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Learning objectives

Relate central adiposity to metabolic syndrome and systemic inflammation.

Explain pathways connecting obesity with diabetes, hypertension and coronary
disease.

Trace obesity-associated hepatobiliary, respiratory and musculoskeletal complications.

Integrate mechanisms across clinical cases without confusing association and
causation.




Obesity iIs a multisystem risk state

Cardiovascular Hepatobiliary

/ . J |\

Central obesity

Respiratory ———, Degenerative joint
disease disease

Central adiposity is especially relevant; Complications often coexist and reinforce one another.



Amount and location of fat both matter

Total adiposity Central / visceral adiposity
Increasing fat burden is associated with Fat accumulation within the trunk and
multiple chronic diseases. abdomen.
Absolute adiposity does not fully More strongly associated with adverse
characterize risk. metabolic outcomes than

subcutaneous accumulation.




Central adiposity: The unifying concept

Excess visceral fat

Insulin resistance +
inflammatory signaling

Glucose and lipid
abnormalities

Multi-organ
complications

Central obesity links metabolic dysregulation with vascular and organ-level injury.




Organ systems affected by obesity

System

Metabolic

Vascular

Hepatobiliary

Respiratory / joint

Characteristic association

Insulin resistance

Hypertension + dyslipidemia

Fatty liver + cholesterol-rich bile

Sleep-disordered breathing + load

Major consequence

Type 2 diabetes

Coronary artery disease

Cirrhosis / gallstones

Heart failure / osteoarthritis




Clinical risk is not explained by weight alone

The distribution of adipose tissue modifies the strength of disease associations.
Hypertension, diabetes and dyslipidemia frequently occur together.

Chronic inflammation provides a possible common biological link.

Interpret obesity-related risk as a network, not isolated single-organ effects.




Metabolic syndrome: A linked cluster

: : Systemic
. Impaired glucose Hypertension + :
»
Central obesity - S — promflsiamtematory

This illustrates the component abnormalities; It is not a formal diagnostic checklist.




Components of the metabolic phenotype

Abnormality

Glucose metabolism

Lipid metabolism

Blood pressure

Inflammation

Biological expression Clinical relevance

Glucose intolerance / insulin resistance  Type 2 diabetes risk

High triglycerides, low HDL Atherosclerotic risk

Hypertension Cardiovascular burden

Possible amplifier of other

CRP / cytokine elevation o
complications




A syndrome, not four unrelated diagnoses

Shared milieu

Central adiposity and metabolic

dysregulation commonly coexist.

Adipose-derived inflammatory
mediators may contribute.

Clinical expression

Hyperglycemia and dyslipidemia identify
different metabolic effects.

Hypertension adds hemodynamic
vascular stress.




How excess lipids can trigger inflammation

Excess lipids in cells
/ tissues

Inflammasome
activation

IL-1 release

Systemic
inflammation

This inflammasome—IL-1 pathway as a contributor, not the sole established explanation.




Inflammasome activation: A plausible bridge

Excess free fatty acids and intracellular lipids can activate the inflammasome.
Inflammasome signaling stimulates IL-1 secretion.

IL-1-associated inflammation is implicated in metabolic dysfunction.

Mechanistic linkage in the source is expressed cautiously: “seems to be caused” and “likely contributes.”




Adipose tissue acts as an endocrine organ

Enlarged adipose
stores

Adipokines / cytokines
/ chemokines

Circulating
inflammatory signals

Metabolic and
vascular effects

Fat participates in endocrine and inflammatory signaling—not only mechanical energy storage.




Adipose-derived mediators in the parent section

Mediator / group Source discussion
Leptin Satiety and energy-balance signal
Adiponectin Fatty-acid oxidation; Insulin sensitivity
IL-1, IL-6, TNF, IL-18 Inflammatory cytokines
Chemokines Adipose immune signaling

Relevance

Leptin resistance in obesity

Levels fall with obesity

Chronic inflammatory state

Inflammatory cell interactions




Chronic low-grade inflammation is measurable

C-reactive protein (CRP) is often elevated in central obesity.
Proinflammatory cytokines, including TNF, may also be increased.

Elevated markers indicate inflammation but do not pinpoint a single causative
pathway.




Two proposed sources of obesity-related inflammation

Lipid-related signaling Adipose cell signaling
Excess circulating lipids may exert direct Fat-laden adipocytes release cytokines
proinflammatory effects. and other mediators.
The inflammasome—IL-1 pathway is one Immune-cell-adipocyte interactions may

proposed mechanism. amplify the response.




Inflammation affects several disease pathways

Central adiposity

Chronic
inflammatory milieu

Insulin resistance +
thrombosis

Cardiovascular / cancer
associations

The relative contribution of inflammation to each outcome remains uncertain.




Adiponectin is metabolically protective

Adiponectin is secreted by adipose tissue and promotes fatty-acid oxidation.
It reduces hepatic glucose production and increases insulin sensitivity.

Circulating adiponectin is lower in obesity than in lean states.




Adiponectin: Muscle and liver actions

Adiponectin

Skeletal muscle: Fatty-
acid oxidation

Lower fatty-acid
burden

Improved metabolic
milieu

The parent text also describes reduced hepatic glucose production and improved insulin sensitivity.




Protective and adverse adipose signals

Adiponectin-associated effects Obesity-related profile
Increased fatty-acid oxidation. Lower adiponectin in circulation.
Greater insulin sensitivity. Higher inflammatory markers in many

. _ _ patients.
Anti-inflammatory and cardioprotective

properties. Greater metabolic and vascular risk.




Insulin resistance links obesity with diabetes

Central obesity +
inflammation

Reduced insulin
responsiveness

Compensatory
hyperinsulinemia

Type 2 diabetes
association

Insulin resistance and hyperinsulinemia are central features of the obesity—diabetes connection.




Hyperinsulinemia has consequences beyond glucose

Increased insulin secretion may compensate for impaired peripheral
responsiveness.

Robbins also implicates excess insulin in renal sodium retention and volume
expansion.

Possible effects on norepinephrine and smooth muscle connect metabolic and
vascular disease.




Glucose abnormalities: Separate the terms

Term Meaning in this lecture Relationship

Insulin resistance Reduced biological response to insulin ~ Core obesity association

Compensatory / potentially

Hyperinsulinemia Increased circulating insulin .
pathogenic

Glucose intolerance Impaired glucose homeostasis Metabolic syndrome component

Type 2 diabetes Established disease association Downstream clinical outcome




Why glucose intolerance and diabetes overlap

Upstream disturbance Clinical disease
Adipose-driven metabolic changes and Type 2 diabetes is a major obesity-
inflammatory signaling. associated condition.
Insulin resistance often precedes overt Diabetes adds to the cardiovascular risk

disease. already associated with obesity.




Obesity-related hypertension: Proposed routes

Obesity =
hyperinsulinemia

Renal Na* retention

Blood volume
expansion

Hypertension

This is one pathway; Obesity-associated hypertension is multifactorial.




Neurovascular contribution to elevated pressure

Hyperinsulinemia

-

Excess
norepinephrine
(proposed)

Vascular effects

Hypertension

Norepinephrine production is presented as a potential mechanism, not an exclusive cause.




Vascular smooth muscle may participate

The text identifies smooth-muscle proliferation as another possible effect of
excess insulin.

Alterations in the vascular wall may sustain abnormal vascular responses.

No single proposed insulin-mediated mechanism completely explains
hypertension.




Hypertension: Association versus explanation

Robust clinical association Mechanistic uncertainty
Risk of incident hypertension rises with Sodium retention, volume expansion
weight among initially normotensive and norepinephrine are proposed
people. links.
Hypertension is an important The textbook explicitly leaves open

component of the metabolic cluster. other mechanisms.




Obesity-associated lipid phenotype

Lipid variable

Triglycerides

HDL cholesterol

Total cardiometabolic
burden

Typical direction Why it matters
Increased Part of atherogenic dyslipidemia
Decreased Loss of a protective lipid association

Coexists with insulin resistance and

Often increases .
hypertension




Dyslipidemia contributes to coronary risk

Hypertriglyceridemia and low HDL cholesterol are common in obese individuals.

These lipid abnormalities are associated with an elevated risk of coronary artery
disease.

Coronary risk is further compounded by coexisting diabetes and hypertension.




Coronary disease: Convergence of risks

Hypertension __—  Type 2 diabetes

Dyslipidemia /
_—

Obesity

Inflammation \ Coronary artery
disease

The total burden arises from concurrent adverse metabolic and vascular factors.



Why comorbidities compound cardiac risk

Metabolic loading Hemodynamic loading

Abnormal glucose metabolism and Hypertension increases vascular stress.

dyslipidemia often coexist. , _
Multiple simultaneous processes make

Inflammation may contribute to adverse cardiac risk broader than obesity
vascular biology. alone.




Cardiometabolic complications compared

Complication Dominant association Important overlap
Type 2 diabetes Insulin resistance / hyperinsulinemia  Inflammation
Hypertension Weight-related rise in risk Potential insulin-mediated effects

Diabetes + hypertension +

- i DL : i
Coronary artery disease High TG, low H inflammation




Obesity and fatty liver disease

Nonalcoholic fatty liver disease (NAFLD) is commonly associated with obesity.
Type 2 diabetes frequently coexists with this hepatic phenotype.

The condition can progress to hepatic fibrosis and cirrhosis.




Hepatic injury: Progression is possible

Obesity-associated
NAFLD

Persistent liver injury

Fibrosis

Cirrhosis

Not every individual with fatty liver progresses; The diagram illustrates the recognized adverse trajectory.




Steatosis and fibrosis are not equivalent

Fatty liver disease Progressive chronic injury

The early disease concept concerns Fibrosis denotes scarring.

excess hepatic fat. _ o ,
Cirrhosis is an advanced consequence in

Association with obesity and type 2 a subset of patients.
diabetes is prominent.




Recognize the hepatometabolic cluster

Fatty liver is part of the systemic metabolic picture rather than an isolated
hepatic finding.

Obesity and type 2 diabetes together should prompt consideration of hepatic
complications.

Progression to fibrosis and cirrhosis as the pathology consequence.




Gallstones are substantially associated with obesity

Cholelithiasis as six times more common in obese than in lean subjects.

The emphasized mechanism involves increased body cholesterol and cholesterol
turnover.

This favors cholesterol-rich rather than pigment gallstone formation.




Cholesterol gallstones: Causal sequence

Increased cholesterol
stores / turnover

Increased biliary
cholesterol excretion

Cholesterol-rich bile

Gallstone formation

The pathway is based directly on the hepatobiliary explanation.




Two hepatobiliary consequences, different mechanisms

NAFLD Cholelithiasis

Metabolic liver disease associated with Greater cholesterol loading of bile.

obesity and diabetes. _ - .
Predisposition to cholesterol-rich

Potential progression to fibrosis and gallstones.
cirrhosis.




Hepatobiliary reasoning matrix

Finding

Fatty liver

Cirrhosis

Cholesterol gallstones

Obesity-linked pathway Expected concern

Metabolic dysfunction Progressive hepatic fibrosis

Advanced injury in some NAFLD

patients Chronic liver disease

Increased cholesterol secretion in bile Cholelithiasis




Obstructive sleep apnea is associated with obesity

Obstructive sleep apnea is strongly associated with obesity.
Sleep-disordered breathing adds respiratory and cardiovascular consequences.

The source highlights consequent right-sided heart failure as an important
potential association.




Sleep apnea to cardiopulmonary burden

Obesity

Obstructive sleep
apnea

Cardiopulmonary
stress

Right-sided heart
failure

This is a simplified association pathway; The source does not provide detailed intermediate physiology.




Obesity hypoventilation is a distinct concept

The source describes a hypoventilation syndrome in very obese individuals.
It comprises respiratory abnormalities involving inadequate ventilation.

The historical term “pickwickian syndrome” appears; Modern teaching should
favor a descriptive clinical term.




Sleep apnea versus hypoventilation

Obstructive sleep apnea Obesity hypoventilation

Strongly associated with obesity. A distinct hypoventilation syndrome in very

obese persons.
Defined by obstructive episodes during sleep.

_ _ _ May overlap with sleep-disordered breathing.
Can accompany right-sided cardiac

complications. Do not assume the entities are synonymous.




Obesity-related respiratory consequences

Entity Core abnormality Consequence emphasized
Obstructive sleep apnea Sleep-related obstruction Cardiopulmonary burden
Right-sided heart failure Cardiac consequence linked to apnea  Clinically significant disease

Hypoventilation syndrome  Impaired ventilation in severe obesity Respiratory dysfunction




Excess adiposity increases joint loading

Marked adiposity predisposes to degenerative joint disease (osteoarthritis).

Greater body mass increases cumulative mechanical stress on weight-bearing
joints.

Over time, repeated load contributes to the degenerative process.




Osteoarthritis: Cumulative mechanical burden

Increased body mass

Repeated joint
loading

Cumulative wear and
tear

Degenerative joint
disease

Mechanical loading rather than an isolated biochemical explanation.




Mechanical disease differs from metabolic disease

Osteoarthritis Diabetes and dyslipidemia
The source emphasizes cumulative Insulin resistance and lipid dysregulation
trauma to joints. dominate.
Long-term physical loading is a principal Inflammatory mediators may contribute

explanatory factor. to mechanisms.




Inflammation may contribute to thrombosis

Chronic inflammatory signaling is implicated in obesity-related thrombosis.

The source links the same inflammatory milieu to insulin resistance and vascular
disease.

This is a biologically plausible contributor, not a full standalone thrombosis
model.




Inflammation is a cross-organ amplifier

Central adiposity

Elevated CRP /
cytokines

Metabolic + vascular
dysregulation

Multi-system
complications

Obesity-related inflammation is a proposed common mechanism across several outcomes.




Strength of statements in the source

Statement

Obesity €< hypertension

Excess insulin = BP changes

Inflammasome = IL-1

Inflammation - thrombosis
/ cancer

How Robbins frames it

Strong association with weight

“May play a role”

“Seems to be caused”

“May contribute”

How to teach it

State as an association

Present as a proposed mechanism

Qualified model

Biological hypothesis, not certainty




Cancer is another obesity-associated outcome

Cancer among major diseases associated with obesity.

The adjacent figure links metabolic syndrome, insulin resistance and hormonal
changes to tumor-promoting signals.

Detailed site-specific obesity—cancer associations are covered in the next indexed
topic.




Insulin—IGF axis: Conceptual cancer link

Insulin resistance

Hyperinsulinemia /
IGF signaling

Increased proliferation
+ reduced apoptosis

Possible contribution
to cancer

Conceptual reconstruction of Fig. 9.29 caption—not a reproduction of the textbook figure.




Hormonal and inflammatory cancer hypotheses

Growth-factor signaling Systemic environment
Insulin and IGF-1 can promote cell Metabolic syndrome includes
proliferation. inflammatory and hormonal

. . , disturbances.
These signals may inhibit apoptosis.

Contribution to cancer is plausible and
multifactorial.




Case 1: Central obesity and clustered risk

Clinical vignette

A patient with central obesity is found to have glucose intolerance, high triglycerides, low HDL
cholesterol and hypertension.

Which unifying clinical syndrome is suggested?

Reasoning / answer

Metabolic syndrome: Glucose, lipid and blood-pressure abnormalities cluster in the setting of
central adiposity.




Case 2: Insulin and elevated blood pressure

Clinical vignette

A patient with obesity and insulin resistance develops hypertension. Laboratory findings also
indicate compensatory hyperinsulinemia.

Name two insulin-related mechanisms proposed.

Reasoning / answer

Increased renal sodium retention / blood-volume expansion and increased norepinephrine
production; Smooth-muscle proliferation is another proposed link.




Case 3: Obesity and persistent liver injury

Clinical vignette

A person with obesity and type 2 diabetes has known fatty liver disease. Chronic liver injury is
now suspected.

What major structural progression should the clinician consider?

Reasoning / answer

Progression of NAFLD to fibrosis and, in advanced cases, cirrhosis.




Case 4: Cholesterol-rich gallstones

Clinical vignette

An obese patient develops cholelithiasis. The question is why cholesterol-related stones are
more likely.

Identify the main metabolic chain.

Reasoning / answer

Greater body cholesterol and turnover - greater biliary cholesterol excretion - cholesterol-rich
bile = gallstone susceptibility.




Case 5: Disordered breathing and cardiac etfects

Clinical vignette

A person with severe obesity has obstructive sleep apnea and subsequently develops right-
sided cardiac dysfunction.

Which obesity-associated respiratory complication is clinically relevant?

Reasoning / answer

Obstructive sleep apnea is associated with cardiopulmonary complications including right-sided
heart failure. Evaluate hypoventilation separately.




Case 6: A mechanical complication

Clinical vignette

An older individual with marked obesity develops chronic degenerative joint disease affecting
weight-bearing joints.

Which mechanism is emphasized by Robbins?

Reasoning / answer

Greater cumulative mechanical loading and wear-and-tear trauma over time contribute to
osteoarthritis.




Mechanism-to-consequence synthesis

Initial disturbance Intermediate pathway Clinical consequence
Central adiposity Insulin resistance + inflammation Type 2 diabetes
Excess insulin Na* retention / volume changes Hypertension
Lipid abnormalities High TG + low HDL Coronary disease

Increased cholesterol

More biliary cholesterol Gallstones
turnover




Nonmetabolic outcomes: Synthesis

Complication Predominant pathway Disease outcome

Obesity-linked airway / ventilation

Sleep-disordered breathing Right heart complications

problems
Osteoarthritis Long-term mechanical joint loading Degenerative joint disease
NAFLD Metabolic hepatic injury Fibrosis / cirrhosis

Cancer association Growth-factor + hormonal mechanisms Potential tumor promotion




Major principles to retain

Central fat distribution matters as much as overall adiposity for many associated
diseases.

Insulin resistance, dyslipidemia, hypertension and inflammation form an
interdependent cluster.

Hepatobiliary, respiratory and osteoarticular consequences arise through different
mechanisms.

Distinguish well-supported associations from proposed mechanistic explanations.




Primary source and interpretation

Robbins, Cotran & Kumar: Pathologic Basis of Disease. 11th edition (2026).

Chapter 9, “Environmental and Nutritional Diseases”; “Obesity” and “Clinical
Consequences of Obesity” (printed pp. 404—408).

Fig. 9.29 caption supplies the conceptual insulin—IGF/cancer connection.

Diabetes, liver disease and obesity—cancer details require their dedicated textbook
sections.

All teaching diagrams in this deck are newly constructed editable schematics; no textbook image has been copied.
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