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LABORATORY RISK FACTORSLABORATORY RISK FACTORSLABORATORY  RISK  FACTORSLABORATORY  RISK  FACTORS

Common Lipid MarkersCommon Lipid Markers Including TCIncluding TCCommon  Lipid  MarkersCommon  Lipid  Markers Including  TC,  Including  TC,  
HDLHDL--C,  LDLC,  LDL--C  &  TGC  &  TG
Uncommon Lipid MarkersUncommon Lipid Markers IncludingIncludingUncommon  Lipid  MarkersUncommon  Lipid  Markers Including  Including  
Lp(a),  betaLp(a),  beta--VLDL, Apo AVLDL, Apo A--I  &  Apo BI  &  Apo B--
100100100100



ATP  III  ATP  III  (Adult Treatment Panel III)(Adult Treatment Panel III)

C SS C O SC SS C O SCLASSIFICATION  IN  ADULTSCLASSIFICATION  IN  ADULTS
LDL Ch l t lLDL Ch l t l T t l Ch l t lT t l Ch l t lLDL  CholesterolLDL  Cholesterol

<<100        100        OptimalOptimal
100100 129129 Near OptimalNear Optimal

Total  CholesterolTotal  Cholesterol
<<200       200       DesirableDesirable
200200 239239 Borderline highBorderline high100100--129   129   Near  OptimalNear  Optimal

130130--159   159   Borderline highBorderline high
160160--189189 HighHigh

200200--239  239  Borderline  highBorderline  high
≥≥240       240       HighHigh

160160 189   189   HighHigh
≥≥190        190        Very  highVery  high

HDL Ch l t lHDL Ch l t l

TriglyceridesTriglycerides
<<150       150       NormalNormal

HDL  CholesterolHDL  Cholesterol
<<40   40   LowLow
≥≥6060 HighHigh

150150--199  199  Borderline  highBorderline  high
200200--499  499  HighHigh
≥≥500500 V hi hV hi h≥≥60   60   HighHigh ≥≥500       500       Very  highVery  high



NCEP  NCEP  ((National Cholesterol Education Program)National Cholesterol Education Program)

CLASSIFICATION  IN  CHILDREN  CLASSIFICATION  IN  CHILDREN  
AND ADOLESCENTSAND ADOLESCENTSAND  ADOLESCENTSAND  ADOLESCENTS

LDL  CholesterolLDL  Cholesterol
<<110           110           DesirableDesirable

Total  CholesterolTotal  Cholesterol
<<170       170       DesirableDesirable

110110--120      120      BorderlineBorderline
≥≥130           130           HighHigh

170170--199  199  BorderlineBorderline
≥≥200       200       HighHigh



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 variationPhysiological variation
22) ) AgeAge
33)) SS33) ) SexSex
44) ) SeasonSeason
55)) DietDiet55) ) DietDiet
66) ) FastingFasting
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 wintermore in winter



Recent FeedingRecent FeedingRecent FeedingRecent Feeding

Chylomicron uptake requiresChylomicron uptake requires 66--99hhChylomicron uptake requires Chylomicron uptake requires 66 99hh
So , So , 9 9 hours fasting is sufficient, but usually hours fasting 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 Fats and cholesterol result in Saturated Fats and cholesterol result in 
considerable increase in chlesterol considerable increase in chlesterol 
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 usual diet for So, patient should have a usual diet for 2 2 

k d i ht hk d i ht hweeks and no weight changeweeks and no weight change



DiseasesDiseasesDiseasesDiseases
Patient should not have MI or shock during previous Patient should not have MI or shock during previous g pg p
monthmonth
Fever, truma , surgery increase TG and lower TC and Fever, truma , surgery increase TG and lower TC and 
HDLHDL--CCHDLHDL CC
Weight loss results in decreasing TG and transient Weight loss results in decreasing TG and transient 
increasing TC and LDLincreasing TC and LDL--CC
Ch i di lt i d i LDLCh i di lt i d i LDL CCChronic disease results in severe decrease in LDLChronic disease results in severe decrease in LDL--C C 
and HDLand HDL--CC
Diabetes, Thyroid disease, liver disease , and renal Diabetes, Thyroid disease, liver disease , and renal yy
disease result in secondary dyslipidemiasdisease result 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 repeat Abnormal results should be repeat 22--4 4 pp
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 id 55%% 55%% 1515%%TriglycerideTriglyceride =< =< 55%% =< =< 55%% =< =< 1515%%

CholesterolCholesterol =<=< 33%% =<=< 33%% =<=< 99%%CholesterolCholesterol =< =< 33%% =< =< 33%% =< =< 99%%

HDLHDL--CC =< =< 55%% =< =< 44%% =< =< 1313%%

LDLLDL--CC =< =< 44%% =< =< 44%% =< =< 1212%%



CHOLESTEROL DETERMINATIOMCHOLESTEROL DETERMINATIOMCHOLESTEROL  DETERMINATIOMCHOLESTEROL  DETERMINATIOM

ChemicalChemicalChemicalChemical
LibermanLiberman--BurchardBurchard
S h h iS h h i SSSchoenheimerSchoenheimer--SperrySperry
AbellAbell--KendalKendal



CHOLESTEROL DETERMINATIOMCHOLESTEROL DETERMINATIOMCHOLESTEROL  DETERMINATIOMCHOLESTEROL  DETERMINATIOM

EnzymaticEnzymaticEnzymaticEnzymatic

Cholesteryl  Ester                          Cholesterol  +  FFACholesteryl  Ester                          Cholesterol  +  FFA
Choesteryl
Esterase

Cholesterol  +  OCholesterol  +  O2                          2                          Oixidized  Cholesterol  + HOixidized  Cholesterol  + H22OO22
Choesterol

Oxidase

HH22OO2 2 + Chromogen                         Colored  Complex  + H+ Chromogen                         Colored  Complex  + H22O                 O                 
Peroxidase



CHOLESTEROL DETERMINATIOMCHOLESTEROL DETERMINATIOMCHOLESTEROL  DETERMINATIOMCHOLESTEROL  DETERMINATIOM

SampleSampleSampleSample
Fasting  Is Not  NecessaryFasting  Is Not  Necessary
Efect of Posture & Venous StasisEfect of Posture & Venous StasisEfect  of  Posture  &  Venous  StasisEfect  of  Posture  &  Venous  Stasis
Increase during pregnancyIncrease during pregnancy
Interference due to sitosterolInterference due to sitosterolInterference due to sitosterolInterference due to sitosterol
Is not affected by activity, alcohol, and OCPIs not affected by activity, alcohol, and OCP
Stable forStable for 44 dd 33 m and Some years atm and Some years atStable  for  Stable  for  4 4 d, d, 3 3 m, and  Some  years  at  m, and  Some  years  at  
44ooC,  C,  --2020ooC  and  C  and  --7070ooC  RespectivelyC  Respectively



TRIGLYCERIDE DETERMINATIONTRIGLYCERIDE DETERMINATIONTRIGLYCERIDE  DETERMINATION TRIGLYCERIDE  DETERMINATION 

ChemicalChemicalChemicalChemical
ExtractionExtraction
H d l iH d l iHydrolysisHydrolysis
Glycerol  DeterminationGlycerol  Determination



TRIGLYCEROIDE DETERMINATIOMTRIGLYCEROIDE DETERMINATIOMTRIGLYCEROIDE  DETERMINATIOMTRIGLYCEROIDE  DETERMINATIOM

EnzymaticEnzymatic
Triglyceride                                          Glycerol  +  FFATriglyceride                                          Glycerol  +  FFA

Glycerol  +  ATP                                   Glycerol Glycerol  +  ATP                                   Glycerol 33--p  +  ADPp  +  ADP

Lpiase

Glycerol kinase

UV  SpectrophotometryUV  Spectrophotometry

Glycerol  Glycerol  33--p +  NADp +  NAD++ DHAP + NADH DHAP + NADH 
Glycerol phosphate

Dehydrogenase

ColorimetryColorimetry

Glycerol  Glycerol  33--p +  Op +  O2                                  2                                  DHAP + HDHAP + H22OO22
Glycerol phosphate

OxidaseG yce oG yce o 33 p Op O OO

HH22OO2 2 +  Chromogen                                 Colored  Complex  + H+  Chromogen                                 Colored  Complex  + H22O                     O                     
Peroxidase



TRIGLYCERIDE DETERMINATIONTRIGLYCERIDE DETERMINATIONTRIGLYCERIDE  DETERMINATION TRIGLYCERIDE  DETERMINATION 

Glycerol  InterferenceGlycerol  InterferenceGlycerol  InterferenceGlycerol  Interference
Severe ActivitySevere Activity
Some uncontrolled diabeticsSome uncontrolled diabeticsSome uncontrolled diabeticsSome uncontrolled diabetics
Very high TG concentrationVery high TG concentration
L tL tLong storageLong storage
HyperglycerolemiaHyperglycerolemia
MedicationMedication
ContaminationContamination



TRIGLYCERIDE DETERMINATIONTRIGLYCERIDE DETERMINATIONTRIGLYCERIDE  DETERMINATION TRIGLYCERIDE  DETERMINATION 

SpecimenSpecimenSpecimenSpecimen
Fasting  Is  NecessaryFasting  Is  Necessary
Affected by Posture Venous StasisAffected by Posture Venous StasisAffected  by  Posture,  Venous  Stasis, Affected  by  Posture,  Venous  Stasis, 
Activity, alcohol, OCPActivity, alcohol, OCP
Increases during pregnancyIncreases during pregnancyIncreases during pregnancyIncreases during pregnancy
Oxidants  &  ReductantsOxidants  &  Reductants
Testing in the Same DayTesting in the Same DayTesting  in  the  Same  Day Testing  in  the  Same  Day 
If  Necessary,  Storage  at  If  Necessary,  Storage  at  44ooC  for  a  few  C  for  a  few  
days,days, --2020ooC forC for 33 m andm and --7070ooC for YearsC for Yearsdays,  days,  2020 C  for  C  for  3 3 m  and  m  and  7070 C  for  YearsC  for  Years



LIPOPROTEIN ANALYSISLIPOPROTEIN ANALYSISLIPOPROTEIN  ANALYSISLIPOPROTEIN  ANALYSIS

UltracentrifugeUltracentrifugeUltracentrifugeUltracentrifuge
ElectrophoresisElectrophoresis
S AS ASerum  AppearanceSerum  Appearance
Precipitation  MethodsPrecipitation  Methods
CalculationCalculation
Apolipoprotein DererminationApolipoprotein DererminationApolipoprotein  DererminationApolipoprotein  Derermination





MAJOR LIPOPROTEINSMAJOR LIPOPROTEINSMAJOR  LIPOPROTEINSMAJOR  LIPOPROTEINS

CHYLOMICRONCHYLOMICRON
VERY  LOW  DENSITY  LIPOPROTEINS  VERY  LOW  DENSITY  LIPOPROTEINS  
(VLDL)(VLDL)
LOW  DENSITY  LIPOPROTEINS  (LDL)LOW  DENSITY  LIPOPROTEINS  (LDL)( )( )
HIGH DENSITY  LIPOPROTEINS  (HDL)HIGH DENSITY  LIPOPROTEINS  (HDL)



MAJOR LIPOPROTEINSMAJOR LIPOPROTEINSMAJOR  LIPOPROTEINS  MAJOR  LIPOPROTEINS  

LIPOPROTEINSLIPOPROTEINS DENSITYDENSITY
(g/ml)(g/ml)

DIAMETERDIAMETER
(nm)(nm)

ELECTROPHELECTROPH
ORESISORESIS

PROTEIN PROTEIN 
(%)(%)

TRIGLYCETRIGLYCE
RIDE (%)RIDE (%)

CHOLESTERCHOLESTER
OL (%)OL (%)

PHOSPHOLIPHOSPHOLI
PID (%)PID (%)

ChylomicronChylomicron <<00..950950 7575--12001200 OriginOrigin 11--22 8686 44 88

VLDLVLDL 00..950950--11..006006 2525--7575 PrePre--ββ 1010 5050 2020 2020

LDLLDL 11..019019--11..063063 2020--2525 ββ 2020 1111 4646 2222

HDLHDL 11..063063--11..210210 77..55--2020 αα 5050 33 2727 3030





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)



SERUM APPEARANCESERUM APPEARANCESERUM  APPEARANCESERUM  APPEARANCE
Increased Chylomcron        Increased Chylomcron        Turbidity,  Creamy  LayerTurbidity,  Creamy  Layeryy y, y yy, y y

Increased  VLDL                   Increased  VLDL                   TurbidityTurbidity

Increased  LDL                      Increased  LDL                      ClearClear

Increased  HDL                      Increased  HDL                      ClearClear



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 &Polyanions & Bivalent CationsBivalent CationsPolyanions  &Polyanions  & Bivalent  CationsBivalent  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 
AssummptionsAssummptions

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



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)



APOLIPOPROTEINS  APOLIPOPROTEINS  
OODETERMINATIONDETERMINATION

Apo AIApo AIApo  AIApo  AI
Apo  BApo  B
L ( )L ( )Lp(a)Lp(a)




