthesis y 1 Diuresis

TSomatestatin secretion GLP-1 Natriuresis
TH-cell proliferation \ /

LGlucagon secretion

Lp-cell apoptosis

Gut

p— —_—
TGrowth )
LMariliry \ |
lLipoprotein / \ /:
|

Immune system
Linflammation

secretion Skeletal muscle

TPerfusion
Glucose uptake

Liver
15teatosis
IVLDL (ApoB100) :‘;';ll:: sdipsse aB:iq‘mg tissue
1Glucose production b P u
I Perfusion TThermogenests
Lipolysis
TGlucose
uptake

Figure 3 | Putative actions of glucagon-like peptide 1 (GLP-1). The best elucidated
physiological roles of GLP-1 are those related to pancreatic islet cell function. However,
GLP-1 and GLP-1 receptor agonists also have pleiotropic effects onvarious other
tissues and organs, with various potential physiolegical, pathophysiological and
pharmacelogical implications. VLDL, very low density lipoprotein.

Glucagon-
like peptide-
1 (GLP1)

* Hormone made in the gut epithelial
cells (‘entercendocrine cells’) and
neurotransmitters within enteric
nervous system

Triggered within minutes of meal
ingestion

Stimulate glucose-dependent insulin
release from pancreas

Many other effects

IVIUONITL Q11U

colleagues,
Nature
Reviews,
2017

Most common side effects are
nausea and vomiting

Titrate dose to limit this

03/05/2021
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Exenatide, Liraglutide, Semaglutide, Dulaglutide

Less MACE, Less stroke

03/05/2021

Alpha-glucosidase

tage:
eGFR (mLimin/1.73 m"):

3a 3

45-59 30-44

inhibitor —

Biguanide

Acarbose (Glucobay)

3

Metformin {Glucophage)

45 s 1onma 3

DPP-4 inhibitors —

Alogliptin {Nesina)

125 mg

3

Linagliptin (Trajenta)

Saxagliptin (Onglyza)

25mg

Sitagliptin (Januvia)

GLP-1R agonists —

Insulin
Secretagogues

SGLT2 inhibitors

Dulaglutide {Trulicity)

Exenatide {Byetta)

Exenatide QW (Bydureon)

Liraglutide (Victoza)

Lixisenatide (Adlyxin)

Gliclazide (Diamicron)

Glimepiride {Amaryl)

Glyburide (Diabeta)

Repaglinide (GlucoNorm)

Canagliflozin (Invokana)

Dapaglifiozin (Forxiga)

Empaglifiozin (Jardiance)

Thiazolidinediones —|

Pioglitazone (Actos)

Rosiglitazone (Avandia)

Insulins

]

E use aiternative agent O dose adjustment required [ caution

[ do not initiate

E dose adjustment not required

“May be considered when indicated for CV and renal protection
with eGFR <60 but >30 mL/min/1.73m*

Clinical outcomes (HR [95% Cl] vs placebo)
Agent (outcome trial) Population Al B
- -cause Fatal/ Fatal/ Progression of
RUACE By e mortality nonfatal M| nonfatal stroke Hosplin 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%) o 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 =
factors (0.79-0.99) | (0.78-1.06) |(0.80-1.01) (0.79-1.16)F (0.61-0.95)t
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Medicaments d’exception at RAMQ. No
codes-complete form
Liraglutide (Victoza)

¢ With metformin if T2DM, inadequate control,
BMI > 30, and DPP-4 not tolerated

» Authorized Q12months and lowering by 0.5%

GLP-1 has to be proven

. « Dally injections
agonists
avai Iable in Semaglutide (Ozempic)

¢ |n T2DM with metformin if SU not tolerated or

Q ue b ecC not effective

* Weekly injections or oral daily tablets

Dulaglutide (Trulicity)

+ Same as liraglutide

STEP trials AND semaglutide

NOTE: approvals are for diabetes, not obesity

2021 Overweight or Drugs Features Weight loss
obese

STEP1 NEJM No diabetes 2.4 mg vs. 68 weeks; monthly dietitian visit 2.4 vs. 15%
p|acebo both arms
STEP 2 Lancet Type 2 diabetes 24mgvs. 1 mg 68 weeks; monthly dietitian visit 9.6 vs. 6.9 vs. 3.4%
vs. placebo both arms Similar 1.5% A1C
lowering
STEP3 JAMA No diabetes 2.4 mgvs. 68 weeks, intensive behaviour 5.7 vs. 16%;
placebo therapy both arms (low calorie 75% lost 10% or more
diets with meal replacement 8 of weight
weeks)
STEP 4 JAMA No diabetes 2.4 mg vs. 20 wks semaglutide everyone 17.4% weight loss with
placebo then randomized for 28 weeks semaglutide throughout;

6.9% regain with placebo
for net 5%

03/05/2021
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From Diabetes Educators Calgary website

__________|Monthly cost

Metformin $4
Gliclazide MR $3to $14
Repaglinide $7
Sitagliptin $92
Empagliflozin $81
Canaglifozin $84
Dapagliflozin $82
Liraglutide $91 to $272
Semaglutide $195

Regular Review
If A1C NOT at Target

Assess glycemic control, cardiovascular and renal status and/or

Screen for complications (eyes, feet, kidneys) Change in Clinical Status BiA BET ES
Review efficacy, side effects, safety and ability to take
current medications L CANADA

Reinforce and support healthy behaviour interventions

Adjust or advance therapy*

[ ASCVD, CKD or HF OR Age >60 with 2 CV risk factors" J [ A1C above target and glucose lowering required ]
ITUTE AHA' ‘ inical priorities™
ADD or SUBSTITUTE AHA with demonstrated cardiorenal benefits (see Figure 2B) . ADD IR .TU 2Ly G BEIE prlor\lle_s
start insulin for symptomatic hyperglycemia and/or metabolic decompensation (Figure 3)
Established Cardiovascular or Renal Disease = Risk Factors PROVEN cardiorenal benefit CV safety, but NO proven RISK of HF
o e in high-risk populations** cardiorenal benefit**
>60 yrs with CV
ASCVD CKD ‘ HF Hisk factorst GLP1-RA GLP1-RA
dulaglutide, liraglutide, semaglutide  exenatide ER, lixisenatide
GLP1-RA SGLT2i* SGLTZi ek .
MACE or or GLP1-RA canaglifiozin, dapaglifiozin, SRR BT
SGLT2i* GLP1-RA empaglifiozin
gs3 DPPAI
6o = * A
@ $ 2 HHF SGLT2* SGLT2i* S{f‘ﬂ'ﬂr SGLT2i* sitagliptin, linagliptin, alogliptin saxaglptin (DPP4i)
23 g CV mortalty) Acarbose
36§
<]
Progression of SGLT2i* SGLT2i* ] Sulfonylureas
Neph th
ephropathy Lol Thiazolidinediones
Insulin
Hypoglycemia Weight gain

Highest level of evidence: | Grade A ‘ Grade B ‘ Grade C or D *Initiate only if eGFR >30 mi/min/1.73m*
Fixed-dose combinations may be considered to reduce burden

16



(My)

summary
points
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Metformin is the first line for pharmacotherapy

With CVD, SGLT2i’s and GLPi's have important added
benefits, beyond those attributable to A1C lowering

SGLTi's slow renal disease at GFR above 30 and also
reduce hospitalization for heart failure

GLPi's at higher doses have weight loss benefits but are not
yet approved or covered for this indication

17



