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AT AREAEY 28 ES aADT A8 F83 AR, A3 SHRT= F4E o83 HA7E wo] 20]a gl
& A7E ole A3 Al A AAE Hlwete] FAjo] AA] ofF 5] %

g o 2001 gref et o] AAF R tdAE ARE EAsIY. A5 vlaely] s A Q] Friedewald 249
FRANTGC)/5 WAl TG/4, TG/A5, TG/55, TG/6, TG/7, TG/8 Z12te A4l vluidsigly, 244 ¥ 3 ~H)
& A mE vaEAE et

EZ - AEA 9} AN Aleldls we ARFATL SloH, TG/6E AHEE Aol 71 Ekthr=0938). ol& 53] TG/
100-249mg/d12 W AZ=x9} vlusM 7Fg B A ES HHTHT2-82%). AT TG/F Eold4= U] &o| Wojzo
TG/} 400mg/dl o1l 1 W o] %ol A2k e 2HZ0] 200-29mg/dIel ASeE TG e
TG/6% AXH 75l 7P dAgo] =3t
4 B At og F2d M TG/5 Al TG/65 AHEAS W o 58 2345 Aotk F2U2EHE A 345 o828 1 Fo
g g o shusle & 5 AT CHet AL S EIStEX| 2007:7(1):17~23)
ZEAITH] AUl Z2 48|, Friedewald 34, Homogeneous enzymatic method, Direct assay, Screening
M 2 H B2 Ao (lipoprotein) HAAME sk k.
22 749 LDLCE TC, T Z# 48 E(High
A=A ekl Ze 28 E{Low density lipoprotein cholesterol, density lipoprotein cholesterol, HDLC), %8 A" (Triglyceride,
LDLO) & ¥ejzl Wieudste] Fast djgagior & TG)= ]88 Friedewald 3-4/[LDLC=TC-HDLC-TG/5]¢l| <]
2o B dAt A A8 A8 9E9st 3 3 A CZ FolA| 1L, o] Frol AetdTo} QA del At
A89AE Hole F8 A @A Ho|R) YL53 Ho o 453 k) B2 TG/5 thil TG/6% ol4dl 2AUEAG
=& &9l LDLCE %31 #5HA &9 22} dAEo] Yo} W Ze 2~EE(very low-density lipoprotein cholesterol,
ke AP e o] AtoA BaE|th> National Cholesterol  VLDL) T-817]% @t}? o]&d Al4b8 & VIDL W TC TG

Education Program(NCEP)2] Adult Treatment Panel(ATP)<l H7} A stths 71 Sell AR mEki] AldkE LDLCE
e 2AEF 59 14 537} LDLC TEE 33 Aozt s ARdSA = 3 AN AHE gE A5
T AaIeEY o] 5e F2¢ 28 Ztotal cholesterol, TC) £ %= (TC, HDLC, TG)®] #&=E 7Hed < Stk kAW, TG7L &=
7} 240mg/dIZ 23817 200mg/dIS FowA BENE & 9ol Friedewald F4]0] ¥4 gsithe Bak 9nd

2] f1d8Qlo] 2714 o]de]d LDLC =& &9latr] $l3l 2 A3 Ay 243 IDLCY Ak S vlwsle]
Friedewald &-2Jo] £ Aoz A3eA| ZHES L, A=

CIAR 7 E S AEAMEe Mololstal Hu Aol Aol wlEda] o 5 =0

R A oA gi? S= 08w Hyge -0'1*] ?_001 v gkx] dolH uA} gt} o] & ¢

«A  3:011-268-3211 3 At} AEA7e] FIgS AW Hopm, FAdA 7}

* E- mail : di7907.kim@samsung.com 2= . = B
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Hslel] w2 LDLC ALHA< &A1& u] kit = A i ]
TCol wWe A7} FB3slo] TCY TGS 44 3, 472
5, &5 12794 LDLCY A4k 9} “iﬂa H] A8}
aL oj" F2o] Zhzte] oA A gekA] Hokth

npA[ et 2 LDLCY| AR ASX|7te] dA =S Hil
2 Z42-S LDLCe]| uwhe} 5?3& Fatod vwatdeh 7
Wl TGE 4o 2 Hifiet & 33% LDLCE 5v2
22353 2+ AArgko] 011_ AEA Ay Holw L3
TG#te] s}l w}ﬂ} o] F o] AAl dwph} o] & Hol=
2 #Rlste] g Freidewald 32 A&l glo] Fuztsrt

HAoH gt

HUF\M

1. AT

A

2001 197 12997 Aed] g digEd 173483
37k 38932+ e AxldtE £AsIITE Uele He 409+
9.14l01H, IRz} 24,7158 (63.5%), IR 14,2177 (36.5%)°]
THE 1). AHES 4 8% ol 54 3 8ol
AR F ek Ak A8k

B3

SF 5L AV F

n

o1

7t gEH A= ADVIA 1650(Bayor Co., Ltd., Germany,
200002 ol &3t A3 FAH(direct homogeneous enzymatic
analysis) 02 AAEIgTh A== oF A=A E st
glom, HolA —’F( oefficients of variation)= 25 3% ©JUl%
t}. LDLCY A =% NCEP Laboratory Standardization
Panel analytical performance criteriaql 4% ©[ule] #% 23
(imprecision)?} 7 (bias)& 7} direct N-geneous LDLCH
oz st

LDLC®] A= Friedewald 34 2 o] $-&3 A=
gE o7k AE AHgskith A AL Friedewald
°] TG/5 th4lell DeLong ol Al<tet TG/65 AH&-a
S | &3] TG/4, TG/45, TG/55, TG/7, TG/8S Zt

4 of oy
ofo 1> >,

Table 1. General characteristics of subjects. unit: mg/dl

alith LDLCO] AAHA|(Ce, estimated LDLC)S} AZ3](Cd,
direct measured LDLC) 7] percentage variation(V)e
V=(Ce-Cd)*100/Cdel] <J51A Al4kalgl

3. AIZEN

SPSS/PC statistial package(marija J. Norusis, SPSS Inc.,
Chiago, IL, USA) version 11.0= ©|&-3t%t}. 7714 LDLCY
AR 9 AZA3E v e A1 3 39 24 ¥ (least-squares linear
regression method) &= FA{kTE B3 Atk ok AS3
o] zfe]7} BAH LR frodtA] vluwslr] 93] paired t-testS
AN BAA ol pO05E ST

2 3

3t 25 H¥ LDLCO] 771A] 2]el] g A4k ¢} homogeneous

AZA7} BlaEel gtk A3
A o] &L ofF e AUIA(r=0910-0938)F EAC
o, 1 oA TG/58 AHE-e MPAQ] T2 HT} TG/62 ALt
g ghol A9} 71 =& AR (0938) 5 EATh HitA|
Hl A A = TG/6% A gho] 529k 71 Atol7} Aqktt
(0.3mg/dl).

1% 1 least-squares regression equations ©]-&¢

enzymatic methode] °gt

oh r\o

P

M

Table 2. Results for estimated LDL cholesterol obtained
with the Friedewald formula (y) compared with
measured LDL cholesterol obtained with the
homogeneous enzymatic method (x)

LDL cholesterol (mg/dl)*

Term used Linear regression

estimation equation Mean (SD) y - x (SD)  p
TG/4 vy =099x -10.8% 0910 111.6 (34.3) -122 (142) <0.001
TG/45 y = 09%x - 7437 0925 1155 (336) - 82 (128) <0001
TG/5 y = 0997x - 4670 0933 1187 (339) - 51 (121) <0.001
TG/55 y =099 - 2406 0.937 1212 (33.6) - 25 (11.8) <0.001
TG/6  y =1.001x - 0520 0.938 1234 (33.7) - 03 (11.7) <0.001
TG/7 y =1.005x + 2445 0.935 1268 (33.9) 3.0 (12.0) <0.001
TG/8 v = 1.007x + 4663 0930 1293 (341) 56 (125) <0.001

*Mean LDL cholesterol obtained with the homogeneous enzymatic
method was 123.7 (SD 31.5) mg/dl. LDL, low-density lipoprotein:
TG, triglyceride.

Sex Age (years) Total cholesterol Triglyceride HDL cholesterol LDL cholesterol
(Mean + SD) (Mean * SD) (Mean + SD) (Mean + SD) (Mean * SD)
Male  (n=24,715) 408 + 82 2062 + 36.1 160.7 + 108.8 525 + 120 1273 + 312
Female (n=14,217) 412 + 105 1975 + 37.2 108.7 + 694 621 + 146 1175 + 311
Total  (n=38,932) 409 + 9.1 203.0 + 36.7 141.8 + 995 560 + 13.8 123.7 + 315
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Fig 1. Comparison of measured LDL cholesterol with
estimated LDL cholesterol, using the coefficient (1/6) of
TG in Friedewald formula. y = 1.005x -0.520 (r=0.938)

Exoln, TG/65 YT T4 & 7+ LDLCY A9}
ASAE AP ALH S T v 2tk

y=1.001x-0.520

£ 3 TG #< 50mg/dl B2 ¥ Ilres ER/ala,
7t TG W9l 7709 2)& o] &3] LDLCE +¢ ¥, 4
29 Heg WEEE Jygdal. diEos TG 4t
S7kl wet LDLCO] AAAI7F ‘0% ol A& & Fol&
Ao Btk TGH#o] 9mg/dl olstel welXe TG/8
o] &gt A7} ASA|o M 71 AL, 100-249mg/dl
Tl E TG/6E o3 AXA7L 71 =& HEess
2ok TGghol 250349 mg/dIel ol X & TG/557), TG>
350mg/dl wolME TG/6S ol&a A7 242 7M=&
WEgE Holth a2gn 72 TG wolA 7 24 A9E

¢S o rr

Table 3. Percentage of samples for which estimated LDL
cholesterol was within 90% of measured LDL
cholesterol

TG Term used in estimation (mg/dI)
(mg/dl) TG/4 TG/45 TG/5 TG/55 TG/6 TG/7 TG/8
<49 131 70 74 7 78 79 8 8

50-9 13667 2 70 76 8 8 &7 &
100-149 10,795 53 6 74 79 & L M
150-199 5982 44 0 70 7% B B 68
200249 3143 35 2 6 0 77 6 56
250-299 1,630 27 6 60 8 67 59 47
300-349 856 18 37 5 6 & 39
350-399 506 11 B 45 57 59 48 30
400> 82 5 15 29 38 44 U 2
*Within each TG range, ' indicates the estimation factor with the
greatest number of samples with less than 10% difference between
measured and estimated LDL cholesterol concentration. ¥ Estimation
factors where the LDL cholesterol concentration was not significantly
different (P>0.05) from the measured concentration in paired t-test
analysis. LDL, low-density lipoprotein: TG, triglyceride.

2l AN 9} HSA|7E0] paired ttest A BT FAHC
= frofshA &sith

F 42 LDLCY AL ASA)3te] 4t % HAxK(mean
precent deviation)& YERH Zelth. TG7} 49mg/dl oldt,
59-99 mg/dl, 100-199 mg/dl, 200-399 mg/dl, 400 mg/dl |’
ol oMzt TG/8, TG/7, TG/6, TG/55, TG/65 t g
LDLC AAHA9] % AK(percent error)7} 7} i) g
o]29 #EUAE TG #ho] S7Hdss dukdoz 3 o
71RE B 1 Siok

3 5% NCEP] ATP I 7]l wie} TCE 3+, TGE 4o
Z 3lo] BT 12702 Fiate] vlastgith. TC desirable
(<200 mg/dl), borderline high(200-239 mg/dl), high(>240mg/dl)
£, TG+ normal(<150 mg/dl), borderline high(130-199

Table 4. Mean (+SD) percent deviation of estimated LDL cholesterol from measured LDL cholesterol*

Term used in estimation (mg/dl)

TG (mg/dl) n

TG/4 TG/45 TG/5 TG/55 TG/6 TG/7 TG/8

<49 1,531 -6t 9 -4£ 9 R 22+ 9 S2£ 9 -1 9 09"
50- 99 13,667 -7+ 9 -5+ 9 -4+ 9 22+ 9 S1£9 0+ 9% 1+ 9
100-149 10,795 -9+ 9 -6t 9 -4t 9 -2+ 9 0+ 9" 2+ of 41 o
150-199 5,982 - 11£10 - 7410 S 4x o -1+ 9 0+ 9" 4+ o 6+10
200-249 3,143 13412 - 812 - 4412 - 112" 2412 6+12 9+12
250-299 1,630 16+13 10412 - 5412 -1t 2+12" 8+12 12+12
300-349 856 21414 1314 - 6413 - 113" 2413 9+14 15+14
350-399 506 25417 1616 - 8416 22416 3+16° 11417 18+18
400> 822 57+68 39456 25447 1341 3:36 F 12431 24429

*Within each TG range, "indicates the estimation factor with the lowest percent error. * Estimation factors where the mean estimated LDL
cholesterol concentration and the mean measured LDL cholesterol concentration varied by <5 mg/dl. LDL, low-density lipoprotein: TG,

triglyceride
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Table 5. Percenage of samples for which estimated LDL cholesterol was within 90% of measured cholesterol, grouped by
lipidemic type*

Total cholesterol TG (mg/ dl)* Term used in estimation (mg/dl)
(mg/dl)’ & n TG/4 TG/45 TG/5 TG/55  TG/6 TG/7 TG/8
<199 <149 15,183 497 617 706 763 794 819" 816
150-199 2112 25.0 434 586 687 85.8" 741 68.6
200-499 1,809 102 241 410 552 799" 595 485
500> 57 0.0 0.0 18 88 08 316’ 24.6
200-239 <149 8,29 693 777 83 85.1 85.8" 848 83
150-199 2512 474 639 740 781 799 775 699
200-499 2815 257 450 59.9 677 685 602 482
500> 132 0.0 53 121 07 318 303 189
240> <149 2,514 789 831 843t 843t 828 799 76.6
150-199 1,358 684 783 809 814t 803 727 655
200-499 1,962 454 635 726 73.0t 69.7 57.0 454
500> 182 49 121 286 39.0 18" 203 110

*Within each lipid category, indicates the estimation factor with the greatest number of samples with less than 10% difference between
measured and estimated LDL cholesterol concentrations. ¥ ATP(Adult Treatment Panel) III Classification of Total cholesterol concentrations and
Triglyceride concentrations. LDL, low-density lipoprotein: TG, triglyceride.

mg/dl), high(200-499 mg/dl), very high(>500 mg/dl)& Z+7 =& AR (r=0910-0938) 2 HIt). Alatdel A
TRt 22la 7 el LDLCS] A S54]9t '90% o] 4 271 98 ‘0% ol BAEE AEdte] 1 HES v
A& 2 WEE(%) S Foldth 2 A7 TC7F 19mg/dl o] 8t sflom, 1 A¥ 77149 WEH Friedewald A4 2T
ol ol TG/6%k TG/75 tUAAl w2 %S HHla, o] oA TGe] <7iel weh vEx= fashke Ave Hiioh
= TG7} 15049 9mg/dI¢] 750l TG/6= 7HY & %E B 7F4 TG7} 400mg/dl ©]’¢9l 7%= ) alo] 2]
ok 59, TC7F 200239 mg/dIS) Z-F-ell= TG #tell 73} A9l 0% ol &elH F4e 2= HEot=t ezt
TG/6S tiieh 297t 718 =itk TCF 40mg/dl o432l Uich

o 4
fr

|

A2 TG/555 S W Awbdog 71 =& %S5 Btk FY2HEY WEHAse] AR Frammgham
F 65 29| LDLCS = 100084 o]4e] =) Heart Study 53 2 Atda 2 4#94 9rt? LDLCr}
A AAG ks Blaek otk BEe ozl S4H 83 olffe Y U e SU2HEY UFEol
LDLC#o] Efut} 25 W Holu, [ukddl Hix|= LDLe] ofsll &xks]7] wjZolt}. A4 < 70% J=9 TC
frAketA LDLo] gutaitta g4 gk
LDLCE IJAFE vhekst Sguie] glojgton, 01“* s
Table 6. Mean values of LDL cholesterol by sex (mean * ol 71 A& ek 2HBAC @ Aws}t geigek”
SD) unit: mg/dl A3} 174491 Friedewald 34]°] potential estimation error
A Hospital B Hospital C Hospital 2 Zoled 7P Aeitte A2 o281, o] ¥ TG/5
Sex  This study  (Above (Above  (Clinical laboratory = olasz 2O smro 1A Qo]
1000 beds) 1000 beds) instimte) 312(1)5] 0_6]' O] ‘O}—\—IL_ T wT ﬂ?g} Q }\01]}“] /‘]‘ ﬂ
Male 1273 + 312 1277 + 3111322 + 303 1239 + 263 o2 sA A2 Be AFolA Friedewald 342 It
M 4715 (62%) (1558 (1,952) 2 ALgsls AL Zals)l 9ok 2] Qlojg 6 B of
Female 1175 + 31.1 1206 + 319 1276 £ 32.7 1245 + 275 AR & T ol & Wal o 5 e =
M  (14217) (4062  (9649) ( 956) T A | ©] 4 A TG%{H A3} gl TCZHz Libﬂ 2
Total 1237 + 315 1249 + 316 1304 £ 317 1241 275 AR gk dSgke] it Aol7h v, o] & Zoled| ofw
M  (8932)  (10298)  (25231) (2,908) 20| 1 B3 2| olW Al 5%
2 Q1= T TG/5% o] &3t '774%40 224 9 TG/4,
] TG/45, TG/5, TG/55, TG/6, TG/7, TG/8Z A &8}l o1u
o & Aol IDLCE] AZAd] 744 28dNE Arsan. 1
o o , . A 7} TG/6E ©]&3 F2o] A} Hwste] 7M=& "J
A & o] A& A
T ]H LDLC 74] 7‘]9} ] }-/] j oﬁ:ﬂﬂ.‘ﬂ =2 J&J&ﬁ](r_og?ﬁ)% ‘jr EHTT’EL*] q_ :[loﬂ;\i»\;._ G/6“

20



(The comparison analysis between measured and estimated LDL-cholesterol]

o) B g TG/6€ o] ¥ 7411 17} A5 44
AR 9} 71 2o HiA e Aol 5 HY
Friedewald &2]2 ¥# LDLC=TC-HDLC-VLDLZ, VLDL
e 71Eog stof FHEoATh A% VLDL 42 ofH
1 HEE o] 7] wjitd] A4 oz VLDL thal TG/5
=3 %t} ol VLDLe] Ul¥-#e d3F TGE Hulketn
= A AR 78 F dve 7 st
A SH R e #4o] TGVLDL=510l2h= AE 44
o|ch? YR A AE TG/5RTHE TG/67}
o] A3t 6‘?91911 53] TGHtol 200mg/dl ol’d¥ o
o ot 319 2 o] 94| TGgte] S7ketd et
AL "ol ?i?ﬂku} TGA W2 BRete ol gt
Ao vms odA T, B A7E TG/h 100-249 mg/dl
A9 oW TG/69] F2e] 7 Ajfeitte 2345 AAth
2 ATE TG 3t B30 w2 LDLC A4 o} A 221t
S Hwd Al gekoy, B ApdE TCo & H3te A
2o GFS Z F 9L AT Hil TCE 3702, TGE 47
o2 BFH3lY F 127 tigt AL STk Al F2olA
H% TC, HDLC, TG 257} LDLCY] #+& 24 sts b 7]ojs)
1

1 Ytk 2 F HDLCE v& #5Ed Hls) vlas +4)7} 4
TG GA 1/5,1/6 S22 UFH FA|7F Ao nz $2]7}

7F 2 TC7} LDLC A&t Slo] 718 2 7S sty & &
Aok IR = Btetal, TCa Wigle] w2 LDLC A<
3 A= vln|gk Ho|9itt. 1A NECPA Hxgt ATP
e &34 wel TCS desirable(<200 mg/dl), borderline high
(200-239 mg/dl), high (240mg/dl) ©]2A| 3722, TG normal(<150
mg/dl), borderline high(130-199 mg/dl, high (200499 mg/dl), very
high(300mg/dl)®] 47o2 dlo] % 12Fo® EFaSITh
desirable TC oA LDLC AAH & A 222} '90% oW LX)
&0 71 dotth 2% TG/6 2 TG/72 A4 LDLCE
Hl A =& H]&S B borderline high TC oA = TG
o #AGle] TG/6% A4te LDLC/F AZA)9k= 858% % 7}
2 fAstg o, 9A] TG7F 500 mg/dIE 233 734+ v&
o] 31.8%% o} ¥th high TC oAl TG/55% AL
LDLC7} 7V & vl&S 29tk &, TC7) 240 mg/dl ©| 31
TG/6<, TC7t 240 mg/dl& %23t 7= TG/555 1&she
Hol EhaL & & Stk

T3 9o TGHel wheh A 47e2 2R3 7, 7 2o
A LDLCY] A3 3 AXAE Al <99 mg/dl, 100-129
mg/dl, 130-159 mg/dl, 160-189 mg/dl 2 >190 mg/dlgl 57
o7 o] FAd A4 7714 TGHE 7tz dx|at= W
TE(%)E T B2 e A3X9Y 74]4117} e

FoA = MEES HTh TG/} 149 mg/dl )8t du&
TG/7Z, TG7} 150-199mg/dI¥ W& TG/6%+ TG/7Z, TG7}
200499 mg/dI¥ WE TG/6%, TG7} 15049 mg/dI¥ o=
TG/62 Axtet Aol 242 714 & WEeS Btk TG
7} 500mg/dl ©]4< W= LDLC7} 129 mg/dlo| st wol gk
TG/4%5 o] & F2o] F%ou, 1 Yell= 60% °lst 4=
of W dA| Hl&E Kol T4 Algo] of-Ejet AztE.
ol e oy AFdME frAke Z8S Eolx Sith ot

o, TGel #AIglel LDLCS 229} A4 2T 100
mg/dl °]3leFd TG/4E5 Algste Zo| 7MY £& Ax:s

H3th

LDLCE A4 S4 ok W tefsith dut oz 24l
(ultracentrifugation, beta-quantification), %17]% & {electrophoresis,
homogeneous assay), 317 (precipitation with polyvinyl sulfate or
heparin)l 59| o] lom, 1 FollA ZdalEeHol 7}
4 Ag wos oA Yot s, olg g WL
S12AIZF o 40517, BE A, e B, 1w
& A g aFHBRE HIZd e 67103%94 ARTLHE
22 A3k QT ol Aol 2253 34 4 e
SR 7Fsat e X]"}“”O Al o g gR1E 4
o] wl=relA = 20008 ©]$-2 proficiency-testing programs
2 Agstn ok mEe] F87]8Q New York State
Department of Health, American Proficiency Institute, American
Association of Bioanalysts Goll4 Bo] AHg-ahH, & AFoA =
3719 A vl 71950 AFEaHe R A3 LDLCE
S5l AN ¢} H welgith

Friedewald 24]-& A 20:47F 3,000 o)/de] #& <
EFo] e T o] AgEInt? gals] v gw Ao
3, &S ARFEeHY] Ao ® Jhesteg @ o)
Foll A&, AFE GA giFE o] WHE o] &dto]
LDLCE Féta itk ol d4dq £ A7} LDLCY
V‘HV} AEAE AT F deAldd dig 712 A5EA]

SeHgoH gtk fEo] 3nhg o]} ARE 4% o

:rL7} Sle TUldlA, & d7= F8 ddd 9=
¥ Friedewald 34< AAsty, TC, TGS +7Hd
o] 7}zke] W9lo] wi= AL Agstid oS
7PHe IDLCE 78 & sleefet q4AZ
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The comparison analysis between measured and estimated LDL-cholesterol

Byung-Seong Suh, Dong-il Kim

Department of Occupational Medicine, Kang—Buk Samsung Hospital & Sungkyunkwan University, School of Medicine

Background

Low-Density lipoprotein cholesterol(LDLC) is the main marker in hyperlipidemia. However, LDLC is usually estimated
by the Friedewald equation rather than directly measured. So, we assess the validity of the formula by comparing each
value.

Methods

The data were collected from 38,932 persons who took the periodic health examinations done at one university hospital
in 2001. We compared the measured serum LDLC concentrations with calculated values by using the several terms of
triglycerides(TG) (TG/4, TG/45, TG/5, TG/55, TG/6, TG/7, and TG/8). We also compared them by using the several
groups of TG and total cholesterol level.

Results

There is the highest correlation when we using the term TG/6 (r=0.938). Especially For TG levels 100-249mg/dl, TG/6 is
the most closely matching term and gave the smallest mean percent errors. The greater the TG levels were, however, the
more estimation errors were occurred. Above 400mg/dl of TG, the correspondency was decreased to below 44%. Using
TG/6 was also adequate independently when the total cholesterol level was 200-239mg/dl.

Conclusions

Generalizing the results, It seems more valid when we use TG/6 in the formula. And total cholesterol level is another
important variable using this formula. (Korean ] Health Promot Dis Prev 2007 ; 7(1) :17~23)
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