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M M P 
MNC 
NAFLO 
NGT 
P CAM 
PAI - 1 
PCOS 
PP 
PPAR 
PUA 
SNS 
SUA 
UA 
V CAM 
W C 
W H O 

ACEI 
ARB 
BMI 
CHO 
CRP 
CVD 
DM 
FFA 
Fl 
FPG 
75GG 
HT 

M C P - 1 

I C A M - 1 
IFG 
IGT 
IMT 
IR 
IRS 
LP(a) 

Angiotensin converting enzyme inhibitor 
Angiotensin Receptor Blocker 
Body mass index 
Carbohydrates 
C reactive protein 
Cardiovascular disease 
Diabetes mellitus 
Free fatty acid 
Fasting insulin 
Fasting Plasma glucose 
75 grams of glucose 
Hypertension 
Intercellular adhesion molecule - 1 
Impaired fasting glucose 
Impaired glucose tolerance 
Intima Medial thickness 
Insulin resistance 
Insulin resistance syndrome 
Lipoprotein (a) 
Monocyte chemo attraction Protein - 1 
Matrix Metalloproteinase 
Mono nuclear cell 
Non alcoholic fatty liver disease 
Normal glucose tolerance 
Polymorph nuclear cell adhesion molecule 
Plasminogen activator inhibitor 
Polycystic ovarian syndrome 
Post prandial 
Peroxisome proliferating activator receptor 
Plasma uric acid 
Sympathetic nervous system 
Serum uric acid 
Uric acid 
Vascular cell adhesion molecule - 1 
Waist circumstance 
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INSULIN RESISTANCE 
SYNDROME 

DR. H. N. RAJARATNAM 
MD,Ffl(^(LOND),FCCP,Rl^CP,FCGP,FACE 

Physician and Endocrinologist 

WHAT IS IRS? 

1. Decreased sensitivity to action of insulin 

2. Compensatory increase in insulin secretion 

3. Cluster of abnormalities viz 
CVD, DM.PCOS.NAFLD & others 

CLINICAL IMPACT O F IRS 
1. 25% of american adults 

2. Some -> type 2 DM 

3. Increased risk for CVD 

4. 90% of type 2 dm have IR 

5. 10% of women have PCOS 

6. Epidemic of obesity in children 
& adolescents 
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Preva lence of C H D in Relat ion lo Glycemic Cont io l 
and the Presence of the Oysmetabol tc S y n d r o m e ' 
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W H O IS AT RISK FOR I R S ? - 1 

1. Overweight - BMI >25 OR WC>40" 
IN MEN / 35" IN WOMEN (10 - 15% 
LOWER IN ASIANS) 

2. Sedentary lifestyle 

3. Age > 40 years 

4. Non Caucasian ethnicity (asians) 
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CONTINUED... 

W H O IS AT RISK FOR IRS? - 2 

5. F/H . type 2 DM, HT or CVD 

6. H/O glucose intolerance or GD 

7. Acanthosis nigricans 

8. PCOS 

9. NAFLD 
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IRS & TYPE 2 DM 
ARE THEY DIFFERENT ? -1 
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IRS & TYPE 2 DM 
ARE THEY DIFFERENT? - 2 

1. Majority with IR do not become frankly 
diabetic 
But remain with increased risk for macro 
vascular disease 

2. All diabetics are not IR but increased 
risk for micro vascular disease 
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IRS & TYPE 2 DM 
ARE THEY DIFFERENT? - 3 

3. IR present many years before onset of DM 

4. Detected by IGT on 75 gg 

5. Present in offspring of diabetics at a 
young age 

6. IFG denotes beta cell dysfunction 

7. CV RISK > 135 mg/dl on 75 gg 
10 

What are the actions of Insulin? 

• Metabolic-CHO.Lipid.Proteins 

• Mitogenic-growth, differentiation, DNA Synthesis 

• Insulin's ability to stimulate glucose uptake 

• IRS - Includes glucose, lipid, protein, endothelial 
and gene functions 
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Diseases associated with 
Insulin Resistance 

• Lipoatrophic diabetes 
• Leprechaunism 
• Rabson-Mendenhall syndrome 
• Type 1 DM in obese 
• Cushing's disease 
• Phaeochromocytoma 
• Acromegaly 

12 
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Diseases with IR Cont. 

• Cirrhosis 
• Down's syndrome 

• Turner's syndrome 

• Klinefelter's syndrome 

• Muscular dystrophy 

• Friedreich's ataxia 

• Laurence Moon Biedl syndrome 
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Diagnosis of IR 

(a) Acanthosis and skin tags 
(b) Euglycaemic clamp method 
(c) Elevated Fl > 30miu/ml 
(d) FG (mg/dl) / Fl (miu/ml) < 4.5 
(e) Insulin levels after OGTT-

Fasting > 30miu/ml 
One hr > 150 miu/ml 
Two hr > 90 miu/ml 

• 15 

COMPONENTS OF I R S - 1 

1. SOME DEGREE OF GLUCOSE INTOLERANCE 
• IFG 
• IGT (More sensitive) 

2. ABNORMAL URIC ACID METABOLISM 
• Increased PUA (Not very sensitive) 
• Normal level does not exclude IRS 
• Reduced Renal clearance of UA 

17 
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IDIAGNOSISOFIRS 
based on 

(a) Risk factors 
+ 

(b) 2 or more Metabolic abnormalities 
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METABOLIC ABNORMALITIES 
1. Plasma Glucose 

FASTING 110-125 mg/dl 
120 MT 75 G G 140 - 200mg/dl 

2. Triglyceride >150mg/dl 

3. HDLC 
MEN <40mg/dl 
WOMEN <50mg/dl 

4. Blood Pressure >130/85mmHg 
16 

CONTINUED... 

COMPONENTS OF I R S - 2 
3. DYSUPIDAEMIA 

• TG 

• HDLC 

• LDL C DIAMETER (SMALL DENSE LDL) 

• PPTG RICH LIPOPROTEINS 
18 
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CONTINUED... 

COMPONENTS OF I R S - 3 

4 . H A E M O D Y N A M I C C H A N G E S 

• S N S Activity 

• R e n a l S o d i u m Re ten t ion 

• B P ( 5 0 % h a v e IR ) 
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CONTINUED... 

COMPONENTS OF I R S - 4 

5. P R O T H R O M B O T I C F A C T O R S & A N T I 

i I N F L A M M A T O R Y M A R K E R S 
PAI-1 
F I B R I N O G E N 
C R P 
L E U C O C Y T O S I S 
I C A M - 1 & V C A M - 1 
M C P - 1 
M M P ( D I S S O L V E S C O L L A G E N & M A T R I X ) 

CONTINUED... 

COMPONENTS OF IRS 

6. E N D O T H E L I A L D Y S F U N C T I O N 
I * M N C A d h e s i o n 

!• P - C A M 

!• P - A s y m m e t r i c D imethy l Arginine 
(Inhibitor of N O S ) 

!• Endothe l ium - D e p e n d e n t Vasodi la t ion 
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I R S - I S IT GENETIC? 

With parent number 

Non-diabetic offspring of biparental 

Low birth weight 

Mother smoking 

i Bottle feeding? 

IR gene mutations 
22 

IRS IN ASIANS 
1 • Insulin levels 

1 • Intra abdominal fat 

1 ( C A D > 10 year followup in m e n 

1 With highest quartile of Visceral obesity) 
• I M T with high prevalence of C V D 
• Lp(a) 
• P Homocysteine 
• P A I - 1 
• Fibrinogen 
• Crp 
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C l i n i c i i l C l u i r u c t c r i s t i c s 

. l.wrHi linlitiii\ < 'i/ifi°i/\fi»i.< /' 
A(IK lyciirsi 

Body mass IIKILA 

(Kc i 'M- ' i 

2.1 h • tl ; : - i ; i 2 \ S 

Waisi Hip Kaiio I I . " " 'u .112 11.""^ • Mil l N S 

l"ai Free M a s s i" 1 "I :• .1 N S 

Tula] loi l em' 1 • -in 211.1 l IS II114 
Visceral lai lem- i N2 * 2n " s 11,114 
Siibeutaneous lal :.M • > I'ls i 211 \ S ' 

K i g . 4 . M a r k e r s o f insul in resistance in u u i n j : . "hi'sii lh) 

Ind ian m e n . A'.V = n o s iu i i i l ka i i l J i l i e i e m e . ( IVo i i i Ka j i 

Piiilh-iri. 2IXMI: .S(l |Suppl 2 | : A . M - I . i 

' A s i a n 
\ el al . 

24 

Journal of the Ceylon College of Physicians 



Insulin Resistance Syndrome 77 

IRS & OBESITY - 1 IRS & O B E S I T Y - 2 

• Obesity associated with T2DM, 
CAD&DLA 

• 70% with lowest IR (1st fertile) have 
normal body mass 

• Distribution of fat - Truncal or 
Central vs Gynaeoid 

• 80% in top fertile of ir are overweight or obese 

• 18% in top fertile have normal body mass 

• Visceral > SC 
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IRS & OBESITY - 3 

• Exogenous insulin increases BMI 

• Hyperinsulinaemia (endogenous) weight 
gain ? 

• CV risk - IR + Obese > I.S + Obese 
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IRS & OBESITY-4 
WHY VISCERAL? 

1. 111 BETA HSD TYPE - 1 (CORTISOL) 

2. t ANGIOTENSINOGEN 

3. I DIASTOLIC BP 

4. I F P G & 7 5 G G 

5. IHT 
28 

IRS and NAFLD - 1 
• Synonym - NASH 

• Fat in liver cells + inflam cells + Fibrosis 

• Commonest cause of elevated isolated liver 
enzyme (84%) 

• Cryptogenic cirrhosis 

• Mortality > Hep C cirrhosis 

29 

IRS and NAFLD - 2 
• I T G & S U A 

• I HDLC (irrespective of BMI) 

• Glucose disposal 50% of normal (= DM) 

• t Basal FFA 

• I Lipolysis suppression with insulin 

• I Iron over load 

30 
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IRS & Gestation DM - 1 

•I IR 

1. Energy for baby 

2. | d F B G & ' d F F A 

3. ' Maternal Insulin 

1 2 - 1 4 weeks — IRl» 

1 4 - 4 0 w e e k s - IR l * 

3 r t Trimester - G D M 
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IRS & GDM - 2 

C a u s e s 

1. I Phosphorilation P - Sub Unit of InsR 

2. t Phosphorilation of I R S 

3. Placental, Lactogen, G H , Progesterone, 
Cortisol , P R L 
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IRS & GDM - 3 

4. i F F A 

5. IPPAR y Receptor activity 

6. iTMFct 

7. t Resistin from Placenta 
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Emerging concepts in Management - 1 

• Non Glycaemic Targets 

a) Ramipril 10mg/ D < D M 34% over 5 years 
(HOPE) 

b) Losartan < DM 25% (LIFE) 

c) Pravastatin < DM 30% ( W O S C O P S ) 
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Emerging concepts in Management - 2 

• Coagulation Factors 

• l PAI - 1 Rosiglit, Metformin, A C E I , A R B s 

• I Plasma Fibrinogen - Fenofibrate 

• I Platelet aggregation - Aspirin, 
Clopidogrel, Metformin 

36 
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IRS and NAFLD3 
• H G O not suppressed inspite of hyper I 

• 1 AST, ALT, Fl, S U A and TG by weight loss 
(Increases HDLC) 

• PFFA less decreased by insulin 

• I Visceral adiposity 

• Wt loss, gastroplasty, metformin, glitazones 
decrease liver enz (no histo improvement) 

31 
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Fir. 6. Effects of lipid-lowering agents on plasma fibrinogen Be:u = 
txvafibrale; Feno - fenofibralc: Gem = gemfibrozil; Pmvu = pravastatin: 
Simm x simvastatin. (Hroni Bianehi A el al Thnimb Haemal. 
IW.1-.70:24I-24.1.) 

3 7 

E m e r g i n g c o n c e p t s in M a n a g e m e n t - 3 

Fasting Insulin 

• Metformin 

• Rosi & Pioglit 

• Atorva, Simva and Prava 

• ACEI, ARBs 

3 8 
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E m e r g i n g c o n c e p t s in M a n a g e m e n t - 4 

• Inflamatory Factors 

• CRP - Rosiglit 

Pravastat 

ARBs 

40 

P<0 .001 • 

0 1 2 3 4 
Ntxof metaboiic disorders 

E m e r g i n g c o n c e p t s in M a n a g e m e n t - 5 

• Obesity 

• Lifestyle modification 
• Drugs 

- Sibutramine 
- Orlistat 

• (TC decreased and HDLC increased) 

42 
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Emerging concepts in Management - 6 
• Dyslipidaemia 

• Fenofibrate 
• < TG, TG/HDL, Fibrinogen, 
• Small dense LDL/Large buoyant LDL 

Fenofibrate + Statins safe and efficacious 
< LDLC , TG and > HDLC 

Target TG < 150mg/dl 
LDL < 100mg/dl 

43 

Emerging concepts in Management - 7 

• Hypertension 

• Target 130/85 
130/80 if diabetic 

ACEI and ARBs - Decrease IR also 
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Emerging concepts in Management - 8 

• Glucose intolerance 

• Lifestyle modification ( Finland - 58%) 

• Metformin 850mg bd (DPP - 30%) 

• Acarbose (STOP - NIDDM - 25%) 

• Troglitazone (TRIPOD - 56%) 
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Emerging concepts in Management - 9 

• Endothelial Factors 
• Microalbuminuria - ACEI, Valsartan, Rosiglit 

• Vasodilatation - A C E I , ARB and statins 
(Alone or incombination - additive) 

Endothelial function - Metformin and Glitazones 
IMT - Pioglit in type 2 DN 
Vascular smooth muscle migration - Gliterzones 
Arteriography regression in CAD - Fenofibrate 

(DAIS) 
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What about a Polypill? 

O v e r 5 0 y e a r s risk factors for C A D 
Sta t in •« 

R B lockers 

T h i a z i d e Vi s t rength 

Aspi r in * R R 8 8 % 

A C E I 

Folic Ac id 

B M J 2 0 0 3 

50 

Polypill for IRS 

1 . ACE I / A R B 

2. Aspirin / Clopidogrel 

3. Glitazones / Metformin / Acarbose 

4. Fenofibrate/ Atrovastatin 

51 
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