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Cholesterol which can be 
synthesized de novo or 
absorbed intestinally is 

required by humans for cell 
membranes, steroid, bile 

acid and vitamin D 
production. 



How did the How did the 
cholesterol get cholesterol get 
into the intimal into the intimal 

layer ?layer ?

Atherosclerosis is due to an abnormality        Atherosclerosis is due to an abnormality        
of sterol traffickingof sterol trafficking



Normal Lipid TransportationNormal Lipid Transportation

LDLLDL

VLDLVLDL

HDLHDL

LipidsLipids
Free & esterified sterols Free & esterified sterols 
Triglycerides              Triglycerides              
PhospholipidsPhospholipids

““LipidLipid”” movement ismovement is lipoproteinlipoprotein drivendriven

ApolipoproteinsApolipoproteins

Lipid Transfer ProteinsLipid Transfer Proteins





The Particle or  The Particle or  
apoB StoryapoB Story



AApoproteinpoprotein--related related MOMOrtalityrtality RISRISkk
AMORISAMORIS StudyStudy

175,553 patients from screening programs175,553 patients from screening programs
•• 98,722 men and 76,831 women98,722 men and 76,831 women

Examined Examined relationship of apoproteins and relationship of apoproteins and 
lipidslipids and prediction of fatal MIand prediction of fatal MI
Mean Follow up  66Mean Follow up  66--68 months68 months

Wallidius G et al  Lancet 2001;358:2026-2033



AApoproteinpoprotein--related related MOMOrtalityrtality RISRISkk
AMORISAMORIS StudyStudy

In multivariate analyses adjusted for age,  In multivariate analyses adjusted for age,  
TC and TG TC and TG 

Wallidius G et al  Lancet 2001;358:2026-2033

Apolipoprotein BApolipoprotein B was a was a stronger predictor stronger predictor 
of riskof risk than LDLthan LDL--C in both sexesC in both sexes

ApoB is obviously a marker of ApoB is obviously a marker of 
atherogenic lipoprotein particlesatherogenic lipoprotein particles



Lipoprotein Class & SubclassLipoprotein Class & Subclass

Arterioscler Thromb Vasc Biol 1998;18:1046-1053

Handbook of lipoprotein Testing 2nd Ed 2000 AACC Press Washington DC

VLDLVLDL IDLIDL LDLLDL
V6 V5 V4 V3 V2 V1 L3 L2     L1

BetaBeta--lipoproteinslipoproteins

There is one molecule of apoB on each There is one molecule of apoB on each 
betabeta--lipoprotein particlelipoprotein particle

ChylomicronChylomicron



LDL Particle Subclass LDL Particle Subclass (NMR*)(NMR*)

*Nuclear magnetic resonance spectroscopy  
www.lipoprofile.com

Arterioscler Thromb Vasc Biol 1998;18:1046-1053   
Handbook of Lipoprotein Testing 2000 AACC Press

LDL particles are a LDL particles are a heterogeneous mixture of particlesheterogeneous mixture of particles of varying composition and of varying composition and 
size, each with a single molecule of apoBsize, each with a single molecule of apoB
The larger, more buoyant particles are termed The larger, more buoyant particles are termed Phenotype or Pattern APhenotype or Pattern A
The smaller, denser, less buoyant particles are termed The smaller, denser, less buoyant particles are termed Phenotype or Pattern BPhenotype or Pattern B
LDLLDL--C C is the sumis the sum of the cholesterol within all of the LDL particles per/dL of seof the cholesterol within all of the LDL particles per/dL of serumrum
If present in increased concentrations, If present in increased concentrations, all LDL particles are atherogenicall LDL particles are atherogenic

Pattern BPattern BPatternPattern AA

L1L1L2L2L3L3

LDLLDL--P = # of LDL particles in a liter of plasmaP = # of LDL particles in a liter of plasma

LDLLDL--C = cholesterol content within all of the C = cholesterol content within all of the 
LDL particles in a deciliter (dL) of plasmaLDL particles in a deciliter (dL) of plasma



Modified apoB

Smooth Muscle Cells

apoB particles

VCAM
Selectins Endothelium

de Winther MPJ et al. Arterioscler Thromb Vasc Biol. 2005;25:904-914

Plasma

Sub-endothelial tissue

Lipoprotein associated Lipoprotein associated 
phospholipase Aphospholipase A2                 2                 

((LpLp--PLAPLA22))

LDL particle surface phospholipids are subject 
to oxidative modification by reactive oxygen 
species  

The oxidized surface phospholipids are further 
hydrolyzed into lysophosphatidyl choline and 
oxidized fatty acids by Lp-PLA2 (a lipoprotein 
associated enzyme). 

The oxidants & the now-modified LDL particle 
sets off an endothelial inflammatory reaction, 
upregulating VCAM and slecectins

Lysophosphatidyl choline

Oxidized fatty acids

Lipoprotein entry influenced 
primarily by particle 

concentration                      
and endothelial integrity



Modified apoB

Smooth Muscle Cells

Monocytes
apoB particles

VCAM

Macrophage

Selectins Endothelium

Foam Cell 
Formation

de Winther MPJ et al. Arterioscler Thromb Vasc Biol. 2005;25:904-914

Plasma

Sub-endothelial tissue

LpLp--PLAPLA22

Scavenger 
receptor A, 

CD36 
expressed



Modified apoB

Inflammatory 
cytokines

Cell Death

Scavenger 
receptor A, 

CD36 
expressed

Smooth Muscle Cells

Migration & 
proliferation

Monocytes
apoB particles

Fibrous Cap

VCAM

Macrophage

Selectins

Endothelium

de Winther MPJ et al. Arterioscler Thromb Vasc Biol. 2005;25:904-914

Plasma

LpLp--PLAPLA22

Foam Cell 
Formation



NHANES III: Apolipoprotein B Levels by Age, NHANES III: Apolipoprotein B Levels by Age,  
5050thth and 90and 90thth PercentilePercentile

Carr M & Brunzell J J Clin Endo & Metab 2004;89:2601-2607
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All of the national and transnational All of the national and transnational 
screening and therapeutic guidelines are screening and therapeutic guidelines are 

based on total or LDL cholesterol.based on total or LDL cholesterol.

This presumes that cholesterol is the most 
important lipoprotein-related proatherogenic

risk variable.

On the contrary, risk appears to be more 
directly related to the number of 

circulating atherogenic particles that 
contact and enter the arterial wall than to 
the measured concentration of cholesterol in 

these lipoprotein fractions. 

Each of the atherogenic lipoprotein particles 
contains a single molecule of apolipoprotein 
(apo) B and therefore the concentration of 

apo B provides a direct measure of the 
number of circulating atherogenic 

lipoproteins.

Evidence from fundamental, epidemiological 
and clinical trial studies indicates that apo B 
is superior to any of the cholesterol indices 

to recognize those at increased risk of 
vascular disease and to judge the adequacy 

of lipid-lowering therapy.

Barter PJ et al. J Intern Med 2006;249:247-258



The apoAThe apoA--I StoryI Story

ApoAApoA--II



AApoproteinpoprotein--related related MOMOrtalityrtality RISRISkk
AMORISAMORIS StudyStudy

In multivariate analyses adjusted for age, TC In multivariate analyses adjusted for age, TC 
and TG and TG 

Wallidius G et al  Lancet 2001;358:2026-2033

Apolipoprotein BApolipoprotein B was a was a stronger predictor stronger predictor 
of riskof risk than LDLthan LDL--C in both sexesC in both sexes
Apolipoprotein AApolipoprotein A--II was protectivewas protective



AApoproteinpoprotein--related related MOMOrtalityrtality RISRISkk
AMORISAMORIS StudyStudy

In multivariate analyses adjusted for age, TC In multivariate analyses adjusted for age, TC 
and TG and TG 

Wallidius G et al  Lancet 2001;358:2026-2033

Apolipoprotein BApolipoprotein B was a was a stronger predictor stronger predictor 
of riskof risk than LDLthan LDL--C in both sexesC in both sexes
Apolipoprotein AApolipoprotein A--II was protectivewas protective
•• The values for The values for Apo BApo B and the and the ApoB/ApoAApoB/ApoA--I I 

ratio were ratio were strongly and positivelystrongly and positively related to risk related to risk 
of fatal MI in men and womenof fatal MI in men and women



The evidence also indicates that The evidence also indicates that 
thethe apo B/apo Aapo B/apo A--I ratio is I ratio is 

superior to any of the superior to any of the 
conventional cholesterol ratiosconventional cholesterol ratios
in patients without symptomatic in patients without symptomatic 
vascular disease or diabetes to vascular disease or diabetes to 
evaluate the lipoproteinevaluate the lipoprotein-- related related 

risk of vascular disease.risk of vascular disease.

Barter PJ et al. J Intern Med 2006;249:247-258



Apolipoprotein B & AApolipoprotein B & A--I SurrogatesI Surrogates

Handbook of lipoprotein Testing 2nd Ed 2000 AACC Press Washington DC

VLDL-C
HDL-C

LDL-C

ApoB LipoproteinsApoB Lipoproteins ApoAApoA--I LipoproteinsI Lipoproteins

Total  CholesterolTotal  Cholesterol
TC > 200 mg/dL is an TC > 200 mg/dL is an 

apoB surrogateapoB surrogate
HDLHDL--C is the lipid C is the lipid 
apoAapoA--I surrogateI surrogate

TC/HDLTC/HDL--C ~ apoB/apoAC ~ apoB/apoA--I ratioI ratio



HDL Subpopulations by GGE & NMRHDL Subpopulations by GGE & NMR
Nuclear Magnetic Resonance Subpopulation Nomenclature

Gel Electrophoresis Subpopulation Nomenclature

HDLHDL2b2b HDLHDL2a2a HDLHDL3a3a HDLHDL3b3b HDLHDL3c3c

10.6 nm10.6 nm 9.2 nm9.2 nm 8.4 nm8.4 nm 8.0 nm8.0 nm 7.6 nm7.6 nm

Barter, Philip et al. Atherosclerosis 2003;168:195-211

HDL5HDL5 HDL4HDL4 HDL3HDL3 HDL2HDL2 HDL1HDL1
1010--13 nm13 nm 8.88.8--10 nm10 nm 8.28.2--8.8 nm8.8 nm 7.87.8--8.2 nm8.2 nm 7.37.3--7.7 nm7.7 nm

apoAapoA--II

apoAapoA--IIII

apoAapoA--II apoAapoA--II
apoAapoA--II

apoAapoA--IIII apoAapoA--II

apoAapoA--IIII



HDLHDL--cholesterol Concentrationcholesterol Concentration

Kontush A & Chapman J.  Pharm Rev. 2006;58:342-374

HDLHDL2b2b HDLHDL2a2a HDLHDL3a3a HDLHDL3b3b HDLHDL3c3c

HDL5HDL5 HDL4HDL4 HDL3HDL3 HDL2HDL2 HDL1HDL1

HDL-C primarily reflects cholesterol levels 
within large, cholesterol-rich particles and 

lacks sensitivity to detect small  
cholesterol-poor particles

HDL-P reflects the number of HDL particles



HDL Functionality and        HDL Functionality and        
Vascular ProtectionVascular Protection

+ Nitric Oxide+ Nitric Oxide

AntioxidantAntioxidant AntithromboticAntithrombotic

Endothelial IntegrityEndothelial Integrity

AA--II

ProPro--fibrinolyticfibrinolytic

AntiinflammatoryAntiinflammatory



Prebeta, and 
α-HDL (large 
and small)

Scavenger Scavenger 
Receptor B1Receptor B1

ABCA1

MacrophageMacrophage Reverse Cholesterol TransportReverse Cholesterol Transport
Macrophage “Foam Cell”

ATP Binding Cassette 
Transporters A1 & G1, G4

TATA
PPAR/RXRPPAR/RXR

TATA
RXR/LXRRXR/LXR

Cholesteryl 
ester

Free 
Cholesterol

CE
ABCG1, G4

Adapted from Chinetti G et al. Nature Med 2001; 7:53-58 & Lewis G Circ res 2005;96:1221-1232

Increased 
concentrations of 

cellular sterols 
cause enhanced 

expression of 
Liver X receptor-α

(LXR) causing 
apoAI-induced 

cholesterol efflux 
from 

macrophages. 

Esterification of Esterification of 
cholesterol by cholesterol by 
LCAT on apoAILCAT on apoAI

CE

Macrophage RCT does Macrophage RCT does 
not affect plasma   not affect plasma   

HDLHDL--C levelC level

Where are the HDL Where are the HDL 
particles going?particles going?



Interpreting the Interpreting the 
Lipid Profile         Lipid Profile         

and Understandingand Understanding
NCEP ATPNCEP ATP--III GoalsIII Goals



Lipoprotein & Lipid ConcentrationsLipoprotein & Lipid Concentrations

VLDLVLDL--CC
V6 V5 V4 V3 V2 V1

HDLHDL--CC
H5 H4 H3 H2 H1

IDLIDL--CC LDLLDL--CC
L3 L2     L1

ApoBApoB--lipoproteinslipoproteins ApoAIApoAI--lipoproteinslipoproteins

Total  CholesterolTotal  Cholesterol

++

Reported LDLReported LDL--CC

TC = HDLTC = HDL--C + C + LDLLDL--CC + + VLDLVLDL--CCWhat are the Lipid Surrogates of What are the Lipid Surrogates of 
apoB and apoAapoB and apoA--II

TG/5TG/5

TC TC –– (HDL(HDL--C + TG/5)C + TG/5)



Apolipoprotein B SurrogatesApolipoprotein B Surrogates

Handbook of lipoprotein Testing 2nd Ed 2000 AACC Press Washington DC

VLDL-C
HDL-C

LDL-C

ApoB lipoproteinsApoB lipoproteins ApoAApoA--I lipoproteinsI lipoproteins

LDLLDL--Cholesterol is a Cholesterol is a 
better apoB surrogatebetter apoB surrogate

TC > 200 mg/dL is TC > 200 mg/dL is 
an apoB surrogatean apoB surrogate

Total  CholesterolTotal  Cholesterol



Normalize LDLNormalize LDL--CC (depending on risk)(depending on risk)
•• 130 mg/dl in moderate risk patients (10130 mg/dl in moderate risk patients (10--20% 10 year risk)20% 10 year risk)
•• <100 mg/dl in high risk patients (>20% 10 year risk)<100 mg/dl in high risk patients (>20% 10 year risk)
•• Option for < 70 in very high risk patientsOption for < 70 in very high risk patients

National Cholesterol Education Program
Adult Treatment Panel III  NCEP-ATP III

Goals of Therapy

NNational ational CCholesterol holesterol EEducation ducation PProgramrogram
AAdult dult TTreatment reatment PPanel anel III  NCEPIII  NCEP--ATP IIIATP III

Goals of TherapyGoals of Therapy

NCEP JAMA 2001;285:2486   Final Report  Circulation 2002;106:3143-3421

LDLLDL--C is a surrogate of apoBC is a surrogate of apoB



Apolipoprotein B SurrogatesApolipoprotein B Surrogates

Handbook of lipoprotein Testing 2nd Ed 2000 AACC Press Washington DC

VLDL-C LDL-C

ApoBApoB--lipoproteinslipoproteins

HDL-C

ApoAIApoAI--lipoproteinslipoproteins

Non HDLNon HDL--CC

ApoBApoB--CholesterolCholesterol

Non HDLNon HDL--C = TC C = TC –– HDLHDL--CC



Non-HDL cholesterol is not a clinically 
accurate surrogate for apo B. The two are 

highly correlated but only moderately 
concordant. Thus, at any level of non-HDL 

cholesterol, there will be considerable 
variation in apo B levels. 

The converse is also true: at any level of 
apo B, there will be substantial variation in 

non-HDL cholesterol.

Non- HDL cholesterol is the sum of the 
cholesterol in VLDL, IDL, LDL and Lp(a). Of 
the total plasma apo B, approximately 90% 
are IDL and LDL particles with almost the 

remainder VLDL particles.

Not so for VLDL cholesterol, which can 
easily range from 10% to 25% or more of 
non-HDL cholesterol, with the result that 
there is much greater variance in VLDL 
cholesterol as a percentage of non-HDL 

cholesterol than there is of VLDL apo B as a 
percentage of total apo B.

Barter PJ et al. J Intern Med 2006;249:247-258



The apoB StoryThe apoB Story



Lipidation of Apolipoprotein BLipidation of Apolipoprotein BLipidation of Apolipoprotein B

CytosolCytosol

Endoplasmic ReticulumEndoplasmic Reticulum

Membrane
Membrane

Hepatocyte or Enterocyte

apoBapoB

+ MTP/Lipid+ MTP/Lipid

Nascent apoB interacts with Nascent apoB interacts with 
lipid free MTP and is lipid free MTP and is 

ubiquinatedubiquinated

RibosomeRibosome

mRNAmRNADegradationDegradation

MatureMature
VLDLVLDL

Whitfield AJ et al. Clin Chem 2004;50:1725-1732

apoB associates with MTPapoB associates with MTP--
Lipid complexes and forms a Lipid complexes and forms a 
VLDL precursor which after VLDL precursor which after 

lipidation with TG becomes a lipidation with TG becomes a 
mature VLDL in the Golgi mature VLDL in the Golgi 

MTP = Microsomal MTP = Microsomal 
TG Transfer ProteinTG Transfer Protein

GolgiGolgi

TriglyceridesTriglycerides

VLDL PrecursorVLDL Precursor

Endosomal free & Endosomal free & 
esterified cholesterolesterified cholesterol



VLDL LipolysisVLDL Lipolysis

LiverLiver

apoBapoBapoB

LPL

VLDL

Blood Vessel IntimaBlood Vessel Intima

apoC-IIapoCapoC--IIII

apoEapoEapoE

apoA-VapoAapoA--VV

Several transferable apolipoproteins attach to 
VLDL. They are synthesized and secreted by 
the liver and often trafficked on HDL particles

VLDLrApoA-V facilitates the binding of ApoC-II to lipoprotein lipase (LPL)

ApoE facilitates VLDL 
binding to VLDLr



VLDL LipolysisVLDL Lipolysis

LiverLiver
apoBapoBapoB

LPL

VLDL

HL

Blood Vessel IntimaBlood Vessel Intima

TG hydrolysis releases free (nonesterified) fatty acids which 
bind to albumin and are used for energy or adipogenesis

IDL

apoEapoEapoE

and Hepatic Lipase

apoEapoEapoE

apoBapoBapoB

LDL ReceptorsLDL Receptors

apoB and E are 
ligands for LDLr 

NEFANEFA NEFANEFA

LDL

apoCIIapoCIIapoCII
apoA-VapoAapoA--VV

apoA-VapoAapoA--VV

apoCIIapoCIIapoCII

Hydrolysis of TG by Lipoprotein Lipase



The apoB StoryThe apoB Story

TG/HDL Axis AbnormalitiesTG/HDL Axis Abnormalities



Lipoprotein Abnormalities        Lipoprotein Abnormalities        
in TG/HDL Axis Disordersin TG/HDL Axis Disorders

TGTG--rich rich 
VLDLVLDL

(CETP)(CETP)

Large LDLLarge LDL

Large Large 
HDLHDLTGTG

Small LDLSmall LDL
Hepatic Hepatic 
LipaseLipase(CETP)(CETP)

TGTG

CECE

CECE

TG enriched                         TG enriched                         
Cholesterol depleted particlesCholesterol depleted particles

LPLLPL

TGTG--depleted,  depleted,  
cholesterolcholesterol--rich rich 
VLDL RemnantVLDL Remnant



Framingham Offspring Study               Framingham Offspring Study               
LDLLDL--P and Metabolic SyndromeP and Metabolic Syndrome
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Kathiresan S, Otvos JD, Sullivan LM et al. Circulation. 2006;113:20-29.

High Risk

Borderline-High Risk

n=2993

Mean adjusted total LDL-P and LDL-C



HDL Particle Abnormalities       HDL Particle Abnormalities       
in TG/HDL Axis Disordersin TG/HDL Axis Disorders

TGTG--rich rich 
VLDLVLDL

(CETP)(CETP)

Large LDLLarge LDL

Small HDLSmall HDLLarge Large 
HDLHDL

TGTG

Small LDLSmall LDL
Hepatic Hepatic 
LipaseLipase

Hepatic Hepatic 
LipaseLipase

(CETP)(CETP)

TGTG

CECE

CECE

Lipoprotein   LipaseLipoprotein   Lipase

Smaller  Smaller  
cholesterolcholesterol--rich rich 
VLDL remnantsVLDL remnants

HDLHDL--CC
HDLHDL--PP



HDL Particle Abnormalities       HDL Particle Abnormalities       
in TG/HDL Axis Disordersin TG/HDL Axis Disorders

Large LDLLarge LDL Small LDLSmall LDL
Hepatic Hepatic 
LipaseLipase

Hepatic Hepatic 
LipaseLipase

TG/HDL Axis TG/HDL Axis 
disorders will lack disorders will lack 

HDL particles                   HDL particles                   
((↓↓ HDLHDL--P or apoAI)P or apoAI)

Of those HDLs that Of those HDLs that 
remain the remain the 

predominant species predominant species 
will be will be smallsmall

The The apoB or LDLapoB or LDL--PP
will be elevatedwill be elevated

HDLHDL--CC

HDLHDL--PP

Small HDLSmall HDLLarge Large 
HDLHDL

ApoBApoB



Lipoprotein Abnormalities        Lipoprotein Abnormalities        
of Type 2 Diabetesof Type 2 Diabetes

TG Rich TG Rich 
VLDLVLDL

(CETP)(CETP)

Large LDLLarge LDL

Small HDLSmall HDLLarge Large 
HDLHDL

TGTG

Small LDLSmall LDL
Hepatic Hepatic 
LipaseLipase

Hepatic Hepatic 
LipaseLipase

(CETP)(CETP)

TGTG

CECE

CECE

TGTG

HDLHDL--CC

~ LDL~ LDL--CC

ApoBApoB

ApoAIApoAI

Increased ApoB/A1 ratioIncreased ApoB/A1 ratioIncreased Non HDLIncreased Non HDL--C         C         
& TC/HDL& TC/HDL--CC



NMR Lipoprotein Particle Concentrations In 
IS, IR, and Type 2 Diabetic Subjects

NMR Lipoprotein Particle Concentrations In NMR Lipoprotein Particle Concentrations In 
IS, IR, and Type 2 Diabetic SubjectsIS, IR, and Type 2 Diabetic Subjects

Garvey et al. Diabetes 2003;52(2):453-462
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Framingham Offspring Study               Framingham Offspring Study               
LDLLDL--P and Metabolic SyndromeP and Metabolic Syndrome

Kathiresan S, Otvos JD, Sullivan LM et al. Circulation. 2006;113:20-29.

1000

1200

1400

1600

1800

2000
LD

L-
P 

(n
m

ol
/L

)

LD
L-

c 
(m

g/
dL

)

20 40 60 80 100
100

120

160

180

HDL-C (mg/dL)

n=2993

140

Mean adjusted total LDL-P and LDL-C

High Risk

Borderline-High Risk



What is the NCEP ATP III  What is the NCEP ATP III  goal for TG therapy,goal for TG therapy,
if baseline TG is 200if baseline TG is 200--500 mg/dL?500 mg/dL?

NNational ational CCholesterol holesterol EEducation ducation PProgramrogram
AAdult dult TTreatment reatment PPanel anel III  NCEPIII  NCEP--ATP III                 ATP III                 

Treatment of TriglyceridesTreatment of Triglycerides

NCEP JAMA 2001;285:2486   Final Report  Circulation 2002;106:3143-3421

Elevated TG is simply a Elevated TG is simply a 
surrogate of apoB or LDLsurrogate of apoB or LDL--PP



What is the NCEP ATP III  What is the NCEP ATP III  goal for TG therapy,goal for TG therapy,
if baseline TG is 200if baseline TG is 200--500 mg/dL?500 mg/dL?

Normalize LDLNormalize LDL--CC

Normalize the          Normalize the          
non HDLnon HDL--C valueC value

NNational ational CCholesterol holesterol EEducation ducation PProgramrogram
AAdult dult TTreatment reatment PPanel anel III  NCEPIII  NCEP--ATP III                 ATP III                 

Treatment of TriglyceridesTreatment of Triglycerides

1)1)

2)2) ↓↓ ApoBApoB

NCEP JAMA 2001;285:2486   Final Report  Circulation 2002;106:3143-3421



The The LipoScienceLipoScience
StoryStory

ParticlesParticles



1300 - 15991654 Over 2000Under 1300under 1000 1600 - 2000

LDL Particle Numbers

LDL-P                   
(LDL  Particle Number)

nmol/L Optimal
Near or above 

optimal
Borderline 

High High Very High

Patient 
Goals:

High Risk Patients:

- primary goal: LDL-P < 1000 nmol/L 

- secondary goal: small LDL particle         
number < 850 nmol/L

Moderately High Risk Patients:

- primary goal: LDL-P < 1300 nmol/L 

- secondary goal: small LDL particle         
number < 850 nmol/L

Small LDL-P 1354
nmol/L

1300 - 1599Under 1300under 1000 1600 - 2000

Low Moderate Borderline 
High High

Metabolic Syndrome Markers These markers increase the risk of developing Type 2 diabetes mellitus

LDL particle size 19.1 23.0 – 20.6 20.5 – 18.0

Large (Pattern) A Small (Pattern) A

Large HDL-P 3.1 < 4.04.0-9> 9.0

Low Risk Intermediate High Risk

Large VLDL-P 6.1 > 5.00.5 – 5.0> 0.5

Low Risk Intermediate High Risk

Small LDL 
size                

(≤ 20.5 nm)

Low            
Large HDL-P   
(< 4.0 umol/L)

High         
Large VLDL-P   
(> 5.0 nmol/L)



75%

50%

25%

75%

50%

25%

Large Large 
VLDLVLDL

Medium Medium 
VLDLVLDL

Small Small 
VLDLVLDL

Small Small 
LDLLDL

Large Large 
HDLHDL

Medium Medium 
HDLHDL

Small Small 
HDLHDL

VLDL SubclassesVLDL Subclasses LDL SubclassesLDL Subclasses HDL SubclassesHDL Subclasses
Low values are Desirable 
(especially large VLDL)

Low Values are Desirable 
(especially small LDL)

High Values are Desirable 
(especially large HDL)

The concentration of small LDL particles (in nmol/L) is given in parentheses above the percentile bar. The suggested 
treatment goal for the high-risk and moderately high-risk patients is < 850 nmol/L (<50th percentile)

SUBCLASS LEVELS

GG
OO
AA
LL

13201320

IDLIDL Large Large 
LDLLDL

(23.9)

(3.1)(3.1)
(0.9)(0.9)

(1)(1)

(300)(300)

(6.1)(6.1)

(64.8)(64.8)

(37.2)(37.2)

LP subclass particle numbers are given in parentheses above each bar. The height of the bar is the percentile 
indicating if the value is “high” or “low” based on a reference population consisting of >6900 subjects enrolled in the 

Multi-Ethnic Study of Atherosclerosis (MESA)



Large Large 
LDLLDL

IDLIDL

75%

50%

25%

75%

50%

25%

Small Small 
LDLLDL

Large Large 
HDLHDL

Medium Medium 
HDLHDL

Small Small 
HDLHDL

VLDL SubclassesVLDL Subclasses LDL SubclassesLDL Subclasses HDL SubclassesHDL Subclasses
Low values are Desirable 
(especially large VLDL)

Low Values are Desirable 
(especially small LDL)

High Values are Desirable 
(especially large HDL)

SUBCLASS LEVELS

GG
OO
AA
LL

(1320)(1320)

Large Large 
VLDLVLDL

Medium Medium 
VLDLVLDL

Small Small 
VLDLVLDL

850850

(23.9)

(3.1)(3.1)
(0.9)(0.9)

(1)(1)

(300)(300)

(6.1)(6.1)

(64.8)(64.8)

(37.2)(37.2)

The concentration of small LDL particles (in nmol/L) is given in
parentheses above the percentile bar. The suggested treatment 

goal for the high-risk and moderately high-risk patients is                   
< 850 nmol/L (<50th percentile)
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VLDLVLDL



Very Low Density Lipoprotein (VLDL)Very Low Density Lipoprotein (VLDL)

The primary TG The primary TG 
transporting lipoproteintransporting lipoprotein
Size, depending on TG Size, depending on TG 
content varies from 350 content varies from 350 ÅÅ
((35 nm) to 700 35 nm) to 700 ÅÅ (70 nm)(70 nm)
Normal particle Normal particle 
composition is 80% TG composition is 80% TG 
and 20% cholesterol and 20% cholesterol 
(or a 5 to 1 ratio)(or a 5 to 1 ratio)
VLDLVLDL--C ~ TG/5C ~ TG/5



VLDL Size or SubclassVLDL Size or Subclass

www.liposcience.com

V6 V5 V4 V3 V2 V1

Nuclear Magnetic Resonance SpectroscopyNuclear Magnetic Resonance Spectroscopy
6 particles:  (V6, V5 largest 6 particles:  (V6, V5 largest ------------ V1 smallest)V1 smallest)
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Large VLDL subclass particles in nanomoles per literLarge VLDL subclass particles in nanomoles per liter

Low RiskLow Risk IntermediateIntermediate High RiskHigh Risk
< 0.5 0.5 – 5.0 > 5.0

Large VLDL-P                                  
(Large VLDL Particle Number)

Large VLDLLarge VLDL--P                                  P                                  
(Large VLDL Particle Number)(Large VLDL Particle Number)

< 25< 25thth PercentilePercentile > 75> 75thth PercentilePercentile



Using the NMR LipoProfileUsing the NMR LipoProfile

75%

50%50%

25%25%

(V5+V6)(V5+V6) (V3+V4)(V3+V4) (V1+V2)(V1+V2)

Large Large 
VLDLVLDL

Medium Medium 
VLDLVLDL

Small Small 
VLDLVLDL

VLDL SubclassesVLDL Subclasses
nmol/L

LP subclass particle concentrations re given in parentheses abovLP subclass particle concentrations re given in parentheses above each bar. The height of the e each bar. The height of the 
bar is the percentile indicating if the value is bar is the percentile indicating if the value is ““highhigh”” or or ““lowlow”” based on a reference population based on a reference population 

consisting of  >6900 subjects in Multiconsisting of  >6900 subjects in Multi--Ethnic Study of Atherosclerosis (MESA)Ethnic Study of Atherosclerosis (MESA)

Low values are 
Desirable

(6.1)(6.1)
(64.8)(64.8)

(37.2)(37.2) High High 
LowLow



Rheological Abnormalities       Rheological Abnormalities       
in TG/HDL Axis Disordersin TG/HDL Axis Disorders

TGTG--rich rich 
VLDLVLDL

Triglyceride          Triglyceride          Cholesteryl esterCholesteryl ester

apoBapoB

TGTG ApoBApoB

Increased hepatic production 
of large TG-rich VLDL particles 
is also associated with
• Increased blood viscosity
• Decreased arterial flow-mediated 

dilation (endothelial dysfunction)
• Increased hypercoagulability

apoCIIapoCII

apoEapoE



Postprandial Triglyceride Levels         Postprandial Triglyceride Levels          
in Subjects With and Without Coronary Artery Diseasein Subjects With and Without Coronary Artery Disease

Patsch JR et al. Arterioscler Thromb. 1992;12:1336-1345.
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Using NMR LipoProfileUsing NMR LipoProfile

LDLLDL Particle Particle 
Numbers   Numbers   

LDLLDL--PP <1000 1000 -
1299

Optimal Near or 
above 

optimal

1300-
1599 >2000

Borderline Borderline 
High          High          
RiskRisk

Very High Very High 
RiskRisk

High High 
RiskRisk

CHD Risk CategoriesCHD Risk Categories

www.liposcience.com

1600 -
2000

nmol/Lnmol/L

Risk categories for LDL particles correspond to Risk categories for LDL particles correspond to 
NCEP risk categories for LDLNCEP risk categories for LDL--C                     C                     

(20(20thth, 50, 50thth, 80, 80thth, & 95, & 95thth percentile cut points)percentile cut points)

20th20th 50th50th 80th80th 95th95th
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The total number of small LDL particles in nanomoles The total number of small LDL particles in nanomoles 
per liter is a significant source of CHD risk in many per liter is a significant source of CHD risk in many 
metabolic syndrome and diabetic patientsmetabolic syndrome and diabetic patients
•• The treatment goal for small LDLThe treatment goal for small LDL--P is < 850 nmol/L                    P is < 850 nmol/L                    

(50(50thth percentile)percentile)

LowLow ModerateModerate Borderline Borderline 
HighHigh

Very HighVery High
Under 600 600-850 850-1200 > 1200

Small LDL-P (Small LDL Particle Number)Small LDLSmall LDL--P (Small LDL Particle Number)P (Small LDL Particle Number)



Quantitating LDL ParticlesQuantitating LDL Particles

www.lipoprofile.com

The total number of LDL particles in nanomoles per liter The total number of LDL particles in nanomoles per liter 
•• 1 nmol/L = 6 X 101 nmol/L = 6 X 1014 14 particles/L. particles/L. 
•• 600,000,000,000,000 (six hundred trillion)600,000,000,000,000 (six hundred trillion)
•• Thus with an ideal LDLThus with an ideal LDL--P of 1000 nmol/L there would beP of 1000 nmol/L there would be

•• 600,000,000,000,000,000  (six hundred quadrillion) per liter600,000,000,000,000,000  (six hundred quadrillion) per liter
•• In 5 liters of plasma there would be In 5 liters of plasma there would be 

•• 3,000,000,000,000,000,000 (3 quintillion LDL particles)3,000,000,000,000,000,000 (3 quintillion LDL particles)

OptimalOptimal Near Near 
OptimalOptimal

Borderline Borderline 
HighHigh

HighHigh Very Very 
HighHigh

Under 1000 1000-1299 1300-1599 1600-2000 > 2000

LDL-P (LDL Particle Number)LDLLDL--P (LDL Particle Number)P (LDL Particle Number)



1300 - 15991654 Over 2000Under 1300under 1000 1600 - 2000

LDL Particle Numbers

LDL-P                   
(LDL  Particle Number)

nmol/L Optimal
Near or above 

optimal
Borderline 

High High Very High

Patient 
Goals:

High Risk Patients:

- primary goal: LDL-P < 1000 nmol/L 

- secondary goal: small LDL particle         
number < 850 nmol/L

Moderately High Risk Patients:

- primary goal: LDL-P < 1300 nmol/L 

- secondary goal: small LDL particle         
number < 850 nmol/L

Small LDL-P 1354
nmol/L

850-1200600-849< 600 > 1200

Low Moderate Borderline 
High High

LDL Particle Subclass LDL Particle Subclass (NMR*)(NMR*)

www.lipoprofile.com
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75%

50%

25%

Large Large 
LDLLDL--PP

Small Small 
LDLLDL

(1354)

LDL SubclassesLDL Subclasses

Low values are Desirable

GG
OO
AA
LL

LP subclass particle concentrations re given in parentheses abovLP subclass particle concentrations re given in parentheses above each bar. The height of the e each bar. The height of the 
bar is the percentile indicating if the value is bar is the percentile indicating if the value is ““highhigh”” or or ““lowlow”” based on a reference population based on a reference population 

consisting of  >6900 subjects in Multiconsisting of  >6900 subjects in Multi--Ethnic Study of Atherosclerosis (MESA)Ethnic Study of Atherosclerosis (MESA)

(74)(74)

High High 
LowLow



LDL Particle SizeLDL Particle Size

Does size make an LDL Does size make an LDL 
particle Atherogenic?particle Atherogenic?LDL Particle SizeLDL Particle Size
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Average diameter (nm) of the patientAverage diameter (nm) of the patient’’s LDL particles.s LDL particles.
A predominance of small LDL particles is associated with A predominance of small LDL particles is associated with 
metabolic syndrome and insulin resistancemetabolic syndrome and insulin resistance

Large Large 
(Pattern A)(Pattern A)

23.0 – 20.6 20.5 – 18.0

LDL Particle SizeLDL Particle SizeLDL Particle Size

www.lipoprofile.com

Small Small 
(Pattern B)(Pattern B)

LDL Sizes are referenced to those measured by                LDL Sizes are referenced to those measured by                
electron microscopy and are 5 nm smaller than                 electron microscopy and are 5 nm smaller than                 

gradient gel electrophoresis estimatesgradient gel electrophoresis estimates



LDLLDL--C Often Fails to Reflect theC Often Fails to Reflect the
Number of LDL Particles (LDLNumber of LDL Particles (LDL--P)P)

LDL particles can be large or small, and the amount LDL particles can be large or small, and the amount 
of cholesterol and triglycerides contained within of cholesterol and triglycerides contained within 
these particles varies widely.these particles varies widely.

Otvos JD, Jayarajah E, Cromwell, WC. AJC 2002;90(8A):22i-29i

LDLLDL--C = whatever (mg/dL)C = whatever (mg/dL)

== == == ==
LDLLDL--P = XP = X LDLLDL--P = 2XP = 2X LDLLDL--P = 3XP = 3X LDLLDL--P = 6XP = 6X LDLLDL--P = 12XP = 12X

LDLLDL--P in nmol/LP in nmol/L

It takes 40It takes 40--70% more of smaller LDL particles 70% more of smaller LDL particles 
compared to large to carry X amount of cholesterolcompared to large to carry X amount of cholesterol
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700                1000              1300              1600   (nmol/L)

43%
(n=377)

30%
(n=260)

9%
(n=76)

2%
(n=15)

Percent
of

Subjects

16%
(n=147)

0
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10

15

20
24%

(n=364)

Percent
of

Subjects

1%
(n=19)

5th 20th 50th 80th percentile

LDL-C
71-99 mg/dL

(n=1,484)

700                1000              1300              1600   (nmol/L)

43%
(n=631)

21%
(n=307)

11%
(n=163)

LDL-C
< 70 mg/dL

(n=871)

LDL Particle Number Distribution  in T2DM SubjectsLDL Particle Number Distribution  in T2DM Subjects

41%

32%

AHA Scientific Sessions, 2005



Previous studies have shown that individuals with Previous studies have shown that individuals with 
predominantly small LDL particles (pattern B) have predominantly small LDL particles (pattern B) have 
greater cardiovascular risk than those with greater cardiovascular risk than those with 
predominantly large LDL (pattern A). predominantly large LDL (pattern A). 
However, these studies examined only the However, these studies examined only the 
distribution of LDL subclasses or LDL size phenotype distribution of LDL subclasses or LDL size phenotype 
(large or small) rather than particle concentrations of (large or small) rather than particle concentrations of 
LDL subclasses. LDL subclasses. 
Thus, they did not adequately control for the inverse Thus, they did not adequately control for the inverse 
correlation between small and large LDL particle correlation between small and large LDL particle 
concentrations (LDLconcentrations (LDL--p) and potential confounding p) and potential confounding 
due to their differing associations with other due to their differing associations with other 
lipoproteins, lipids, and traditional cardiovascular risk lipoproteins, lipids, and traditional cardiovascular risk 
factorsfactors

MMultiulti--EEthnic thnic SStudy of tudy of AAtherosclerosis therosclerosis 
((MESAMESA))

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



Contrary to current opinion, Contrary to current opinion, both small and both small and 
large LDLlarge LDL were significantly associated with were significantly associated with 
subclinical atherosclerosis independent of subclinical atherosclerosis independent of 
each other, traditional lipids, and established each other, traditional lipids, and established 
risk factors, with risk factors, with no association between no association between 
LDL size and atherosclerosisLDL size and atherosclerosis after after 
accounting for the concentrations of the two accounting for the concentrations of the two 
subclasses.subclasses.

MMultiulti--EEthnic thnic SStudy of tudy of AAtherosclerosis therosclerosis 
((MESAMESA))

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;



MMultiulti--EEthnic thnic SStudy of tudy of AAtherosclerosis (therosclerosis (MESAMESA) ) 

700

800

900

1000

1100

1200

1300

IM
T 

(u
m

)

<400 400-799 800-1199 ≥1200

Large LDL-P (nmol/L)

Small LDL-P (nmol/L)

<250 250-499 500-749 750+

10 167 368 168 116 862 700 95 365 880 325 24 771 465 63 9N:

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;

Mean IMT (Mean IMT (yy--axis) for increasing axis) for increasing 
levels of large LDL particle levels of large LDL particle 

concentrationconcentration

(LDL(LDL--p) are shown across p) are shown across 
increasing levels of small LDLincreasing levels of small LDL--p. p. 

Increasing concentrations of Increasing concentrations of 
large LDL were positively large LDL were positively 

associated with carotid IMT associated with carotid IMT 
within any category of        within any category of        

small LDLsmall LDL--pp



MMultiulti--EEthnic thnic SStudy of tudy of AAtherosclerosis (therosclerosis (MESAMESA) ) 

Mora S, Szklo S, Otvos JD et al. Atherosclerosis 2006;

1040

IM
T 

(u
m

)

Q1

990

940
Adjusted for age and sex Adjusted for age, sex 

and small LDL-P

Q2 Q3 Q4 Q5

Large LDL-P Quintiles

Ptrend = 0.94

Ptrend < 0.001

When adjusted for When adjusted for 
age & sex but not age & sex but not 
small LDLsmall LDL--P, there P, there 
was no association was no association 

between large   between large   
LDLLDL--P and IMTP and IMT

After adjusting for After adjusting for 
small LDLsmall LDL--P there P there 

was significant was significant 
association association 

between large   between large   
LDLLDL--P & IMTP & IMT



LDL Receptor & LDL ParticlesLDL Receptor & LDL ParticlesLDL Receptor & LDL Particles
LDL Particle EndocytosisLDL Particle Endocytosis

LDL Receptors (LDL Receptors (LDLrLDLr))

Smaller LDL Smaller LDL 
particle particle 

(Pattern B)(Pattern B)

Very Large Very Large 
LDL particle LDL particle 
(Pattern A)(Pattern A)

Normal sized Normal sized 
LDL particle LDL particle 
(Pattern A) (Pattern A) 

LDL receptors and the LDL receptors and the 
apoB on LDL particles apoB on LDL particles 

bind if their surface bind if their surface 
charges align properlycharges align properly

ApoB conformation ApoB conformation 
changes on smaller or changes on smaller or 

larger LDL particles larger LDL particles 
making those particle making those particle 
less amenable to less amenable to LDLrLDLr

bindingbinding

Familial HypercholesterolemiaFamilial Hypercholesterolemia

Insulin Resistance; MS T2DMInsulin Resistance; MS T2DM
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75%

50%

25%

IDLIDL

IDLIDL
nmol/L Low values are Desirable

(1)(1)

LP subclass particle concentrations re given in parentheses abovLP subclass particle concentrations re given in parentheses above each bar. The height of the e each bar. The height of the 
bar is the percentile indicating if the value is bar is the percentile indicating if the value is ““highhigh”” or or ““lowlow”” based on a reference population based on a reference population 

consisting of  >6900 subjects in Multiconsisting of  >6900 subjects in Multi--Ethnic Study of Atherosclerosis (MESA)Ethnic Study of Atherosclerosis (MESA)

High High 
LowLow

If present in increased 
numbers IDL particles are 
very atherogenic particles

Very high IDL is typical of 
Fredrickson’s Type III 

Hyperlipidemia



Type III DyslipoproteinemiaType III DyslipoproteinemiaType III Dyslipoproteinemia

Bile DuctuleBile DuctuleBile Ductule

Hepatic Sinusoid
Hepatocyte

ABCG4ABCG4 ABCG5/8ABCG5/8 ABCB11ABCB11

LRPLRPHepatic Hepatic 
lipid poollipid pool

VLDL
IDL

LDLrLDLr

apoEapoEapoE

apoEapoEapoE
apoEapoEapoE

IDL & VLDL remnants 
are enriched with apoE

With defective apoE there is impaired hepatic With defective apoE there is impaired hepatic 
clearance of apoE enriched lipoproteinsclearance of apoE enriched lipoproteins

VLDL remnant
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75%

50%

25%

IDLIDL

IDLIDL
nmol/L Low values are Desirable

(1)(1)

LP subclass particle concentrations re given in parentheses abovLP subclass particle concentrations re given in parentheses above each bar. The height of the e each bar. The height of the 
bar is the percentile indicating if the value is bar is the percentile indicating if the value is ““highhigh”” or or ““lowlow”” based on a reference population based on a reference population 

consisting of  >6900 subjects in Multiconsisting of  >6900 subjects in Multi--Ethnic Study of Atherosclerosis (MESA)Ethnic Study of Atherosclerosis (MESA)

High High 
LowLow

If present in increased 
numbers IDL particles are 
very atherogenic particles

(0)(0)

nmol/L

Very high IDL is typical of 
Fredrickson’s Type III 

Hyperlipidemia

Is it possible to have an IDL of zero?Is it possible to have an IDL of zero?

Yes: they have very short half lives and are Yes: they have very short half lives and are 
postpost--prandial lipoproteinsprandial lipoproteins



The HDL Particle The HDL Particle 
StoryStory
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Large HDL subclass particles in micromoles per literLarge HDL subclass particles in micromoles per liter
•• 1 1 umolumol/L = 6 X 10/L = 6 X 101717 particles/Lparticles/L
•• 600,000,000,000,000,000 (600 quadrillion)600,000,000,000,000,000 (600 quadrillion)

Large HDL-P                                   
(Large HDL Particle Number)

Large HDLLarge HDL--P                                   P                                   
(Large HDL Particle Number)(Large HDL Particle Number)

< 4.0

Low RiskLow Risk IntermediateIntermediate High RiskHigh Risk
>9.0 9.0 – 4.0

> 75> 75thth PercentilePercentile < 25< 25thth PercentilePercentile

Drug Naive patientsDrug Naive patients
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Large Large 
HDLHDL--PP

> 9

Low Risk

4.0-9 < 4.0< 4.0
High RiskHigh RiskIntermediateIntermediate

CHD Risk CategoriesCHD Risk Categories

umolumol/L/L

In In drug naive patientsdrug naive patients, large HDL is                  , large HDL is                   
associated with less riskassociated with less risk

Levels < 4.0 Levels < 4.0 umolumol/L (30/L (30thth percentile) indicate higher percentile) indicate higher 
risk and > 9 risk and > 9 umolumol/L (75/L (75thth percentile) lower riskpercentile) lower risk

www.liposcience.com
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75%

50%

25%

Large Large 
HDLHDL

IntermedIntermed
HDLHDL

Small Small 
HDLHDL

(H4+H5)(H4+H5) (H1+H2)(H1+H2)(H3)(H3)

HDL SubclassesHDL Subclasses
High values of all HDL 
particles are desirable

umol/L (23.9)

(3.1)(3.1)

(0.9)(0.9)

LP subclass particle concentrations re given in parentheses abovLP subclass particle concentrations re given in parentheses above each bar. The height of the e each bar. The height of the 
bar is the percentile indicating if the value is bar is the percentile indicating if the value is ““highhigh”” or or ““lowlow”” based on a reference population based on a reference population 

consisting of  >6900 subjects in Multiconsisting of  >6900 subjects in Multi--Ethnic Study of Atherosclerosis (MESA)Ethnic Study of Atherosclerosis (MESA)

High High 
LowLow



Low HDLLow HDL--C: is defined asC: is defined as <40 mg/dL<40 mg/dL

NNational ational CCholesterol holesterol EEducation ducation PProgramrogram
AAdult dult TTreatment reatment PPanel anel III  NCEPIII  NCEP--ATP III                 ATP III                 

Treatment of Low HDLTreatment of Low HDL--CC

No specific goal defined for raising HDLNo specific goal defined for raising HDL--CC

Targets of therapy:Targets of therapy:

•• Normalize LDLNormalize LDL--C in allC in all

•• ThoseThose with TG 200with TG 200––499 mg/dL499 mg/dL: : 
achieve  achieve  nonnon––HDLHDL--C goalC goal as as 
secondary prioritysecondary priority

JAMA 2001;285 :2331-2338

↓↓ ApoBApoB



Drug Effect on HDLDrug Effect on HDL--C vs HDLC vs HDL--PP

HDLHDL--P = XP = X

HDLHDL--C = YC = Y
HDLHDL--P = XP = X

HDLHDL--C > YC > Y↑↑ Biliary CholesterolBiliary Cholesterol

Patient on FenofibratePatient on Fenofibrate Patient on NiacinPatient on Niacin

Predominance of Predominance of 
small particlessmall particles Predominance of Predominance of 

large particleslarge particles



VVeterans eterans AAffairs ffairs HHDL DL IIntervention ntervention TTrial (rial (VAVA--HITHIT))
Explaining theExplaining the Beneficial Effect of GemfibrozilBeneficial Effect of Gemfibrozil

VariableVariable Baseline (SD)Baseline (SD) ChangeChange P *  P *  

+10%+10% <0.001<0.001

-15% 0.71

+21% <0.001

-0.1 nm 0.68

μLarge HDL, mol/L

Small HDL, μmol/L

Ave. HDL size, nm

25.1 (4.6)25.1 (4.6)

2.7 (1.7)

20.4 (5.2)

8.5 (0.3)

μHDL Particles, HDL Particles, mol/Lmol/L

Otvos J et al Circulation 2006:113 on line



SummarySummary

ParticlesParticles



Lipoprotein AnalysisLipoprotein Analysis
NMR   

LIPOPROFILE ®

Treatment of at-risk patients is improved by 
directing therapy to reduce overall numbers of LDL particles, the 
primary causal agents of atherosclerosis. 

LipoProfile Panel: reports key lipoprotein risk factors not supplied in a 
lipid panel. Highlighted boxes indicate which CHD risk categories 
apply to the patient, guided by recommendations of the National 
Cholesterol Education Program (NCEP) and recent research results.

The NMR LipoProfile technology directly measures the lipoprotein
particles responsible for coronary heart disease (CHD). The NMR 
LipoProfile test enhances clinical management of CHD risk by 
identifying patients whose true risk is higher or lower than assessed 
by cholesterol testing. 
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500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200   
LDLLDL--PP LDLLDL--PP

Goal for High 
Risk Patients

Goal for High 
Risk Patients

Goal for Moderately 
High Risk Patients

20th20th 50th50th 80th80th Population Cut Points (MESA Trial)Population Cut Points (MESA Trial)

50    60    70 80   90  100 110   120   130 140   150   160 170   180   190   200   210   220
20th20th 50th50th 80th80th Population Cut Points (NCEP ATP III)Population Cut Points (NCEP ATP III)

LDLLDL--CC LDLLDL--CC

Optional Goal 
for Very High 
Risk Patients National Cholesterol Education Program

Adult Treatment Panel III  NCEP-ATP III
Goals of Therapy

NNational ational CCholesterol holesterol EEducation ducation PProgramrogram
AAdult dult TTreatment reatment PPanel anel III  NCEPIII  NCEP--ATP IIIATP III

Goals of TherapyGoals of Therapy

LDLLDL--C is used as a surrogate of apoB or LDLC is used as a surrogate of apoB or LDL--PP

Goal for High 
Risk Patients
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