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Learning Objectives

* Describe the role of insulin resistance in type 2 diabetes, obesity, and
metabolic syndrome.

* |dentify evidence-based behavioral interventions that improve insulin
sensitivity and patient outcomes.

* Explain how to evaluate and integrate pharmacologic treatment
options for managing insulin resistance.
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HOW DOES INSULIN WORK?

Insulin Glucose

Insulin is the key Glucose
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Insulin Resistance
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Insulin Resistance Pathophysiology

* Visceral fat: surrounds deep internal organs in abdominal cavity
* More metabolically active than subcutaneous fat
* More likely to release FFA into circulation
* Storage of toxic lipid intermediates
* Release of pro-inflammatory cytokines Visceral fat
* Less release of anti-inflammatory hormones

* Individuals may have genetic predisposition towards
accumulation of visceral fat

Abdomen muscles

s—— Subcutaneous fat

* Ectopic fat: fat stored in tissues not meant to store fat (liver, muscle)
* Can interfere with normal hormonal signaling pathways

https://www.healthdirect.gov.au/how-to-reduce-excess-internal-body-fat-visceral-fat o
https://liverfoundation.org/liver-diseases/fatty-liver-disease/nonalcoholic-steatohepatitis- E{"'l"ﬁ‘rﬁ:;‘yjﬂfar'o ECHO
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Insulin Resistance Pathophysiology
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Mechanisms of Insulin Resistance
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Metabolic Syndrome via Insulin Resistance

Hyperlipidemia

e M FFA = D hepatic TG synthesis
e N TG = 1 VLDL production
e NVLDL= HDL

Insulin resistance

e | glucose uptake

e I glucagon secretion (a-cell resistance)
e I gluconeogenesis

e /M FFA in circulation

Hypertension Weight gain

e I insulin = 1 lipogenesis = 1 visceral fat

o \ insulin sensitivity and / FFA = {, nitric and ectopic fat (liver, muscle, pancreas)
oxide synthesis = “|* vasoconstriction e U insulin sensitivity, { leptin sensitivity, {,

e N cytokines = /P endothelial damage | GLP-1 and amylin secretion = > hunger

2 ° ™ circulating insulin = * Na* retention
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Metabolic Syndrome

« Patients with metabolic syndrome are 5x more likely to develop T2DM
« Diagnosed when a patient has 3 or more of the following:

High waist High blood TEENEE g Low HDL
: fasting triglyceride
circumference pressure levels
glucose levels

<40
mg/dL for
men

> 35 in for
women

410)

> 40 in for

men mg/dL for

women




a B-cell-Centric Construct: Egregious Eleven
The B-cell is the FINAL COMMON DENOMINATOR of B-cell Damage

8. Colon/biome . , 7. Brain
Abnarmal microbiota; T 1. Pancreatic B-cells « Increased appetite
possible decreased . — 4 B-cell function — Loss of morning
GLP-1 secretion = J B-cell mass dopamine surge
H Increased sympathetic tone
/ 'v Insulin Increased brain
insulin resistance
9. Immune FINAL COMMON
dysregulation/ \_ DENOMINATOR ) ‘\
inflammation \
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6. Liver
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Behavioral Interventions

Emphasis on whole

>150 minutes/week Mediterranean- grains, legumes,
of moderate-to- style, DASH, plant- nuts, fruits, and
vigorous aerobic based, and low- vegetables with

exercise per week carbohydrate diets minimal refined and
processed foods

Individualized
medical nutrition
therapy
(MNT) delivered by
a registered
dietitian

Weight reduction
of 7-10%
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Pharmacologic Options

Thiazolidinediones Gl SEEIERET Dual GIP/GLP._l SLGT-2 inhibitors
agonists receptor agonists

e Reduces
gluconeogenesis

e [mproves
peripheral
glucose uptake

e Enahnces insulin
sensitivity via
AMPK activation

e PPARy activation
resulting in direct
insulin
sensitization in
liver, muscle, and
adipose tissue

e The most potent
insulin sensitizer —
with trade-off of
weight gain

* Weight loss e Superior insulin
e Enhanced insulin sensitizing effects
secretion e SURPASS-2:
e Glucagon tirzepatide (5, 10,
suppression 15 mg) reduced
e Slowed gastric HOMA2-IR
by 15.5—

emptying

e Significantly
improves B-cell
function

24.0% versus
only 5.1% with
semaglutide 1 mg
¢ I[mprovements
only partially
attributable to
weight loss

e Indirectly
improves insulin
resistance

e Reduced
glucotoxicity

e Promotes visceral
fat reduction
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Supplements

Berberine

900-1500
mg/day in
divided doses

ADE: bloating,
diarrhea

CYP3A4 and p-
gp inhibitor

Vitamin D

WITH
documented
deficiency

Chromium

200-1000
ug/day

May increase
hypoglycemia
with insulin

Cinnamon

Ceylon
preferred over
Cassia,
hepatotoxicity
risk

<2 g/day, in
capsules

Magnesium

WITH
documented
deficiency

Inositol
In PCOS

The ADA does not recommend routine use of herbal supplements due to low- or very-low quality evidence,
and supplements should be utilized adjunctive to (not in replacement of) established interventions
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Behavioral/Pharmacologic Integration

Diabetes Prevention Program

Metformin alone: 31% diabetes
incidence reduction

Metformin + lifestyle: 58%
diabetes incidence reduction

2025 Meta Analysis
(33 RCTs, n=12,028)

GLP-1 RA + lifestyle = additional
7.13 kg of weight loss + improved
BP, Alc, FPG, lipids

2024 Network Meta Analysis:
Type 2 diabetes (410 RCTs, n =
33,802)

Metformin alone: Alc -0.88%

Metformin + lifestyle: Alc-1.23%

SURMOUNT-3 Trial

Tirzepatide alone: -20.% body
weight

12-week lifestyle lead-in to
tirzepatide: -25% body weight

2024 Network Meta Analysis:
prediabetes (410 RCTs, n =
33,802)

Metformin alone: -0.23 HOMA-IR

Exercise alone: -0.54 HOMA-IR

2026 Network Meta Analysis

Cognitive behavioral therapy +
motivational interviewing +
standard behavioral therapy =
highest HbAlc reductions over
12-36 months (-1.84%)
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Key Points

Insulin resistance drives type 2 diabetes, obesity, and metabolic syndrome through impaired
signaling, ectopic fat, and chronic inflammation.

Behavioral interventions are first-line and independently powerful, especially in prediabetes.

Many diabetes medications reduce insulin resistance, but only GLP-1 RAs and GLP-1/GIP RAs

both reduce insulin resistance and improve B-cell function.

Selected supplements may provide adjunctive benefit but do not replace established
interventions and carry variable evidence quality.

Combination of behavioral and pharmacologic therapy consistently outperforms either alone;
sequence and tailor to the individual patient.
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