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CORONARY HEART DISEASECORONARY HEART DISEASECORONARY  HEART  DISEASECORONARY  HEART  DISEASE



MAIN  COMPONENTS  OFMAIN  COMPONENTS  OF
SCSCVASCULAR  WALLVASCULAR  WALL



INTIMAL THICKENINGINTIMAL THICKENINGINTIMAL  THICKENINGINTIMAL  THICKENING



MAJOR  COMPONENETS  OF MAJOR  COMPONENETS  OF 
O O S QO O S QATHEROMATOUS  PLAQUEATHEROMATOUS  PLAQUE



PATHOGENESISPATHOGENESISPATHOGENESISPATHOGENESIS
OFOF
ATHERSCLEROSISATHERSCLEROSISATHERSCLEROSISATHERSCLEROSIS







CELLULAR  EVENTS  &  CELLULAR  EVENTS  &  
C C O SC C O SCELLULAR  INTERACTIONSCELLULAR  INTERACTIONS



OBESITY ,OBESITY ,OBESITY ,OBESITY ,
METABOLIC  SYNDROMEMETABOLIC  SYNDROME

&  TYPE &  TYPE 2  2  DIABETESDIABETES



OBESITY IS LIFE THREATENINGOBESITY IS LIFE THREATENINGOBESITY  IS  LIFE  THREATENINGOBESITY  IS  LIFE  THREATENING

Obesity Increases the Chance of DevelopingObesity Increases the Chance of DevelopingObesity  Increases  the  Chance  of DevelopingObesity  Increases  the  Chance  of Developing

T pe II DiabetesT pe II DiabetesType  II  DiabetesType  II  Diabetes
AtherosclerosisAtherosclerosis
Cancers  of  Colon,  Breast,  Prostate  &  Cancers  of  Colon,  Breast,  Prostate  &  
EndometriumEndometrium



BODY MASS INDEX (BMI)BODY MASS INDEX (BMI)BODY  MASS  INDEX  (BMI)BODY  MASS  INDEX  (BMI)
Obesity  Is  Defined  in  Terms  of  BMIObesity  Is  Defined  in  Terms  of  BMIyy

Weight  in  Kg
BMI =                                                    

(Height  in  m)2

BMI  < BMI  < 1818..5                 5                 UnderweightUnderweight
BMI  =  BMI  =  1818..5 5 –– 2424..9     9     NormalNormal
BMI  =  BMI  =  25 25 –– 2929..9        9        OverweightOverweight
BMI  =  BMI  =  30 30 –– 40           40           ObeseObese
BMI  >  BMI  >  40                   40                   Morbidly ObeseMorbidly Obese



FATTY  TISSUE  IS  AN  FATTY  TISSUE  IS  AN  
OC O GOC O GENDOCRINE  ORGANENDOCRINE  ORGAN

Adipocytes  Secrets  Different  Adipocytes  Secrets  Different  AdipokinsAdipokins::

LeptinLeptin
AdiponectinAdiponectin
ResistinResistin
Cytokines  such  as  Cytokines  such  as  TNFTNF



TNFTNF INCDUCES DYSLIPIDEMIAINCDUCES DYSLIPIDEMIATNFTNF INCDUCES  DYSLIPIDEMIAINCDUCES  DYSLIPIDEMIA
TNF
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TNFTNF INDUCES DYSLIPIDEMIAINDUCES DYSLIPIDEMIATNFTNF INDUCES  DYSLIPIDEMIAINDUCES  DYSLIPIDEMIA
TNF
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FFAs INDUCE HYPERGLYCEMIAFFAs INDUCE HYPERGLYCEMIAFFAs  INDUCE  HYPERGLYCEMIAFFAs  INDUCE  HYPERGLYCEMIA
FFAs
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PANCREATIC COMPENSATIONPANCREATIC COMPENSATIONPANCREATIC  COMPENSATIONPANCREATIC  COMPENSATION

Hyperinsulinemia

Increased 
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Stimulation of Sympatthetic
Nervous System

yp
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DECOMPENSATION PROCESSDECOMPENSATION PROCESSDECOMPENSATION  PROCESSDECOMPENSATION  PROCESS

Increased FFAs and/or CytokinesIncreased FFAs and/or Cytokines

Gradual Loss of the Ability
of the Pancreas to Overproduce Insulin

Increased Blood Glucose

Type 2 Diabetes Begins



MTABOLIC SYNDROMEMTABOLIC SYNDROMEMTABOLIC  SYNDROMEMTABOLIC  SYNDROME

The insulin resistance associated with obesity The insulin resistance associated with obesity yy
increases the risk of developing increases the risk of developing type type 2 2 diabetesdiabetes, , 
heart diseaseheart disease, , hypertensionhypertension, and several types , and several types 
ofof cancerscancersof of cancerscancers..

Increased risk of some of these diseases mayIncreased risk of some of these diseases mayIncreased risk of some of these diseases may Increased risk of some of these diseases may 
occur long before the patient becomes diabetic, occur long before the patient becomes diabetic, 
so the condition between the onset of insulin so the condition between the onset of insulin 
resistance  and development of type resistance  and development of type 2 2 diabetes diabetes 
is referred  as is referred  as metabolic syndromemetabolic syndrome



METABOLIC SYNDROMEMETABOLIC SYNDROMEMETABOLIC  SYNDROMEMETABOLIC  SYNDROME

Defining criteria according to theDefining criteria according to the Third Report ofThird Report ofDefining criteria according to the Defining criteria according to the Third Report of Third Report of 
NCEP Expert  panel on Detection, Evaluation, and NCEP Expert  panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults Treatment of High Blood Cholesterol in Adults 
i l d th f Th M f thi l d th f Th M f thinclude the presence of Three or More of the include the presence of Three or More of the 
following  conditions:following  conditions:
Impaired Fasting GlucoseImpaired Fasting Glucosep gp g
Blood Pressure ≥ Blood Pressure ≥ 135 135 / / 85 85 mmHgmmHg
Waist circumference > Waist circumference > 102 102 cm in men and >cm in men and >88 88 cm in cm in 
womenwomen
Serum TG ≥ Serum TG ≥ 150 150 mg/mg/dLdL
HDLHDL C <C < 4040 mg/mg/dLdL in men and <in men and < 5050 mg/mg/dLdL in womenin womenHDLHDL--C < C < 40 40 mg/mg/dLdL in men and < in men and < 50 50 mg/mg/dLdL in womenin women



RISK FACTORS FOR CHDRISK FACTORS FOR CHDRISK  FACTORS  FOR  CHDRISK  FACTORS  FOR  CHD

Clinical  Risk  FactorsClinical  Risk  Factors
Laboratory  Risk  FactorsLaboratory  Risk  Factors



CLINICAL RISK FACTORSCLINICAL RISK FACTORSCLINICAL  RISK  FACTORSCLINICAL  RISK  FACTORS
Cigarette SmokingCigarette Smoking
Hypertension Hypertension (Blood Pressure (Blood Pressure ≥≥140140//90 90 mm Hg or mm Hg or 
on Hypertensive medicationon Hypertensive medication

Family History of Premature CHD Family History of Premature CHD (CHD in (CHD in 
Male FirstMale First--degree Relative < degree Relative < 55 55 years; CHD in Female years; CHD in Female 
FirstFirst degree Relative <degree Relative < 6565 years)years)FirstFirst--degree Relative < degree Relative < 65 65 years)years)

Age Age (men ≥ (men ≥ 45 45 years; Women ≥ years; Women ≥ 55 55 years)years)

ObesityObesity
Diabetes MellitusDiabetes Mellitus
Life StyleLife Style



LABORATORY RISK FACTORSLABORATORY RISK FACTORSLABORATORY  RISK  FACTORSLABORATORY  RISK  FACTORS

Common  Lipid  MarkersCommon  Lipid  Markerspp
Including  TC,  HDLIncluding  TC,  HDL--C,  LDLC,  LDL--C  &  TGC  &  TG
Uncommon  Lipid  MarkersUncommon  Lipid  Markers

Apo AApo A--I, I, Apo Apo BB--100100,  ,  LpLp(a) & (a) & ββ--VLDL, VLDL, 
Metabolic Markers Metabolic Markers 

G &G &Glucose & Glucose & HomocysteineHomocysteine
Inflammatory MarkersInflammatory Markers
hshs CRPCRPhshs--CRPCRP
ThrombogenicThrombogenic/Hemostatic Markers/Hemostatic Markers
FibrinogenFibrinogenFibrinogenFibrinogen



ATP  III  (Adult Treatment Panel III)

C SS C O SCLASSIFICATION  IN  ADULTS
LDL Ch l t lT t l Ch l t l LDL  Cholesterol

<100        Optimal
100 129 Near Optimal

Total  Cholesterol
<200       Desirable
200 239 Borderline high 100-129   Near  Optimal

130-159   Borderline high
160-189 High

200-239  Borderline  high
≥240       High

160 189   High
≥190        Very  high

HDL Ch l t l

Triglycerides
<150       Normal

HDL  Cholesterol
<40   Low
≥60 High

150-199  Borderline  high
200-499  High
≥500 V hi h ≥60   High≥500       Very  high



NCEP  (National Cholesterol Education Program)

CLASSIFICATION  IN  CHILDREN  
AND ADOLESCENTSAND  ADOLESCENTS

LDL  Cholesterol
<110           Desirable

Total  Cholesterol
<170       Desirable

110-120      Borderline
≥130           High

170-199  Borderline
≥200       High



FACTORS AFFECTING LIPID &FACTORS AFFECTING LIPID &FACTORS  AFFECTING  LIPID  &  FACTORS  AFFECTING  LIPID  &  
LIPOPROTEIN  DETERMINATIONLIPOPROTEIN  DETERMINATION

Factors Related to PatientsFactors Related to Patients
F t R l t d t S iF t R l t d t S iFactors Related to SpecimenFactors Related to Specimen
Factors Due to AnalysisFactors Due to Analysis



FACTORS  RELATED  TO  FACTORS  RELATED  TO  
SSPATIENTSPATIENTS

Biological variationBiological variationgg
11) Physiological variation) Physiological variation
22) Age) Age
33) S) S33) Sex) Sex
44) Season) Season
55) Diet) Diet55) Diet) Diet
66) Fasting) Fasting
77) Lifestyle ) Lifestyle 
DiseaseDisease
DrugsDrugs



InterInter--individual & Intraindividual & Intra--individual individual 
Biological VariationsBiological Variations

AnalyteAnalyte InterInter--
Individual Individual 

IntraIntra--
Individual Individual 

Method Method 
CV%CV%

CV%CV% CV%CV%
TriglycerideTriglyceride 5656..88 2828..88 44..77

CholesterolCholesterol 2222..33 88..22 22..33

HDLHDL--CC 2828..33 1212..44 22..55

Apo BApo B 2727..66 99..55 22..77



Physiological VariationPhysiological VariationPhysiological  VariationPhysiological  Variation

The NCEP guidelines recommendedThe NCEP guidelines recommendedThe NCEP guidelines recommended The NCEP guidelines recommended 
averaging averaging at least two successive at least two successive 
measurmentsmeasurments to reduce the effects ofto reduce the effects ofmeasurmentsmeasurments to reduce the effects of to reduce the effects of 
both preanalytic and analytic sourcesboth preanalytic and analytic sources



AgeAgeAgeAge

Cholesterol concentration increases byCholesterol concentration increases byCholesterol concentration increases by Cholesterol concentration increases by 
aging in both sex with beginning from aging in both sex with beginning from 
adulthoodadulthoodadulthoodadulthood



SexSexSexSex

After childhood and up to ageAfter childhood and up to age 5050After childhood and up to age After childhood and up to age 5050, , 
cholesterol concentration is lower in cholesterol concentration is lower in 
women than menwomen than menwomen than menwomen than men



SeasonSeasonSeasonSeason

Cholesterol concentration is slightlyCholesterol concentration is slightlyCholesterol concentration is slightly Cholesterol concentration is slightly 
more in more in winterwinter



Recent FeedingRecent FeedingRecent FeedingRecent Feeding

Chylomicron uptake requiresChylomicron uptake requires 66--99hhChylomicron uptake requires Chylomicron uptake requires 66 99hh
So , So , 9 9 hours fastinghours fasting is sufficient, but usually is sufficient, but usually 
12 12 hours fasting is recommendedhours fasting is recommendedgg
Fasting is not necessary for TC and HDLFasting is not necessary for TC and HDL--C C 



DietDietDietDiet
Saturated FatsSaturated Fats and and cholesterolcholesterol result in result in 
considerable increase in cholesterol considerable increase in cholesterol 
concentrationconcentration
Diet affecting on lipid profile requires severalDiet affecting on lipid profile requires severalDiet affecting on lipid profile requires several Diet affecting on lipid profile requires several 
weeksweeks
So, patient should have a So, patient should have a usual dietusual diet for for 2 2 

kk dd i ht hi ht hweeksweeks and and no weight changeno weight change



DiseasesDiseasesDiseasesDiseases
Patient should not have Patient should not have MIMI or or shockshock during previous during previous g pg p
monthmonth
FeverFever, , traumatrauma , , surgerysurgery increase TG and lower TC increase TG and lower TC 
and HDLand HDL--CCand HDLand HDL CC
Weight lossWeight loss results in decreasing TG and transient results in decreasing TG and transient 
increasing TC and LDLincreasing TC and LDL--CC
Ch i diCh i di lt i d i LDLlt i d i LDL CCChronic diseaseChronic disease results in severe decrease in LDLresults in severe decrease in LDL--C C 
and HDLand HDL--CC
DiabetesDiabetes, , Thyroid diseaseThyroid disease, , liver diseaseliver disease , and , and renal renal yy
diseasedisease result in secondary dyslipidemiasresult in secondary dyslipidemias



DrugsDrugsDrugsDrugs

Different drugs affect on patient lipidDifferent drugs affect on patient lipidDifferent drugs affect on patient lipid Different drugs affect on patient lipid 
profile, e.g. profile, e.g. OCPOCP increases VLDL and increases VLDL and 
anabolic steroidsanabolic steroids increase VLDL and increase VLDL and 
decrease HDLdecrease HDL
Abnormal results should be Abnormal results should be repeat repeat 22--44pp
weeks laterweeks later



FACTORS RELATED TOFACTORS RELATED TOFACTORS  RELATED  TO  FACTORS  RELATED  TO  
SPECIMENSPECIMEN

Posture during sample collectionPosture during sample collectionPosture during sample collectionPosture during sample collection
Prolonged venous occlusionProlonged venous occlusion
VenousVenous vsvs capillary samplescapillary samplesVenous Venous vsvs capillary samplescapillary samples
Plasma Plasma vsvs serumserum
StorageStorageStorageStorage



NCEP Guidelines for Acceptable NCEP Guidelines for Acceptable 
Measurement ErrorMeasurement Error

AnalyteAnalyte BiasBias CVCV Total ErrorTotal Error

T i l idT i l idTriglycerideTriglyceride

CholesterolCholesterolCholesterolCholesterol

HDLHDL--CC

LDLLDL--CC



LIPOPROTEIN ANALYSISLIPOPROTEIN ANALYSISLIPOPROTEIN  ANALYSISLIPOPROTEIN  ANALYSIS

Direct  Immunochemical AssaysDirect  Immunochemical Assays
P i it ti M th dP i it ti M th dPrecipitation MethodsPrecipitation Methods
CalculationCalculation
ApolipoproteinApolipoprotein DererminationDerermination



MINOR LIPOPROTEINSMINOR LIPOPROTEINSMINOR  LIPOPROTEINSMINOR  LIPOPROTEINS

Chylomicron RemnantsChylomicron Remnants
VLDL Remnants (IDL)VLDL Remnants (IDL)( )( )
ΒΒetaeta--VLDL (Floating VLDL (Floating ββ Lipoprotein)Lipoprotein)
IipoproteinIipoprotein (a) or(a) or LpLp(a)(a)IipoproteinIipoprotein (a)  or  (a)  or  LpLp(a)(a)



HDLHDL--C DETERMINATIONC DETERMINATIONHDLHDL C  DETERMINATIONC  DETERMINATION

Precipitation of Apo B ContainingPrecipitation of Apo B ContainingPrecipitation  of  Apo B Containing Precipitation  of  Apo B Containing 
Lipoproteins  (VLDL, IDL, LDL) byLipoproteins  (VLDL, IDL, LDL) by
Polyanions & Bivalent CationsPolyanions & Bivalent CationsPolyanions  &  Bivalent  CationsPolyanions  &  Bivalent  Cations

Heparine  Sulfate  &  MnHeparine  Sulfate  &  Mn22++

Dextran  Sulfate  &  MgDextran  Sulfate  &  Mg22++

Sodium  Tungstate  &  MgSodium  Tungstate  &  Mg22++g gg g



LDLLDL--C DETERMINATIONC DETERMINATIONLDLLDL C  DETERMINATIONC  DETERMINATION

UltracentrifugationUltracentrifugationUltracentrifugationUltracentrifugation
ImmunochemicalImmunochemical
C l l ti ithC l l ti ith F i d ld E tiF i d ld E tiCalculation  with  Calculation  with  Friedwald  EquationFriedwald  Equation

TotalTotal--C  =  HDLC  =  HDL--C  +  LDLC  +  LDL--C  +  VLDLC  +  VLDL--CC

TG
LDLLDL--C  =  TotalC  =  Total--C     (HDLC     (HDL--C  +       )C  +       )

TG

5



FriedewaldFriedewald Equation Equation 
AssumptionsAssumptions

All plasma TGs are carried  in VLDLAll plasma TGs are carried  in VLDL
TG/TG/Ch lCh l ti f VLDL i i i tti f VLDL i i i tTG/TG/CholChol ratio of VLDL is invariantratio of VLDL is invariant



FriedewaldFriedewald Equation LimitationsEquation LimitationsFriedewaldFriedewald Equation LimitationsEquation Limitations

Factor that gives the best estimate ofFactor that gives the best estimate ofFactor that gives the best estimate of Factor that gives the best estimate of 
VLDLVLDL--C varies among populations and C varies among populations and 
depends on the triglyceride methoddepends on the triglyceride methoddepends on the triglyceride method depends on the triglyceride method 
usedused
There must be no chylomicronThere must be no chylomicronThere must be no chylomicron, There must be no chylomicron, 
chylomicron remnant, IDL, chylomicron remnant, IDL, ββ--VLDL and VLDL and 
LpLp(a)(a)LpLp(a)(a)



HOMOCYSTEINEHOMOCYSTEINEHOMOCYSTEINEHOMOCYSTEINE

M thi i C t iMethionine Cysteine

Methionine
Synthase

Cobalamine
F l t

Homocysteine Cystathionine
Cystathionine
β-Synthase

Folate

y y
Pyridoxine



Increased Increased HomocysteineHomocysteine
Results FromResults From

Genetic CausesGenetic Causes
Vit i D fi i iVit i D fi i iVitamin DeficienciesVitamin Deficiencies
Impaired Renal FunctionImpaired Renal Function
Probably,  Smoking, Diabetes, Obesity, Probably,  Smoking, Diabetes, Obesity, 
and Hypertensionand Hypertensionypyp



HomocysteinemiaHomocysteinemia May Results ivMay Results ivHomocysteinemiaHomocysteinemia May Results ivMay Results iv

Ocular  abnormalitiesOcular  abnormalities
O t iO t iOsteoporesisOsteoporesis
Mental retardationMental retardation
AtherosclerosisAtherosclerosis



Increased Increased HomocysteineHomocysteine
Results InResults In

Endothelial Cell DamageEndothelial Cell DamageEndothelial Cell DamageEndothelial Cell Damage
Stimulation the growth of smooth Stimulation the growth of smooth 
muscle cellsmuscle cellsmuscle cellsmuscle cells
Stimulate cell divisionStimulate cell division
LDL Oxidation and modificationLDL Oxidation and modification
Stimulation of bloodStimulation of blood--clotting clotting gg
mechanismmechanism
Stimulation of Platelet aggregationStimulation of Platelet aggregationStimulation of Platelet aggregation Stimulation of Platelet aggregation 



HighHigh--Sensitive C Reactive Sensitive C Reactive 
(( C )C )Protein (Protein (hshs--CRP)CRP)

CRP is a positive acute phase reactantCRP is a positive acute phase reactantCRP is a positive acute phase reactantCRP is a positive acute phase reactant
Its average plasma level is Its average plasma level is 11..0 0 mg/mg/dLdL
100100--10001000 fold increase is seen in Infectionsfold increase is seen in Infections100100--1000 1000 fold increase is seen in Infections,  fold increase is seen in Infections,  
Inflammation, and Tissue DamageInflammation, and Tissue Damage
Individual with higher baseline levels (In oneIndividual with higher baseline levels (In oneIndividual with higher baseline levels  (In one Individual with higher baseline levels  (In one 
Study, Study, 11..75 75 mg/mg/dLdL versus versus 11..25 25 mg/mg/dLdL) are at ) are at 
increased risk for CHD and strokeincreased risk for CHD and stroke
Decision intervals: Decision intervals: < < 1 1 mg/mg/dLdL , low risk, low risk

11--3 3 mg/mg/dLdL, intermediate risk, intermediate riskgg ,,
> > 3 3 mg/mg/dLdL, high risk, high risk



Recommendations for Use of Recommendations for Use of 
C CC Chshs--CRP to Assess CHD RiskCRP to Assess CHD Risk

UniversalUniversal hshs--CRP Screening is not recommendedCRP Screening is not recommendedUniversal Universal hshs CRP Screening is not recommendedCRP Screening is not recommended
Patients most likely to benefit from Patients most likely to benefit from hshs--CRP test CRP test 
would be those in whom their risk estimate from would be those in whom their risk estimate from 
established factors is moderate and the physician established factors is moderate and the physician 
desires additional information to guide preventive desires additional information to guide preventive 
therapytherapytherapytherapy
Optimally, Optimally, hshs--CRP results should be averaged from CRP results should be averaged from 
two specimens drawntwo specimens drawn 22 weeks apartweeks aparttwo specimens drawn two specimens drawn 2 2 weeks apartweeks apart
If a level of > If a level of > 10 10 mg/mg/dLdL is identified, there should be is identified, there should be 
a research for obvious cause of infection or a research for obvious cause of infection or 
inflammationinflammation




