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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 densilty 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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¥iin suw/AMIRLEIMIY  ARddusEuing AUAANIR ashiilushu
TusAunaslniu
Chylomicron 'lury"?;qm fidurinaue 1:100 aamalddn mﬂ'ﬂnnﬂud')u'lum A, B-48,C-ll,
NAT9 80-1200 mm/0.95 #hu Tg anemsiLding vudidl CHll
g/mL qudaluuiildaanawnseanann
A4 Tgdousing 7 189 1ame
VLDL AR Tidusin 1:9 ahaTify aelsznaudoulug)ilu B-100, C-1i,
Autinane 30-80 mm/ Tg fFannsdaiamssy C-IE
0.95-1.006 g/mL yinuthfiaugelasuannsu i
WA
IDL wwATesaIn Jidusin vary g annwmAzUeAgaNTes VLDL 39 B-100, C-Ii,
Aunas 23-35 mmy wamadhs oL dewluidy LOL sz CAIlLE
1.006-1.019 g/mL daeaniiBuntiesunnluaaing
uasfhuReNa T8 ImATUARSTIT0S
VLDL riew@endldh LOL Aelilk
Fuannuawlaninin
LDL wnasesaannan Tidu 1:4 #hannumzueAginees VLDL 3 B-100
tnAuENAN 18-25 mm/ widenudu oL el LD
1.019-1.063 g/mL aaflsznaugauiugidiu chol in
wihfinudalauandulduiieds
ﬂmﬂvrmﬁqzjmmimﬂuﬁmﬁﬂ uay
Aafsagramanaidan
HDL nnmdnfige Sl 1:1 ¥ afidnIdEnuasiy uaziada B-100
Audna e 5-12 mm/ amyroilunszuaiien aeLsznay
1.063-1.210 g/mL galuaiiilu chol vuti A lasi
winaRdantunelauiideinaeg
muEvsandaalUane R uas
taeiunisgamiuainlaiy
VLDL = very low-density lipoprotein IDL = intermediate-density lipoprotein LDL = iow-density lipoprotein
HDL = high-density lipoprotein Tg = triglyceride chol = cholesterol

@90 2 o

Density jpimt) 085 0951008 10051019 10191063  1.083.1.21
Diameter (mm) 80-1200 3080 2338 1825 512

<l F ) . . o ] A. - 1 A’ 4” ] - &
z’ﬂ'ﬂ 2. TUAL94 lipoprotein ardanadENA N RN Lé’umquﬂnmmzﬁwmmanm
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d (s -~ - i
mean 2. innusireavlaiulunssuaideniiualng the National Cholesterol Education Program (NCEP)2®

wiinleiy stAuflgansy  stAurin seoudeege naENR
mg/dL (mmol/L) mg/dL (mmol/L) mg/dL (mmol/L)
Cholestero! <200(5.2) 200-239 (5.2-6.2) >240(6.2)
LDL-C <130(3.4) 130-159 (3.4-4.1) >160 (4.1) s:ﬁu-?;ﬁ <100 (2.6)
HDL-C >60 (1.6) - <35(0.9)
Triglyceride <150(1.7) 150-199 (1.7-2.2) 200-499 (2.2-5.6) i:é’u@mqqmn >500 (5.6)
Tg/HDL-C ratio <5 5-6 >6

LDL-C = low-density lipoprotein cholesterol HDL-C = high-density lipoprotein cholesterol  Tg = triglyceride
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nIRmNAATsTRREdeai lntuddiaenis
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duaunnn i1l sRsaaa AT TR une
fuudana uwaziiasanniilaumansriiauasusas
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s1en13msan 2l

FENNTATIANNLIAN

FIBNTTATIAN LAY

Cholesterol
Triglyceride

HDL-C, LDL-C
ApoA-l,Apo B

Lp(a)

Lipoprotein fractions
Apo A-ll, Apo A-IV

Apo C-ll, Apo Lp(a)
Abnormal lipoproteins

Lipolytic enzymes

Cholesterol ester transfer protein
(CETP)

Receptor analysis

Defect ligands

Apoprotein polymorphisms

Oxidised LDL

Autoantibodies against oxidized LDL

guantitative lipoprotein electrophoresis

Lp-X, b-VLDL, LDL

Lipoprotein lipase (LPL), Hepatic
triglyceride hydrolase (HTGL), Lecthin-
cholesterol-acyl-transferase (LCAT),
Phospholipase A (PLA)

LDLreceptor, LDL-related receptor
Apo B3500
Apo E polymorphism, Apo A-IV

polymorphism

Lt sttt gation

Agatote slarophoresis

Lipoprotein  Size | Density
¥ - {mm)

S Chylomicrons

Bety

Prebeta

| apha

91 3. uaAINANITIATITAEAT ultracentifugation wa electrophoresis
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uariAldarage AlildFumaafion lullaqiiudl
NIRRIBNTIATIZW lipoprotein ABENGA direct
method Tagardaudnnismiasi 1uiail uazdnan
pRAufuudAty Fannsandradlidaa idfuaey
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improvement Amendments of 2003 (CLIA'03) sianiu
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sularedaldunn

- oo, r'd
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of variation, CV) fifn <2.0 % TaenlfjiFensanann
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1. immunoseparation (IS) {udard ey
polyclonal antiserum '7'|'-l°’umxlii'a apolipoprotein 151
wu bead e WLAU chylomicrons, LDL, uay VLDL
1% udalW cholesterol esterase uar cholesterol
oxidase W jAiTeniu HOL-C uazl¥ hydrogen
peroxide %Qﬁ:ﬁﬂﬂﬁﬁ"i‘mﬁu chromogen finiluans
FRA Hamrsaninisinlfainnizgatuai uusad
finun

2. polyanion polymer/detergent (PPD) \u

-dd‘

MW synthetic polyanions gadiLiLiu LDL uay VLDL
yinliwe LDL uaz VLDL Fiafieznm fatfy detergent
azarary HOL wasnalisrunsafimlitendy
cholesterol esterase Waz cholesterol oxidase WAl
asfild Rannsoianisdaléaannisgaduaduuas
fituun

3. polyethylene glycol-modified enzyme/QL-
cyclodextrin sulfate (PEGME) @17 cyclodextrin sulfate
uat dextran sulfate axij3endu LDL, VLDL,

al [ ¢ -~ -~ -« (9-10)
M99 4. WM s riaeat lunnmsatimsying HDL-C uay LDL-C

HOL-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

® Immunoseparation method

® Antibody four-reagent method

® Polythylene glycoi-modified
enzymes with cyclodextrin

® Synthetic polymer/detergent

® Antibody, two reagents

® Catalase
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uwaz chylomicrons UaeaalW HDL-C finlfjizeniy
cholesterol esterase Uax cholesterol oxidase WnnALlu
aRA Remnsoiansinldaannisgeduaduuad
Avun

4.clearance method Lﬂ\ﬁ‘ﬁﬁﬁ buffer i
Ufjizeniu chylomicrons, LDL, uaz VLDL ugauen
aanlaelinUAiTendu cholesterol esterase uay
cholesterol oxidase TiANal amumaa HDL-C
%mzﬁ'\ﬂﬁﬁ?mﬁuﬁwwﬁmﬁam‘i‘i wnadly Ae

surfactant UaT enzyme

4

3891A51% LDL-C

LDL-C Aauilu chol PFnugetaaaluany

N P 2 o
994 total chol Aflaglunszua@den widinmmisssiu
483 LDL-C lunszudiden azdnedtAtuiniuazas
Aiarod adnlsianluilaquda i fdagled 165y
nreanfulfiduisenaBedmiu LDL-C atnalsfinu
] v
A% the Centre for Disease Control (CDC) 'l‘i'ﬂgjﬁu‘lﬁ
Funseaniudufhidindianugnsesge 359 CoC 1
Tun299 LDL-C whuthifSaes Lipid Research Clinics
(LRC) beta-quantification procedure (BQ)"™ "33 BQ
a’" o o -t v B . o
wWnlnennindealuily ultracentrifugation A9LITTEINE
v ]
Hudqiiessis Wausn VLDL-C uas chylomicron 880
L 2
uazun chol™ uay HDL-C $inedtanade anniAaua
W31 LDL-C a9nn13tinAn chol Aivnldunsinian HDL-
C 28N AzWiudNAT ultracentrifugation Aananaiiuen
Y % - [ et e

nazfadlfilFunnndanuinuds dulludingaann
dudawinldiann @enwaimn uarianlddnegs

wana N AT A 143 iased LDL-C Bn
naneds"? Ww chromatography, electrophoresis,

. . 1% -

precipitation Wusu 49uns chromatography, Wae

- 5% [l o

. J Aela; [
electrophoresis dn31iluds Rt nnianuin de

9

- 2 73 ] o - . .
AL uasiiAn 1y NHFLTUNU #UN5 precipitation

Thdan I les willdauddrsein Tg luidansiedlig

1 3 1
o o o

wmin AduRds ultracentrifugation, chromato-

WINTIMU MY
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graphy, electrophoresis, Wa% precipitation A9 ldfien
M luiejiiRnqzadtinialy
WasRnniiiamsinnseiu LDL-C JvAg
figjaaningiuan fAldaege Tdadain wazldls
o - [ ai b 4 ' v v o< =l
TUATHULN ﬂ\lﬂ‘lﬂnﬂqrﬂquﬂ'] AINAITNEBIUUN
Toeld38 AU AEAvaffian Ae narldgarees
Friedewald ™ atiwlsfimnunsldigassananiidasnin
' a ] ] - i o o enban, e
'ﬂqmﬂm%nmmﬂ‘lﬂ AINATTNNHUTNARNUNITAUATICN
2u 1 Mawmnsainlddrauazazaaniuiefiidnag
ATl Tutlaqiiua s denldinssivnsedy
LDL-C #un immunoseparation (1S),"™ zwitterionic
detergent (21)"®, clearance method™® \ugiu
1. immunoseparation (IS) {H1uATH AR
polyclonal antiserum NAnzsia apolipoprotein 1]
UL bead WWal#qLTU chylomicrons, HDL, way VLDL
19 uaqlunanastiuuen 1@ chylomicrons, HDL, uas
VLDL 280 fadudamaeianis LDL 398113001
UjiTaniu cholesterol esterase Wav cholesterol
oxidase MANadll uarlf hydrogen peroxide @Ay
Wiy chromogen Winlua1sid fawnm
o o Wy P -l o
'Vl']ﬂ']?'lﬂlﬂqquﬂ']?@ﬂ‘ﬁ”ﬂﬂullﬂﬂﬂﬂ'\ﬂuﬂ
2. zwitterionic detergent (Z1) Wia homogenous
enzymatic colorimetric assay Wwasnld detergent
ffaszquanuazauinl§isendu VLDL vinliinde
LDL Feasinljitaniuineafianaashianaly 1o
(Tl LDL polyanion complex WaE#INITIANNTEAL
v | el X add jaaa cda & oa
1ﬂqqnﬂ’)qu°ljuﬂlﬂﬂ°ﬂu Qﬁuﬂ{]ﬂ?ﬂ'\ﬂlﬂﬂ'ﬂu AN
N fiTeniu apo-B wildanunsainljiFaniu
subform aulé
3. clearance method 13714 detergent
vufjiFeiu chylomicrons, HOL, waz VLDL il
damldae cholesterol aanu1 uarnilizendu
cholesterol esterase Waz cholesterol oxidase MANAY
T R amdaanis LDL-C Taasnilfjidenduuen
e aatd 0 st va - .
afiangenFinas il AaHhATR IR uAuTauuaia
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aandamitalu@anndined asnlsfimuans detergent
wastinenaiad aeei Muansreiuldluusazuistm

sraduanldasinuansaiuludos

ABAUIN
=t 0 s oa - T
ARl Anlae Friedewald WT UasATUY
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| ol =

daldiinisaunsunsauslul a.f 1972 {u3shN
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Friedewald formula:
LDL-C (mg/dL) = Total Cholestero! (mg/dL)
—HDL-C {mg/dL) — 1/5 Total Triglyceride (mg/dL)

atslsimadBAanilfidasinaguans
tsznns™ ™ Fail

1. Argniaswiudizes LDL-C fldanaa
AU %uﬂﬁummqns’imLuJuﬂﬂun'lﬁtﬂﬂ:ﬁm
A1184 chol, High-density lipoprotein cholesterol
(HDL-C), uaz Tg ?qLi’]umﬂ'ﬂfxnﬂummqmﬁﬂmm

2. gRIAal AN NI eul uE1RARY
HaAn Tg >200 mg/dL uazliimasldiiesn Tg >400
mg/dL

3. fiasiinisanaruns iesannmemsiifie
Wlken Tg figndies gRazFuntsmsaaacieinises
amretiaitane 10-12 dali

esangmednunnliitantanisiuunl
VLDL = Tg/5 wanlupowifusieudalasairelasiu
fiaondudeu uay ViDL Aduflusdilsznauaes
chylomicron #as Fuiulunsdienamng azdasanly
deaweRe 10 -12 dalue Audnedediinaedds
AR R we el fulpegasAtuanilusses
sieanBnuanEaa 2 uarieufungasnufunpeiy
mifidn modified Friedewald formula wifnszialy
ﬂizmﬂ‘lwaﬁﬁcjwmmuﬂ‘?uﬂmmﬁ‘%u'luﬁL'liurTu

uazFeNd191 new modified Friedewald formula®@
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%qmnq'lumm:v‘a‘ﬂm:wudqgmmzhi":ﬁﬂfmu'lnf’i’
Aentuuasdinsfidedninagduin sadednines
33 A nudnudasldmuAiuusitAdadigw
ag AdlfinsAnenFeudiandinisAnaniuis
LI PR RN EAIER QY AL DEDIGERNGET ES
wn Tg >200 mg/dL"® atiwlsfinnd miualjis
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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 Cholestero! (mg/dL)
- HDL-C (mg/dL) - 1/6 Total Triglyceride (mg/dL)
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Lipase

Triglyceride + H20
Glycerol + ATP

Gylcerokinase

v

Glycerol + Fatty acid

Gylcerophosphate oxidase

v

Glycerophosphate + ADP

Glycerophosphate + 'O2

Peroxidase

—
»

Dihydroxyacetone + H2O2

HZO2 + dye

color
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