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When to start pharmacological management

» Pharmacotherapy should be
started at the time type 2 diabetes
is diagnosed, without delay, unless

there are contraindications
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Goal of diabetes treatment

» attempts to achieve near normoglycemia,

» treatment of cardiovascular and other long-term risk factors(smoking
cessation; blood pressure control; reduction in serum lipids with a statin;

diet, exercise, and weight loss or maintenance)



multifactorial person-centered approach

Person-specific factors that affect choice of treatment include:

NV V. VvV V¥V

individualized glycemic goal

weight goals, impact on weight
hypoglycemia and cardiorenal protection
side effect profiles of medications
complexity of regimen

Access and availability of medication

cost

Patient / Disease Features

Risks potentially associated
with hypoglycemia and
other drug adverse effects

Disease duration

Life expectancy

Important comorbidities

Established vascular
complications

Patient preference

Resources and support
system

More stringent 4me- A1C 7% ~wmp Less stringent

newly diagnosed

few / mild

few / mild

highly motivated, excellent
self-care capabilities

readily available

long-standing

preference for less =

burdensome therapy




Choice of Glucose-Lowering Therapy

» achieve treatment goals

» In adults with type 2 diabetes and established/high risk of atherosclerotic
cardiovascular disease (ASCVD), heart failure (HF), and/or chronic kidney disease

(CKD), the treatment regimen should include agents that reduce cardiorenal risk

» Without established cardiovascular or kidney disease Weight management is an

impactful component of glucose-lowering management in type 2 diabetes




Goal: Cardiovascular and Kidney Risk Reduction in Goal: Achievement and Maintenance
High-Risk Individuals with Type 2 Diabetes* of Weight and Glycemic Goals

+Indicators of
+ASCVD' ] [ high CVD risk +HF ' +CKD , +Weight +Achievement and maintenance
Current or prior eGFR <60 mL/min/1.73 m? OR management of glycemic goals

symptoms of HF albuminuria (ACR =3.0 mg/mmol
with documented [30 mg/g]). Repeat measurement l - l

HFrEF or HFpEF is required to confirm CKD

+ASCVD/indicators of high CVD risk" l l

(R Efficacy Metformin or other agent (including
GLP-1RA? SGLT2i* with for weight combination therapy) that provides
with proven proven CVD SGLT2it +CKD (on maximally tolerated loss adequate EFFICACY to achieve and

CVD benefit ) benefit with proven HF benefit dose of ACEi or ARB) maintain glycemic treatment goals

in this population Prioritize avoidance of hypoglycemia
SGLT2i* with primary evidence in high-risk individuals
of reducing CKD progression l

« SGLT2i can be started with High:

eGFR =20 mL/min/1.73 m? .
dialysis or transplantation liraglutide
« Glucose-lowering efficacy is reduced
with eGFR <45 mL/min/1.73 m? Intermediate:

— — GLP-1RA (not

« For individuals on a GLP-1 RA, consider adding —— —_— listed above),
SGLT2i with proven CVD benefit or vice versa SGLT2i

« Pioglitazone®

GLP-1 RA* with proven CKD benefit Neutral:
J Metformin, High:
DPP-4i GLP-1RA (not listed above), metformin,
pioglitazone, SGLT2i, sulfonylurea

Efficacy for glucose lowering

If A1C is above goal, for individuals
on SGLT2i, consider incorporating
a GLP-1RA or vice versa Intermediate:

DPP-4i

If A1C is above goal or significant hypoglycemia or
hyperglycemia or barriers to care are identified

If additional cardiovascular and kidney risk reduction, management of other
metabolic comorbidities, and/or glycemic lowering is needed

h 4

+Mitigating risk of MASLD or MASH

Agents with potential benefit in MASLD or MASH
GLP-1RA, dual GIP and GLP-1 RA, picglitazone, or combination of GLP-1 RA with pioglitazone
Use insulin in the setting of decompensated cirrhosis

Refer to DSMES to support self-efficacy in achievement of
treatment goals

Consider technology (e.g., diagnostic or personal CGM) to
identify therapeutic gaps and tailor therapy

Identify and address SDOH that impact achievement of
treatment goals

TN |




metformin

Metlormin

metformin (1,1-dimethylbiguanide hydrochloride)
mainly absorbed in the upper small intestine

Metformin is the only biguanide available in the united state.

ViV - V-V

For the past 60 years, has been the most commonly used glucose-
lowering agent



Mechanism of action

* decrease hepatic glucose output by inhibiting
gluconeogenesis

* increases insulin-mediated glucose utilization
in peripheral tissues (such as muscle and liver),

e suppresses lipogenesis and lowers cellular fatty
acid synthesis in liver and muscle

e extrahepatic mechanisms including direct
actions of the drug on intestinal cells or
alterations in the composition and metabolic
profile of the gut microbiota

* may play a role in inhibiting cell growth
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Metformin: Update on mechanisms of action and repurposing potential. Nature Reviews Endocrinology. 2023 Aug;19(8):460-76.
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Metformin and HBA1c reduction

A. Change in Hemoglobin A,_Level in Drug-MNaive Patients

e All treatments reduced hemoglobin

Alc level ranging from 1.48% for

subcutaneous semaglutide to 0.60% for DPP-4
inhibitors

e All treatments reduced hemoglobin

Alc level to a similar extent with metformin, except
for DPP-4 inhibitors

Subcutaneous semaglutide ————

Liraglutide

Dulaglutide

Basal insulin

Oral semaglutide
Premixed insulin
Canagliflozin

Exenatide

Metformin
Extended-release exenatide
Pioglitazone
Sulphonylureas
Dapagliflozin
Empagliflozin
Meglitinides
a-Glucosidase inhibitors
DPP-4 inhibitors

Favors treatment Favors placebo

1

2

MD (95% CI)

—1.48 (-2.15 to -0.81)
-1.45 (-2.18 to -0.72)
-1.29 (-1.96 to —0.62)
-1.12 (-1.74 to -0.50)
-1.10 (-1.75 to —0.45)
-1.03 (-1.61 to —0.44)
-1.02 (-1.68 to —0.36)
—0.98 (-1.42 to —0.55)
-0.92 (-1.07 to -0.77)
—0.91 (-1.46 to -0.37)
—0.89 (-1.10 to —0.68)
—0.86 (-1.05 to —0.66)
—0.83 (-1.11 to -0.54)
—0.81 (-1.18 to —0.45)
-0.77 (-1.07 to -0.47)
-0.73 (-0.92 to -0.55)
—0.60 (—0.75 to —0.46)

Tsapas A, Avgerinos I, Karagiannis T, Malandris K, Manolopoulos A, Andreadis P, Liakos A, Matthews DR, Bekiari E. Comparative effectiveness of glucose-lowering drugs for type 2 diabetes: a
systematic review and network meta-analysis. Annals of internal medicine. 2020 Aug 18;173(4):278-86.



Metformin and HBA1c reduction

» Metformin monotherapy lowered HbAlc by
1.12% (95% Cl 0.92—-1.32); versus placebo

» asignificantly greater reduction in HbA1¢(0.26%
(95% CI 0.14-0.38) using higher doses of
metformin compared with lower doses of
metformin with no significant increase in side
effects.

Trial Change (95% CI)

Monotheragry

Fupoka 2006 - low Q56 (083, 0.29)
Garter 1997 - low 5 090 (125, 0.55)
Horton 2000 130156 -1.04)
Goldstein 2007 - low <106 (139, 0.73)
Hallsten 2002 Q.50 (053, 0.07)
Vijanan 2005 050({-1.10,0.10)
lozzo 2003 069 (-133, 0.05)
Chiasson 2001 3 123 (157, 0.89)
Natall 2004 463214, -1.12)
List 2009 0 055083 027)
Grant 1968 - low 3 150 (-211, 0.89)
Wolever 2000 5 124 (167, 081)
Hoffmann 1997 122162 082)
Goldstein 2007 - high 130 (163, 097)
Fupoka 2006 -hgh 0 02 (-1.28, 0.76)
DeFronzo 1995 5 ATT (204, 1.49)
Garter 1997 - high -1.60 (-1.94, -1.26)
Grant 1995 - high 180 (-247,.-1.13)
Damedo 1938 0.80 (+1.95, 2.95)

Sublotal (F= B0.2%, p = 0.000) 1.12(-132, 092)

Change (85% CI)

021 014, 0.56)

Fenvors high dose

Hirst JA, Farmer AJ, Ali R, Roberts NW, Stevens RJ. Quantifying the effect of metformin treatment and dose on glycemic control. Diabetes care. 2012 Feb 1;35(2):446-54.



Metformin is associated with less weight gain

Mild effect

Lazzaroni E, Nasr MB, Loretelli C, Pastore I, Plebani L, Lunati ME, Vallone L, Bolla AM, Rossi A, Montefusco L, Ippolito E. Anti-diabetic drugs and weight loss in patients with

Drug
Liraglutide

Tirzepatide

Semaglutide

Dapagliflozin

Ertugliflozin

Canagliflozin

Dulaglutide

Metformin

Exenatide

Empagliflozin

Acarbose

Dose range
1.2mg per day -
1.8mg per day

Smg per day -
15mg per day

0.5mg per week -
1mg per week

Smg per day -
10mg per day
Smg per day -
10mg per day

100mg per day -
300mg per day

0.75mg per week -
1.50mg per week
500mg per day -
850mg three times per day
Sug per day -
2mg per week
10mg per day -
25mg per day

200mg three times per day

type 2 diabetes. Pharmacological Research. 2021 Sep 1;171:105782.

and a modest weight loss than other agent

Weight loss - Max / Min (% vs. starting point)

7,5 @ ————————— = 0




Metformin and lipid profile |

» effect of metformin on the
Total Cholesterol, LDL and
triglycerides in patients with
type 2 diabetes mellitus

Gillani SW, Ghayedi N, Roosta P, Seddigh P, Nasiri O. Effect of metformin on lipid profiles of type 2 diabetes mellitus: a meta-analysis of randomized controlled trials. Journal of

Pharmacy and Bioallied Sciences. 2021 Jan 1;13(1):76-82.

Placebo
Mean SD
11514 136
10,1 114
424 083
42 087
5.34 106
643 0.98

Metformin
Mean SD Total
1102 113 164

39 088 196

412 056 86
407 103 206
5.06 123 199
611 0.74 152

Study or Subgroup
Alan 2003

Adrizan 2009
Dawd 2014

Louise 2015
Xiatong 2017

Syed Wasif 2017

Total (95% CI) 1003
Heterogeneny. Chi® = 4.81, df « 5 (P = 0.44); I = 0%
Test for overall effect: Z = 5.46 (P < 0.00001)

Metformin
Mean SD Total
0.88
0,87
112
0.76
0.83
11

Study or Subgroup
Alan 2003

Adnaan 2003
David 2014

Louise 2015
Xiatong 2017

Syed Wasif 2017

7.01
5.68
461
221
287
356

101
116
0.97
1.02
107
126

151
194
87
206
215
3.12 152
Total (95% C1) 1005
Heterageneity Chi* = 820, df = 5 (P = 0.15); I = 39%
Test for overall effect. Z = 851 (P < 0.00001)

Placebo
Mean
7.52
12.93
131
1.7
1.97
3.01

Metformin
Mean SD Total
736 115 1%
1265 205 164
122 021 86
161 0.14 206
174 107 152
279 055 189

Study or Subgroup
Adriaan 2009

Alan 2003

David 2014

Loulse 2015

Syed Wasd 2017

118
025
033
0.91
101

Xiatong 2017

Total (95% CI) 1003
Heterogeneity: Chi’ = 450, df =5 (P = 0.48) ' = 0%
Test for overall effect. Z = 5.40 (P < 0.00001)

Total

SD Total

Std. un mm:e
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI
-0.40[-062, -0.17]
-0.19[-0.38, 0.01]
-0.17 [-0.47, 0.13]
-0.12 [-0.32, 0.08)
~0.24[-0.44, -0.05]
-0.37 [-0.58, -0.14)

Year

2003 &—r—mm————
2009
2014
2015
2017
2017 &V—m——

=g

-0.2

Weight
15.5%
195%

8.7%
20.7%
20.6%
15.0%

——————

100.0% -0.24(-0.33, -0.16]

0.2
Reduction favor Metformin Reduction favor Placebo

-0.1 0.1

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference

IV, Fixed, 95% C|
-0.26 [-0.48, ~0.04]
~0.56[-0.77, -0.36]
-0.48(-0.78, -0.17|
-0.21(-0.40, -0.02)
-0.46 [-0.65, -0.26)

-0.37[-0.60, -0.14] 2

Weight Year

-0.38 [-0.47, -0.30)

<05 025 0.25 05
Reduction Favor Metformin  Reduciton Faver Placebo

Std. Mean Difference
IV, Fixed, 95% CI

Std. Mean Difference
IV, Fixed, 95% CI
-0.11[-0.31, 0.09)
-0.17 [-0.39, 0.06)
-0.39 [-0.63, -0.09]
-0.35 [-0.55, -0.16]
-0.23 [-0.46, -0.01)
-0.27 [-0.46, -0.07)

-0.24 [-0.33, -0.15]

-1 -05 05
Reduction Favour Metormen  Reducton Favours Placebo



The 20-year UK Prospective Diabetes Study showed major clinical benefits (myocras

infarction (D), death from any cause () )fOT p@0OPle with newly diagnosed type 2 diabetes randomly
allocated to metformin therapy, compared with conventional glycaemic control.

—— Conventional therapy
— Metformin
p=0-010

06

04

P oportion with event

Proportionwith event

02

0

0 10 i 0 10 20 30

Number at risk Time since randomisation (years)

Mumber at risk
Conventional therapy 411 314 .
_ entio v 2 345 2 7
Metformin 342 378 Conventional tl:mzmp_g, 1_.11} _..4_: > 71
Metformin 342 206 B2 75

Post-trial monitoring of a randomised controlled trial of intensive glycaemic control in type 2 diabetes extended from 10 years to 24 years (UKPDS
91). The Lancet. 2024



Early intensive glycaemic control with metformin therapy, compared with conventional glycaemic control, showed overall relative
risk reductions of 20% (95% Cl 5-32; p=0-010) for death from any cause and 31% (12—46; p=0-003) for myocardial infarction.

Participants with clinical outcome Absolute risk 24-year post-trial follow-up 10-year post-trial follow-up

Intensive therapy Conventional therapy  Intensive Corwentional  Relative risk for pvalue Relative risk for pvalue
therapy therapy intensive therapy intensive therapy
regimen (95% Cl) regimen (95% Cl)
Metformin group
Any diabetes-related endpoint 245/342 (71-6%) 293/411 (71-3%) o 0-82 (0-69-0-98) 0-025 079 (0-66-0-95) 0-013
Diabetes-related death : (37-4% 168/411 (40-9%) 21. 0-75 (0-60-0-95) 0-016 70 (0-53-0-92) 0-015

Death from any cause : 301/411 ) 19. ) 0-010 073 (0-59-0-89) 0-002

r'n.ﬂ._“..r ocardial infarction . 16 47411 |:3‘. q 73 y 0-003 0 t_l_ 051 l:J-EEI:] 0.005

Stroke ] 51/411 (12-4%) b7 7 0-88 (0-59-1-31) 0-53 0-80(0-50-1-27) 0-

Peripheral vascular disease 71342 ( 30/411 (7-3%) 4- 0-55 (0-31-1-01) 0-053 0-63 (0-32-1-27) D-1¢

Microvascular disease 80/411 (21-4%) 27 - 0-91 (0-67-1-24) 0-56 0-84 (0-60-1-17) 0-31

Data are n/N (%), unless otherwise specified. Absolute risk is the number of events per 1000 patient-years. Relative risk was estimated from hazard ratios calculated from proportional hazards modelling. p values
were calculated using the log-rank test.

Table: Clinical outcomes from baseline for participants after up to 24-year post-trial follow-up, and after up to 10-year post-trial follow-up, as previously reported?

Post-trial monitoring of a randomised controlled trial of intensive glycaemic control in type 2 diabetes extended from 10 years to 24 years (UKPDS
91). The Lancet. 2024



Metformin reduces all-cause mortality among patients with metformin therapy vs no-metformin therap
among patients with Ml at baseline(b) and among patients with HF at baseline(c )(meta-analysis were
included 40 studies comprising 1,066,408 patients)

| Hazard Ratie Hazard Ratia

E2 i .

T T | =Fat:id B E N L : FAndGm, - 0 FEE P G, b
Abualzuod 2015 -(.0305 0.338 0.87 [0.50, 1.88]
Banmister 2014 0462 00422 1% 0,63 [0.58, 0.68]
Duncan 2007 -0.6931 0.8 A .60 [0.10, 2.50]
Evans 2006 0.3581 0. 1088 i 40 0,70 [0.58, 0,86]
Facka 2017 =(,. 3857

=(.3496

10919 1,15 0.2% 2.98 [0.31, 28 65]
Holman 2008 LETIE DATTT 4.,6% 0,61 [0.36, 0.72]
Jang 2019 =1.07TEE 02569 2.5% 0,34 [0.19, 0.61]
Lin 2018 -1.5878 0.1886 o 0,56 [0.38, 0.80]
Moargan 2014 4574 D034 8 0L63 [0.55, 0.68]
Panifalore 2009 <0.6162 0084 . .54 [0.456, 0.64]
Rachmani 2002 30202 02174 ! 0.98 084, 1.50]
Rage 2017 -1.3093 05088 ¥ 027 [0, 0.73]
Romara 2013 <0.1625 0.0183 4% 0,85 [0.82, 0.88]
Roussel 2010 A7 0.1251 2%
Scheller 2014 01555 (1% { [0.58, 1.09]
Schramm 2011 8 0.0815 [ 0,78 [0.67, 0.92]
Shah 2010 0.401 0. 7E
Sillars 2010 0185 : ;
Wang 2017 0.0:557 A [0.52, 0.65 -

Hazard Ratio Hazard Ratio
5 tugh Subigrs giHszErd R = Aakah wigd, 5%, ;i W
Abualzued 2015 -0.0305 0.33E61 54% D.BT [0.50, 1.B8]
Hartman 2017 1.091% 1.1547 0.5% 2,98 [0.31, 28.65)
Jong 2018 -1.60 1.0818  05% 0.20 [0.02, 1.67]
Schramm 2011 02465 D0BI5 B36% 076 [0.67, 0.57] [ |

Tatal (35% CI) 100.0% 079 [0.68, 0.82] L
Heterogenaity: Chf di =3 (P =034 F=10%

D.os 0.2 1 =1 20
Test for overall effect: T = 3.00 (P = 0u03)

Favours [Metfarmin])  Favours [no-kMetfarmin)

€ Hazard Ratio Hazard Ratie

ay | R

Facila 2017

Romens 2013

Roussal 201 - 1 0125
Shah 2010 -0.2357 D401

Total [95% CI} 100.0%
Heterogeneity: Chi' = 568, df = 3 (P =013 F=47%
Tesl Tar averall g 3
hazzed raki
rtali

Total (95% C1) 0.67 [0.80, 0.75] L
Heterogensity: Tau? = 0.04; Chi? = 150,84, df = 20 (P = 0.00001); 2= 87%

, - i . . 0.5 1 2
Test for overall effect: £ = 7.25 (P < 0.00001)

Matformin  no-Matformin

Han Y, Xie H, Liu Y, Gao P, Yang X, Shen Z. Effect of metformin on all-cause and cardiovascular mortality in patients with coronary artery diseases: a systematic review and an
updated meta-analysis. Cardiovascular Diabetology. 2019 Dec;18:1-6.



side effects of metformin

The prevalence of Gl adverse effect was as follows:
diarrhea 6.9% (95% Cl: 0.038-0.123),

bloating 6,2% (95% Cl: 0.020-0.177),

abdominal pain 5,3% (95% Cl: 0.003—-0.529),
vomiting 2.4% (95%: Cl 0.007-0.075),

constipation 1.1% (95%: Cl 0.001—-0.100).

Y. vV V VvV VvV v

lead to lower physical and mental HRQoL, which may result in patient nonadherence or physician
reluctance to optimally titrate the metformin dose.

may occur even after prolonged treatment with metformin.
temporary discontinuation, dose titration or proper intake of medicine.l

switched from immediate-release metformin to metformin-XR experienced fewer Gl side effects on
comparable doses of the extended-release metformin.

Gastrointestinal adverse events of metformin treatment in patients with type 2 diabetes mellitus: a systematic review and meta-analysis with meta-regression
of observational studies. BMC Endocrine Disorders. 2024.



Metformin-associated lactic acidosis:

» Metformin, increases plasma lactate levels in a

plasma concentration-dependent manner by

inhibiting mitochondrial respiration ‘ 1 Gluconeogenesis
. . . ¢ Acute kidney injury ' m 4 Hepatic glucose production
predominantly in the liver. 4Renal clearance

Oxaloacetate

» Elevated plasma metformin concentrations (as o
@@ Pyruvate
carboxylase
Metformin ] Metforrr_min A_ssoc.iated

» condition that further disrupts lactate Electron

transport
chain

occur in individuals with renal impairment)

production or clearance (e.g., cirrhosis, sepsis, ; Cellular hypoxia
3% ‘ Congestive heart failure
Respiratory insufficiency
° Sepsis NADH/NAD+

Shock Lactic acid
Volume depletion\/

or hypoperfusion)

DeFronzo R, Fleming GA, Chen K, Bicsak TA. Metformin-associated lactic acidosis: Current perspectives on causes and risk. Metabolism. 2016 Feb
1;65(2):20-9.



the occurrence of lactic acidosis due to metformin usage
IS very rare

» Pooled data from 347 comparative trials and cohort studies revealed no
cases of fatal or nonfatal lactic acidosis in 70,490 patient-years of
metformin use or in 55,451 patients-years in the non-metformin group.

» the true incidence of lactic acidosis per 100,000 patient-years was 4.3
cases in the metformin group and 5.4 cases in the non-metformin group.
There was no difference In lactate levels, for metformin compared to non-
metformin therapies.

Salpeter SR, Greyber E, Pasternak GA, Salpeter EE. Risk of fatal and nonfatal lactic acidosis with metformin use in type 2 diabetes
mellitus. Cochrane database of systematic reviews. 2010(4).




Metformin and renal failure

» The drug is cleared by renal filtration, and very high circulating levels (e.g.,
as a result of overdose or acute renal failure) have been associated with

lactic acidosis.
» occurrence of this complication is now known to be very rare

» he FDA has revised the label for metformin to reflect its safety in people
with eGFR 230 mL/min/1.73 m?



Metformin and renal failure

Table 1—Proposed recommendations for use of metformin based on eGFR

. —_—— 24 L
eGFR level (mL/min per 1.73 m”™) Action

=60 No renal contraindication to metformin

Monitor renal function annually
<60 and =45 Continue use

Increase monitoring of renal function (every 3—6 months)
<45 and =30 Prescribe metformin with caution

Use lower dose (e.g., 50%, or hall-maximal dose)

Closely monitor renal function (every 3 months)

Do not start new patients on metformin

Stop metlormin

Lipska KJ, Bailey CJ, Inzucchi SE. Use of metformin in the setting of mild-to-moderate renal
insufficiency. Diabetes care. 2011 Jun 1;34(6):1431-7.



Metformin and heart failure

» Metformin was associated with reduced mortality compared with controls
(mostly sulfonylurea therapy): 23% versus 37% (pooled adjusted risk
estimates: 0.80; 0.74-0.87; 1°=15%; P<0.001).

Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% Cl Year IV, Random, 95% ClI

Evans -0.5108 0.25 2.6% 0.60 [0.37, 0.98]

Eurich -0.4156 0.2 4.1% 0.66 [0.45, 0.98]

Masoudi -0.1393 0.06 29.0% 0.87 [0.77, 0.98]

Inzucchi -0.0834 0.13 8.9% 0.92 [0.71, 1.19]

Shah -0.2357 0.4 1.1% 0.79 [0.36, 1.73]

MacDonald -0.4308 0.15 6.9% 0.65 [0.48, 0.87] —
Roussel -0.3711 0.13 8.9% 0.69 [0.53, 0.89] —
Andersson -0.1625 0.0682 24.6% 0.85 [0.74, 0.97] -
Aguilar -0.2744 0.1 13.9% 0.76 [0.62, 0.92] —

Total (95% Cl) 100.0% 0.80 [0.74, 0.87] &
Heterogeneity: Tau? = 0.00; Chi? = 9.45, df = 8 (P = 0.31); I’ = 15%
Test for overall effect: Z = 5.35 (P < 0.00001)

0507 1 15 2

Comparative safety and effectiveness of metformin in patients with diabetes mellitus and heart failure: systematic review of observational studies involving 34 000
patients. Circulation: Heart Failure. 2013 May;6(3):395-402.



Metformin usage in patients with diabetes and heart

failure

» Atotal of 87 stable DM patients treated with metformin
with advanced HFrEF , NYHA 11I/1V, LVEF 23.6 + 5.8%)
followed for a median of 1126 days

» Endpoint: occurrence of death, urgent heart
transplantation or mechanical circulatory support
implantation.

» MET-treated patients had better event-free survival even
after adjustment for BNP, BMI and eGFR

» MET treatment in patients with advanced HFrEF and DM is
associated with improved outcome by mechanisms
beyond the improvement of blood glucose control.

Event-free survival, %

MET-treatment

—— MET-free

—— MET-treated
p=0.0005

1000 2000 3000 4000 5000
Time to event, days

. Metformin treatment is associated with improved outcome in patients with diabetes and advanced heart failure (HFrEF). Scientific Reports.

2022



Metformin and heart failure

» metformin is at least as safe as other glucose-lowering treatments in patients
with diabetes mellitus and HF and even in those with reduced left ventricular

ejection fraction or concomitant chronic kidney disease
» Metformin was not associated with increased risk of lactic acidosis.

» Do not use in acute heart failure or in presence of end organ hypoperfusion



>

NASH-induced Cirrhosis

metformin in liver failure

Continued Metformin (n=98)

s |

P < 0.0001

Discontinued Metformin (n=44)
» No patients developed

Survival probability (%)

~
(5]

metformin-associated lactic

5 10 15
acidosis during follow-up.

Time after diagnosis of cirrhosis (Years)

Non-NASH induced Cirrhosis
P=0.09

N
(o))

Discontinued Metformin (n=78)

&
2
=
3
o 50
—
a
™
e
c
S
(7))

Continued Metformin (n=74)
0 5 10

Time after diagnosis of cirrhosis (Years)

Figure 1. Survival of 250 diabetic patients who continued metformin vs. those who discontinued
metformin after cirrhosis diagnosis

Survival probability (%)

0 10 15
Time after diagnosis of cirrhosis (Years)

Continuation of metformin use after a diagnosis of cirrhosis significantly improves survival of patients with diabetes. Hepatology. 2014



Clinical outcomes of metformin use in populations with chronic
kidney disease, congestive heart failure, or chronic liver disease

» adults with type 2 diabetes and chronic kidney disease with eGFR<60
mL/min/1.73m2, congestive heart failure, or chronic liver disease with hepatic

impairment;

» Metformin use in patients with moderate chronic kidney disease, congestive
heart failure, or chronic liver disease with hepatic impairment is associated with

improvements

Crowley MJ, Diamantidis CJ, McDuffie JR, Cameron CB, Stanifer JW, Mock CK, Wang X, Tang S, Nagi A, Kosinski AS, Williams Jr JW. Clinical outcomes of

metformin use in populations with chronic kidney disease, congestive heart failure, or chronic liver disease: a systematic review. Annals of internal medicine.
2017 Feb 7;166(3):191-200.



Metformin and intravenous administration of
iodinated contrast media

» hold metformin in patients who are about to receive intravenous iodinated contrast

material (with potential for contrast-induced renal failure) if they are at increased risk

for lactic acidosis independent of metformin.

» Such patients include those with vascular instability, hypotension, and potential

hypoperfusion.

» discontinue metformin prior to any radiologic procedures with intravenous or intra-

arterial contrast in patients with eGFR <45 mL/min/1.73 m?,

» Metformin should not be restarted until eGFR can be retested (usually two to five

days after the procedure) and confirmed to be >30 mL/min/1.73 m?2.


https://medilib.ir/uptodate/show/9621
https://medilib.ir/uptodate/show/9621

Metformin and vitamin B12 deficiency

» not only reduces serum levels of B12, but also progressively increases serum MMA.

» was associated with significant worsening of the NPS.

» Neuropathy prevalence was higher in MET with low B12 levels.

» Long-term use of metformin was associated with biochemical B12 deficiency and .

» Routine testing of vitamin B12 levels in metformin-treated patients should be considered.

» Years of metformin use were associated with increased risk of B12 deficiency

Out M, Kooy A, Lehert P, Schalkwijk CA, Stehouwer CD. Long-term treatment with metformin in type 2 diabetes and methylmalonic acid: post hoc analysis of a
randomized controlled 4.3 year trial. Journal of Diabetes and its Complications. 2018 Feb 1;32(2):171-8.

Aroda VR, Edelstein SL, Goldberg RB, Knowler WC, Marcovina SM, Orchard TJ, Bray GA, Schade DS, Temprosa MG, White NH, Crandall JP. Long-term metformin
use and vitamin B12 deficiency in the diabetes prevention program outcomes study. The Journal of Clinical Endocrinology & Metabolism. 2016 Apr 1;101(4):1754-61.



Common obstacles to using metformin

Gl intolerance Reduce dose until adverse effects resolve
Consider use of extended-release form

Impaired Use freely if eGFR 245 mL/min

kidney function Use with caution if eGFR 30-45 mL/min
Do not use if eGFR <30 mL/min

Heart failure Acceptable to use with stable, chronic heart failure

Do not use with acute heart failure
and evidence of end-organ hypoperfusion

Liver disease Acceptable to use with chronic liver disease (including
mildly elevated liver enzymes, but intact liver function)

Do not use with functional hepatic failure or acute liver injury

Flory J, Lipska K. Metformin in 2019. Jama. 2019 May 21;321(19):1926-7.



Metformin contraindication

» GFR<30ml/min/1.72m
» Active or progressive sever liver disease unstable
» acute heart failure at risk of hypoperfusion

» Decreased tissue perfusion or hemodynamic instability due to infection or other

cause

» Past history of lactic acidosis during metformin therapy



Metformin dosing

» Metformin immediate release 500mg/ 850mg/1000 mg

» Metformin extended release 500/1000/750 mg




Starting dose and titration

immediate-release oral formulation:
* begin with an initial dosage of either 500 mg, once or twice daily.
* The daily dose of metformin is often titrated every week in increments of 500 to minimize any

adverse Gl effects.

* The typical maintenance dose of the medication is 850 or 1000 mg twice daily

Formulation Dosage forms Starting dose Maximum dose

Metformin, Tablet, Oral: 500 mg once or twice daily  Usual maintenance dose: 1 g twice daily

Immediate Release 500 mg, 850 mg, 1000mg OR OR
850 mg once daily 850 mg twice daily
Maximum: 2.55 g/day




Starting dose and titration

> Extended-release oral formulation:
» begin with an initial dosage of either 500 mg or 1000 mg once daily.
> The daily dose of metformin is often titrated every week in increments of 500 mg

» recommended maximum dose for this formulation is 2000 mg, taken once or twice daily

Metformin, Tablet, Oral: 500 mg once daily

Extended Release 500 mg, 750 mg, 1000mg OR
1 g once daily




Key point

» treatment plans need to be continuously reviewed for efficacy, side effects, hypoglycemia,

and treatment burden
» metformin is considered the initial medication of choice
» Metformin is effective and safe, Inexpensive
» may reduce risk of cardiovascular events and death
» Metformin is not associated with significant risk of hypoglycemia

» Metformin should be continued upon initiation of insulin therapy for ongoing glycemic

and metabolic benefits.



