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In the serum, lipids exist as lipoproteins. Measurement of lipoproteins in the clinical
laboratory has become increasingly important because of their predictive association with
cardiovascular diseases, especially coronary artery disease. However, lipoprotein measurement
was once limited to a few confirmatory tests, as analytical methods involved laborious and
costly procedures. Therefore calculation using Friedewald formula is widely used for estimation
of low density lipoprotein cholesterol (LDL-C). Although convenient, the Friedewald formula has
limitation due to several factors. These problems led to attempts to develop of more accurate
direct measurement methods. Recently, methods for lipoprotein analyses have improved
dramatically. Fully automated homogenous assays for high density lipoprotein cholesterol (HDL-
C) and LDL-C have potential for better precision as well as more convenient and cost-effective
measurements. This has moved lipoprotein assessment into the routine clinical laboratory
procedures and offers clinicians a rapid means of estimating lipoprotein levels. In order to
provide background and knowledge for suitable interpretation of lipoprotein measurement the

author reviewed its clinical importance and laboratory methods.
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Tlsmunaslasiu
Chylomicron neyiige Saunnpus 1:100 amefialain fmmﬂim@umu‘mm A, B-48,C-l,
Na79 80-1200 mm/0.95 Wl Tg anasiEInA smeng c-ll
g/mL suaslesuilaane1vnseanan
sala Tlganumne 7 28999
VLDL PUNATBIAIN TR 1:9 A9 eAtsznavaanluoyuiy B-100, C-Il,
AUENANY 30-80 mm/ Tg MlpannnsdainsznaL C-lIlLE
0.95-1.006 g/mL v Tl slasianns 1
wm\mu
IDL PNATOIRINN DA vary 39 NIAZURRATNT8Y VLDL o9 B-100, C-Il,
AUENANY 23-35 mm/ waenitu IDL newlihilu LDL uaz C-IlLE
1.006-1.019 g/mL ileaanniliBunnmesunnluaung
wazhuilenae LR AE NS
VLDL newilAensluidy LoL Alale
immmu‘l@mﬂuﬂ
LDL muwmmmmeﬂ T 1:4 A9ANIAZUPAATNTRS VLDL 9 B-100
N’]ﬂuﬂﬂ@’]\‘i 18-25 mm/ waedhy DL neslulu LDL
1.019-1.063 g/mL asntsznevaauluyiiy chol ¥
uﬁqﬁmu&qhﬁumnﬁﬂﬂﬁqLﬁmﬁ@
ﬂmﬂmqmm&mmmmam@ uaz
mmmﬂmw@ﬂm@@m
HDL nnadnign Hidusn 11 e lainiazsy uaziada B-100
AUENANY 5-12 mm/ auysnilunszuaiden asALlsznay
1.063-1.210 g/mL gl chol vivnniuielasiu
siaaTtanuse lefuideneey
aunsaeARen I ae ATy uaz
Uaeriunisgasuannlay
VLDL = very low-density lipoprotein IDL = intermediate-density lipoprotein LDL = low-density lipoprotein
HDL = high-density lipoprotein Tg = triglyceride chol = cholesterol

Density (gimL) 095 0951006 1.006-1.019 10191063  1.063-1.21

Diameter (mm) 80-1200 300 2335 18-25 5-12

UV 2. 1UATDY lipoprotein ALAUNANNENNAMNUUILUUIANTY IAUNIAUINANAZHUUIALANAS
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A15199 2. inaunszavlasilunssudideniiniuunlang the National Cholesterol Education Program (NCEP)?

S DALY, STAUTEANSY  STALNITA
mg/dL (mmol/L) mg/dL (mmol/L)

szﬁ'm%"mga WNTELWB)
mg/dL (mmol/L)

Cholesterol <200 (5.2) 200-239 (5.2-6.2)
LDL-C <130 (3.4) 130-159 (3.4-4.1)
HDL-C >60 (1.6) -

Triglyceride <150 (1.7) 150-199 (1.7-2.2)
Tg/HDL-C ratio <5 5-6

>240 (6.2)

>160 (4.1) sFURR <100 (2.6)

<35 (0.9)

200-499 (2.2-5.6) im”m?qlmqamﬂ >500 (5.6)

>6

LDL-C = low-density lipoprotein cholesterol  HDL-C = high-density lipoprotein cholesterol ~ Tg = triglyceride
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szinnnismsaa §18IN15759
srensasariall  Cholesterol
Triglyceride
HDL-C, LDL-C
Apo A-l, Apo B
Lp(a)
i’]ﬂﬂ’]‘a‘ﬁli')mﬁlmﬁm Lipoprotein fractions quantitative lipoprotein electrophoresis
Apo A-ll, Apo A-IV
Apo C-II, Apo Lp(a)
TIENTATVIAN LA Abnormal lipoproteins Lp-X, b-VLDL, LDL
Lipolytic enzymes Lipoprotein lipase (LPL), Hepatic
triglyceride hydrolase (HTGL), Lecthin-
cholesterol-acyl-transferase (LCAT),
Phospholipase A (PLA)
Cholesterol ester transfer protein
(CETP)
Receptor analysis L DLreceptor, LDL-related receptor
Defect ligands Apo B3500
Apoprotein polymorphisms Apo E polymorphism, Apo A-IV
polymorphism
Oxidised LDL
Autoantibodies against oxidized LDL
Ultracentrifugatisn Agarese electrophoresis

Lipoprotein
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Chylemicrons
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Prebeta
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(A13197 4) wenaNHLFENLAazwaga laRRILNLNeN
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y o P o s, "
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o & a wa =] K o o/
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1. immunoseparation (IS) WUARAAReL
polyclonal antiserum '17{‘-{’11,‘1/%’15[51'@ apolipoprotein 15
11 bead Lite MU chylomicrons, LDL, W&z VLDL
VLf; LLZ;QsL‘V? cholesterol esterase WAae cholesterol
oxidase vUjnseiy HDL-C uazln hydrogen
peroxide %ﬂ%ﬁﬁﬂgjﬁ?mﬁu chromogen tnawluans
13 Ranunsnvnisdalaainnisgadund uuasd
AUUA

2. polyanion polymer/detergent (PPD) il
33411 synthetic polyanions AATULY LDL uaz VLDL
¥l LDL wae VLDL Thadeanin faiu detergent
ararate HDL LL@zVi’ﬂﬁmmmLﬁmﬂﬁﬁ?mﬁ’u
cholesterol esterase Way cholesterol oxidase tNALiu
Anafiia Aaamnsarinnedalaannnag e uAALLas
firmun

3. polyethylene glycol-modified enzyme/CQl-
cyclodextrin sulfate (PEGME) @419 cyclodextrin sulfate

Wae dextran sulfate avvindfjisendu LDL, VLDL,

9-10)

HDL-C

LDL-C

First generation

® Heparin Mn*

® Dextran sulfate-Mg®"

® Phosphotungstate- Mg™*

® Polyethylene glycol
Second generation

® Magnetic with dextran sulfate-Mg?*
Third generation

® Antibody four-reagent method

® Polythylene glycol-modified enzymes with

cyclodextrin
® Synthetic polymer/detergent

® Antibody, two reagents

® Catalase

® Heparin at pH 5.12
® Polyvinylsulfate
® Unspecific amphiphatic polymers

® Dextran sulfate

® |mmunoseparation method

® Antibody four-reagent method

® Polythylene glycol-modified
enzymes with cyclodextrin

® Synthetic polymer/detergent

® Antibody, two reagents

® Catalase
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waz chylomicrons taesly HDL-C iialfnseniuy
cholesterol esterase Waz cholesterol oxidase ALY
Aaa a o oy = A al
ANTNNA Vlmmmmmmmim@’mmi@mwmmm\m
ANWUA
4.clearance method w359l buffer N
UfjAsenfiu chylomicrons, LDL, Uaz VLDL waquen
aantneluvinUATeniy cholesterol esterase wag
cholesterol oxidase NANadl) a1niiumae HDL-C
= o aaa v % P o o a
ﬁm%mﬂgﬂ?mnuu’mwummmwLmumvl,ﬂ Af

surfactant WAL enzyme

3834A512M LDL-C

LDL-C #auiTu chol fififiunmigeiissedluana
284 total chol Adeglunszuaden wanTvIZaL
799 LDL-C unseuaiien azfifadsAiunaiiazis
Aarzn eendlafmanlulaquiudeluiialailesu
nseiensLle T AReBed WL LDL-C aendlsfnna
?ﬁ‘i‘ﬂl the Centre for Disease Control (CDC) Gl%@%i&ui%
sunseeniunnhisAtANgnARsgs 337 CDC T
un23a LDL-C tuhiAzaes Lipid Research Clinics
(LRC) beta-quantification procedure (BQ)""*" 33 BQ
i lnennssiidentiiu ultracentrifugation Aaisseng)
Tauaaiiieamis iflauan VLDL-C wag chylomicron a8
1AM chol ™ Lz HDL-C AaeR3ane8s anntitiAnua s
#11A7 LDL-C Annn1311An chol ivlasninien HDL-
C 28n %Lﬁmlﬁdﬁ ultracentrifugation ﬁx‘iﬂ@lw‘ﬂuﬂﬂ
anazAed a3 HLARANIN LAY fj“mﬂuﬁ%ﬁaquﬂ
Fugewinlasunn @anau wasdeanlzaneg

YaNANG FaiAa A 1931ATEY LDL-C an
MR Ly chromatography, electrophoresis,
precipitation Lﬂur;u ﬁauﬁﬁ chromatography, Wag
electrophoresis fana1TuABAgsEnnvinaLn 1@
AU LL@zﬁmlﬁbl%f-n'ngqﬁuﬁu #2133 precipitation
Mhiaailelen wailtewmazdy Tg ludeanaslig

v v
1NN A9WT9As ultracentrifugation, chromato-
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graphy, electrophoresis, Wa< precipitation Aqlufau
vinluneadjimnisaatindialy

HA99INN13ILATIZUINTLAL LDL-C 151135

dl ! o o al ' ¥ = ¥ o o ! ¥
fgeennyinanunn danlaanage Jaeanin uazlule
o ~ o an ¥ ! YooY s
Fupnuflan aanlanaialonas Aelninenaiumn
ToelaaBAuans A8 U fian Ae n1slagnrves
Friedewald ™ aenslsfimunslagnasanaiaiizeanin
/ . b =2 = o acla <

agNNAIaENaIna il AAANNENNRIMUNRBRAIEY
4 oy ¥ Y men
2u 7 fiaanasnyinlanauazazaonlunesdjifnig
patiniall luifaqiiud s dasladimsnzumisya
LDL-C lawn immunoseparation (IS),"? zwitterionic
detergent (Z1)"?, clearance method"® 1ilumid

1. immunoseparation (I1S) 337 AABL
polyclonal antiserum NAN1zmD apolipoprotein 1
11 bead Wieluauiy chylomicrons, HDL, uag VLDL
T2 uaalivinisuuen 1@ chylomicrons, HDL, uaz
VLDL a8n AIUUALWARIaNTZ LDL F9410170%N
UfAsenfiL cholesterol esterase WAz cholesterol
oxidase MAnaslL uazly hydrogen peroxide Tsaz
o |aaa e a Aaa A
Vlﬁﬂgﬂimﬂ‘u chremogen Aadua1Inug nanunm
YINN139A IAAINNITFATH AALUAININILA

2. zwitterionic detergent (Z1) 199 homogenous
enzymatic colorimetric assay L1157 detergent
nivsdsrquanuazauynUfisendy VDL vinlvinae
LDL @eqzrinuffiseniuunenainnassiidinaalyl la
1 LDL polyanion complex WASRINIINIANITEAL
¥ | dl a 49( add’l aaa dl a d? a
TpanAs N uAingw A5HUGATeMNATW AN
nevUizeniy apo-B usluaunsavinizeniu
subform aula

3. clearance method W37 11 detergent
W1UfAseniy chylomicrons, HDL, uaz VLDL vnlu
dandae cholesterol aanu1 uazvndjnseniy
cholesterol esterase Waz cholesterol oxidase MANAY
T AeriuRamasiang LDL-C Svazyindisaniuiien

P A a ax X aaian Yo a o
ﬁuﬁm@ﬂﬂmlﬂﬂ@ﬂiﬂ QﬁuLﬂuQﬁvaﬁﬁ‘UﬁquuﬂNLL@%‘VM
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pananuung @i ie eanelsinNans detergent
% o A e CL L
wazuneTiafA dae9i lrunna1eiuld luwnazussn

A L
satiupn lassinuanafeiuldaqe

AU
AaAunLiL Anlasl Friedewald WT lazane™
Falanniauaunsusanmlul a.d. 1972 1Wwasna

v ~ 1
A AR YN 98 ATAIN

Friedewald formula:
LDL-C (mg/dL) = Total Cholesterol (mg/dL)
—HDL-C (mg/dL) — 1/5 Total Triglyceride (mg/dL)

asndlsAmudsmuniiinadinaguans
lsgnns ™ Gt

1. pugnARuaugtes LDL-C filaaanis
AU %u@%'ﬁwmugﬂ;mLLlewfl’ﬂumﬁmmzﬁm
mlwm chol, High-density lipoprotein chaolesterol
(HDL-C), waz Tg ﬁﬁlqLﬂumﬁﬂ?zﬂﬂmmzﬂmﬁmqm

2. zﬂ;mﬁ"mqmﬁquﬂﬁ”ﬂ\um'uﬁ’mmm
slamn Tg 200 mg/dL uaglimaalmiilann Tg 400
mg/dL

> ' a—
3. AANENNNTDARINNT HBIAINNTIATIZULNG

7 | H 2 v

Wlaan Tg Ngnees giazdunisnsaaazaesinisen
BNUFLNLNENIND 10-12 F3ln
dl o yada o ¥
Wasanngmeauaniliiaanlnenisnnuua iy
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Modified Friedewald formula:
LDL-C (mg/dL) = Total Cholesterol (mg/dL)
— HDL-C (mg/dL) - 0.15 Total Triglyceride (mg/dL)

New modified Friedewald formula
(when fasting Tg in the range of
200-499 (mg/dL):
LDL-C (mg/dL) = Total Cholesterol (mg/dL)
— HDL-C (mg/dL) — 1/6 Total Triglyceride (mg/dL)
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Measure 12-14 hours fasting LDL-C

done at the outset

May follow a total chol determination or may be

Repeat total chol and HOL-C
measurements within &
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physical activity, and risk
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