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What is it?
Is it important?
How common is it?
Why to treat ?
What is the future?

Introduction

What is it ?

n

Metabolic Syndrome Concept
– Not New:

Clustering of
Components:
Other Names
n
n
n
n
n

n

Hypertension
Hypertriglyceridemia
Low HDL-cholesterol
Obesity (central)
Impaired Glucose
tolerance
Microalbuninuria (WHO)

“Metabolic syndrome” describes a cluster of
CVD risk factors and metabolic alterations
associated with excess fat weight.

n
n

n

n
n

n
n

Syndrome X
Cardiometabolic
Syndrome
Cardiovascular
Dysmetabolic Syndrome
Diabesity
Insulin-Resistance
Syndrome
Beer Belly Syndrome
Reaven’s Syndrome

n

1923 - Kylin first to describe the clustering of
hypertension, hyperglycemia, hyperuricemia

n

1988 - Reaven in his Banting lecture at the
ADA meeting coined the term Syndrome X
and brought into focus the clustering of
features of Metabolic Syndrome

n

2005 - Re-appreciation by Kahn.R,et al,

(Diabetes Care 2005;28)
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Diagnosis Criteria

WHO definition (1998)

n

WHO definition (1998)

Presence of diabetes/ IGT/ IFG/ insulin resistance and 2 of
the following:

n

NCEP ATP III definition(2001)

n
n

n

International Diabetes Federation (IDF)
definition (2005)

n

n

Differences in different definitions
n

n

n

n

In WHO definition, impaired glucose tolerance/ insulin resistance
is the essential criteria whereas IDF definition considered
abdominal obesity as the basic criteria.

Blood Pressure

: >140 mmHg systolic and/or >90 mmHg
diastolic.
Dyslipidemia
: TG>150 mg/dl (>1.7 mmol/l) or
HDL <35 mg/dl (<0.9 mmol/l) for men or
<39 mg/dl (<1.0 mmol/l) for women.
Central obesity
: WHR >0.9 for men or
>0.85 for women and/or
BMI >30 kg/m2
Microalbuminuria: >20 mg/min or
albumin/creatinine >30 mg/g

Etiology : Insulin Resistance
n

Individual features of metabolic syndrome are partially
determined by familial factors.

IDF definition gave different cut-offs for abdominal obesity for
various ethnic groups.

n

The characteristic metabolic alterations are associated with
excess fat weight.

IDF included persons already diagnosed or on treatment for any
component of metabolic syndrome.

n

Models show that the cluster of variables in metabolic syndrome
is a result of multiple factors linked by adiposity and not a single
etiology.
Insulin resistance is thought to be an underlying feature of
metabolic syndrome.

There are minor variations in BP levels in each definition to be
categorized under HTN ( WHO- 140/90; NCEP ATPIII and
IDF-130/85 ).

n

Insulin Resistance:
n
n

n

n

Etiology is polygenic
Environmental influences:
- sedentary lifestyle
- smoking
- progressive weight gain or obesity
Insulin-mediated glucose uptake by cells is
compromised
As beta cells fail and insulin is insufficient,
hyperglycemia occurs

Is it important ?
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How it culminates if untreated?
n

n

n

Hyperinsulinemic individuals are at risk for
developing diabetes, hyperlipidemia, HTN, &
ultimately atherosclerotic vascular disease

n
n
n
n

Vascular changes in the endothelial lining leading to
vasoconstriction:
- increased response to Angiotensin II
- decreased NO (a vasodilator)

n
n

Patients with Metabolic Syndrome are 3.5 times as
likely to die from CVD as normal people

n

Dyslipidemia in metabolic syndrome
The “DEADLY TRIAD”

The fast wheel
n
n
n

Increased TG levels (VLDL)
Decreased levels of HDL-C
Increased incidence of small-dense LDL
particles

Linked Metabolic Abnormalities:

n
n
n
n

men

105

135

165

Systolic BP (mmHg)

195

Age adjusted CV events rate/1000

n

Endothelial dysfunction
Prothrombotic state
- Decreased plasminogen activator
- Increased plasminogen activator-inhibitor (PAI-I)
- Increased levels of plasma fibrinogen
- Increased blood viscosity
Proinflammatory state
Hyperuricemia
Excess ovarian testosterone production
Sleep-disordered breathing

HTN and glucose tolerance
Age adjusted CV events rate/1000

n

Type 2 DM with complications
Essential HTN with complications
Cardiovascular Disease (MI, PVD, Stroke)
Kidney disease
2.5 fold increase of microalbuminuria
3.5 fold increase of chronic kidney
disease
Nonalcoholic fatty liver disease and cirrhosis
Sleep apnea
Cancer (Breast, Prostate, Colorectal, Liver)

women

105

135

165

195

Systolic BP (mmHg)
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Obesity

n
n
n

1% increase in wt :
- increases heart disease risk by 5%
- increases diabetes risk by 10%
If wt is 200 lbs, 1% is just 2 lbs !!
Overweight women are 8 times more likely to be diagnosed with DM
Obese women are 20 times more likely !

Definitions of risk related to waist size

100
Incidence of New Cases
per 1,000 Person-Years

n

Obesity and Diabetes Risk
80
60
40
20

‘alerting zone’
‘action level’

male
>94 cm
>102 cm

female
>80 cm
>88 cm

0
<20

20-25

25-30

30-35

35-40

>40

BMI Levels
Knowler WC et al. Am J Epidemiol. 1981;113:144-156.

Body Size as a Predictor of CHD*
Relative Risk

25-29

1.72

29-32

2.61

>33

3.44

W:H > 1

1.82

300
250

Mortality Ratio

BMI

Relationship of BMI to Excess
Mortality

200
150
100

Low
Risk

50
0

•Rimm EB et al. Health Professionals Follow-up Study. Am J Epi 1995.

Age at Issue
20-29
30-39

15

20

25

Moderate
Risk

30

35

High
Risk
40

Body Mass Index (kg/[m2])
Bray GA. Overweight is risking fate. Definition, classification,
Prevalence, and risks. Ann NY Acad Sci 1987;499:14-28.

‘Deadly quartet’ risk factors: the
more,the worse

Risk of CHD by TG level
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Cardiovascular disease and HDL-C
levels

How common is it ?

Epidemiology of Metabolic
Syndrome

n

n

n

Estimates of the prevalence of Metabolic
Syndrome in the United States and Europe
differ depending on the populations studied
and the definition applied.
The prevalence rate of metabolic syndrome
in many western countries is 25-35%.
Based on NHANES III data, prevalence in the
US is 22-23%.
Similar data is emerging from India.

n

Based on data from NHANES III (Third

National Health And Nutrition Examination Survey)
There was a slightly greater prevalence among
women.

q

n

q

24.7% of female vs. 21.7% of males (p=0.007)

Whites were at greater risk.
n

24.1% of whites, 19.3% of blacks, and 16.5% of “other
races” (p=0.003)

NHANES III Prevalence of
High Blood Cholesterol* According to BMI

NHANES III: age-specific
prevalence of metabolic syndrome

BMI <25

BMI 25-<27

BMI 27-<30

BMI >30

50

Percent

n

Demographics

40

30.5
30
20

19.1

21.6

29.6

27

22
13.4

13

10
0
Men

Women

*Defined as >240 mg/dL.
Brown C et al. Body Mass Index and the Prevalence of
Hypertension and Dyslipidemia. Obes Res. 2000; 8:605-619.
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Who is at risk ?

NHANES III Prevalence of Hypertension*
According to BMI
BMI <25

BMI 25-<27

50

BMI 27-<30

BMI >30
37.8

Percent

40

32.7

20

27.7

27

30

Increasing age:
- affects 10% of those in their 20’s
- 40% of those in their 60’s and 70’s.
Race: Mexican Americans have highest rates
Overweight/obesity: BMI >25
Other disreases:
- HTN
- CVD
- Polycystic ovarian syndrome
H/o glucose intolerance:
- Gestational DM
- Prediabetes
- Family h/o DM
- Acanthosis nigricans

n

41.9

22.1

n
n
n

15.2

14.9

10
n

0
Men

Women

*Defined as mean systolic blood pressure ≥140 mm Hg, mean diastolic
≥90 mm Hg, or currently taking antihypertensive medication.
Brown C et al. Body Mass Index and the Prevalence of
Hypertension and Dyslipidemia. Obes Res. 2000; 8:605-619.

Why to treat Metabolic
Syndrome ?

n

Because it holds the same risk as diabetes
AND
Nearly 50% of patients with impaired fasting
glucose, if not treated will become diabetic
within 10 years

n

To reduce atherosclerotic vascular events,
renal insufficiency and other obesity related
complications ( eg: osteoarthritis ).

Does treating the Metabolic Syndrome make a
difference ? Evidence:
n

n

Finnish Diabetes Prevention Study
Design:
- 522 middle aged
overweight (BMI>31)
- 172 men and 350 women
- mean duration: 3.2 years
Intervention group:
individualized councelling
- reducing weight, total
intake of fat and saturated
fat.
- increasing uptake of
fiber, physical activity.

Medical evaluation of metabolic
syndrome

( Toumilehto J et al, NEJM 2001;343.)
n

Physical examination
- BP
- BMI
- waist circumference
- atheromas
- skin tags

n

Lab evaluation
- FBS
- lipid
- homocysteine
- hs-CRP
- uric acid
- TSH
- Hb A1C
- AST
- creatinine
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Multiple Risk Factor Management
n
n
n
n
n
n

Obesity
Glucose Intolerance
Insulin Resistance
Lipid Disorders
Hypertension
Goals: Minimize Risk of Type 2 Diabetes and
Cardiovascular Disease

Evidence Model for Treatment of
Overweight and Obesity
Overweight Individual
High Blood
Pressure

Abdominal
Fat

Assess

Glucose
Intolerance

Dyslipidemia

Fitness

Weight

( Kcal Out) Treat

( Kcal In)

Clinical Guidelines on the identification, evaluation, and treatment of
overweight and obesity in adults. NIH 1998, NHLBI

Primary Prevention: Lifestyle
Move it

Lose it

Mother Was Right!
Eat your fruits and vegetables!

Reduce it

Effective Dietary Interventions
n
n
n
n
n
n

Reduce calories
Reduce saturated fat
Increase whole grains
Increase fruits and vegetables
Eat fish 1-2 times per week
Use monounsaturated or polyunsaturated oils
q
q

Olive, Canola, and Peanut
Safflower, Sunflower or Sesame seed, Corn, or Soy

Go outside and play!

Fat recommendations
1600 calories

2000 calories

Total fat

44-62 g

55-78 g

Saturated fat

<12 g

<15 g

Polyunsaturate
d fat (PUFA)

<18 g

<22 g

Monounsaturat
ed fat

Upto 35 g

Upto 44 g

Trans fat

<2 g

<2 g
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Life-Style Modification: Is it
Important?
n

Exercise
q

n

Improves CV fitness, weight control, sensitivity to
insulin, reduces incidence of diabetes

Weight loss
q

n

Effects of Exercise
n

Physical activity level is negatively associated with
fasting insulin level.

n

Regular moderate exercise promotes alterations of
lipolytic enzymes and a significant increase in
plasma HDL, reduction in VLDL and a possible
reduction in LDL

n

Should include components that improve cardiorespiratory fitness, muscular strength and
endurance.

Improves lipids, insulin sensitivity, BP levels,
reduces incidence of diabetes

Goals: Brisk walking -30 min./day
10% reduction in body wt.

Goals for weight loss and
management

Effects of Weight loss

n

n

In a study of 43,500 women followed over 12
years, Williamson & colleagues found a 20%
reduction in mortality in those with intentional
weight loss.
Weight loss increases LDL- lowering and
decreases all risk factors

n

Reduce body weight

n

Maintain a low body
weight over the long
term

n

Prevent further weight
gain ( a minimum goal)

Smoking Cessation/Avoidance:

A guide to selecting treatment of obesity
BMI category
Treatment

25-26.9

27-29.9

Diet,physical activity,
and behavioural therapy

With comorbidities

With comorbidities

Pharmacotherapy

With comorbidities

30-34.9

35-39.9

>40

+

+

+

+

+

+

With co-morbidities

Surgery

Dose

sibutramine 10 mg p.o. qd to start;

may be increased to
15mg or decreased to 5
mg

orlistat

120 mg p.o. TID before
meals

n

n
n

Pharmacotherapy

Drug

A risk factor for development in children and
adults
Both passive and active exposure harmful
A major risk factor for:

Adverse effects

q

Norepinephrine,
dopamine and
serotonin reuptake
inhibitor

Increase in HR and BP

q

Inhibits pancreatic
lipase, decreases fat
absorption

Decrease in absorption
of fat-soluble vitamins,
soft stools and anal
leakage

Action

A 10% reduction in body
weight decreases
disease risk factors.
Weight should be lost
at a rate of 1-2 lbs/wk
on a calorie deficit of
500-1000 kcal/d

q
q

insulin resistance and metabolic syndrome
macrovascular disease (PVD, MI, Stroke)
microvascular complications of diabetes
pulmonary disease, etc.
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Diabetes Control - How
Important?
n

n

n

For every 1% rise in HB A1c there is an 18%
rise in risk of cardiovascular events & a 28%
increase in peripheral arterial disease
Evidence is accumulating to show that tight
blood sugar control in both Type 1 and Type
2 diabetes reduces risk of CVD
Goals: FSBS - premeal 90-130, postmeal
<180. HBA1c <7%

Therapy for insulin resistance
n

n

Non-pharmacologic:
- exercise
- weight control
- diet
- smoking cessation
Pharmacologic

Pharmacologic therapy for
Insulin Resistance/Diabetes:
n

Insulin Sensitizers:
q
q
q

n

Biguanides – metformin – diabetes prevention
PPAR α, γ & δ agonists - Glitazones, Glitazars
Can be used in combination

Insulin
n

q
q

n

Insulin Secretagogues:
q

q

Sulfonylureas - glipizide, glyburide, glimeparide,
glibenclamide
Meglitinides - repaglanide, netiglamide

n

n

n

Multiple major studies show 24 - 37%
reductions in cardiovascular disease risk with
use of statins and fibrates in the control of
hyperlipidemia.
Goals:
- LDL <70 mg% (<2.6 mmol/l)
- Triglycerides <150 mg% (<1.7 mmol/l)
- HDL >40 mg% (>1.1 mmol/l)

Lys-pro/Aspart/glulysine used with meals
Glargine as basal insulin

Continuous Subcutaneous Insulin Infusion
(CSII)
NPH/Regular, NPH/logs - Mixed or in fixed
combinations (70/30, 75/25, 50/50)
Insulin combined with oral agents

Goals of treating dyslipidemia in
metabolic syndrome

Lipid Control - How Important?
n

Insulin Analogues:

n

To reduce levels of atherogenic lipoproteins

n

First step is to educate patients to decrease
body weight and increase physical activity

n

The next step is the use of drug therapy.
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Treating the lipid triad in Metabolic
Syndrome
n

Available drugs are statins, fibric acids and nicotinic acid

n

Fibric acids are generally better tolerated than nicotinic acid

n

Fibric acids and nicotinic acid can be used with statins, but
this combination is associated with an increased risk of side
effects

BP Control –
How Important?
n

MRFIT and Framingham Heart Studies:
q

q

n

Combination therapy may be useful for patients at high risk for
CAD.

q

n
n

Precedes literature on Metabolic Syndrome
Goal: <130/80

Incidence of new onset DM with
anti-HTN drugs
n

n

n

n

Several large clinical trials like CAPPP, HOPE, ALLHAT
and SOLVD have shown a statistically significant
decrease in the frequency of new onset diabetes in
patients taking ACE inhibitors when compared with
placebo or other agents such as thiazide diuretics, beta
blockers, and calcium channel blockers.
The RRR of new onset diabetes in patients receiving
ACE inhibitors ranged from 14% to 78%.
Similar results have been observed in ARB trials. Many
trials (LIFE,VALUE, CHARM)
(ASCOT) trial had clerly showed that the amlodepinebased regimen induced less diabetes than the atenelolbased regimen.

Conclusively proved the increased risk of CVD
with long-term sustained hypertension
Demonstrated a 10 year risk of cardiovascular
disease in treated patients vs non-treated patients
to be 0.40.
40% reduction in stroke with control of HTN

Platelet inhibitors: Aspirin
The American Diabetes Association recommends that clinicians
should consider aspirin for primary prevention in patients older
than age 30 with diabetes (or younger if there are other risk
factors in addition to diabetes).
The American Heart Association conclude that aspirin may be
warrented for patients at high risk, but that clinicians must
consider a patient’s particular risk profile and the possible
harms.
The Europian Society of Cardiology recommends 75mg aspirin
for patients with well controlled hypertension and for men at
“particularly” high risk for CAD,but not for all persons.

Screening/Public Health
Approach

What is the future ?

n
n

Public Education
Screening for at risk individuals:
q
q
q
q
q
q

Blood Sugar/Hb A1c
Lipids
Blood pressure
Tobacco use
Body habitus
Family history
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Prevention of metabolic syndrome
n
n
n
n

Diet
Lifestyle modification
Exercise
Drugs: to prevent new onset DM
metformin
PPAR agonists
ACEI/ARB’s

New Pharmacologic Agents:
n

Ø

n

n
n
n
n
n
n
n

GLP-1(glucagon-like peptide-1) agonist - Exenatide
Mechanism of action:
Stimulation of insulin secretion
Suppression of glucagon secretion
Hypoglycemia counter-regulation
Deceleration of gastric emptying
Suppression of appetite
Weight loss
Reduction in fasting and postprandial glucose

HDL mimetics: Apo AI milano ( short term infusions resulted in
decrease in total volume of atheroma as evidenced on IVUS,
by 4.2% within 6 weeks)

n

Drugs that inhibit HDL- Apo A1 catabolism or the remodeling
of HDL particles – eg: endothelial lipase inhibitors

n

Agents that increase HDL levels
- CETP inhibitors: torcetrapib ( withdrawn from US market
since Dec 2006)

In summary- Be aggressive !
n

n
n
n
n

A
B
C
D
E

CB1 Endocannabinoid Receptor (Appetite) Antagonist:
q Rimonabant

n

ABCDE Approach to MetS
n

However, a number of glitazars have presented problems at a
late stage of clinical trials because of serious side effects;
( Muraglitazar and Tesaglitazar have been discontinued since
May 2006)

Drugs to increase HDL levels

Incretin mimetics
n

Dual PPAR (γ and α) Agonists:
q Glitazars – ragaglitazar, farglitazar
reduce HbA1c (PPAR γ mediated);
increase HDL and reduce TG (PPAR α mediated).

Assessment and Aspirin
Blood Pressure Control
Cholesterol
Diabetes Prevention and Diet
Exercise

n
n

- Lipid
- Hypertension
- Metformin
- Aspirin
- Weight loss therapies
n

DR PRABHAKAR KOREGOL

Identify patients with Metabolic Syndrome
Aggressive lifestyle intervention
Aggressive pharmacologic intervention;

Finally, in 2009 the MetS is an evolving
concept that continues to be data
driven and evidence based with
revisions forthcoming.
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THANK YOU….!

Prof.Dr.M.E.Yeolekar
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