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Comparison of LDL-Cholesterol direct measurement with the
estimate using various formula

Se Young Kwon and Young—Ak Na

Department of Biomedical Laboratory Science, Daegu Health College, Daegu 702-722, Korea

Low—Density Lipoprotein cholesterol (LDLC) is the most important marker for the treatment of hyperlip-
idemia in NCEP—ATP III(National Cholesterol Education Program—Adult Treatment Panel III) guideline,
Therefore, LDL cholesterol is pathologically meaningful, accurate measurement should be a top priority.

Currently, LDLC is directly measured in most cases, but, the estimate is still used in mass health ex-
amination or screening test. This study is about the comparison of LDL—Cholesterol direct measurement
with the estimate using various formula (Friedewald: [LDL—F=TC—HDL—TG/5], Nakajima: [LDL—N=TC—
HDL—TG/4], Hattori: [LDL—H =0,94TC —0.94HDL—0,19TG]l, Puavilai: [LDL—P=TC—HDL—TG/6], Carval-
ho: [LDL—C=3(TC—HDL)/4]) for calculating more accurate value, We analyzed total cholesterol (TC), try-
glyceride (TG), high—density lipoprotein cholesterol (HDLC), and LDLC levels of 210 subjects between
June and November in 2011, Until now, the Friedewald formula is the most commonly used estimate for
the LDLC. When Friedewald formula was applied, the correlation coefficient (r) was 0.940, showing high
correlation, But, the result of the direct method was significantly different, compared with those of the
Friedewald formula in triglyceride levels 2400 mg/dL(p{0.05). There was the highest correlation when
we used LDL—P formula(r=0.947) in triglyceride levels (400 mg/dl. Also there was the lowest mean dif-
ference regardless of triglyceride level, Therefore, the study showed that TG/6 is more precise means
of calculation than TG/5. On the other hand, the calculation of LDL—Cholesterol was underestimated,

compared with direct measurement. It is necessary to have more data and modified Friedewald formula

should be used for the accurate calculation,
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Table 1. Correlation coefficient of direct LDL cholesterol and
calculated by various formula (TG¢400).

LDL cholesterol_direct A <
T
r p-value g
LDL F caculation® 0.940 0.000 -
o
LDL N caculation” 0.923 0.000 i
£
LDL H caculation ' 0.940 0.000 g
etiTationd =

LDL P caculation 0.947 0.000 BI =0.940
LDL C caculation' 0.908 0.000 g
a
* LDL—F(Friedewald) = TC—HDL—TG/5 E
'LDL-N(Nakajima) = TC—HDL—TG/4 &
"LDL—H(Hattori) = 0,94TC—0,94HDL—0,19TG 5

' LDL—P(Puavilai) = TC-HDL-TG/6
'LDL—C(Carvalho) = 3(TC~HDL)/4 LDL—F calculation (mg/dL)
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Figure 1. Correlation of direct LDL Cholesterol with calculated LDL Cholesterol using formulas(TG{400mg/dL).
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Table 2. Correlation coefficient of direct LDL cholesterol and

calculated by various formula(TG=400). A
140
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el
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Figure 2. Correlation of direct LDL Cholesterol with calculated LDL Cholesterol using formulas(TG=>400mg/dL).
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TG 400 mg/dL o)iellx JF#AAFE LDL-P AbH o]
0.845, LDL—F 0.826, LDL—H 0.825, LDL—N 0,800 <=2
dage] =A vERg e BF FAFCRE fostdict
(p=0.000). ZL&ju} LDL-C Alxb el 29 aA15 0.348
2 4HAdo] olAal frofst #HHAdS HolA] st
(p=0.0069)(Table 2, Fig 2).

TGEEo e S 2e ArkA] Aos JaA=
sk A3} TG 400 mg/dL v]¥tellA LDL—direct, LDL—
F, LDL-N, LDL—H, LDL—P, LDL-C¢] A%} HF& z}z}
119.96, 109.89, 101.81, 102,98, 115.28, 106.67 = YER}
AAH o2 AL} 24 SAX T O BA A =T
(Table 3). TG 400 mg/dL ©]’}o|A LDL—direct, LDL—F,

LDL—N, LDL—H, LDL—P, LDL—C®] A3} Zi& 7}7} 925,
38.0, 30.9, 34.4, 60.7, 130.7% YER} LDL-CE A <]3t 2
£ AR oA B A eI THTable 3).

LDL Z#=HE2] A SA ]9} AA| o] ztolg He
3k A3} TG 400 mg/dL w]ekell 4] LDL—F, LDL—N, LDL—H,
LDL—P, LDL—C¢] Hit #}ol= ZFZ; 10.06, 18.15, 16,98,
4,67, 13.23 ©2 YEPa, LDL-F(p=0.123)9} LDL—
P(p=0.855)8 A&gt UmAl= BF SAHoR fofst
ZFo)7F AATHp(0.05). TG 400 mg/dL o]’FellA] LDL-F,
LDL—N, LDL—H, LDL—P, LDL—C2] %3t X}-o]o||A{+= LDL—
P(p=0.140)5 A &Jgt Y A|ox] BF SAZ SR frofgh
2}o] 7} AATHp<0.05)(Table 4).

Table 4. Mean differences between direct LDL cholesterol and calculation by

multiple comparison.

calculation Mean Difference Sig.
LDL F* 10.06 0.123
LDLN' 18.15 0.000
LDL chol_direct T
(TG (400) LDL H 16.98 0.000
LDL P’ 4.67 0.855
DL C' 13.23 0.012
LDL F* 54,47 0.000
ILDLN' 88.52 0.000
LDL chol_direct N
(TG=400) LDL H 58,12 0.000
LDL P* 31.77 0.140
LDLC' —38.16 0.038

# 178 1 See Table 1

LRI I

p value is estimated by multiple comparison analysis.

Table 3. Comparison of mean and standard deviation between direct LDL cholesterol and calculated by various formula,

TG (400 TG=400
Mean SD SE Mean SD SE
LDL direct 119.9 39.9 2.96 92,5 26.6 5.02
LDL F* 109.9 10.1 2,98 38.0 56.1 10.60
LDL N’ 101.8 41.4 3.07 30.9 69.6 13.15
LDLH" 102.9 37.8 2.80 34,4 53.2 10,06
LDL P* 115.3 39.7 2,94 60.7 47.5 8.98
LDL C' 106.7 30.1 2.23 130.7 19.3 3.65

x T

75 See Table 1
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Table 5. Multiple linear regression of LDL cholesterol and lipid panel.

Unstandardized standardized
Depgndent Coefficients Coefficients t Adi. R’ F D
Variable '
B SE B
constant —9.829 6.134 —1.602
LDL cholesterol ~ TC 0.970 0.024 0.971 41,081
0.904 567.18 0.000*
(TG (400) HDLC —0.750 0.080 —0.236 —9.389
TG —0.121 0.012 —0.260 —10.405
constant —11.715 21,790 —0.538
LDL cholesterol ~ TC 0.617 0.096 0.613 6.446
0.792 35.235 0.000*
(TG=400) HDLC 0.510 0.386 0.124 1.322
TG —0.07 0.009 —0.768 —8.091

TC, Total cholesterol; HDLC, high density lipoprotein cholesterol; TG, Triglyceride

p value is estimated by Multiple linear regression analysis.

LDL Fe|=H &3 VA A4 g57ke] #A1E AdaE
7] A8l 37 Al A3, TG 400 mg/dL w9k o]
HE 2% ¥ds u) LDL cholesterol = 0.970TC — 0.750
HDL— 0.121TG —9.829 ©]%1. o1 adjustment R* 0,.904%
Aol E1 BAFHOR {8t} TG 400 mg/dL ©]
2ol A LDL cholesterol = 0.617TC + 0.510HDL — 0.07TG
~11.715 ©]9 ™ adjustment R® 0.7922 FERGTHTable
5).

b
e

V. 13

B A7l 283 oLEd=E s Ade 7P d
2] AR E A 91 LDL-F (Friedwald et al ,1972)9} 74 X
2+e LDL—N(Hatta & Nakajima, 1986), LDL—H(Hattori er
al ,1998), LDL—P(Puavilai et al ,2009), LDL—C(Carvalho et
al 2010), & tHAl 71A] F2l0 7 o]&= B =& AAAT

At o] AZE FASo|n A Ay [DLEE2HE 9]
s A A 0509 ool e
A& Bolvk a2y, Bepd QITE th o= szl Car-
valho(2010)%5-¢] <A7-ollA] A A3+ 2] LDL-C(Carvalho)
= 3(TC-HDL)/4 & *J&8A% r=0.930.2 LDL-F (r=0.87)
o ofghk A EY o] 2 FEAH AGde Btk

3oy, B AT dlolE TG 400 mg/dL o]4ellA LDL—
C(Carvalho)9] 73§ 1=0.348(p=0.069) 2 YEI} E Ao
N 2057 ekokt} o] kaolw) Hapdel o] ol LahA
f]lel w2 Ad o] e Ao)7} 2o sigshs W
TFE FdFS 713 A= AzhdEd,

S A7FA] debA o 2 71 wo] AR-E o] & Friedewald
22 (Friedewald, 1972)& ZAWEAgh 2728 E3} 5
A Bl o] 115 2 AASITHE 71ES WAl ok 9l
CHHilbert T, et al, 2007). T3k AR 0| A 20| Za3 A}

ZAAHo] 400 mg/dL ©]4F¢l F-¢-ollw ArbES 288t
5 gitk. olaid 7147} AAl 7o) thekst AES 743
ArzelA FdshA A8st7]ell= 27k Slen, LDLE

ZHE AL FAelA 7F 5] 27t AA ALk <]
Aeee gojd =
IEe IDLE Y RE 20 AL S o d7E FEl TG
ofo] u|&-o] AA|=o] ¢t} Hata 9} Nakajima(1986)9] Sl
284 = A WstAA A
galof g Awatrt. A= %Ag 21 400 mg/dLm] e
A/ 2 2HE vlgo] B
B A3} Friedewald 32]¢] original k=5
d ) o & Hg5o] LDL-N(Nakajima) = TC—
HDL-TG/4 ¢ 3215 =& ot GlEo] Zggt 44
S| il Apole wet k = nf

ZX] ;(] H} =
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A A-g3lokghs Aushar S4A1% 150 mg/dL m]RkelA]
= k=3, 150—299 mg/dL A}o]oll A= 4, 300—400 mg/dL ol
A se] vlgol o 2 44 Htkn 43t

T3l Hata 2} Nakajima(1986)= E2F A&l o=
5w, VIDLAA F9 A Z e 2 2o S 51
oMol 7P R 4i10] B & BtES AFeF o, Fuji-
moto(1988)+= 24t JEA] m|=5elE o= P&
© 51 o] B HgtsiriaL skl whebs o] HjEo] BE
B Ik dRbHo g AgHA|= Ferhal 77453l
o}

LDL S2el g A9SHAS) AW Aol A4F
2 25} 16 400 mg/dL v¥olA] ThAt 714 A4 B2 %
LDL-F¢} LDL-PE A9 YAl 5 FAH R
oIt zFol7} QIAAL, TG 400 mg/dL ©]’¢ol|A= LDL-PE
Aol JriAol 25 BAH02 felg Hol7} ek
t}. o] 24 Friedewald 322 F2 AW 400 mg/dL |5k
AR el Aol glo] 24 He] FHEIT Wk ohje}
ILDL—P9] ¢ T4 AW F = 400 mg/dL 1]YF 400 mg/dL
ol Bl SAH R Fogk 2to)7} glo] Puavilaig
2] [LDL—P =TC—HDL-TG/6]°] T4 A 550l ZA|§lo]
A HelelA o & A8 Ee= AR Yt

HY Aol TG/SET = TG/69] Hl&o] T #Hgtsitt
= 232 B d=dl(Delong et al,, 1986; Noriyuki et al,,
2000; Lindsey et al,, 2004), Puavilai 5(2009)-2 Thailand <1
T ATE o 1227 o) o] T8-S QR she &
A AL ERSHE )dskaat 4
3k AJ7HS Qolr 7] 93] LDL A2t 32S A gsle] TE
A BAd-S A E A} standard Friedewald equa-
tion (sfLDL)Et} ¢ 2 ghi= 2] © 2 modified Friedewald
equation (mfLDL)= TC—HDL—1/6 TGE A A3ttt £ o
T-ollA %= LDL—F(Friedewald) = TC—HDL—TG/5 2] 233H7]
4+(r=0,940)Ec} LDL—P(Puavilai) = TC—HDL-TG/6 &] A+
AT (=0.947)7} Y =7 YER VLDL cholesterole]] 3%
Sl Fho 2 g TGS} ¥l & 135 B 1:6 Hl&°] o] &
A HAAE ¥ okt Al SAX|eF O A2 AfolE B
of gFo 2 & Aol = LDL ZE|2HIE AlAEA] 8- a1

sfoket Rrole},

B
o
N\
o2l
=2
L
i)

ol

sk of] FAEOA F2 S AAEL A
A9k, Lindsey 5(2004)-& LDLE | ~H| = A =
AR B} o B FHELS B3} 9)aL, Teerakanchana 5
(2007)9] AT A= 2 SAX| 9} ANA] a2 F
A% 150 mg/dL o] afollx] Z+zt 123.7£39.8,119.3£42.0,
TG 151-200 mg/dL ©l|A] 140,1£46.6, 130,2%45.7, TG
201-300 mg/dL °]A] 155.3%58.0, 139.3+62.5, TG 301—
400 mg/dL ol|A] 145.1+50.1, 126.6+51.5, TG 400 mg/dL
Z oA 144.1+102.5, 113.0£106.9 22 VJeR} 2 4
oA vlaL Ao} 11 74gFe] FUstsivt. webA] LDLE |~
HE Ao ogt AIDLEFY &85 oA 24

23R i Wb 5 Qo] Agoht B B2 A F

],

o>
>,
0
N
N
N
o)
)

AS 2493 A3} TG 400 mg/dL |3k
] LDL cholesterol(direct) = 0.970TC
—0.750 HDL—0.121 TG —9.829 ©]¢]2H adjustment R’
0.904, TG 400 mg/dL ©]*}ollA LDL cholesterol(direct) =
0.617 TC +0.510 HDL —0.07 TG —11.715 ©]%].2.™ adjust-
ment R*S 0.7922 YER} TG 400 mg/dL m|RkolA] A
Ho| ] =t} Teerakanchana $(2007)& LDL-F9} Z
HEA A9 JHBAE A TEE t AlEslsted]
BAE9=], S 150 mg/dL ©]3}, 151~200 mg/dL,
201~300 mg/dL, 301~400 mg/dL, 400 mg/dL Z3}ol|x z}
Z} ABAGE 0.937, 0.916, 0,980, 0.885, 0.959= ER}
ARFA 0 2 400 mg/dL ZFolA 2 JAAdS BIH A
I g w2 s Bonh AA tidAbe] 74 LDL-
C=0.910TC—0.634HDL—0,111TG—6.755 ©]QaL, FaAS
7F 7P =7 U2(r=0.980) FdAW 201-300 mg/dL H
flollA = LDL—C=0.950TC —0.415HDL—0.088TG—27.016
oAt Z(1998)  LDL-H= 0.94xTC—
0.94xHDL—0.19x TG & #| A5} o= Friedwalde]]
of3) ARt &2 Ao F53t.

e AA FEE F oz ATl T o] A% thFo]
A3 1=, Hoefner %5-(2001)2 AMORIS(Apolipoprotein—
Related Mortality Risk Study) <d7-oll4] LDL—cholester-
ol % FHol apoA-1 & X3}3}o] LDL—-A(mg/dL) =
18,53+0,99 X TC—0,1 X TG—0,61 X apoA—T-S A AE}F R} L,

N
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e
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b ety
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Planella $(1999)-2 LDL—cholesterol &% F4 A apoB

2|7t 9ok, dellA] LDLEE AH &8 E 3
2] T 74wkl f8stelet Azl
NCEP—ATPTIN(2002) 7|Fol|A] LDL—cholesterol 130
mg/dL vyHg ARSI Q1o 160 mg/dL 23+ ‘=g
o7 BR3la, AREEE 100 mg/dL o3l FABI==
FskaL vt whebA] ek Aol A AL Al LDL—
cholesterol AlAMA 2 AL 314 =™ LDL—cholesterol©]
I F84E sl slor ADLEZH=HEES
A EolY A A A 5go] W 4 9
7h lemg Foafof et 35 g-elvhe} A A
] 485 218 O W2 doelE F3l A
o] Q3 Aot}
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