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Abstract Low-density lipoprotein cholesterol (LDL-C) is a major modifiable risk factor for cardio- cerebrovascular
disease. In clinical practice, however, it is primarily calculated using the Friedewald formula as a cost-effective
method. The aim of this study was to compare Friedewald-estimated and directly measured LDL-C values and assess
the concordance in guideline LDL-C risk classification between the two methods. The data were derived from the
2009 and 2010 Korea National Health and Nutrition Survey (KNHANES). Analysis was done for 4,319 subjects with
lipid panels—total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), directly measured LDL-C using an
enzymatic homogeneous assay, and triglycerides (TG). For subjects with TG lower than 400 mg/dL,
Friedewald-estimated and directly measured LDL-C were highly correlated (» = 0.958, p < 0.001) and overall
concordance was 82.7%. As TG increased, overall concordance decreased. Overall concordance was 85.4% at TG
lower than 150 mg/dL; 78.2% at TG of 150-199 mg/dL; and 71.4% at TG of 200-399 mg/dL. The Friedewld equation
tended to overestimate LDL-C when TG are of < 150 mg/dL; however, underestimate LDL-C when TG are of >
150 mg/dL. As a result, Friedewald estimation misclassified 382 subjects (9.1%) in a higher category versus 348
subjects (8.3%) in a lower category. Our findings suggest that overestimation of LDL-C by the Friedewald formula
can be a great problem as well as underestimation.
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* P-LDL-C = TC — HDL-C — [TG/6] [17]
* H-LDL-C = 0.75 x [TC — HDL-C] [18]
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Table 1. Baseline characteristics of the subjects according to D-LDL-C levels

D-LDL-C (mg/dL)

Optimal Near optimal Borderline High
Total < 100 100 - 129 130 - 159 > 160
Variable n n (%) n (%) n (%) n (%) P &
All subjects 4319 1,704 (39.5) 1,539 (35.6) 794 (18.4) 282 (6.5)
Gender 0.907
Men 2,144 846  (39.5) 762 (35.5) 394 (18.4) 142 (6.6)
Women 2,175 858  (39.4) 777 (35.7) 400  (18.4) 140 (6.4)
Age <0.001
< 50 years 2,737 1,211 (442) 976 (35.7) 411 (15.0) 139 (5.1)
> 50 years 1,582 493 (31.2) 563 (35.6) 383 (242) 143 (9.0
Total Cholesterol <0.001
< 230 mg/dL 3,830 1,691  (44.7) 1,509 (39.4) 610  (15.9) 20 (0.5)
> 230 mg/dL 489 13 (27) 30 (6.1) 119  (37.6) 262 (53.6)
HDL-C 0.225
< 40 mg/dL 1,071 412 (38.5) 367 (343) 228 (21.3) 64 (6.0)
> 40 mg/dL 3,248 1,292 (39.8) L172 (36.1) 566 (17.4) 218 (6.7)
Non-HDL-C <0.001
< 190 mg/dL 3,973 1.692  (42.6) 1,514 (38.1) 710 (17.9) 57 (14)
> 190 mg/dL 346 12 (35) 25 (712) 84 (24.3) 225 (65.0)
Triglycerides <0.001
< 200 mg/dL 3,661 1,466 (40.0) 1,333 (36.4) 647 (17.7) 215 (5.9)
> 200 mg/dL 658 238 (36.2) 206 (31.3) 147 (22.3) 67 (10.2)

Note: LDL-C, low-density lipoprotein cholesterol; D-LDL-C, directly measured LDL-C; HDL-C, how-density lipoprotein cholesterol.

1) Percentage within row in the parentheses.
2) Statistical significances were tested by Chi-square exact test for trend.
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Fig. 1. Relationship between Friedewald-estimated and directly measured low-density lipoprotein cholesterol
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Table 2. Relationship between D-LDL-C and estimated LDL-C using various formulas

Independent variable Simple regression”
TG (mg/dL) n r P g (95% CI) a (95% CI) R
F-LDL-C
TG < 150 3,125 0.972 <0.001 0.963 (0.955, 0.971) 1.463 (0.538, 2.389) 0.945
150 - 199 536 0.966 <0.001 0.914 (0.893, 0.935) 13.890 (11.309, 16.471) 0.933
200 - 399 552 0.949 <0.001 0.851 (0.827, 0.874) 25.383 (22.613, 28.153) 0.901
> 400 106 0.715 <0.001 0.433 (0.351, 0.516) 69.485 (62.558, 76.412) 0.511
N-LDL-C
TG < 150 3,125 0.966 <0.001 0.965 (0.956, 0.975) 5.328 (4.327, 6.330) 0.932
150 - 199 536 0.965 <0.001 0.912 (0.891, 0.933) 21.959 (19.527, 24.390) 0.931
200 - 399 552 0.944 <0.001 0.833 (0.809, 0.858) 38.437 (35.879, 40.996) 0.891
> 400 106 0.657 <0.001 0.366 (0.261, 0.411) 85.586 (79.960, 91.212) 0.431
H-LDL-C
TG < 150 3,125 0.972 <0.001 1.025 (1.016, 1.033) 1.616 (0.688, 2.544) 0.945
150 - 199 536 0.966 <0.001 0.972 (0.950, 0.994) 14.232 (11.657, 16.807) 0.933
200 - 399 552 0.949 <0.001 0.905 (0.879, 0.930) 25932 (23.173, 28.691) 0.901
> 400 106 0.712 <0.001 0.456 (0.369, 0.543) 70.316 (63.467, 77.165) 0.507
P-LDL-C
TG < 150 3,125 0.975 <0.001 0.958 (0.951, 0.96) -0.781 (-1.669, 0.108) 0.951
150 - 199 536 0.966 <0.001 0.915 (0.894, 0.936) 8.549 (5.860, 11.238) 0.933
200 - 399 552 0.950 <0.001 0.858 (0.835, 0.882) 16.897 (13.938, 19.856) 0.903
> 400 106 0.749 <0.001 0.506 (0.419, 0.593) 54.820 (46.440, 63.200) 0.557
C-LDL-C
TG < 150 3,125 0.974 <0.001 1.210 (1.200, 1.219) -7.996 (-8.959, -7.033) 0.949
150 - 199 536 0.964 <0.001 1.219 (1.190, 1.247) -17.440 (-20.795, -14.085) 0.930
200 - 399 552 0.925 <0.001 1.122 (1.084, 1.161) -18.625 (-23.494, -13.757) 0.856
> 400 106 0.540 <0.001 0.512 (0.356, 0.667) 26.160 (4.225, 48.094) 0.284

Note: LDL-C, low-density lipoprotein cholesterol; D-LDL-C, directly-measured LDL-C; TG, Triglycerides; F-LDL-C, LDL-C estimated by the Friedewald
formula [6]; N-LDL-C, LDL-C estimated by the Nakjima formula [15]; H-LDL-C, LDL-C estimated by the Hattori formula [16]; P-LDL-C, Estimated LDL-C
estimated by the Puavilai formula [17]; C-LDL-C, Estimated LDL-C estimated by the Cordova formula [18].

1) Regression model: DLDL-C = a + (G x Estimated LDL-C

2) Statistical significances were tested by Pearson correlation analysis.
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Table 32 F-LDL-C¢} D-LD-C9] x}olo] gt o
¥ +134E Y Aoty AW FF
150mg/dL ke wji= ZJole] Hito] FAHCRE

SHAl oxTh  ZAAN,
200-399 mg/dLS) Fwholl A=

A Ay

] } Zklx]ul—o] =l
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Table 3. Mean Comparison by triglyceride levels

150-199 mg/dL ¥}
x}o]g] Hitro] EAA o

3.4 LDL-C fIE+ZES &7 UX|=

SAAE B 400 mg/dL m9He) 421390 tia}e],
F-LDL-C$} D-LDL-C9] 9385 7 Y4AEE 24
3+ A3 Table 49} 2th LDL-CO 9&+ES =
AZEYH Forlee wEk ul 7R HWEFE< 100,
100-129, 130-159, 283 > 160 mg/dL)E T-%3}9<
u, SA% 400 mg/dL Wl F ol A F-LDL-C%;
D-LDL-CS] WF7} FdsiA /e oA 9its
(percent concordance) 82.7%°] AT}, FAAAY s

w2l Al A< 150, 150-199, 23 200-399 mg/dL)

TG, mg/dL Mean (SD), mg/dL 22 :FL%E}U% A7 a2 s, 4%, 18.2%, 7]
) F-LDLC DLDL.C )b I TLA%EA A o] okl whet A e
< 400 (4,213) 1112 (3L.7) 1109 (3L.1) 0.028 vrol A
< 150 (3,125) 110.0 (30.0) 1074 (29.4) <0.001 F-LDL- CQ} D-LDL-C9] 984+ 771 &YXt
150-199 (536) 119.2 (32.8) 1229 (31.0) <0.001 ), F-LDL-C ¥57} D-LDL-C ¥ E_D]— w378
200-399 (552) 1103 (39.6) 1192 (35.5) <0.001 Ao 3y 7} w2 =7 9 7} o= s}
Note: LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; 2 A g]s 2= 1;]_ Flg 38 =4 X]H g] Zl:?l,_:o]] 2 3}
SD, standard deviation.
1) P-values were calculated by the paired #-test. _/J\_T§7 ]’9]' & EH% 7 ]’-/] ﬂ]?‘ Zﬂ/‘]ﬂ' Zﬂolq' =4 X] w400
Table 4. Concordance between L-LDL-C and F-LDL-C according to TG levels, TG < 400 mg/dL
D-LDL-C (mg/dL)
Optimal Near optimal Borderline High
TG (mg/dL) (< 100) 100 - 129) (130 - 159) (= 160) Overall
F-LDL-C (mg/dL) n n (%" n_ (%) n_ (%) n_ (%) Concordant
TG < 400 3,483 (82.7%)
F-LDL-C < 100 1,621 1,454 (89.7) 167 (10.3) 0 0
100 - 129 1,533 192 (12.5) 1,203 (78.5) 138 (9.0) 0
130 - 159 770 0 136 (17.7) 591 (76.8) 43 (5.6)
> 160 289 0 0 54 (187 235  (81.3)
Total 4213 1,646 (39.1) 1,506 (35.7) 783 (186) 278 (6.6)
TG < 150 2,670 (85.4%)
F-LDL-C < 100 1,232 1,165 (94.6) 67 (54) 0 0
100 - 129 1,177 117 (15.0) 959 (81.5) 41 (33) 0
130 - 159 532 0 124 233) 398 (74.8) 10 (1.9
> 160 184 0 0 36 (19.6) 148 (80.4)
Total 3,125 1,342 (42.9) 1,150 (36.8) 475 (15.2) 158 (5.1)
150 < TG < 200 419 (78.2%)
F-LDL-C < 100 159 118 (74.2) 41 (25.8) 0 0
100 - 129 186 6 (32) 136 (73.1) 44 (23.7) 0
130 - 159 136 0 6 (4.4) 119 (87.5) 11 8.1
> 160 55 0 0 9 (16.4) 46 (83.6)
Total 536 124 (23.1) 183 (34.1) 172 (32.1) 57 (10.6)
200 < TG < 400 394 (71.4%)
F-LDL-C < 100 230 171 (74.3) 59 (25.7) 0 0
100 - 129 170 9 (5.3) 108 (63.5) 53 (312) 0
130 - 159 102 0 6 (5.9 74 (12.5) 2 (L6
> 160 50 0 0 9 (18.0) 41 (820)
Total 552 180 (32.6) 173 (31.3) 136 (24.6) 63 (114)

Note: LDL-C, low-density lipoprotein cholesterol; D-LDL-C, directly-measured LDL-C; F-LDL-C, LDL-C estimated by the Friedewald formula[6]; TG,

Triglycerides.
1) Percentage within row in the parentheses.
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