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Factors affecting type 2 diabetes mellitus



The Initially Described “Terrible Triumvirate” of Diabetes Pathophysiology

Ralph A DeFronzo, Diabetes 1988,

From the Triumvirate to…… pochi farmaci



Molecular mechanisms responsible for insulin resistance in T2DM followed
by a discussion on organ-specific contributions

Insulin resistance in the muscles; 
defective insulin signalling, glucose
transport, glucose phosphorylation, 
glycogen synthesis, pyruvate
dehydrogenase
complex activity, and mitochondrial
oxidative activity.16,18,19 Events in the 
liver; insulin resistance/deficiency,
hyperglucagonaemia, enhanced
glucagon sensitivity, and increased
substrate (fatty acids, lactate, glycerol,
and amino acids) delivery, leads to 
increased gluconeogenesis, which is
responsible for the increased basal
rate of glucose production and fasting
hyperglycaemia.20–22 Renal
contribution; renal insulin resistance
and augmented renal gluconeogenesis
contribute to fasting hyperglycaemia.23 
Vascular endothelium; impaired
vasodilation due to insulin resistance
resulting in reduced insulin and glucose
delivery.24 Finally, post-prandial
hyperglycaemia ensues due to 
increased hepatic glucose output, 
muscle insulin resistance, reduced
noninsulin-
mediated glucose uptake, and 
excessive renal glucose re-absorption



Factors affecting type 2 diabetes mellitus

Kendall DM, 2009

Glucagon level



……to the Ominous Octet: A New Paradigm for the Treatment of Type 2 Diabetes Mellitus

tanti
farmaci



History of diabetes medications







Egregious 11



Sweetening Sixteen: Beyond the Ominous Octet

Phatak SR, J Diabetol 2021;12:1-9.

proposed pathophysiological processes
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Role of key hormones in glucose and energy homeostasis

Glucagon, glucagon-like peptide-1 (GLP-1), glucose-dependent insulinotropic peptide (GIP), 
oxyntomodulin (OXM), Cholecystokinin (CCK) and peptide-tyrosine-tyrosine (PYY)

Role of key hormones
in glucose and energy
homeostasis.
Glucagon, glucagon-
like peptide-1 (GLP-1), 
glucose-dependent
insulinotropic peptide 
(GIP), and 
oxyntomodulin (OXM) 
are preproglucagon
derivatives with varying
effects on the pancreas, 
liver,
adipose tissue, and brain 
to regulate glucose and 
energy homeostasis.
Cholecystokinin (CCK) 
and peptide-tyrosine-
tyrosine (PYY) are
pancreatic peptides
predominantly act
through central
mechanisms to
regular energy intake
and expenditure (image 
created using
BioRender.
com)



Targets of action of medications for T2D versus abnormalities
contributing to hyperglycemia.

GLP1 RA, glucagon like peptide 1 receptor agonist; TZD, thiazolidinediones; SU, sulfonylurea; DPP4i, dipeptidyl peptidase 4 inhibitor; AGI, alpha glucosidase inhibitor; SGLT2i, sodium
glucose cotransporter 2 inhibitor; GIP, gastric inhibitor polypeptide.









Schematic illustration of monoagonists, dual agonists and triple agonists based 
on GLP-1, GIP and glucagon receptor activation

Tschöp et al (2023) Diabetologia DOI 10.1007/s00125-023-05929-0 
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The Road towards Triple Agonists: Glucagon-Like 
Peptide 1, Glucose-Dependent Insulinotropic
Polypeptide and Glucagon Receptor - An Update

Endocrinol Metab 2024;39:12-22







Extra-glycemic effects of anti-diabetic medications







The molecular targets of the 99 anti-diabetic agents in 
clinical trials
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The clinically most relevant mechanisms of action of GLP-1, glucagon and GIP

Tschöp et al (2023) Diabetologia DOI 10.1007/s00125-023-05929-0 




