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Rise of obesity

Globally,the recent rise in obesity and type 2
diabetes rates has reached disturbing levels.

This has occurred despite the fact that our
knowledge about the importance and effects of
diet and exercise are at an all time high.

Overweight and obesity lead to adverse
metabolic effects on blood pressure,
cholesterol, triglycerides and insulin resistance.

Risks of coronary heart disease, ischemic stroke
and type 2 diabetes mellitus increase steadily.
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Raised body mass index also
increases the risk of cancer
of the breast, colon,
prostate, endometrium,
kidney and gall bladder.



What is the global situation?

1/4" of adults worldwide have
metabolic syndrome (similar in
SL)

Metabolic Syndrome Prevalence
Among US Adults

People with metabolic syndrome
— X 2 as likely to die from, x 3 as

likely to have a MI or stroke
— X 5 greater risk of developing type 2

DM
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Up to 80% of the 200 million |
people with DM globally will die NN A4S S G o
of CVD Age (vears)

Ford E, et al, JAMA. 2002,287:356 369,

Metabolic syndrome and DM are



What is metabolic syndrome?

* Atrue ‘syndrome’

* Constellation of interrelated risk factors of metabolic
origin

Dyslipidaemia Elevated BP

Elevated
glucose

e

bdominal

obesity Metabolic
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Associated with..

* Proinflammatory/ prothromboti
state
— Elevated CRP
— Endothelial dysfunction
— Hyperfibrinogenaemia

— Increased platelet aggregation and
PAI-1

— Microalbuminuria




Associated clinical conditions

* Insulin resistance and type
2 DM

« CVD

Fatty liver

« PCOD

Sleep apnoea
Cholesterol gallstones
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According to International Diabetes Federation, the
metabolic syndrome (2006) is defined as:

A) Central Obesity (Waist circumference)
and

B) Any two of the following:
1. Raised triglycerides: > 150 mg/dL
2. Reduced HDL Cholesterol: < 40 mg/dL in males, <
50 mg/dL in females.
3. Raised Blood Pressure: Systolic BP > 130 or
diastolic BP > 85 mm Hg
4. Raised fasting plasma glucose: FBG > 100 mg/dL

* If BMI is > 30 kg/m?, central obesity can be
assumed and waist circumference doesn’t
need to be measured.



Visceral Low HDL-
Obesity

Hyperten
sion




Diagnosis of metabolic syndrome

ATP Ill (3 of the following)

Abdominal obesity Men >102 cm (407)
(Waist Women > 88 cm (35")
circumference)

Hypertriglyceridaemia >150mg/dL (1.7mmol/L)

Low HDL -C Men -<40mg/dL (1.036mmol/L)
Women-<50mg/dL
(1.295mmol/L)

Elevated BP >130/85 or use of anti HT Rx

Elevated fasting >110mg/dL (6.1 mmol/L)
glucose



What causes metabolic syndrome?

— Abdominal obesity
— Physical inactivity

— Ageing

— Hormonal imbalance

(eg. cortisol in chronic
stress)




 It’s the fat — in wrong places!!!

» Causes insulin resistance —and
many other metabolic
derangements

« Seenin
— Any obese —'fat in the middle’
— With ageing
— South Asians

« Abdominal obesity (even in
otherwise thia people) is
associated with insulin resistance



What causes obesity?

Poor Sedentary
diet Ilfestyle
Medical>
determinants disorders

N\ @enetics )

Attitude j

Qgeing @
ormones) e




Lifestyle
60%

Heredity

Factors affecting Health




Obesogenic environment

Abundant access to energy dense
food (supermarkets, vending
machines, roadside food venders)

Food habits —holiday eating, eating
out, fast foods as snacks

Mechanization — machines have
taken over

Sedentary lifestyle —transport,
movement within work and
home, leisure activities

Children —less play and more
work. more combp and more TV



The two kinds of
hody fat

Subcutaneous fat

(under the skin)

Intra-abdominal fat

(around the internal organs)




How does obesity cause metahalic
syndrome? |§&

 Adipose tissue is not only a store of fatl
— Immune function wnkonia etal, 2006)
 Cytotoxic fatty acids sequestered
 Production of cytokines, complement proteins
Usually no infections and no metastases in fat tissue!!

— Largest endocrine organ (rcnkoniaetal, 2010)

» Secrete hormones (Eg. leptin, adiponectin, visfatin,
angiotensin I, IGF1)

* Activates hormones (Eg. glucocorticoids, sex steroids)



Visceral fat depots release
inflammatory adipokines (Eg. TNF-
a, IL-1, IL-6)

Inflammatory adipokines and
FFAform the pathophysiological basis
for co-morbid conditions in obesity

Antiinflammatory and anti-atherogenic
substances are also secreted

(eg. adiponectin, visfatin) (Tchkonia et al,
2006)

Buttock fat and subcutanous

fat—mostly storage function (Redinger,
2007)




Alpha-Linolenic acid

Pathology of fats




Adipose Tissue as an Endocrine Organ

Adipose tissue is an important endocrine organ
that secretes numerous protein hormones,
collectively called Adipocytokines.

These hormones generally influence energy
metabolism, which is of great interest to the
understandlng and treatment of type 2
diabetes and obesity.

Their relative roles in modifying appetite, insulin
resistance and atherosclerosis are the subJects
of intense research.



Obesity and Inflammation

Obesity is associated with a state of
chronic, low-grade inflammation.

There is associated chronic inflammatory

res
pro
and

ponse characterized by abnormal cytokine
duction, increased acute-phase reactants,
activation of inflammatory signalling

pat

Nways.

A feature of this inflammatory response is that
it appears to be triggered, and to reside

pre

dominantly, in abdominal adipose tissue,

and not in subcutaneous fat.



* Hypoxia has been proposed to be an inciting
etiology of necrosis and macrophage infiltration
into adipose tissue that leads to an
overproduction of biologically active metabolites
known as adipocytokines.

Adipocytokines includes free fatty acids
(FFA), pro-inflammatory mediators (TNFg,

IL-6, PAI-1, CRP).
*These adipocytokines results in a /ocalized
inflammation in adipose tissue that propagates
an overall systemic inflammation associated
with the development of obesity related
comorbidities.



Adipocytes
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The proinflammatory state in the adipose tissue
also leads to a local insulin resistance including an
impaired inhibitory effect of insulin on FFA release.

The insulin resistance further supports the pro-
inflammatory state because insulin, by itself, is
antilipolytic.

Although energy restriction leading to weight loss is
the primary dietary intervention to reverse these
obesity-associated metabolic disorders, other
interventions targeted at alleviating adipose tissue
inflammation have not been explored in detail.

T




Adipokine promotors Inhibitory/ atheroprotective

Inflammatory

IL-1, IL-6, TNF-a, IFN-a, IFN-b, IL-8.
IP-10,

TGF-b, MCP-1, leptin, resistin
Hypertensive

Renin, angiotensinogen, angiotensin Il
Insulin resistance

TNF-a, IL-6, resistin

Procoagulant
PAI-I, tissue factor, TNF-a, IL-6, TGF-b
Angiogenetic

Leptin, IL-8, VEGF, FGF-2, MCP-1, IP-10,
VCAM, ICAM, monobutyrin

Lipogenetic (adipogenesis)

IGF-1, angiotensinogen, angiotensin
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Anti-inflammatory

IL_4, IL-10, TGF-b

Antihypertensive
Angiotensin |l receptor blockers
Insulin sensitivity

Adiponectin, leptin, AGRP, MMIF,
Acylation-stimulating protein

Anticoagulant
Adiponectin
Atheroprotective

Adiponectin

Lipolytic
TNF-a, IL-6,



What happens with ageing?

* Fat tissue mass increases through middle
age and declines in old age

* Fat redistribution occurs especially
during and after middle age




Waist circumference

* Most important

« Standard
— Men >102 cm (407)

— Women > 88 cm (35")
 But South Asians — lower

cutoffs

— Men> 90 cm
— Women > 80 cm

* Measured at the top of iliac
crest



INSULIN RESISTANCE IS THE MAIN PATHOLOGY
BEHIND METABOLIC SYNDROME(SYNDROME X)

Type 2 Diabetes: Insulin Resistance
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How Insulin Acts

Any food or drink containing glucose (or any
digestible carbohydrates) causes blood
glucose levels to increase.

In normal metabolism, the elevated blood
glucose level and intestinal incretin
makes beta () cells in the Islets of
Langerhans, release insulin into the blood.



o Insulin attaches to
glucose-insulin
receptors on cell
membranes to allow
glucose to be taken
into the cell.

The Role of Insulin

o GLUTA4 is
the insulin-
regulated glucose
transporter that is
responsible for
insulin-regulated
glucose translocation
into the cell.




Glucose Transporter 4 Receptor

The GLUT4 protein is expressed primarily in
muscle and fat cells, the major tissues in the body
that respond to insulin.

Under conditions of low insulin, GLUT4 is
sequestered in intracellular vesicles in muscle and
fat cells.

Insulin induces the translocation of GLUT4 from
these vesicles to the plasma membrane.

As the vesicles fuse with the plasma membrane,
GLUT4 transporters are inserted and become
available for transporting glucose.



Cartotopdrats
Proce i mrolsoule chain

- If the cell phospholipid membrane is not “fluid”
enough (i.e. its composition does not have enough
PUFA), insulin receptors are disrupted.

- The insulin cannot act and glucose cannot enter the
cells, and thereby lower the blood glucose level.



Without insulin, the liver is unable to use glucose,
and therefore secretes glucagon, which further

increases blood sugar by converting liver glycogen
into glucose.

The beta cells reduce insulin output only if the
blood glucose level falls.

In IR states, insulin levels remain high, and this
promotes lipogenesis.




Insulin Resistance
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How Insulin Acts (in normal
condition)

Elevated blood glucose level

Uptake of Glucose through GLUT-4 in adipose tissues and
muscles (skeletal and




How Insulin Acts (in abnormal

If the cell phospholipid membrane is not “fluid”
enough (i.e. it doesn’t contain enough

Insulin cannot bind to its receptors and thereby
increases blood

B-cells reduce insulin output only if the blood glucose
level falls, allowing blood glucose to settle at a
i te

In Insulin Resistance states, insulin levels remain
high and this promotes




Without insulin, the muscle cells are unable to

use glucose and therefore release of glucagon

Vrom pancreas

Glucagon regulates FFA production through lipolysis

Increase in serum lipid levels leads to
atherosclerosis and




Factors influencing
Insulin Resistance

Hyperinsulinaemia

Small LDL Elevated
particles apo B

Abdominal obesity Metabolic complications T 20 x CHD risk




Increased FFAs level in
the plasma

Increased TGs enriched VLDL secretion by
the liver

Atherosclerotic disease



Diet

e It is well known that insulin
resistance commonly
coexists with obesity.

‘ “Accumulation ¢
< Visceral Fat

Leadsto

‘ e Saturated fat appears to be
i the most effective at
/ \ producing IR.

D S

e Being insensitive to insulin is
positively correlated with fat
Metabolic Syndrome intake, and negatively

correlated with dietary fibre
intake.




CIS PUFA

e In the long term, poor diet has the
potential to change the ratio of CIS
polyunsaturated fats to trans
bhospholipids in cell membranes,
correspondingly changing cell membrane
fluidity.

e It is hypothesized that increasing cell
membrane fluidity by increasing healthy
PUFA concentration might result in an
enhanced number of insulin receptors and
reduced insulin resistance.



Hypertension

* Essential hypertension is frequently associated
with obesity, glucose intolerance and
dyslipidemia.

* Both hyperglycemia and hyperinsulinemia activate the
Renin Angiotensin System (RAS) by increasing the
expression of angiotensinogen, Angiotensin Il (AT Il)
and the AT 1 receptor, which in concert may contribute
to the development of hypertension in patients with
insulin resistance.

* Insulin resistance and hyperinsulinemia leads to
S?]/mﬁ)athetic Nervous System accumulation. As a result,
the kidney increase sodium reabsorption, the heart
increases cardiac output and arteries respond with
vasoconstriction resulting in hypertension.



Genetic Factors

* Some people who are not obese by traditional
measures nevertheless are insulin-resistant and
have abnormal levels of metabolic risk factors.

* These includes:
— Individuals with T2D parents

— Being black, Hispanic (Related to spain), American Indian
or Asian

* South Asian in Urban and migrant environments
may be at a higher risk of CHD due to the
confluence of

1. Genetic factors that predispose to higher cholesterol

levele and a nnccihle “thriftv cene” effect



Chronic Stress and Glucocorticoid
(GC) Action

* Chronic hypersecretion of stress mediators such as
cortisol, may lead to the visceral fat accumulation, low
growth hormone secretion and hypogonadism.

* GCs increase the activities of enzymes involved in
fatty acid synthesis and promote the secretion of
lipoproteins; induce the hepatic gluconeogenic
pathway; promote the differentiation of
preadipocytes to adipocytes, which could lead to an
increased body fat mass.

* GCs inhibit an insulin-stimulated uptake of amino
acids by adipocytes and increase lipolysis which leads
to nerinheral insulin resistance.



Sedentary lifestyle

* Sedentary lifestyle increases the likelihood of
development of insulin resistance.



ADVANCED GLYCATION ENDPRODUCTS

Fig 3
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AGE

Elevated blood levels of glucose -
regardless of cause - lead to
increased glycation of proteins and
lipids with changes in their function

throughout the body.

These are called Advanced Glycation
End products and contribute to the
end organ damages of T2DM



Visceral fat

e Unlike subcutaneous adipose tissue,
visceral adipose cells produce
significant amounts of pro-inflammatory
cytokines such as tumour necrosis

factor-alpha (TNF-a), Interleukins-1 and
-6, etc.

® These pro-inflammatory cytokines
disrupt normal insulin action in fat
and muscle cells.



RRdle of leptitim

® Yet another problem
in metabolic
syndrome involves
the phenomenon
known as leptin

resistance.
Leptin ANS
o An important role of 7/ — . Fancroes
A= f _ Tk — D p-celt-
leptin is long-term 5. 5 o

inhibition of appetite W e
In response to

formation of body

fat.



e Once leptin Nutrtiona signale,_ (AM{.”.:"“ ,H
signalling MP Kuiten )
has been _ ALY \sympmm |
disrupted, T nerve 1%,
e Energy intake . pa——
individual P — (EDDY CORMATIN
b ecomes (Utilization of glucose & lipids)
prone to 1/
1(C)Ll\/rglr‘]eea;ting (AP inase

4

weight gain,

and insulin
resistance.




What contributes to atherosclerosis in
metabolic syndrome?

Atherogenic Dyslipidemia

— High TG

— High apoB
— Low HDL-C
— High LDL-C
HT

Elevated plasma glucose

Proinflammatory state
Prothrombotic state

Risk increased even when only marginally
abnormal!!



Management
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Primary goal — reduce risk for CVD

Individualized management

Each aspect contributing to metabolic syndrome
and other risk factors for CVD should be
managed

Should be continued for long - ? Lifelong
Mostly lifestyle modifications with attitudinal
changes

+/- drugs



10% of basal weight
in 6-12 months -~

—— _

—

Exercise
30-40mt/d on

g _ 3-5d/week _

—

~__— Correct blood lipids according to

CVD risk LDL <100/130 mg/dL
(2.6/3.35 mmol/L) /,»"
< >
S— TG <130/160/190 mg/dL.

- (3.35/4.19/4.5mmi/L)——



Exercise

« Skeletal muscle

— most insulin-sensitive tissue
— primary target for improving
iInsulin resistance

* The impact of exercise on insulin
sensitivity is evident for 24-48 hrs,
but disappears in 3-5 days

* Regular physical activity
necessary to improve insulin

resistance



Regular Exercise

Walking or light jogging for 1 hr daily will produce
significant loss of visceral fat (even without caloric
restriction)!!

Any Exercise —better than No Exercise
Break up the exercise
Gradual increase in intensity and frequgy s

30-40 min/d on 3-5 days of the week



Diet

 |Individualized, affordable, practical,

sustainable .
* Portion size to limit calorie * Whole grain
intake * Fruit and vegetables
- refined sugar/ carbohydrates (9 servings/ day)
» Full fat dairy products/ * Fish — especially in
red meat/ hypertriglyceridaemi
polyunsturated fat a
 Alcohol
 Salt if blood pressure
elevated

* Diet very low (< 25%) in fat may increase TG and
decrease HDL-C



Glycemic index

Integrated blood glucose response to a
fixed quantity of carbohydrates in a meal
is known as glycemic index.

Complex carbs and foods high in fiber
cause a slower rise in sugar, and
reduced insulin resistance.



Blood Glucose Levels

| vs Low G| Foods

Chips
Biscuits, Cake
lce cream, Dates
Jasmine rice
Potatoes
Processed Food
Watermelon
White Bread

Basman Rice,
Vegetables, Lentils, Pasta,
Wholegrain Bread, Oats,
Oranges

1

howr

Time/Hours



Dos and Don’ts




Weight reduction

Improves all aspects of metabolic syndrome
Decreases all-cause and CVD mortality

By exercise and dietary changes

Aim for BMI 20-23kg/m?

Even though NO weight loss, exercise and dietary
changes

— Lower BP
— Improve lipids
— Improve insulin resistance




Why is it so difficult to lose

weight?




Calorie content of some foods

Food item Quantity Calories
(Approx)

Butter / oll | table spoon 100 -120
Banana 1 100
Bread 1 slice 65
Chocolate cake 1 piece 340
Rice 1 cup 200
Roasted peanuts 1 cup 840

Hot dog 1 250
Samosa 1 150
Vade/ Chocolate piece 1 70

lce cream 1 cup 350

Carbonated soft drinks 1 bottle (300 ml) 150



Calorie expenditure during
activities

burned per zomgg &

hour (App
Walking 4.0 mph, very brisk 300 Niobiove Gt diuwuﬁggﬁ{gzs
Cycling, 12-13.9mph, moderate ~ 475 KQcie Tone; Bt B & P;““’“‘*“Sr:::t“i‘?'
Running, 5 mph (12 minute mile) 475 \ Bl Sw TR
Swimming laps, freestyle, slow 400 ' %M;%ﬂ%ifm%{%%i
Cricket (batting, bowling) 300 For more ir;formation
Aerobics, general 400
Stretching, yoga 250
Housework, moderate 200
Gardening, general 250
Typing, computer data entry 90

Music, playing guitar 180



Pharmacotherapy

* Needed when lifestyle changes have not
improved risk factors

* Anti HT

* OHG (especially metformin)

« 77

LDL — statin
TG — statin/ fibrate/ nicotinic acid
HDL - nicotinic acid/ fibrate




Pharmacological Approach:

1. Appetite suppressants (Phentermine,
Sibutramine ) and inhibitors of nutrient
absorption ( Orlistat)

Oral hypoglycaemics (Metformin & Glimepiride)
Antihypertensives (Metoprolol)

Statins (Atorvastatin)

Aspirin

Al

Bariatric Surgery



Treatment

Lifestyle Modification (Smoking etc.)

Weight Reduction (calorie restriction e.g.,
500 Kcal/d deficit)

Diet (PUFA)

Physical Activity



‘ Summary
@/Ietabolic syndrome is the collection of high blood
ressure, blood glucose, abdominal obesity and

abnormal blood lipids

It would soon be the No 1 risk factor for DM and CVD

ost important cause is abdominal obesity causing a
chronic inflammatory and prothrombotic state

Lifestyle changes (weight reduction by diet and
physical activity) are the most important management
strategies

Pharmacotherapy is added when lifestyle changes are

inadequate
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