- 1_‘!‘ . - o
SEE K 2
u;r’f r: Tt o> Jaﬂm‘ﬁﬂﬁh ?.\,’&a-‘:.ﬁ, N

Lipids, Cholesterol & Lipoproteins: s
Understanding CVD Risk , AR

RS
?& A

e
o ’ .. 3 I .4‘%:3- -
»

55
)\,

A

AN e ‘s‘:c Lo

Heather Nelson, PhD, DABCC

Assistant Professor (Clinical), Medical Director of Chemistry




Learning Objectives

« Explain the roles of lipids, cholesterol, and lipoproteins in
atherosclerosis and CVD development

* List and describe the three major pathways of lipoprotein
metabolism

 Discuss methods for measurement of routine lipid tests
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a Introduction to Cardiovascular Disease
a Lipids and Lipoproteins
e Laboratory Measurement of Lipids




INnfroduction to Cardiovascular Disease

* Disease of the heart or blood vessels
* Four main types:

Aortic
disease

Peripheral
arterial
disease

Coronary
heart
disease




Cardiovascular
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CVD in the United States

702,880

People died from

S L NN

202212 That's 1 In every 5 deaths.’2

Every $252.2 ==

33 seconds billion E

One American dies from Cost of heart disease
cardiovascular disease.! from 2019-2020.2

1. National Center for Health Statistics. Multiple Cause of Death 2018—2022 on CDC WONbER Database.
2. Martin SS, et al. Circulation. 2024;149:e347—-913.




CVD Risk

Factors

Alves-Silva JM, et al. Molecules. 2021;26(12):3506

Modifiable risk factors

Hypertension
Dyslipidaemia

2g N

(E Alcohol misuse

Smoking

Diabetes

Obesity

Unhealthy diet

Genetic predisposition
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Physical inactivity
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CVD Risk Assessment

Calculator:

Current Age &

Systolic Blood Pressure (mm Hg)

Total Cholesterol (mg/dL)

.......

History of Diabetes?

On Hypertension Treatment?

Sex

Diastolic Blood Pressure (mm Hg)

HDL Cholesterol (mg/dL)

Smoker? @

On a Statin? @

Do you want to refine current risk estimation using data from a previous visit? @

Race

LDL Cholesterol (mg/dL) @

On Aspirin Therapy? @

American College of Cardiology ASCVD Calculator: https://tools.acc.org/ascvd-risk-estimator-plus/#!/calculate/estimate/
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CVD Risk Score

10-year risk for ASCVD

—— L —

LOW RISK HIGH RISK




CVD Risk

Factors

Alves-Silva JM, et al. Molecules. 2021;26(12):3506

Modifiable risk factors

Hypertension
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Dyslipidaemia
Smoking

e

Diabetes
- 5
E Alcohol misuse
=
< - é
.
“ e
Obesity o
@ Unhealthy diet
_ 1N
______________________ ."
Genetic predisposition . e
P Cardiovascular djsease @
e

Physical inactivity

/ .‘t.,q.‘., PN

\ £ C -"?\.{ &

P e . YA

» ég)
\

" \ :
\
\ \
Race/Ethnicity ®
\ Psychosocial factors
\

Gender Aging \\

Nonmodifiable risk factors \

\
\

]
C

HEALTH

ARBPLABGI?ATC‘R\ES

UNIVERSITY OF UTAH



Atherosclerosis is Initiatfed by Lipids and

Propagated by Inflammation

Endothelial cells
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LDL Cholesterol (LDL-C) Health Burden

3.72 million

deaths globally were
attributed to high

LDL-C in 2021

25.5%

of US adults have high
LDL-C (=130 mg/dL)

(according to 2017-2020 data) '

© American Heart Association 2024




LDL-C: A Therapeutic Target

A modifiable risk factor

. Closely linked to atherosclerosis o High-, Moderate-, and Low-Intensity Statin Therapy
. ﬁ High-Intensity Moderate-Intensity Low-Intensity
(p | a q ue b ul | d_ u p) = LOL-C reduction =50% LDL-C reduction 30%- LOL-C reduction <30%
) with daily dosing <50% with daily dosing with daily dosing
* The prlmary targ et Of therapy Atorvastatin 40-80 mg Atorvastatin 10-20 mg Simvastatin 10 mg
. o . Rosuvastatin 20-40 mg Hpswastaltin 5-10 mg Pra\rastarlin 10-20 mg
+ Statins initial drug of choice e

Lovastatin 40 mg
Fluvastatin 80 mg XL
Fluvastatin 40 mg bid
Pitavastatin 2-4 mg

Pitavastatin 1 mg

LD-C: LD cholesteral: Xz extended-release. Sonrce: Reference 7.

AREPLABORAWS Eur Heart J, Volume 43, Issue 34, 7 September 2022, Pages 3198-3208, https://doi.org/10.1093/eurheartj/ehab841 2‘ HEALTH



Lipid-Lowering Therapies

Evolocumab
Evinocumab

Cholestryamine
Colestipol
| Colesevelam

Citrate + CoA
ACL | -

Acetyl-CoA PCSK9 mRNA
HMGCR |

Cholesterol

Vo NPCILI 2
@Chylomicron

VLDL




Lipid Lowering in Primary Prevention

<5% 5% - <7.5% >7.5% - <20% 220%
“Low Risk” “Borderline Risk"” “Intermediate Risk” “High Risk"

If risk decision is uncertain:
Consider measuring CAC in selected adults:
CAC = zero (lowers risk; consider no statin, unless diabetes, family history of
premature CHD, or cigarette smoking are present)
CAC = 1-99 favors statin (especially after age 55)
CAC = 100+ and/or 275th percentile, initiate statin therapy

Guideline for primary prevention patients without LDL-C >190 mg/dL or Diabetes https://www.ncbi.nlm.nih.gov/books/NBK305897/

AR[P oo ? HEALTH
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Lipids and Lipoproteins




Major Classes of Lipids

—— Hydrophilic
] Head

—_ —

— Hydrophobic —
Tail

e Cell membranes
« Lung surfactant

« Myelin

Phospholipids Triglycerides

« Cellmembrane
« Principal form of stability
energy storage (long * Precursor to steroid
chain fatty acids) hormones, vitamin D,
bile salts



Triglycerides

3 FA chains

i
C—CH, sn-1 positio CH,
o)
I

CH— 0—: —CH, sn-2 positio CH3/

C

(ﬂ VA AT U N 1
' \ CH—0rC—CH, sn-3 position CHBJ

Dietary and endogenous sources

Major lipid in the body and diet (35% of tissue storage fat)

-xcess metabolic fuel converted to fatty acids and stored as
triglycerides

o\

CI|-I2—O—:

Glycerol backbone E

Primary function is energy storage
» Produce 2.5x more ATP than carbohydrate
» Metabolized via B-oxidation to produce acetyl-CoA
» Enters Kreb's cycle when oxaloacetate Is present
» Produces ketones when oxaloacetate is absent (no glucose or insulin)




Cholesterol

 Dietary and endogenous sources

e Functions:
» Cell membrane stability
» Precursor of all steroid hormones and bile acids

e 2 forms ACAT or LCAT

» Free Y CH, CH,
= Active form .

» Esterified 31, CH,
= Storage or transportation form CH;§
= Long-chain fatty acid linked to ke ol Y

hydroxyl group of cholesterol AN — 1

= |ess polar and preferred for transport Cholesterol ester

ACAT = acyl-CoA:cholesterol acyltransferase; LCAT = Lecithin:cholesterol acyltransferase




Cholesterol Synthesis o,

Acetyl CoA

Acetoacetyl CoA Hz0

HMG CoA
2 NADFH
° ' HMG CoA
Synthesized from Acetyl CoA - - .
and Acetoacetyl CoA \/\ Mevalonate
SATP
* Incorporated Into bile salts, Statins 0| 3A0P
steroid hormones, vitamin D, and Isopentenyl pyrophosphate (IPP)
2IFP
cell membranes 2P,
Farnesyl pyrophosphate (FPP)
FFP NADPH
2FF, NADP+
NADFH
3 routes: NADP+ ’ squalene
1. Bile acids/salts Hz0

2. Steroid hormones
3. VitaminD

Cholesterol




Lipoproteins

Cholesterol ester

« Cholesterol and triglycerides are water Free fatty acid
insoluble Apolipopmtein> / Tarce
 Packaged into lipoproteins for N g
transport in the blood . e

* Lipoproteins composed of lipid core
surrounded by phospholipids, specific
apolipoproteins, and free cholesterol

Lipoprotein —

Cholesterol / /
« Function: Redistribute lipids between Phospholipid
organs and tissues via the

bloodstream

Hydrophobic
core

Henry’s, 23 Ed; 2017.

AR[P oo ? HEALTH



Lipoproteins

« Considerable variation in size,
composition, and function

,  Classified by density and size,

Chylomicron which are inversely related
remnants

wl
=
(o)
=
7
c
[
o

« HDL: High-density lipoprotein

Chylomicron

- .  |IDL: Intermediate-density
Pro-atherogenic lipoproteins

lipoprotein

« LDL: Low-density lipoprotein

1

40 * VLDL: Very—lovv—density
Diameter, nm lipoprotein

UUUUUUUUUUUUUUUU



Major Apoproteins

Apoprotein | Component of | Functions Site of
Production

HDL, chylo Activation of LCAT; HDL structure; Anti-atherogenic Intestine; Liver
A-l| HDL Lipase activator; Inhibits LCAT (blocks receptor binding of A-1) Intestine; Liver
B-100 LDL; VLDL; IDL  Binds to LDL receptor; structural protein Liver
B-48 Chylomicrons  Structural protein; 48% size of B-100 Intestine
C-l Chylomicrons;  Activation of LCAT Liver
VLDL; HDL
C-ll Chylomicrons;  Activates extrahepatic lipoprotein lipase in vessel walls; clearance of  Liver
VLDL; HDL TG from chylomicrons and VLDL
C-lI Chylomicrons;  Inhibits lipoprotein lipase; anti-atherogenic Liver
VLDL; HDL
E Chylomicrons;  Bind LDL receptor (high affinity) Liver
VLDL; HDL
Apo(a) Lp (a) Attached to B-100; impairs fibrinolysis; highly atherogenic Liver

. L . : : L HEALTH
Adapted from: Tietz Textbook of Clinical Chemistry and Molecular Diagnostics, 2018. Chapter 34 UNIVERSITY OF UTAW



Metabolism of Lipoprotfeins

Reverse
cholesterol
transport

Exogenous Endogenous
pathway pathway




Exogenous Lipid Metabolism

» Chylomicrons transport dietary lipids to
the periphery and liver

LPL = Lipoprotein Lipase; FFA = Free Fatty Acids; LDLR = LDL-receptor

Image: Harrison's Principles of Internal Medicine, 20e; 2018.

Dietary lipids

Bile acuds
cholesterol

LDLR
lntasUnes

ApoC’s 1 ApoE
\ ApoB -48
?
&

Chylomicron

Chylomicron
remnant

,  Capillaries 4

oy Te——

FFA

Z

Muscle Adipose




Endogenous Lipid

Y
Metabolism —_—
« VLDL and LDL transport hepatic lipids to | \ ApoB-100 1
the periphery i :

Capillaries

o T

FFA

&

Muscle Adipose

HL = Hepatic Lipase; LPL = Lipoprotein Lipase; FFA = Free Fatty Acids; LDLR = LDL-receptor

Image: Harrison's Principles of Internal Medicine, 20e; 2018.



HDL Metabolism

~ \__~-Macrophage

Free
cholesterol ——;

%‘5" /-.— LDL
 Reverse Cholesterol Transport \
| VLD LDLR
' R k J CErp ApoAl
\Q \ LCAT ! 7 _ﬂ

« HDL transports excess

4

cholesterol f.rom the periphery o / /y ,.
back to the liver intesines HDL \ Mature HDL
» Mediated by apolipoprotein A-| ' \ z
Peripheral cells Chylomicrons
— N e

LCAT = lecithin-cholesterol acyltransferase; SR-BI = scavenger receptor class Bl;
CETP = cholesteryl ester transfer protein

Image: Harrison's Principles of Internal Medicine, 20e; 2018.



Lipid Metabolistn Summary

........

Chylomicrons transport dietary
lipids

s
s
San
.
..........
------
4 ¥

VLDL transports endogenous
lipids (mainly triglycerides) « \ Ccholesterol

to cells

LDL transports cholesterol to
peripheral cells

HDL transports cholesterol from VLDL7 > ﬂ‘D % uptake via receptor

peripheral Ce”S baCk to |iver mediated endocytosis

lipoprotein lipase

chylomicrons
T TAG to cells

(from enterocytes)

Image: Biochemistry for medics
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Mechanisms of Lipid Disorders

 Disorders better described by defects in metabolic pathways

 Related to:
» Increased lipoprotein production
» Abnormal processing
» Defective cellular uptake
» Decreased production or increased catabolism




Primary vs. Secondary Disorders

* Primary disorders
» Inherited defect in lipoprotein formation, transport, or degradation

« Hyperlipidemia most commonly occurs due to secondary processes

« Causes of secondary hyperlipidemia include:
» Storage diseases (glycogen storage disease)
» Liver disease (Cholestatic)
» Endocrine disorders (diabetes mellitus, hypothyroidism)
» Renal disease (nephrotic syndrome)
» Exogenous factors (e.g. diet, drugs, alcohol, obesity)




Primnary Lipoprotein Disorders

Dyslipidemia Fredrickson | Abnormal Cholesterol | Triglycerides | Frequency | Primary cause
phenotype | lipoprotein(s) (mg/dL) (mg/dL)

Exogenous Type | 1 Chylomicrons  Any > 10,000 1:1,000,000 LPL deficiency; ApoCll
hyperlipidemia deficiency
Hypercholesterolemia  Type lla T LDL > 200 < 250 1:500 Mutations in LDLR or apoB
Combined Type lIb 7 LDL & VLDL > 200 > 250 1:100 Overproduction and/or
hyperlipidemia decreased clearance apoB
containing lipoproteins
Remnant Type llI 1 IDL (aka B- Any Any 1:500 Reduced expression or
hyperlipidemia VLDL) mutation apok
Endogenous Type IV T VLDL Any > 250 1:100 Increased hepatic
hyperlipidemia production VLDL
Mixed hyperlipidemia Type V 1 Chylomicrons  Any > 1000 1:600 LPL deficiency; polygenic
T VLDL origin

Adapted from Contemporary Practice in Clinical Chemistry (4th Ed). Table 28.1

U HEALTH



Other Primary Lipoprotein Disorders

Dyslipidemia Abnormal | Cholesterol | Trigs Frequency Primary cause
I|poprote|n (mg/dL) (mg/dL)

Lipoprotein (a Elevated Lp(a)
Lipoprotein X LpX > 250 LDL- Any 1:5 among LCAT deficiency or Cholestatic
C low HDL-C liver disease
> 200 (<10mg/dL)
Hypobetalipoproteinemia | LDL <100 <50 1:3000 Mutations in ApoB causing
truncated ApoB protein
Abetalipoproteinemia 1} LDL Undetectable Undetectable <1:1,000,000 Microsomal triglyceride
transfer protein deficiency
Hypoalphalipoproteinemia || HLDL  Any Any <1:100 Familial ApoAT deficiency;
ABCAT deficiency; LCAT
deficiency

Adapted from Contemporary Practice in Clinical Chemistry (4th Ed). Table 28.1
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Laboratory Measurement of Lipids




Lipid Panel

* Triglycerides (TG)
« Total Cholesterol (TC)

Fasting Is not

« High-density lipoprotein cholesterol (HDL-C) eauiires for Intie
 Calculate assessment of
» Low-density lipoprotein cholesterol (LDL-C) ASCVD risk

» Non-high-density lipoprotein cholesterol (non-HDL-C)
= Non-HDL-C = TC — HDL-C

Circulation. 2019:139: e1046-81.




Clinical Guidelines - Lipid Panel Screening

e Guldelines are variable on who and when to screen

» General guide:
» Screen all children once between ages 9 — 11 years
= |[f normal repeat between 17 — 21 years

» Adults at normal risk: screen every 5 years
= Men 45 — 65:screen 1 — 2 years
= \Women 55 — 65: screen 1 — 2 years

» Over b5 years: every year

https://www.nhlbi.nih.gov/health/blood-cholesterol/diagnosis




Measurement of Iriglycerides

Triglycerides

Lipase : :
L. Glycerol + FFAs ° Enzymatlc reaction

Glycerokinase « Quantification of liberated
ATP L. Glycerophosphate + ADP glycerol

Glycerophasphate oxidase « False elevations in patient
L. Dihydroxyacetone + H,0O,

with elevated glycerol (ie.
chronic alcohol drinkers)
Quinoneimine dye (A,,~500 nm) <—|
Peroxidase




ATP llI/NCEP Classification of Triglycerides

Triglycerides (mg/dL) |

< 150 Normal
150 — 199 Borderline high
200 — 499 High

> 500 Very High

ATP lll, Adult Treatment Panel 1ll; NCEP, National Cholesterol Education Program




Measurement of Total Cholesterol

Cholesterol esters

Cholesteryl ) )
ester ‘ * Enzymatic reaction
Cholesterol + FFA + O2 » Methods standardized to

hydroxylase

CDC

Cholesterol
oxidase ‘ Choles-4-en-3-one + H,0,  Does not distinguish esterified

and unesterified cholesterol
Phenol
| 4-aminoantipyrine
Peroxidase

Quinoneimine dye (A,,,~500 nm)




ATP IlI/NCEP Classification of Total

Cholestero
Total Cholesterol _
(mg/dL)
<200 Desirable
200 — 239 Borderline high
>240 High

ATP IlI, Adult Treatment Panel 1ll; NCEP, National Cholesterol Education Program




Measurement of HDL Cholesterol

Chemical precipitation
(CDC reference method)

1. Block non-HDL proteins 1. Precipitating reagent used to remove apoB

= Masking reagent (antibodies, polymers, PEG) containing lipoproteins
= Divalent cations, polyanions

Direct homogenous assays

2. Enzymatic cholesterol assay to quantify
accessible HDL 2. Enzymatic cholesterol assay to quantitate
remaining HDL

High d¢nsd
“anll.l‘.llﬂn {II“IJI.] Non-HDL I:Ill:l.’]ij.ﬂ: reagent Salubilised HIN.

-: :._i w - . . . . .
o taf ga¥s t;m Lipoprotein in serum Other Lipoproteins

ﬂ z‘%;é‘é' (/} Polyanion {‘, ‘/}

HDL

£on W Tt
e ¢ ™ )
]IDI.-H!I:cth:urftﬂ-ud L, ’-M‘ ,/) ([z +
= l : } Mgz* ‘}
‘.K Chalesterol esternse ChOIESterOI

Hydrogen peroxide Chelesterel oxidase measurement

https://pubs.rsc.org/en/content/articlelanding/2013/ay/c3ay40715b Created in BioRender.com |bio

LABORATORIES
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Al

Ch

II/NCE
estero

P Classification of H

DL

HDL-C(mg/dl) |

< 40 Low
> 60 High

ATP Ill, Adult Treatment Panel 1ll; NCEP, National Cholesterol Education Program




Calculated (Indirect) LDL Cholesterol

 Friedewald equation
» Assumes all cholesterol is LDL, VLDL, and HDL
» Triglycerides/5 Is estimate of VLDL cholesterol
» Equation assumes patient fasted and TG < 400 mg/dL

| Triglycerides]
LDLC = |Total Cholesterol]| — |HDL — C]| —

5




Improved Equation for LDL-C

« Martin-Hopkins equation

» Variable Xadjusts for triglyceride values up
to 400 mg/dL and non-HDL-C between 100
— 220 mg/dL (improved estimation of VLDL)

LDLC = |[TC] — [HDLC] — [Tr%]

JAMA. 2013 Nov 20,310(19):2061-8. doi: 10.1001/jama.2013.280532

Triglyceride
Levels, mg/dL?

Non-HDL-C, mg/dL

<100 100-129 130-159 160-189 190-219 =220

7-49

3'5

50-56

4.0 3.9 3.7 3.6 3.6

57-61

84-87

101-105

43

4.1 4.0 3:9 3.8 3.6
4.3 4.1 4.0 3:9 3.9

A4 4.3 4.2 4.1 3.9
4.4 4.2 4.2 4.1
43 4.3 4.2

4.4

43 4.2
4.4 43
4.4

106-110

111-115 5.1

116-120 5.8

121-126 6.0

127-132 6.1

133-138 6.2

139-146 6.3 5.9
147-154

155-163
164-173
174-185
186-201
202-220

400-13975




Improved Equation for LDL-C

« Sampson-NIH equation
» Continuous variables

» Improved estimation at triglycerides up to 2000 mg/dL and LDL-C < 70
mg/dL

8.56 2140 16,100

IDLC — TC HDLC Trig_I_TrigxnonHDLC Trig? 0 44
~ (0.948] ]0.971 '

JAMA Cardiol. 2020 May; 5(5): 1-9.
doi: 10.1001/jamacardio.2020.0013




Automated Direct LDL-C Methods

 Direct homogenous assays — Isolate and selectively measure
cholesterol In LDL particles

« Not universally recommended (calculated is sufficient)

Selective Precipitation

Homogenous enzymatic method

« Selectively measures LDL after
masking non-LDL cholesterol
OR
Selectively solubilizing LDL

« Uses polyvinyl sulfate or heparin at low
olg
OR
Pretreat with mix of polyclonal
Antibodies to apo A-1 and apo E linked
to aresin to bind and remove VLDL, IDL,

HDL




ATP llI/NCEP Classification of LDL

Cholestero
DL-C (mg/dL) I
<100 Optimal
100 — 129 Near/above optimal
130 — 159 Borderline High
160 — 189 High

> 190 Very High

ATP I11I, Adult Treatment Panel 1ll; NCEP, National Cholesterol Education Program




Lipoprotein a: Lp(a)

o Structurally similar to LDL

* Lp(a) contains apo a covalently bound to apo
B100
» Cysteine-rich "kringle” domains
» Sequence homology to plasminogen leads to reduced
fibrinolysis by competing with plasminogen
* Heterogenous size

« Concentration under genetic control and
unaffected by diet and most drug therapies

» Niacin and PCSK9 inhibitors can decrease
concentrations (20—30%) , but currently no FDA-
approved medication for treating elevated Lp(a)

sLBS and oxPL addition

Trends in Pharmacological Sciences

Image: Trends Pharmacol. Sci. 2019; 40(3): 212-225.



Measurement of Lp(a)

« Immunoassays targeting the apo(a) protein

« Historically calibrated and reported in mass units (mg/dL)

» Lp(a) = 30 mg/dL correlated with increased risk of cardiovascular
disease

« Assays in molar units (nmol/L) are more accurate than mass units

» None are FDA-approved
» Clinical risk cut point of = 75 nmol/L

e Cannot convert between mass and molar units

Circulation. 2019:139: e1046-81.




Apolipoprotein B (apo B)

 Core structural protein on all non-HDL lipoproteins

LDL Lp(a)
Chylomicron

Chylomicron remnant

e One molecule of apo B on each
TG: Triglycerides : : :
CE: Cholesterol ester beta lipoprotein particle

Circulation. 2024;150(1): 62-79.




Measurement of apo B

» Nephelometric measurements
» Antibody to apo B
« 2018 ACC/AHA guidelines recommend use of apo B as a risk
enhancer test In patients at iIntermediate 10-year risk or in those with
high triglycerides
» Not a screening test

More,
. ‘ smaller LDL
90 100 130
mg/dL mg/dL mg/dL

Circulation. 2019:139: e1046-81.




Lipoprotein Electrophoresis

* No longer a common laboratory test

. HDL
. Utl|lty: Alpha band
» |dentification of Type Il hyperlipidemia
P : : : Pre-beta band VLDL
» |dentification of abnormal lipoproteins
Beta band LDL
Chylos

B Pre-f3 o

Chylomicrons LDL IDL VLDL HDL
(Application point)




Lipoprotein Electrophoresis

Type lll Hyperlipidemia Lipoprotein X
« Remnant hyperlipidemia caused by « Abnormal lipoprotein seen in cholestatic
defect in ApoE disease
« Accumulation of IDL « Severe hypercholesterolemia

22 23 24 25

A Q@
HDL o s A
HDL
VLDL o
LDL - <— |DL VLDL
LDL & e e
© POA
o POA S " «—|LP-X

. NP Type 3




L DL Subfractions

DL Is heterogeneous in size, density, and
composition

Chylomicrons

095

* Lab techniques to separately measure
different subfractions:

Gel electrophoresis

Nuclear magnetic resonance (NMR)

Density gradient centrifugation

lon mobility 110

@ Chylomicron
remnants

X

1.02 +

Density (g/mL)

SRS

¥

Diameter (nm)

Diseases. 2018; 6(2): 45.




Utility of LDL Subfractions

Small LDL EACH PATIENT SHOWN HAS THE SAME LDL CHOLESTEROL OF 125 mg/dL (3.25 mmol/L )
MARIA HAS THE HIGHEST RISK BECAUSE HER LDL PARTICLES ARE SMALLEST AND SHE HAS A LOT OF THEM

125 mg/d|

125 mg/dl 125 /d| 125 mg/dl

- T S

« Decreased affinity for LDL
receptor g

» More easily enter the arterial
wall

» More susceptible to
oxidation

Image: https://www.quora.com/What-is-the-significance-of-the-LDL-P-particle-number



Lipoprotein NMIR

« Spectrophotometric method that measures particle size versus
chemical shift

(o]
’ - )\/\/\/\/\/\/\/ ____________
HT O)‘I El LDLASMall HDL I
g m—oo/W\/me VLDL Large:

|
| |
A A Y Vo VeV A _ : HDL
|
|




Risk Category
LDL Particle Number  nmoliL

Near Optimal Borderline High High -

<=1136 >1136-1449 1450-1764 1765-2186 >2186

1 |
I_I O r O-|- e I n Small LDL Particle nmol/L | Optimal || Near Optimal | Borderline High ~High
p p Number <220 220-634 635-949 >349

| es0 |

b N I\/l R LDL Size hm | Near Optimal  Borderiine High  High
>22.5 225208 20.7-19.6 <19.6

[ 198 |
E XO I l I p | e Large VLDL Particle ~ nmolL |\\Optimal | ' Near Optimal | Borderiine High  High
Number <0.9 0.9-2.7 2.8-7.0 >7.0

:

Report . i

Near Optimal Borderline High High
<44.3 44 .3-46.7 46.8-50.2 >50.2

HDL Particle Number umol/L

Near Optimal Borderline High High
>36.8 36.8-33.1 33.0-29.7 <29.7

Large HDL Particle umol/L Near Optimal Borderline High High
Number >7.3 7.3-4.4 4.3-2.0 <2.0
6.5

HDL Size nm Near Optimal Borderline High High
>90.3 9.3-8.9 8.8-8.6 <8.6

9.5

:

A
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