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1. Early Causes of Insulin
Resistance
 • Key Drivers:
 • Chronic overconsumption of
refined carbohydrates and
sugars → frequent glucose spikes
and insulin release.
 • Sedentary lifestyle → decreased
muscle glucose uptake.
 • Chronic stress → elevated
cortisol levels worsen blood
sugar and insulin regulation.
 • Sleep deprivation → hormonal
imbalance (increased ghrelin,
reduced leptin) leading to
overeating and impaired glucose
regulation.
 • Environmental toxins or
medications → disrupted insulin
signaling.
 • Early Cellular Changes:
 • Fat cells (adipocytes) store
excessive energy, becoming
inflamed and releasing
inflammatory cytokines.
 • Liver begins overproducing
glucose via gluconeogenesis
despite high insulin levels.
 • Skeletal muscle downregulates
insulin receptors, reducing
glucose uptake efficiency.
 • Early Symptoms:
 • Fatigue after meals, mild weight
gain, especially abdominal fat.
 • Subtle brain fog or difficulty
concentrating.
 • TyG Index Estimate:
 • Fasting triglycerides: 100–120
mg/dL.
 • Fasting glucose: 80–90 mg/dL.
 • TyG Index: ~4.0–4.5 (normal
range, indicating healthy insulin
sensitivity).

2. Early Stages of Insulin
Resistance
 • Insulin and Metabolic
Changes:
 • Elevated insulin levels
due to increased pancreatic
output to counteract rising
resistance.
 • Liver begins producing
more triglycerides (via
VLDL) as it stores more
glucose and converts it to
fat.
 • Kidneys retain sodium,
slightly increasing blood
pressure.
 • Symptoms:
 • Increased hunger and
carbohydrate cravings.
 • Difficulty losing weight,
even with dietary
adjustments.
 • Mild elevations in fasting
glucose (~90–100 mg/dL).
 • Skin changes (acanthosis
nigricans, skin tags).
 • TyG Index Estimate:
 • Fasting triglycerides: 120–
150 mg/dL.
 • Fasting glucose: 90–100
mg/dL.
 • TyG Index: ~4.6–4.8.
 • Key Implications:
 • A TyG Index of 4.6–4.8 is
suggestive of early insulin
resistance.
 • Early liver involvement
begins (mild fat
accumulation in
hepatocytes).

3. Intermediate Insulin
Resistance
 • Hyperinsulinemia:
 • Chronic high insulin levels
mask blood glucose
abnormalities but lead to
worsening fat storage and
inflammation.
 • Liver shows significant fat
accumulation (non-
alcoholic fatty liver disease,
NAFLD).
 • Cholesterol profile shifts:
high triglycerides, lower
HDL, and small, dense LDL
particles.
 • Symptoms:
 • Persistent fatigue,
especially post-meal.
 • Visible weight gain around
the abdomen.
 • Elevated blood pressure
(pre-hypertension).
 • Worsening dyslipidemia
(high triglycerides, reduced
HDL).
 • Kidney Effects:
 • Sodium retention
intensifies, increasing blood
volume and vascular
resistance.
 • TyG Index Estimate:
 • Fasting triglycerides: 150–
200 mg/dL.
 • Fasting glucose: 100–110
mg/dL.
 • TyG Index: ~4.8–5.0.
 • Key Implications:
 • A TyG Index of 4.8–5.0
reflects moderate insulin
resistance and is correlated
with the onset of NAFLD.

4. Pre-Diabetes
 • Glucose Dysregulation:
 • Liver becomes more insulin-
resistant, overproducing
glucose.
 • Fasting glucose rises into the
prediabetic range (100–125
mg/dL).
 • Persistent
hypertriglyceridemia worsens
systemic inflammation and
cardiovascular risks.
 • Symptoms:
 • Fatigue becomes more
pronounced.
 • Blood pressure elevated
(~130/80 mmHg).
 • Elevated fasting glucose
and cholesterol panel
abnormalities:
 • Triglycerides >200 mg/dL,
HDL <40 mg/dL.
 • Kidney Effects:
 • Microvascular damage
begins, further reducing renal
efficiency.
 • TyG Index Estimate:
 • Fasting triglycerides: 200–
250 mg/dL.
 • Fasting glucose: 110–125
mg/dL.
 • TyG Index: ~5.0–5.2.
 • Key Implications:
 • A TyG Index above 5.0
strongly correlates with
advanced insulin resistance
and NAFLD progression.

5. Type 2 Diabetes
 • Pancreatic Burnout:
 • Chronic inflammation
damages beta cells, reducing
insulin production.
 • Fasting glucose exceeds 126
mg/dL (diabetes threshold).
 • Advanced NAFLD
transitions to liver fibrosis.
 • Symptoms:
 • Increased thirst, frequent
urination (polyuria), and
unintentional weight loss.
 • Peripheral neuropathy
(tingling, numbness).
 • Visual disturbances due to
diabetic retinopathy.
 • Kidney Effects:
 • Persistent hypertension
accelerates kidney damage
(proteinuria, reduced
filtration).
 • TyG Index Estimate:
 • Fasting triglycerides: 250–
300 mg/dL.
 • Fasting glucose: 126–150
mg/dL.
 • TyG Index: ~5.3–5.5.
 • Key Implications:
 • A TyG Index above 5.3
indicates severe metabolic
dysfunction and advanced
NAFLD with a risk of fibrosis.

6. Advanced
Complications
 • Multi-System Failure:
 • Liver transitions from
fibrosis to cirrhosis in
severe cases.
 • Cardiovascular
complications
(atherosclerosis, heart
attack, stroke).
 • Kidney failure (end-stage
renal disease requiring
dialysis).
 • Symptoms:
 • Chronic pain from
neuropathy.
 • Severe fatigue and
muscle wasting.
 • Vision loss due to
retinopathy.
 • TyG Index Estimate:
 • Fasting triglycerides:
>300 mg/dL.
 • Fasting glucose: >150
mg/dL.
 • TyG Index: >5.5.
 • Key Implications:
 • TyG Index above 5.5
strongly correlates with
cirrhosis, severe NAFLD,
and extreme
cardiovascular risks.

7. Final Stages
 • End-Stage Disease:
 • Widespread organ failure
(heart, kidneys, liver).
 • Blood glucose and
triglycerides remain extremely
elevated due to loss of
metabolic control.
 • TyG Index Estimate:
 • Fasting triglycerides: >400
mg/dL.
 • Fasting glucose: >200 mg/dL.
 • TyG Index: ~6.0 or higher.
 • Key Implications:
 • A TyG Index of 6.0+ indicates
irreversible metabolic damage
and extremely high mortality
risk.

Disclosure: This material does not constitute medical advice. Discuss this material with a qualified medical professional.  
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