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Metformin

• Currently the most widely prescribed 
anti-diabetic drug in the world

• Discovered in the 1920s

• Approved for T2DM in US (1995), but in 
UK (1958), Canada (1972) 

• Safer than its predecessor Phenformin
– 20 fold lower incidence of lactic acidosis 

– 3 vs. 64 cases per 100,000 patient-years 
(virtually all in renal failure patients)

• Crofford OB (August 1995). Metformin. N. Engl. 
J. Med. 333 (9): 588–9
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Derived from 
French Lilac 
(Galega
officinalis)

Folk medicine 
treatment for 
diabetes

In the 1920s 

Guanidine
compounds were 
isolated as the active 
ingredients



Guanidine Compounds : Biguanides

• Synthalin A,B
– Discovered in1926, lowered blood sugar but liver 

toxicity

– Withdrawn from market 1945

– Insulin (discovered in1922) was used instead

• Phenformin
– Introduced in 1950s 

– Withdrawn in US 1977 because of 64 cases per 
100,000 patient-years of fatal lactic acidosis

• METFORMIN  ( 1958)



The actions of Metformin are 
intimately related to AMPK

• 5’ adenosine monophosphate (AMP)-activated 
protein kinase is a signaling kinase

• Kinases are signaling molecules that transfer 
phosphate groups

• AMPK involved with energy status of cells, 
hormone expression and protein synthesis

• Metformin up regulate AMPK expression



AMPK affects cellular 
energy/biochemistry 

AMPK Off

• ATP is consumed

• Glucose is burned for 
energy

• Fatty acids and cholesterol 
are synthesized

• Similar to effects of high 
insulin

AMPK On

• ATP is created

• Fatty acids predominantly 
consumed for energy 

• Similar to effects ofCR and 
low insulin



AMPK effects on key organs

• Pancreas:     insulin secretion

• Liver:    fatty acid & cholesterol synthesis

• Adipose:    fatty acid synthesis,    lipolysis

• Skeletal muscle:  f  fatty acid oxidation, 
glucose uptake, glycolysis

• Heart muscle:   fatty acid oxidation, glucose 
uptake



METFORMIN has four major 
mechanisms of action

1. Decreases glucose absorption from GI tract

2. Inhibits hepatic gluconeogenesis

3. Increases sensitivity & number of insulin 
receptors increasing peripheral glucose 
uptake

4. Increases fatty acid oxidation



Metformin decreases glucose 
absorption from GI tract

• In rats metformin (250 
mg/kg) for 5 days

• Glucose absorption 
dropped  from  811 to 
375 μmol/30 min 

Ikeda T, Iwata K, Murakami H. Biochem Pharmacol. 2000 
Apr 1;59(7):887-90.



METFORMIN inhibits hepatic 
gluconeogenesis

• Primary action of metformin

• T2 diabetics have 3-fold increase in 
gluconeogenesis

• METFORMIN decreases gluconeogenesis by 
36%

• Result of AMPK upregulation

– Hundal R, Krssak M et  al. Diabetes. 
2000;49(12):2063–9.



Metformin increases sensitivity & 
number of insulin receptors

• Insulin resistance seen in metabolic syndrome, 
T2DM & the aging process

• Higher levels of insulin needed to move glucose 
into cells

• Metformin increases both Sensitivity and 
Number of insulin receptors

• Insulin levels fall and patients often lose weight

– Fontbonne A, Charles MA et al. 1996, Diabetes Care 
19:920-92614.



Metformin increases fatty acid 
oxidation

• When insulin level high, glucose is burned in 
lieu of fatty acids.

• When insulin drops, fatty acids are burned 
instead

• Metformin increases fatty acid oxidation in 
muscles , similarly to action of adiponectin

• Action mediated by AMPK 



Uses of Metformin 

• FDA approved use
– Type 2 Diabetes

• Off-label uses
– Polycystic ovary syndrome (PCOS)

– Drug-induced weight gain

– Cancer prevention

– Caloric Restriction ( CR )-mimetic

– Neurogenesis, Alzheimer’s prevention



TYPE II DIABETES

FDA Approved Use



Metformin is first line drug treatment 
for T2 DM

• 84 million prescriptions in US in 2015

• Only anti-diabetic drug proven to prevent the 
CV complications of T2DM

• Lowers LDL-C and TGs

• Does not cause weight gain

• Does not cause Hypoglycemia

– Ripsin CM et al 2019. Am Fam Physician 79 (1): 
29–36



Metformin associated with fewer serious 

endpoints than other agents

Metformin Sulfonylurea/ 
Insulin

Any DM 
endpoint

9% 21%

Heart attack 
death

15% 33%

All cause
mortality

13% 27%

Holman RR et al. 10-Year Follow-up of Intensive Glucose Control in Type 2
Diabetes. N Engl J Med 2008; 359:1577-1589 October 9, 2008

Randomized trial of 4200 patients  



Other Beneficial Effects

• Meta analysis of 31 trials with 4570 participants

• METFORMIN reduced

– BMI - 5.3%

– Fasting glucose - 4.5%

– Fasting Insulin – 14.4%

– Triglycerides - 5.3%

– LDL-C - 5.6%

– New-onset diabetes - 40%

– and HDL-C increased 5%

Salpeter SR et al. Am J Med. 2008 Feb; 121(2):149-157.



Only one in eight people have 
optimal FBS

FBS > 125 Diabetes 11%

FBS 100 – 124 Prediabetes 35%

FBS 86-99 High normal            49%

FBS 70-85 Optimal 13%

FBS < 69 Hypoglycemia 2%



PCOS
DRUG-INDUCED WEIGHT GAIN
ANTI-CANCER
CALORIC RESTRICTION ( CR)-
MIMETIC

Off Label Uses



PCOS

• Affects 1:15 
premenopausal women

• Characterized by insulin 
resistance and 
hyperinsulinemia

• Increased risk of T2DM  
& CV disease



Benefits of Metformin in PCOS

• Lowers glucose, insulin & testosterone levels

• Reduces acne, hirsutism, abdominal obesity, 
amenorrhea & other symptoms

• Nestler, JE et al. N Engl J Med1996, 335(9):657-8 

• Prevents or delays onset of DM
• Knowler, WC et al (2002) N Engl J Med, 2002, 

346(6):393-403 

• Restores ovulation, increases fertility
• Heard, MJ et al (2002) Fertil Steril 77(4):669-73 



Metformin also helps related 
conditions

• Non-alcoholic fatty liver 
disease (NAFLD)

• Premature puberty

– Associated with insulin 
resistance & respond to 
metformin



Drug-induced Weight Gain

• Common with several psychiatric medications

• Weight gain from antipsychotics is so 
prevalent a joint panel of the APA et al issued 
a consensus statement urging doctors to 
consider switching drugs for patients whose 
body weight increased by 5+%



Weight gain common with newer 
generation antipsychotics

• Clozapine (Clozaril) and olanzapine  (Zyprexa) 
– greatest weight gain

• Risperidone (Risperdol) and quetiapine
(Seroquel) – intermediate weight gain

• Aripiprozole (Abilify) and ziprasidone
(Geodon) – little or no weight gain



Less weight gain with metformin 

• 19 children 10 – 18 y/o old on respirdone or valproic
acid & weight gain of 6 – 59 kg 

• Metformin 500 mg tid→ 15/19 lost average of 2.9 kg
– Morrison JA et al. Am J Psychiatry. 2002 Apr;159(4):655-7.

• 39 children 10 – 17 y/o on 2nd gen antipsychotics & 
10+% weight gain

• Half placebo, half given 500 – 850 mg metformin bid 

• Placebo gained 4 kg; metformin no weight gain 
– Klein DJ et al. Am J Psychiatry. 2006 Dec;163(12):2072-9.



Weight gain common with T2DM 
medications other than metformin

• When insulin is used for T2DM, +4 kg for each 
1 point drop in Hb A1c

– UKPDS Study Group. Lancet. 1998;352:837-853. 

• Thiazolidinediones (TZDs) such as rosiglitazone 
(Avandia) associated with ave +2.8 kg



Metformin as a CR Mimetic

• Caloric 
Restriction…

without the 
restriction

• Benefits in 
humans 
theoretical 
only



Antiaging Potential of Metformin

• In the early 1970s, Dr. Vladimir Dilman
hypothesized that biguanides may have use 
as “geroprotectors” and anticancer effects
(“metabolic rehabilitation”)

• In the early 1990s, Dilman & Ward Dean 
hypothesized that metformin be considered as 
an “Antiaging” therapy
– Dilman , Vladimir, and Dean, Ward. The 

Neuroendocrine Theory of Aging, The Center for 
Bio-Gerontology, Pensacola, Florida, 1992 



The AMPK Connection

• AMPK serves to repair/prevent cell damage

• Moves cells towards”survival mode” and ATP 
production increases

• Longer term needs such as protein, lipid & starch  
synthesis decreases 

• Very closely mimics cell repair processes 
associated with CR

• Metformin creates mRNA profile in mice very 
similar to CR
– doi: 10.1152/physiolgenomics.00069.2005



Metformin twice as effective as other 
potential CR-mimetics

• Using gene chips, metformin was found to 
affect 63 genes involved in energy production, 
protein synthesis & degradation, cell growth, 
and detoxification

• Spindler SR et al. Rapid identification of 
candidate CR mimetics using microarray. 
Biogerontology 2003 4(Suppl 1): 89



Dhahbi JM et al. (2005) Physiol Genomics, 23:343-350. 

Longevity gene expression better with 
metformin than CR



Metformin extends lifespan of mice

• Mice who received metformin in their drinking 
water had increase in mean life span +37.8%

• Mean life span of last 10% survivors +20.8%

• Maximum life span +2.8 months 

– Anisimov VN, Bernstein LM et al. Cell Cycle. 2008 
Sep 1;7(17):2769-73. 



Weight gain less with metformin

Anisimov VN, Bernstein LM et al. Cell Cycle. 2008 Sep 1;7(17):2769-73. 



Caloric consumption less with metformin

Anisimov VN, Bernstein LM et al. Cell Cycle. 2008 Sep 1;7(17):2769-73. 



Anisimov VN, Bernstein LM et al. Cell Cycle. 2008 Sep 1;7(17):2769-73. 



Neurogenesis & Alzheimer’s Prevention

• CBP is downstream of AMPK and activated by 
metformin

• Recruit neural stem cells

• Enhances neurogenesis

• Improves memory formation in the 
hippocampus

– Wang J, Gallagher D, Devito LM et al. Cell Stem 
Cell. 2012 Jul 6;11(1):23-35.



PRECAUTIONS & ADVERSE 
REACTIONS



Side Effects & Precautions

• Primarily gastrointestinal, may affect up to 
half of people

• GI side effects such as diarrhea may be 
lessened by beginning slowly, taking a lower 
dose or using a time release formulation



GI side effects very common 

• Diarrhea – up to 53.2% (11.7% placebo)

• Nausea/vomiting – up to 25.5% (8.3% 
placebo)

• Gas – up to 12.1% 

• Weakness – up to 9.2% 

• Indigestion - up to 7.1%  

• GI discomfort – up to 6.4%

• Headache – up to 5.7%
• Drug Facts and Comparisons 2005. St. Louis, Mo: Facts 

and Comparisons; 2004.



To avoid side effects

• Begin at a low dose and increase gradually 

– 125 mg a day x 7 days

– 250 mg a day x 7 days

– 250 mg bid x 7 days 

– 250 – 500 mg bid

• Use metformin ER

– Diarrhea 80% less likely



Metabolism

• Metformin is not bound to plasma protein or 
metabolized

• 75-90% excretion by kidneys in 12 hrs

• No clinically relevant drug interactions, 
because it is not metabolized & does not 
interfere with the metabolism of other drugs.



Other Effects

• B12 malabsorption → Increased homocysteine
levels

• Supplement with B12 while taking metformin

– Gilligan M. Metformin and vitamin B12 deficiency. 
Arch Intern Med. 2002;162(4):484–5.



The most serious complication Lactic 
Acidosis

• Lactate can serve as a 
Krebs cycle substrate

• Metformin impedes 
hepatic lactate uptake 
as part of its action in 
interfering with 
gluconeogenesis



Lactic Acidosis

• The slight increase in metformin-induced 
lactic acid is cleared by the kidneys

• Therefore, renal failure is contraindication

• Other relative contraindications: CHF, 
alcoholism, severe COPD

• Salpeter S, Greyber E, et al. Arch Int Med. 
2003;163(21):2594–602



CLINICAL CONSIDERATIONS IN 
USING METFORMIN IN HEALTHY 

NON-DIABETICS



PROTOCOL

• Informed consent for off-label use

• Check HbA1c, fasting glucose, liver & kidney function  
tests

• If FBS > 85 or HbA1C > 5.3 , consider Metformin

• Increase dose slowly

• If tolerated, stay at 250 mg or increase to 500 mg 
twice a day

• Check HbA1c, fasting glucose, liver & kidney function 
tests every 6 months



Metformin:
Is there anyone who shouldn’t take it?

• Type II diabetes 11% YES

• Prediabetes 35% YES

• High normal 39% YES

• Optimal                                13%                       ??        

• Hypoglycemia                       2%                      NO


