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Fractionation of lipid subclasses has been used to gain additional insight for management of cardiovascular disease (CVD)  
in at-risk patients for over 15 years.

LDL and HDL subclasses have strong scienti�c literature support,1–12 with a legacy of NIH-funded studies that show lipid 
subclasses are predictive of short- and long-term CVD risk, atherosclerotic progression, and multiple intervention events.

The insights provided by the lipid subclasses allow for a customized approach to CVD risk management that may ultimately  
lead to improved patient outcomes.

Since initial analytical ultracentrifuge characterization of lipoprotein subclasses by Dr. John Gofman at University of  
California, Berkeley,1 a number of lipid fractionation methods have been developed, including density-gradient  
ultracentrifugation, particle analysis by spectrum, and gel, gradient gel, and 2-D gel electrophoresis.

While these various technologies each had unique strengths, they all represented some degree of compromise between 
capturing all lipoprotein types, separating the lipid subclasses with high resolution, and delivering direct quanti�cation of  
the amount of particles within each lipid subclass.

What is the total LDL particle number? Does it indicate residual risk? 

• Follow to assess statin e�cacy
• Follow progressive lowering of particle number to monitor progress toward goal 
• Follow size movement toward larger Pattern A peak

What is the quantitative amount of Large HDL subclass within respective risk category? 
• Consider HDL-raising strategy 
• Follow progressive increase of particle concentration to: 

 

a) Assess patient response to therapy and optimize as needed, and 

 

b) Assess patient response toward goal

What are the quantitative amounts for Small and Medium LDL 
 subclasses, and where do they fall within respective risk category? 

• Consider degree of risk when formulating aggressiveness of therapy
• Follow progressive lowering of particle concentration to: 

 

a) Gauge patient response to therapy and optimize as needed, and 

 

b) Track progress toward goal

Figure 3.  LDL Phenotype versus CVD Risk

 

By taking into consideration a more powerful risk assessment based on total LDL particles and key lipid subclasses, healthcare
practitioners can identify residual risk not revealed by the Lipid Panel or the Lipoprotein Phenotype Pattern B (see Figure 3).  
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Cardio IQTM Ion Mobility is the latest technology evolution, with a pedigree reaching
back to the �rst lipoprotein characterization work at University of California, Berkeley
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Figure 1.  Cardio IQ Ion Mobility separation of lipoprotein

Ionized lipoproteins migrate across a laminar gas-phase flow  based on size and
electrical field. Only a single size of lipoprotein will exit the �eld and be isolated 
(blue line) at any point during  the voltage gradient; larger and smaller 
lipoproteins (dotted black  lines) are not collected. As the voltage ramps
across the gradient, all of the lipoproteins are captured.  
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Cardio IQ™ Ion Mobility

  

Cardio IQ Ion Mobility fractionation is the latest technological 
evolution in advanced lipid subclass measurement.

 

It combines high resolution separation of the full spectrum 
of lipoprotein particles, along with direct quanti�cation of 
particles in each lipid subclass fraction.

Cardio IQ Ion Mobility separation allows lipoprotein particles 
to be characterized without any modi�cation of the particles 
that could potentially impact their apparent size. Ionized 
lipoprotein particles are electrophoretically separated in a 
gas phase, distinguishing lipoprotein particles on the basis of 
size (see Figure 1). Size-selected particles are detected and 
counted by light scattering.

Cardio IQ Ion Mobility provides:

•   Direct, accurate, and reproducible 
measurement of lipoprotein particles

•   Insights that allow customization of therapy  
for potential improvement in patient outcomes

 

Cardio IQ Ion Mobility represents the future of advanced lipid analysis 
in clinical practice. By moving beyond the past compromises of other
advanced lipid subclass measurements, this toll provides physicians 
with increased insights to better manage treatment decisions for their
patients.

Cardio IQ Ion Mobility is strongly supported by literature and experts 
in the �eld3-12 as the leading method for lipoprotein size assessment. 
It is being proposed as the new standard in the field. Dr. Ron Krauss, 
developer of segmented gradient gel technology,  developed 
Cardio IQ Ion Mobility as the next generation in lipid subclass 
separation. 

Clinical Utility 
The presence of small LDL subclasses has long been associated with increased CVD risk and progression of atherosclerotic 
disease. Early observations from analytical ultracentrifugation and gradient gel electrophoresis regarding the association  
of lipoprotein subclasses with risk led to the definition of an “atherogenic lipoprotein phenotype” (ALP).2

ALP is characterized by a predominance of small LDL particles and associated with elevations of triglycerides and reductions  
in HDL cholesterol and large HDL particles. Further, the particle diameter of the major LDL peak could be used in the majority  
of individuals to discriminate carriers of this higher-risk phenotype (referred to as small LDL diameter predominate, or  
pattern B) from noncarriers (larger LDL diameter, or pattern A). 

The Malmö Diet and Cancer Study3  indicates that Ion Mobility-determined subclasses have been associated with increased 
CVD risk. An analysis of 4,594 initially healthy men and women (mean follow-up 12.2 years, 377 incident cardiovascular 
events, with 206 being coronary events) showed an increase in the number of LDL particles, Small and Medium LDL 
subclasses from Cardio IQ™ Ion Mobility, along with elevated triglycerides, to be positively associated with increased event 
risk. This same study revealed Large HDL subclass levels to be inversely associated with event risk, thus supporting the 
cardioprotective aspect of high HDL-C. This finding is consistent with previous literature defining ALP.

Treatment via pharmaceutical options such
as statins, niacin, or �brates, as well as lifestyle
changes, has been impactful in correcting ALP,
i.e., reducing LDL particle numbers, changing the
distribution of LDL particles from atherogenic
small LDL to larger LDL particles, and shifting
small HDL particles to large HDL particles
associated with cardio-protective mechanisms
(see Figure 2). The high-resolution subclass
separation provided by Cardio IQ Ion Mobility
allows healthcare practitioners to follow the
change in the lipid pro�le as the patient responds
to therapy. This provides the opportunity to
evaluate treatment e�cacy and optimize the
aggressiveness of therapy in a manner that is
personalized to the patient.

 

Figure 2.  Key clinical management subclasses and treatment strategy

Cardio IQ™ Ion Mobility Advantages



Cardio IQTM Ion Mobility is the latest technology evolution, with a pedigree reaching
back to the �rst lipoprotein characterization work at University of California, Berkeley

Analytical 
Ultracentrifuge 
John Gofman 
UC-Berkeley 
1949

Gradient Gel 
Electrophoresis
Ron Krauss  
UC-Berkeley,
Lawrence Berkeley
National Lab
1982

Segmented 
Gradient Gel 
Electrophoresis 
1997

Ion Mobility VI
Ron Krauss & 
Henry Benner
UC-Berkeley,
Lawrence 
Berkeley
National Lab
2001

Ion Mobility V2
Ron Krauss & 
Henry Benner
Nichols Institute
2009

Ion Mobility V3
Ron Krauss & 
Henry Benner
Nichols Institute
2013

Density-gradient 
Ultracentrifugation 
VI
1994

Density-gradient 
Ultracentrifugation 
V2
 1997

2-D Gel 
Electrophoresis
(Limited to HDL)
2007

Nuclear Magnetic 
Resonance
 1992

1949 2013

Continual Advancement

VLDL

Ionized 
Lipoproteins 

Enter 

Size-Selected 
Lipoproteins 

Exit

Electric Field 
Formed by 

Exponential 
Voltage Gradient

Gas-Phase 
Laminar Flow

Detector

Figure 1.  Cardio IQ Ion Mobility separation of lipoprotein

Ionized lipoproteins migrate across a laminar gas-phase flow  based on size and
electrical field. Only a single size of lipoprotein will exit the �eld and be isolated 
(blue line) at any point during  the voltage gradient; larger and smaller 
lipoproteins (dotted black  lines) are not collected. As the voltage ramps
across the gradient, all of the lipoproteins are captured.  

The Latest Technology:
Cardio IQ™ Ion Mobility

  

Cardio IQ Ion Mobility fractionation is the latest technological 
evolution in advanced lipid subclass measurement.

 

It combines high resolution separation of the full spectrum 
of lipoprotein particles, along with direct quanti�cation of 
particles in each lipid subclass fraction.

Cardio IQ Ion Mobility separation allows lipoprotein particles 
to be characterized without any modi�cation of the particles 
that could potentially impact their apparent size. Ionized 
lipoprotein particles are electrophoretically separated in a 
gas phase, distinguishing lipoprotein particles on the basis of 
size (see Figure 1). Size-selected particles are detected and 
counted by light scattering.

Cardio IQ Ion Mobility provides:

•   Direct, accurate, and reproducible 
measurement of lipoprotein particles

•   Insights that allow customization of therapy  
for potential improvement in patient outcomes

 

Cardio IQ Ion Mobility represents the future of advanced lipid analysis 
in clinical practice. By moving beyond the past compromises of other
advanced lipid subclass measurements, this toll provides physicians 
with increased insights to better manage treatment decisions for their
patients.

Cardio IQ Ion Mobility is strongly supported by literature and experts 
in the �eld3-12 as the leading method for lipoprotein size assessment. 
It is being proposed as the new standard in the field. Dr. Ron Krauss, 
developer of segmented gradient gel technology,  developed 
Cardio IQ Ion Mobility as the next generation in lipid subclass 
separation. 

Clinical Utility 
The presence of small LDL subclasses has long been associated with increased CVD risk and progression of atherosclerotic 
disease. Early observations from analytical ultracentrifugation and gradient gel electrophoresis regarding the association  
of lipoprotein subclasses with risk led to the definition of an “atherogenic lipoprotein phenotype” (ALP).2

ALP is characterized by a predominance of small LDL particles and associated with elevations of triglycerides and reductions  
in HDL cholesterol and large HDL particles. Further, the particle diameter of the major LDL peak could be used in the majority  
of individuals to discriminate carriers of this higher-risk phenotype (referred to as small LDL diameter predominate, or  
pattern B) from noncarriers (larger LDL diameter, or pattern A). 

The Malmö Diet and Cancer Study3  indicates that Ion Mobility-determined subclasses have been associated with increased 
CVD risk. An analysis of 4,594 initially healthy men and women (mean follow-up 12.2 years, 377 incident cardiovascular 
events, with 206 being coronary events) showed an increase in the number of LDL particles, Small and Medium LDL 
subclasses from Cardio IQ™ Ion Mobility, along with elevated triglycerides, to be positively associated with increased event 
risk. This same study revealed Large HDL subclass levels to be inversely associated with event risk, thus supporting the 
cardioprotective aspect of high HDL-C. This finding is consistent with previous literature defining ALP.

Treatment via pharmaceutical options such
as statins, niacin, or �brates, as well as lifestyle
changes, has been impactful in correcting ALP,
i.e., reducing LDL particle numbers, changing the
distribution of LDL particles from atherogenic
small LDL to larger LDL particles, and shifting
small HDL particles to large HDL particles
associated with cardio-protective mechanisms
(see Figure 2). The high-resolution subclass
separation provided by Cardio IQ Ion Mobility
allows healthcare practitioners to follow the
change in the lipid pro�le as the patient responds
to therapy. This provides the opportunity to
evaluate treatment e�cacy and optimize the
aggressiveness of therapy in a manner that is
personalized to the patient.

 

Figure 2.  Key clinical management subclasses and treatment strategy

Cardio IQ™ Ion Mobility Advantages



Cardio IQ™ Ion Mobility: 
The Latest Evolution in Lipoprotein Fractionation

 
 

a Quest Diagnostics service

Berkeley HeartLab

a Quest Diagnostics servic e

Berkeley HeartLab

Chylomicron

Chylomicron
Remnant

Lp(a)
LDL with apo(a)

VLDL 
Very Low
Density Lipids

IDL 
Intermediate
Density Lipids

LDL 
Low Density
Lipids

HDL 
High Density
Lipids

Evolution of 
Lipoprotein
Subfractionation 

 

Fractionation of lipid subclasses has been used to gain additional insight for management of cardiovascular disease (CVD)  
in at-risk patients for over 15 years.

LDL and HDL subclasses have strong scienti�c literature support,1–12 with a legacy of NIH-funded studies that show lipid 
subclasses are predictive of short- and long-term CVD risk, atherosclerotic progression, and multiple intervention events.

The insights provided by the lipid subclasses allow for a customized approach to CVD risk management that may ultimately  
lead to improved patient outcomes.

Since initial analytical ultracentrifuge characterization of lipoprotein subclasses by Dr. John Gofman at University of  
California, Berkeley,1 a number of lipid fractionation methods have been developed, including density-gradient  
ultracentrifugation, particle analysis by spectrum, and gel, gradient gel, and 2-D gel electrophoresis.

While these various technologies each had unique strengths, they all represented some degree of compromise between 
capturing all lipoprotein types, separating the lipid subclasses with high resolution, and delivering direct quanti�cation of  
the amount of particles within each lipid subclass.

What is the total LDL particle number? Does it indicate residual risk? 

• Follow to assess statin e�cacy
• Follow progressive lowering of particle number to monitor progress toward goal 
• Follow size movement toward larger Pattern A peak

What is the quantitative amount of Large HDL subclass within respective risk category? 
• Consider HDL-raising strategy 
• Follow progressive increase of particle concentration to: 

 

a) Assess patient response to therapy and optimize as needed, and 

 

b) Assess patient response toward goal

What are the quantitative amounts for Small and Medium LDL 
 subclasses, and where do they fall within respective risk category? 

• Consider degree of risk when formulating aggressiveness of therapy
• Follow progressive lowering of particle concentration to: 

 

a) Gauge patient response to therapy and optimize as needed, and 

 

b) Track progress toward goal

Figure 3.  LDL Phenotype versus CVD Risk

 

By taking into consideration a more powerful risk assessment based on total LDL particles and key lipid subclasses, healthcare
practitioners can identify residual risk not revealed by the Lipid Panel or the Lipoprotein Phenotype Pattern B (see Figure 3).  

 
 

Priorities in Interpretation and Management  
of Key Clinical Indicators 

1

2

3

References
1.  Gofman JW, Young W, and Tandy R. Ischemic Heart Disease, Atherosclerosis, and Longevity. Circulation. 1966;34:679-697. 
2.  Austin MA, King MC, Vranizan KM, Krauss RM. Atherogenic Lipoprotein Phenotype. A Proposed Genetic Marker for Coronary Heart Disease Risk. Circulation. 1990;82:495-506. 
3.  Musunuru K, Orho-Melander M, Caulfield MP, et al. Ion Mobility Analysis of Lipoprotein Subfractions Identifies Three Independent Axes of Cardiovascular Risk. Arterioscler Thromb Vasc Biol. 2009;29:1975-1980. 
4.   Krauss RM. Lipoprotein Subfractions and Cardiovascular Disease Risk. Curr Opin Lipidol. 2010;21:305-311. 
5.  Caulfield MP, Li S, Lee G, et al. Direct Determination of Lipoprotein Particle Sizes and Concentrations by Ion Mobility Analysis. Clin Chem. 2008;54:1307-1316. 
6.  Musunuru K, Strong A, Frank-Kamenetsky M, et al. From Noncoding Variant to Phenotype via SORT1 at the 1p13 Cholesterol Locus. Nature. 2010;466:714-719. 
7.  Superko HR, Momary KM, Pendyala LK, Williams PT, Frohwein S, Garrett BC, Skrifvars C, Gadesam R, King III SB, Rolader S, Meyers W, Dusik D, Polite S. Firefighters, Heart Disease, and Aspects of Insulin 

Resistance. The FEMA Firefighter Heart Disease Prevention Study. J Occupational Environmental Medicine. 2011;53:758-764. 
8.  Noori N, Caulfield MP, Salameh WA, Reitz RE, Nicholas SB, Molnar MZ, Nissenson AR, Kovesdy CP, Kalantar-Zadeh K. Novel Lipoprotein Subfraction and Size Measurements in Prediction of Mortality in Hemodialysis Patients. 

Clin J Am Soc Nephel. 2011;6:2861-2870.
9.  Sonestedt E, Wirfält E, Wallström P, Gullberg B, Drake I, Hlebowicz J, Nordin Fredrikson G, Hedblad B, Nilsson J, Krauss RM, Orho-Melander M. High Disaccharide Intake Associates with Atherogenic Lipoprotein Profile. 

Br J Nutr. 2012;107:1062-1069.
10.  Krauss RM, Wojnooski K, Orr J, Geaney JC, Pinto CA, Liu Y, Wagner JA, Luk JM, Johnson-Levonas AO, Anderson MS, Dansky HM. Changes in Lipoprotein Subfraction Concentration and Comparison in Healthy Individuals Treated with 

the CETP Inhibitor A nacetrapib. J Lipid Res 2012;53:540-547.
11.
12.  Benson M, Hossain J, Caulfield MP, Damaso L, Gidding S, Mauras N. Lipoprotein Subfractions by Ion Mobility in Lean and Obese Children. J Pediatr. 2012;161:997-1003. 

TM

Cardio IQ™ Ion Mobility: A More Powerful
Approach of Lipid Subclass Characterization

Choi YJ, Roberts BK, Wang X, Geaney JC, Naim S, Wojnoonski K, Karpf DB, Krauss RM. Effects of the PPAR-g Agonist MBX-8025 on Atherogenic Dyslipidemia. Atherosclerosis. 2012;220:470-476.

SonoraQuest.com

Sonora Quest Laboratories, any associated logos, and all associated Sonora Quest Laboratories registered or unregistered trademarks are the property of Sonora Quest Laboratories.  All third party marks - ® and ™ - are the 
property of their respective owners. © 2014 Sonora Quest Laboratories. All rights reserved.  10/2014
Quest Diagnostics, any associated logos, and all associated Quest Diagnostics registered or unregistered trademarks are the property of Quest Diagnostics. All third party marks - ® and ™ - are the property of their respective 
owners. © 2014 Quest Diagnostics. All rights reserved.  10/2014  

Cardio IQ™ Lipoprotein Fractionation, Ion Mobility w/Lipids - Test # 906448
 (with Graphical Report - Test #906446)
Lipid Panel w/re�ex Cardio IQ™ Lipoprotein Fractionation, Ion Mobility - Test # 906447
 (with Graphical Report - Test #906445)
Cardio IQ™ Lipoprotein Fractionation, Ion Mobility - Test # 906363
 (with Graphical Report - Test #906444)

.

.

.

.

.

.


