
THE METABOLIC 
SYNDROME



We have all thought about adiposity and fat distribution

ôVanityõ

Social norms

ôHealth issuesõ

Burden of disease





Prevalence of obesity: WHO

Worldwide obesity has more than doubled since 1980.

In 2014, >1.9 billion adults were overweight. >600 million were obese.

39% adults overweight (BMI>27) and 13% obese (BMI>30).





2035 this will rise to592 million

Every sevenseconds a person dies from 

diabetes

Diabetes caused 4.9 million deathsin 2014

IDF statistics: Diabetes 2014

Estimate in 2000 was 299 million in 2025!



WHO Diabetes

Global diabetes 

4.7% 8.5%

Diabetes prevalence has been rising more 

rapidly in middle- and low-income countries.

108 million in 1980 422 million in 2014







Visceral adiposity

JB Morgagni

1682-1771, 

Italian Anatomist

Jean Vague

1940-1950

French Physician

LO Ohlson(1985)

RE Manson (1998)

Association between central obesity, 

hypertension, gout and obstructive sleep 

apnea

Strong relationship between android 

fat distribution, T2D, atherosclerosis 

and gout

13.5 yr prospective study: body fat 

distribution is an important factor for 

T2D

Body fat distribution associated with 

cardiac risk in women



What determines visceral fat accumulation?

Genetics Epigenetics Environment
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Genetics

Ethnicity Some population groups are more prone to visceral obesity

Indian > White > Black



Gender

Have < ½ x visceral fat of men

Visceral fat less affected by total body fat

Take up more fat into subcutaneous stores

Women: Generally have 2x as much fat as men and live longer



Sex hormones

Transgender:

Female to male

Men with low 

circulating 

testosterone

Male to female

Little effect on visceral fat

Oestrogen

Limits visceral fat

Oestrogen 

Gynoid to android

Increased visceral fat

Significant ɶ Subcutfat

Testosterone

ɸVisceral fat

ɶInsulin sensitivity

Hormone replacement 

to normal levels
ɶ visceral fat

Lost post menopause ɶ SubcutFat Gynoid to android

Increased visceral fat



Epigenetics

Heritable for up to 2 generations

Dutch famine 

of WW2 

òHungerwinteró

You are changed by your 

grandmotherõs and motherõs in utero 

environment

In utero under nutrition Cohort more centrally obese 

compared to those not exposed 

In utero adaptation 

to limited energy

Thrifty phenotype (Barker 

ðHales) hypothesis

Efficient at fat 

accumulation

Rapid fat 

accumulation in 

times of plenty



Environment

Age

Young men and women

Middle-aged women

Men and post 

menopausal 

women

World population getting older

Energy preferentially 

stored in subcut depots

Increase in visceral 

fat > total fat gain

Visceral adiposity ɶ with age

On average 2x visceral adipose 

compared to premenopausal 

women (same BMI)

Fat redistribution



Diet

Saturated fat 

Monounsaturated fat

Mediterranean diet 

Compared simple sugars

(Corn syrup)

ɶ Visceral adiposity

Prevented visceral gain

Sucrose (fructose/glucose)

Fructose

No difference in fat distribution

ɶ Visceral adiposity



Exercise

Regular physical 

exercise

Sumo wrestlers 

Retired sumo

Visceral fat ɸ

Relatively little 

visceral fat

Even in studies where there 

was no significant weight loss

Subcutaneous obesity

ɶ Visceral fat, ɶ T2D, ɶ CVD



Central adiposity is a combination of subcutaneous and visceral fat

Visceral adiposity is mainly associated 

with the comorbidities of obesity Not all fat is created equal


