[RZE] 1

VAHT A R I, Friedewald 2 K A& & B R F AN T S
&G NE B B

B2 RRR RE¥E wHL KKK

HERB B L BEH R Friedewald formula (FF) 2 1~ #E#EM - R#F
AL @EAR A ENE S — ALK -

Fik KR EPREERER 2006 F 1 A 2011 F 12 AR E > B4
8 NEF L EHA T BRI AR B A 14405 BF > F#520~96 R0 B
15 8816 A (61.2%) ° #E7A B 3£ 440 Bl B% (total cholesterol, TC) ~ & % &
& % & #% Bl 5% (high density lipoprotein-cholesterol, HDL-C) ~ 1& %8 & fis %& & B
&% (low density lipoprotein-cholesterol, LDL-C) A& =8 H e 8 (triglyceride,
TG) o XAHL ¥ 20065 1 A E 2010 5 12 A Z #H A AH > 2011 F 1 F
E 12 AEAE BRI EH o & KRR B BF (residual cholesterol, Re) & TC-
(LDL-C)- (HDL-C) » ¥A SAS 9.2 $x 3% 547 & At o

R W Re TR TG ARF G » T TG X # 0 EHEEAE 1/8 0 dsk
L FF 2 TG 143k (1/5) #rbd » R E 42 L8 2 7 (p<0.05) o 4%
2011 5 1 AE 12 AEERBHARIR > &R 8R4 LDL-C ¢y skt sh
W% R ILFF & o

83 D FF A LR BEAEM - A# A X ifts LDL-C HBIFe9a R » s T
AEAREKLZER -

&HREZ 2013, 23: 1-14)

RA#EEA © low density lipoprotein-cholesterol, residual cholesterol, triglyceride, training
data, testing data

tet Z mIMAEAETAHRTES | NCEP ATP III

Bl B ( National Cholesterol Education Program

Adult Treatment Panel 111 ) » i [FEAE (K5

1 [T i S S50 TR B IR s A L g (AT 2R FERSTE I EEIRE ( low density lipoprotein-
PRORC e B A K]k 36 R B 52 il cholesterol, LDL-C) K FEFG 0o I & B
A:WTFERE (National Institutes of Health) (cardiovascular disease, CVD) ZEHZH

G BRT B RS RRVUA CIEHEAS YRR RS AR SRS B RSN
FHEE A B b KRR R I T R

ZHEAH 101F8A 168 BE&EFIA 101410 A 178

WA AR WA 6 T E B ES2505 B b A RIS A AW %
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8 (primary target)!" - 3@7% LDL-C Kt
HIARTTE - FEERIR E#Z MR Friedewald
AT (Friedewald formula, FF) JILAHES
U NG B R AE R R B B IE IR RSB R A
HUHRTE o Al AR SR B E] FF
ZARHEREME » 40 Scharnagl S A WY
JeEs B - KIE LDL-C YIS B {5 hn LA
St - BRI R ED - Li SR
I ENE®E H (lipoprotein, Lp)(a) $ghl
LDL-C grfiiefh' » ALt oe/R g Bl
AT H AR (triglyceride, TG) FEIEH
"S5/ NA 400 mg/dLP' » LDL-C
MARAL o SRR R R R 22 52 » BiBISh
HIBFFERE R A FREREA S £ =
B AR E BRI E R E - HRTHRAE
BRI ITE - HEEE FF HEALE
BB EA MG LR 2= 5%
HHBEEREAY B/ NAE 99 i - HiE
Mo o TR E AN E
% (total cholesterol, TC) #HiK [ » A H
i LDL-C ~ &% NG E H IEE R (high
density lipoprotein-cholesterol, HDL-C) FI
TR B R o B GRS (very low density
lipoprotein- cholesterol, VLDL-C) FtfHfL
Mme - M EEaiEE2Esss LA
GrlS ) — et Ny 2RI lENT -

FF i HAEREM: - {H LDL-C 2
IMAG WG i = B (25000 ) ZRlE
H - KEFERHEE - AR RE])
GFIH FF DRSS ARy se 2 1m IE 1
IREEEOR - BT hi s A AR B 5 27
ERER L AT o AR EEAE G FEH] IL
HEFF A BB Ry B BRI R E AYHE
REIF - BHFETRSCMEE FF RS IR B
FHIHEREMEA S -

AHHFEHER] FF £531 LDL-C fH » &5
RANEHIEME BT - HHEEFE A
RERME 3R » LU R A A 55—
HEA A -
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MFERTE

WP ER R I B e 2006 4 1 H
X 2011 4 12 H - A R E 2 g
RS - Ml EAEAE R R 8 /NRFLL B
Z TC ~ HDL-C ~ LDL-C ~ TG ZZIfERf
TREE o HHEUSZ AR A MWK » 520 T &E b
% - DUBE LB 3000 BEEEL 10 4388 - 4R
{bR @23 f Hitachi 7600 (HIZ) M7
> AL (colorimetric method)
Fotfe CR EMERE SRS HENE - FHE 2 X
(B4 9 BF R RAF 8 IF) FRIERE DI e
nn iR HEREHZ 9:30 ~ 12:30
15:30 ~ 03:30 BEBEA IMBAR A HATH] -
B EE S LIRS DU g I -
SeHR RS R A - S EM - H
R E T —RZEIE - XH TG
B - WIBR2 8L 1500 mg/dL DL F4#E
20 DIGHE 6 (5 23 B i A PR e A it (L
B s -

Bt ik

AR EARER 3 i LA R E
Gy HEEROR  EFEEIE DI {E (mean) &
FE#EFE (standard deviation, SD) ~ ¢ A
fH (maximum) > f%//ME (minimum) > 1
78R (median) ~ Q, (25% PU53H7) K Q,
(75% P43z ) 2R < BL 2006 ££ 1 H
2010 4 12 H M HRHLA AR EME FodlllHR
& H} (training data) » FEfd FF fEiE @ %
ffZ LDL-C 193 A 1 Ak 3 3R A2 A 43
i - FHfA FF % LDL-C=TC-(HDL-
C)-(TG/5) » Z 5k TC /Y HDL-C Bd
LDL-C DU HA st 5 28 Fo TR R IS
[E|lE (residual cholesterol; Re) » HIf Re=
TC-(HDL-C)-(LDL-C) * FF FtZE[A]A Re
=TG/5 - #ith - AJFE AR B R R E T
TIETRETAIRE R R Re BE TG AU



Wk e R
& RER

KB 10247234 14 REX HRFR

E#EH{%R (empirical relationship) * Bl Re=
TC~(LDL-C)-(HDL-C)=p *TG+¢ » i il
Ba H, : p=1/5 09t » LAEHE FF ORI
JREERYE M » BN LDL-C —f
FTHAETE (Tsai formula, TF) « HZK » LU
2011 4F 1 HE 2011 4F 12 H 2 &R
(testing data) B&E& Je LR FF B2 TF Fyk
FHHEMENE BAE B o DL ARG BT DA
SAS 9.2 (2008) FifZfitfy PROC REG" »
B2 PROC CAPABILITY" f2 K 521K -

m &R

ARG 14,405 {HZ - e
Fs 20~96 5% > FMEAS 8,816 A (61.2%) -
Hrf 2006 4£ 1 HZ 2010 4 12 23
RERHE 10,873 A ° TG < 400 mg/dL Kz
TG >400 mg/dL &4 10,460 A (96.2%)
413 A (3.8%) ° 2011 ££1 AHZE 12 Azl
HERE 3,532 A » TG <400 mg/dL k>
400 mg/dL &F 3,395 A (96.1%) F 137
A (3.9%) (FF1) -

Al E RS+ MAE G A e
0 TG ks 1,355 mg/dL ~ £k 18
mg/dL » LDL-C fxreky 631 mg/dL ~ #x
KRy 13 mg/dL - HIEAERZ TG i
RAMERZ R 1,252 mg/dL ~ 22 mg/dL »
LDL-C Wi ~ fxfKfE Ry 444 mg/dL »
20 mg/dL - FIFRE R ELHENE R Re »
Efat B 2R (R1) - FllHR
EhHERERZ TG Bl Re 2 Pearson
HHEA TR B 53 7 ks 0.8846 Jz 0.8843 ([&]
1)

FH 30 5 53 A w2 B R A 1k A R
2%~ K TG < 400 Bl TG>400 mg/
dL ZfEZEH) TG REUZAHE - MK Ky
0.1242 ~ 0.1243 ~ 0.1242 ; Bl FF &2 TG 1%
B 1/5 (0.2) thig - B EMEEIZEL

REEF 3

H o ER R -226.1( p<0.0001) ~ -198.1
(p<0.0001) ~ Fz -64.9 ( p<0.0001) » £
7~ FF JERA LI & A A vl Z0gry 3%
A (R2) - AR =8 E
Ko TG 122 95% EHEER (95%
confidence intervals) K7 Ey 0.12355~
0.12486 ~ 0.12355~0.12505 2 0.12170~
0.12631 » ¥ EEHER 1/8 (0.125) » J
TR FF ZAhGHER 2R AT By
JifE o # FF 2 TG fREEER 1/8 » Fir
B A= TF B LDL-C=TC-(HDL-C)-
TG/8

HZK > 43BILL FF B TF &3
ZRl 28 LDL-C & k3t
B+ 6B EEHEIAY LDL-C g - DUEE
A HAL G R AR BESRA o HRdETIRE
HISEE - FEHESE (SD) ~ 25% DU (Q,)
e 75% P95 AL (Qy) SEMfRTH BN (&
3) o FEmHAE R A EE -~ 5
TG < 400 mg/dL HIEZ » FF Zfh513%
PR EERASRENLE TF K - i H FF &
SRR 2 (bias downward) 5
TF AT-FEfR (unbiased) » HALFRRA
EHDZ R E R o PG
AR (0.95, 0.99) ZKEFEfH] (tolerance
intervals)!'"ifi 5 - ZLL FF fiEIAM
LDL-C 7 » 1€ 95% MIfS o7k ¥ Fi
H 99% HIEZ 2 MiE e g & A 411~
18.4 MY - 1fi TF 9 (0.95, 0.99) &
FFEf (-16.9~18.2) HIEHARLL FF #y%E
/N o HfE i HE FHRIEIFRHI TG < 400 FY
% » FF Z 37/ (0.95, 0.99) A F R
(-34.7~14.4) {RIRBHEEMLEL TF 9 (0.95,
0.99)AFFEM (-15.8~17.2) K (&
3) o JLELEFRRIAM AT DATEIN TF 2 A%
FHHEME R ERE B R L FF 0 -

R TEEEE TF ZAhE HEE M BURE 5%
JE o DL 2011 51 HE 12 AREZH
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&1 [MAERHEARE R M6
TC HDL-C LDL-C Rec TG TC HDL-C LDL-C Rec TG
FrEFIRRER (n=10,873) FrEHEER (n=3,532)
Mean 1829 499 1126 204 159.0 1838 499 112.1  21.7 1593

SD 39.0 14.8 340 142 109.5 40.1 15.3 343 14.7 1103
Min 49 3 13 0 18 57 3 20 0 22
Max 833 127 631 195 1355 569 126 444 168 1252
Q 157 40 90 12 &9 157 39 89 13 90
Median 180 48 110 17 130 181 48 110 19 130
Qs 205 58 132 25 191 208 58 132 26 192

FIFRE R TG <400 (n=10,460) HIELZE R TG <400 (n=3,395)

Mean 1815 503 112.6  18.6 144.0 182.0 504 111.8 19.8 1438
SD 37.7 148 334 10.1 75.5 384 153 33.6 10.3 73.6
Min 49 3 13 0 18 57 3 20 0 22
Max 423 127 318 113 400 395 126 312 87 399
Q 156 40 90 12 88 156 40 89 13 89

Median 179 48 111 17 126 179 48 110 18 125
Qs 204 59 132 24 182 205 59 132 25 182

AR TG> 400 (n=413) HIEL R TG> 400 (n=137)

Mean 2173 39.1 111.9 663  540.0 2274 38.6 119.2 69.6 5448
SD 54.7 104 474  24.0 142.1 542  10.1 49.7 245 158.1
Min 129 4 19 29 401 120 8 36 36 401
Max 833 91 631 195 1355 569 73 444 168 1252
Q, 185 33 83 49 436 191 33 88 52 438

Median 213 38 107 61 499 223 38 115 64 486

Q; 242 44 130 77 595 252 44 140 78 594

FIFREFRL (training data) B 2006 45 1 HZE 2010 4F 12 H ~ HIFKE R} (testing data) Fy 2011 4 1 HFE12
HFcsE

TC : FEREERE (total cholesterol) » LDL-C ; {5 EE I HBEREINE (low density lipoprotein-cholesterol) »
HDL-C : E&EHEE HIEF RS (high density lipoprotein-cholesterol) ~ TG : =& H S (triglyceride)

Rc (residual cholesterol) =TC-(HDL-C)-(LDL-C)

Mean : S ~ SD @ AE#E5 « Min : H/IMH ~ Max @ e KfH ~ Q  25%PU437 ~ Median & FAEL ~
Q, : 75% PUsrfir

B HEAT Ry mg/dL
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A& (2006~2010) , n=10873, r=0.8846

Residual Cholesterol

1400

Triglyceride

HIERZERF (2011), n=3532, r=0.8843
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Triglyceride

Bl1 =PEHMEE (triglyceride) ERFZERAEEIRZ (residual cholesterol) 43 fi[E K AHES

&2 JRERIEEIRZ SR =B H MEE < BER AT

Gty A& AlFRERL (TG <400)  FlIFREE(TG>400)
(n=10,873) (n=10,460) (n=413)
TG ¥ (B)" 0.1242 0.1243 0.1242
SE (B) 0.00033529 0.00038213 0.00117
t-test of f=0.2 226.1 (p<0.0001) -198.1 (p<0.0001) -64.9 (p<0.0001)
95%CI of 0.12355~0.12486 0.12355~0.12505 0.12170~0.12631

a : Re=TC- (LDL-C)-(HDL-C)= S * TG+ ¢
Re : 7EERIEMERE (residual cholesterol)
TG : = H B (triglyceride)
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£3 FRETFHIIMENZ EEEREORERNMSHRE
FrallE R

TG < 400 mg/dL HIFI#RE R

HETE FF TF FF TF

9E 114 0.6 -10.2 0.7
SD 11.4 6.7 9.4 6.3
Q -16 -3 -15 -3

EalivA -10 0 9 1
Q, 4 4 -4 4

(0.95,0.99)TT" -41.1~18.4 -16.9~18.2 -34.7~14.4 -15.8~17.2

FF (Friedewald/A3\) : LDL-C =TC-(HDL-C)-(TG/5) » TF(Tsai’A=) : LDL-C=TC-(HDL-C)-(TG/8)

TC : FENE[EES (total cholesterol) » LDL-C : {2 HIEEIRE (low density lipoprotein-cholesterol)
HDL-C : SR E H B (high density lipoprotein-cholesterol) » TG : =& HHES (triglyceride)

a @ (0.95,0.99)Tolerance Interval » F/RFE 95% F/.07KHE L - A 99% MUftiat iR s e e MATFE
fHA

SD : fEHEFE ~ Q, : 25% VY57 ~ Qs & 75% VY41t

BRHEAER - 2Bl FF Bl TF 315 BUIME ~ BAREMRK R -10.1 > 11.4 -

LDL-C WIfdigHE R fdig 3Rz » LAL#L FF
Bl TF ZAEEH80CR - 155 Miastpra
3,532 HIEREZEEL TG < 400 B9 3,395
% » LDL-C HYEHIEELFFALE HE AR
PERATR (linearity) BEARERLEMIEEL TF
fEEHERRRER (R (E2) : fEEHHE
BAFFfLEHAMAI R fRE T - FAE 1:1 %
PR E TR SRR 101 HAafR
TRMEZEZ - BB FF R EAG R
PEE 5 TF RIEELER S - AT ERITEES
PR 1 Baite b s A
B 1:1 BRI EEEERESR FF EV/0N © R
Hifpfgses R tWr[ 3 TF Fra HE
%E (n=3,532) ~ TG < 400 ( n=3,395)
F 53R Ry 0.9597 ~ 0.9635 » H{EA FF &2
0.8933 ~ 0.9256 » H[ &, TF By TEHIERE R
HEE =R FF o

FF B TF Zfli3tiRe KRBT 28 #
TR ([3) - BRATE 3,532 fEEEL
EIZEIM S » FF ZERAZNEY ~ BEAERE

143 ~ 66 * TF HIfRX Ry 1.9~ 6.9 ~ -56 »
73 ; AL TF BOfhE TR R BLAE 25 M AY fe
L FF & » [EIRRROAS AL HIERAE TG < 400
mg/dL Y 3,395 {ERHIEREZE ([&3) -
SLATA 3,532 EHEEEZE » FF
HIfhEERZEA 98.2% P& A-41.1~18.4 1Y
(0.95, 0.99) ZHEFFERIA » TF AYAhEHER
ZHIH 97.9% % A-16.9~18.21# (0.95,
0.99) A7 [l A« 225K e P ot ] PR 1) 7
TG < 400 mg/dL 9 3,395 fEHIEREZ -
FF L3R =H 98.7% & A -34.7~
14.4 19 (0.95, 0.99) &M » TF 1Y
fhEERZEHIE 98.1% 75 A -15.8~17.2
(0.95, 0.99) ZFFFE[IA - th—HIFRRH
IR R FF Bl TF 2 k3357
19 (0.95, 0.99) AFFEMAE I FER - F
HIZRIR TF ZAdi g1 M BiLRG 2% S A e
FEFF &« HR » EHR AT ro i3 iss
ISR (lower specification limit) B R
¥ PR (upper specification limit) 43515 ]
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Fy LSL=-10 mg/dL » USL=10 mg/dL ;
RITERTE 3,532 fEHEAEZEH - FF 8945
EazE A 58% (100-40.8-1.1%) 4 42
#E 7 TF A3 HaRZ2HIAE 89.7% & A%
#E o F5RFE I EIEIFRFIN TG < 400 mg/
dL #9 3,395 fElHIEAMEZE - FF AUfliEtiR=s
I 60.4% & FAEHE » 1] TF AYfdEH35%
2] 90.9% 5 TARHE -

I ORRIE REEF 7

7 &

ATl R E R RIS SRR » 1 FF
fliEt LDL-C &H 947 -9~-10 mg/dL
H AR - —A R A i T 1S 2
—H A TF @ #5%8 ks LDL-C=TC-
(HDL-C)-TG/8 « #— DIHIEA & BHi 5

FrE &R (n=3,532)

TF (R*=0.9597)

FF (R*=0.8933)

T T T T T

LDL Estimated by FF

0 100 20 300 400 500

T
0 100 400 500

20 300
LDL Estimated by FF

TG < 400HJHIFAE S (n=3,395)

FF (R>=0.9256)

500

0 100 20 30 400 500

LDL Estimated by FF

TF (R*=0.9635)

500 /

LDL-C

T T T T T

20 300 400
LDL Estimated by FF

B2 BIFHEMZ Friedewald AXNFFH AN EZERERERE (low density lipoprotein-

cholesterol ; LDL-C) fA&H{EE B AED flE

FF : Friedewald Az ~ TF : Tsai A3 * R? : f@f2g s
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Distribution of ERR

data = Test Data with TG<=400 dats = Whole Set of Test Data

[ D = e 49 ey A0t

= " 22 Y 14

iy b =t LSL UsL Wi da@n LS sl
i 30 A s 80 M &0

[ Ferrent Obr < L5l 0.5 Perpent Db < 5L S04

E Peroant Db » USL 10 Peroent Obs = WL LI

= 20+

5 B i

gl 104 LN

E

2| E
— E o

E = A0~ ean | iz 13

i i 65 | F1] 1] i

E winamym o Wi -SER

i 30 A woirun T30 i s TES 14

E Periant Obic 5L 13 f" % Pertai DU 2 LSL 323 A

B Peroent Obe e USL 73 Perrent Dbs = WL 20

- 20 4

i

.
— o T I I T 1 T L I I I I I T

S0 40 30 20 A0 D 10

20

0 S50 A0

30 20 <@ 0 1 20 30

Error of predicted LDL-c {mgrdl) for test data

[specifications and Curve LsL

Target usL

Mormal |

B3 LUIFRE ETRA10 & -10 mg/dL tkE Friedewald AR (FF) B Tsai A% (TF) 547812011
FRRERZEZBEEREHEREE (low density lipoprotein-cholesterol, LDL-C) 3R ZAJELES 4T
USL : upper specification limit ; #24% EFR + LSL  lower specification limit ; %248 FER

3 UL TF M hermnfdi - 32989 1.9
mg/dL » AJHZ FF BEHERETHEYL LDL-C - 35
AT B2 B BT ER A2 2 N RREE _FR 53 51
2Ty -10 B 10 m/dL » BUFERTAHIZE
Frit o TF & AR HRIR L FF 25
#% o

#2 LDL-C KIfgHls B A
i - {EERIRFE E#Z2HK FF .2 LDL-C
=TC-(HDL-C)-(VLDL-C) fjilL e »
2001 4ER§ NCEP ATP 111 5|2
LDL-C SRR FF e A =R
ERR T AREE N BSIMAESN - FERHB
AJERCRE (chylomicron) K » —f&1EHE A
# VLDL-C #J% A TG/5™' 2 HijfE -
SRBERRT Mora™ 41 » HABARDHFFEER
B FF 2 LDL-C &AL » Hr51
AR E TG [H T EHE - A 3ET

52Hl p-quantifcation J7 IS A ELEL -
IRFEELHEAR TG <400 mg/dL F * FF &2
LDL-C IR o Scharnagl S ASE
2001 FEAYRFFEREE - EUEE T 176 R
AL » R AR R 2% B2 e 2 1 B[l
PEAIR R SR DL - BB — 2
2 % N e [ i Y S R
FEMES AR 1.58 ~ 2.4 ~ 3.49 ~ 4,67 mmol/
L (61 ~93 ~ 135~ 181 mg/dL) F#53 Rl
% 18.5% ~ -14.5% ~ -7.3% ~ -3.8% Fyf&
FrazE® -

FF 2 HB—lEFER TC AEHET
LDL-C » HDL-C % VLDL-C » HE [
A H A A E o TR R
BIAE TC #HRC E - HEA B ik 3 15
FrfH e - HAE RS EEE AR
[%]}% (intermediate density lipoprotein-
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cholesterol, IDL-C) ~ chylomicron » VLDL
BEERY) (remnants) ~ BEEEH (lipoprotein,
Lp)(a) » Lp-X KAJREH AT EEBRZETHYS
AR AT R E R - B
RTEAT Lp(a) Bt CVD AR - i Lp-X
HIEL CVD B fieRd » H 3 B i
FF¥%9% (cholestatic liver diseases) R °
R AR R e e e P RE AL (primary
biliary cirrhosis) ° Li S5 Lp(a) 34
i » LDL-C Eg#kmis™ - &AL
FEREBIMER TG FEIEH T SR 400
mg/dL"”"" » LDL-C JRE LA - RE
G WATARARBGE EIEH - BEARIK Ry
M REY 72 - HBSMORFFEHE R G
ERBEHREAS I HE AR E
BHalHE R Z - HET A GBS
L/ IMEARZIESE - BB FF HEAS{EAT
B HSEMEFEAYET DR ER
U RIPEEAMAS TC EHTEFH Fy (LDL-C)
+ (HDL-C)+ % fx B E Pl (residual
cholesterol, Rc) Z &A1 » & TG Bl Re
—ER% - HIFEH TG #ft Re [HEE S
H .

Teerakanchana {EZ8[E] 2 WF9EEE 3 -
LDL-C B TG JREA AR TR GR © TG
T 151-200 ~ 201-300 Jz 301-400 mg/dL
SrRE 18.3 ~ 11.4 K 20.9 mg/dL HYFRE
0TS SRR SR B BAE IR R B A
¥} > Re Bl TG 2 Pearson FHEAGRES A
T 0.8846 K 0.8843 5 FHFIFRE IV E R
R+ HEEHHHY A0k LDL-C=
TC-(HDL-C)-TG/8 - iff LLHIER & A HH
A BB TF 2 R® SERY FF > W TF
FITETIYERERE =Y FF o DA R & 5
FHE B EAIE LR - P58 LDL-C FRA2HY
Giffi - D WEEAR A A HERERE - 38
B TF WATAHEER K TG < 400 mg/
dL #yHIEAE R - H LDL-C fhEF3RE8

REEF 9

SRS FF - Horp TF R ENE R
EyEifdi 1.9 mg/dL - 1fif FF ELEFHIEAR A
#7 10 mg/dL » 7 TG < 400 mg/dL ZfliZ
chRELERHMEARAE) 9 mg/dL - HHEEHERY
Ll » mEEHE TF Lk FF ] SEHERERY A5 5T
LDL-C ©

FF ZPR#Ry TG 7H < 400 mg/dL -
FHfE 2 fER2EE TG < 400 mg/dL FHZH
HMEELFEHEE R® FEAH TG>400 mg/
dL ; B TF JR3E8iA s - HHE TG
< 400 mg/dL K TG>400 mg/dL f&HH
ER5E » BT FF 16 TG <400 mg/dL
KRB o [LERIR TF JREY TG>400 mg/
dL H <1,355 mg/dL ( AWFFer e )
Z LDL-C fyflizf

Balal {18 & 09 B8 1T i
5%+ % FF &k LDL-C=8.018+(0.99
LDL-C of FF)®" = ZRfF5E R & LUAHIF]
B 7 Ml & R - 5 B9 IE R
B LDL-C=15.9989+(0.9541 LDL-C
of FF) » H R*=0.8893 EiJ{{ FF & R*=
0.8893 5 aHHIA] » LA T DUE HIE %
i ST P IS iR IE 20 (calibrated
formula) » BR THEME FF ZAdETERERIF
i E - R HALE R 22 (bias)
A o B G E R B AR ¢ T
F LDL-C {5 =AY H AR e A HE e M A 158
AR LDL-C JREEA T2 o LI FF 2R E
B At A2 B LDL-C » {H ¥ HAh—E0
3 AR LDL-C Higr S fhraRE - Kt
WAL S R R R R A B R 22 [ AR EE L
EERGEFRRES R (B RE
# SD) - HBHAHRLE FF A &R 2 fE
% MM MARHALEAYERZE - HXK -
Balal B EIEEVEIEEEIN FF BKIE
NELATF ST IS FF A ECE R
AP FORERR E BB IREE
MR AREREE I HE A AN B BT R -
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JLELES SR BERE FF 5 IE 20000 ey AR
FF Myt

Teerakanchana L2503 14 30 B
(multiple linear regression model) 4347
1016 fEfi% - /ER A=y LDL-C
=0.910 TC-0.634 (HDL-C)-0.111TG-
6.755%¢ o ABFFEIR G D2 TrAR I I o3
MrallfE skt » 55k 0.9882TC-0.8526
(HDL-C)-0.1065TG-8.7029 » H R*=
0.9649 Bl TF 2 R*=0.9608 FHEAE
i DU E kR 3B > H R°=10.9647
Bil TF 2 R’=0.9597 thfit Eps =8 -
FHA Z oA M i =g b TF B84 -
B ER R - ARREFEIE A ERA -
ERARFFERIFE (TF) B Balal »
Teerakanchana it 72 Fr$e U X AE
TG VERETE R RS 25 R EE - K 55 503
?% o

NCEP ATP III fA 2004 45
CVD Ef& (10-yr risk 10-20%) &
LDL-C H1 130 &% 100 mg/dL » 10-yr
risk >20% #FH 100 FEZE 70 mg/dL"™ »
BEFE M 2K Ry 2001 ERit NCEP ATP
11 465 |2 LDL-C 32t » 72 H FF
ARG ETEATE > B HER a0kt - FF
MR - JRERIRENAZE - F
FFFFGEAR TG <400 mg/dL » #HIE]
TMER L EZ BB 2 CVD [KIRE]
PRAVHERR - SRR I e & k2 LDL-C
BOMEA - SRR BRI SE & B s
FERASL  KIFFTHENLZ TF A WE AR
TG<1,355 mg/dL - [KIFL7RE#E AR AR
HITRATIRERAIE -

JElEl B2 e TGS MR (lipids) fEIMMAE
Hh 2 BIARVAIRRE - RIFAEEER R 2
FENRE YRS - ROEBIAREREAL - DL
MUORBETRF] A (energy utilization) ~ HEf
HY A ~ (] P T 7 558 0 R I I 15 B

Taiwan J Fam Med
2013 Vol.23 No.1

%o IKIEESE AN TSR JEOR - AR
S SEGEIRBIRE (L K CVD™ - K
SR AR M E R EA A - HATE
BT - LDL-C Enl B HLES
] B AN B AR R - (B b AT
BhERmE - Do LDL-C 2R

At 5 R ]

DISEH#EfL LDL-C &% & H i
f > 411 TC » HDL-C K TG #gifll /730y
R R A AT FE I 2 =X 2 T R T R
*E » FF fEiEfEDL - 78 TF JREE( A
SR MEG AR T A S B B
BRI TR EHRZE - AER=EEH
B 2 KA AT HE el - fe 4 R
FH MR BE AR - AR TE 8 BEI R E
B HENE BB AR (K1) - &
RIE B EN L E R R o HLeEE
MEEIMAERY TG EHEIE - AisEEH
1E 1,500 mg/dL DL - fEZ#EA » KL
bRz - LB BHEENMRET - IR
BT (creatinine) Wi AEEZ LDL-C fail
G (1S TR B ST RE R Y &
T ALBEZE ~ BRI 6 ~ & 2 M H
P JRR e VS ) 2 ] e i o 1T i
b 2SS RS - AR
FEM AR K AIHERR Z - FHE A e AR
JEZENE 12-14 /NRELLEPSY ARBFZE
— B AR E Ry 8 /INFFLL L BT
Rl AT REE R — L3R 7% » TRl — it
9% - HaiZ Wroeag s » #LL enzymatic
homogeneous assay H.{ZH[& LDL-C i >
ZeRER S BN A - {H FF JIFE TG {H
AR A Rl -

7 LDL-C [KIRgHIAME - fERRIR b
HBIZME FF DOCAHES  Ffi Aol 5 i%mydk
€ - HATE A PdssEl LDL-C - {HEH AR



ERCES £
EB102F234%14

4‘“

B

Bt SRR IR o A9 E FF %
TG < 400 HIEZEHER A EERIMEETDIRE
{EAMFFEHIHLL TG/8 B TG/5 » 7]kt
FF msEHEREMIALET LDL-C - BLASRER
A2 HiE A Y P LA~ H g iy
iRy - HEHAMBERER - AR
SRR FRHIER A o

B

ARIHFCRENEFISTE R - BLRF B RKEH e
BB RS L E R - M2 ETR
FrEEM-EITC - fEFRE+ 5

= o
=

LENRK

1.Anonymous: Third Report of the National
Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III) final
report. Circulation 2002; 106: 3143-421.

2.Anonymous: Randomised trial of cholesterol
lowering in 4444 patients with coronary
heart disease: the Scandinavian Simvastatin
Survival Study (4S). Lancet 1994; 344: 1383-
9.

3.Sacks FM, Pfeffer MA, Moye LA, et al: The
effect of pravastatin on coronary events after
myocardial infarction in patients with average
cholesterol levels. Cholesterol and Recurrent
Events Trial investigators. N Engl J Med
1996; 335: 1001-9.

4.Friedewald WT, Levy RI, Fredrickson DS:
Estimation of the concentration of low-
density lipoprotein cholesterol in plasma,

without use of the preparative ultracentrifuge.

REEF 11

Clin Chem 1972; 18: 499-502.

5.Scharnagl H, Nauck M, Wieland H, Marz W:
The Friedewald formula underestimates LDL
cholesterol at low concentrations. CCLM /
FESCC 2001; 39: 426-31.

6.Li KM, Wilcken DE, Dudman NP: Effect
of serum lipoprotein(a) on estimation of
low-density lipoprotein cholesterol by the
Friedewald formula. Clin Chem 1994; 40:
571-3.

7.Eblen-Zajjur A, Eblen-Zajjur M: [Estimation
of low density lipoprotein cholesterol
concentration: regression analysis versus
Friedewald's formula]. Rev Med Chil 2001;
129: 1263-70.

8.Tremblay AJ, Morrissette H, Gagne JM,
Bergeron J, Gagne C, Couture P: Validation of
the Friedewald formula for the determination
of low-density lipoprotein cholesterol
compared with beta-quantification in a large
population. Clin Biochem 2004; 37: 785-90.

9.DeLong DM, DeLong ER, Wood PD, Lippel
K, Rifkind BM: A comparison of methods for
the estimation of plasma low- and very low-
density lipoprotein cholesterol. The Lipid
Research Clinics Prevalence Study. JAMA
1986; 256: 2372-7.

10.Marniemi J, Maki J, Maatela J, Jarvisalo
J, Impivaara O: Poor applicability of the
Friedewald formula in the assessment of
serum LDL cholesterol for clinical purposes.
Clin Biochem 1995; 28: 285-9.

11.Lai HS, Liu WJ, Chen CY: Study on the
accuracy of using the friedewald formula in
predicting serum low density lipoprotein level
in Taiwan. Tw Fam Med Res 2004; 2: 10-9.

12.Cary N: Chapter 73. The REG Procedure
SAS/STAT User's Guide. SAS Institute Inc,
2008: 5527-640.



12 & B RAFAME LR & G IE B B Ha X

13.Cary N: Part 3. The Capability Procedure.
SAS/QC User's Guide. SAS Institute Inc,
2008: 207-575.

14 Howe WG: Two-sided tolerance limits for
normal populations - some improvements. J
Am Stat Assoc 1969; 64: 610-20.

15.Grundy SM, Cleeman JI, Merz CN, et al:
Implications of recent clinical trials for the
National Cholesterol Education Program
Adult Treatment Panel III guidelines.
Circulation 2004; 110: 227-39.

16.Anonymous: The New England Journal of
Medicine, Volume 276, January 19, 1967:
Fat transport in lipoproteins--an integrated
approach to mechanisms and disorders. By
Fredrickson DS, Levy RI, Lees RS. Nutr Rev
1987; 45: 271-3.

17.Hatch FT: Practical methods for plasma
lipoprotein analysis. Adv Lipid Res 1968; 6:
1-68.

18.Mora S, Rifai N, Buring JE, Ridker
PM: Comparison of LDL cholesterol
concentrations by Friedewald calculation
and direct measurement in relation to
cardiovascular events in 27,331 women. Clin
Chem 2009; 55: 888-94.

19.Faas FH, Earleywine A, Smith G, Simmons
DL: How should low-density lipoprotein
cholesterol concentration be determined? J
Fam Pract 2002; 51: 972-5.

20.Tighe DA, Ockene IS, Reed G, Nicolosi R:
Calculated low density lipoprotein cholesterol
levels frequently underestimate directly
measured low density lipoprotein cholesterol
determinations in patients with serum
triglyceride levels <or=4.52 mmol/l: an
analysis comparing the LipiDirect magnetic
LDL assay with the Friedewald calculation.
Clin Chim Acta 2006; 365: 236-42.

Taiwan J Fam Med
2013 Vol.23 No.1

21.Can M, Acikgoz S, Mungan G, et al: Is direct
method of low density lipoprotein cholesterol
measurement appropriate for targeting lipid
lowering therapy? Int J Cardiol 2010; 142:
105-7.

22.Cordova CM, Schneider CR, Juttel 1D,
Cordova MM: Comparison of LDL-
cholesterol direct measurement with the
estimate using the Friedewald formula in a
sample of 10,664 patients. Arq Bras Cardiol
2004; 83: 482-7; 76-81.

23.Jun KR, Park HI, Chun S, Park H, Min WK:
Effects of total cholesterol and triglyceride on
the percentage difference between the low-
density lipoprotein cholesterol concentration
measured directly and calculated using the
Friedewald formula. CCLM / FESCC 2008,;
46: 371-5.

24 Balal M, Paydas S, Inal T, Demir E, Kurt C,
Sertdemir Y: Validation of the Friedewald
formula for the determination of low-density
lipoprotein cholesterol in renal transplant
recipients. Ren Fail 2010; 32: 455-8.

25.Dahlen GH, Srinivasan SR, Stenlund H,
Wattigney WA, Wall S, Berenson GS:
The importance of serum lipoprotein(a) as
an independent risk factor for premature
coronary artery disease in middle-aged black
and white women from the United States. J
Intern Med 1998; 244: 417-24.

26.Teerakanchana T, Puavilai W, Suriyaprom
K, Tungtrongchitr R: Comparative study of
LDL-cholesterol levels in Thai patients by
the direct method and using the Friedewald
formula. Southeast Asian J Trop Med Public
Health 2007; 38: 519-27.

27.Maruyama K, Hirobe K, Noda H, et al:
Associations between blood lipid profiles and

risk of myocardial infarction among Japanese



Mo BE
ER S &3

KB 10247234 14

P
3
b

male workers: 3M Study. J Atheroscler
Thromb 2009; 16: 714-21.

28.Matas C, Cabre M, La Ville A, et al:
Limitations of the Friedewald formula for
estimating low-density lipoprotein cholesterol
in alcoholics with liver disease. Clin Chem
1994; 40: 404-6.

29.Rauoof MA, Igbal K, Mir MM, Tramboo
NA: Measurement of plasma lipids in patients
admitted with acute myocardial infarction or
unstable angina pectoris. Am J Cardiol 2001;
88: 165-7, AS.

30.Cohn JS, McNamara JR, Cohn SD, Ordovas
JM, Schaefer EJ: Postprandial plasma

lipoprotein changes in human subjects of

REEF 13

different ages. J Lipid Res 1988; 29: 469-79.

31.Weintraub MS, Zechner R, Brown
A, Eisenberg S, Breslow JL: Dietary
polyunsaturated fats of the W-6 and W-3
series reduce postprandial lipoprotein levels.
Chronic and acute effects of fat saturation on
postprandial lipoprotein metabolism. J Clin
Invest 1988; 82: 1884-93.

32.Tanno K, Okamura T, Ohsawa M, et al:
Comparison of low-density lipoprotein
cholesterol concentrations measured by
a direct homogeneous assay and by the
Friedewald formula in a large community
population. Clin Chim Acta 2010; 411: 1774-
80.



14 [Original Article]

Estimating Low Density Lipoprotein-cholesterol by
a New Formula Instead of the Friedewald Formula

in Adult Taiwanese

Chung-Huang Tsai'’, Jia-Lung Su', Min-Hua Wu’, Cheng-Jang Huang® and

Jiunn-Lung Lin’

Background: The Friedewald formula (FF) is of doubtful accuracy and precision; therefore, a
new formula for the estimation of low density lipoprotein-cholesterol (LDL-C) is proposed, based
on the data from a large Taiwanese population.

Methods: Data from a total of 14,405 physical checkups where the patients had fasted for more
than 8 hours, were aged 20-96 and 61.2% male, were collected from January 2006 to December
2011 at a Taichung regional hospital. The data from 2006 to 2010 was selected as the training
data set, while that from 2011 served as the testing data set. Total cholesterol (TC), high density
lipoprotein-cholesterol (HDL-C), LDL-C and triglycerides (TG) were determined by enzymatic
colorimetric methods. Residual cholesterol (Rc) was defined as TC- (LDL-C) - (HDL-C). SAS 9.2
was employed to perform the statistical analysis.

Results: A new coefficient (1/8) for TG was obtained via simple linear regression analysis of the
training data. A significant difference between the TG coefficient (1/5) for FF and 1/8 was noted.
The new formula (Tsai formula; TF) performed much better than did FF in predicting LDL-C
when they were compared using the testing data.

Conclusions: TF was more accurate and precise in estimating LDL-C and may be used to
estimate LDL-C concentration in adult Taiwanese.

(Taiwan J Fam Med 2013; 23: 1-14)
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