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Martin's Equation as the Most Suitable
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Lipoprotein Cholesterol Levels in Korean
Adults
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Background: Friedewald equation is the most widely used method for estimating low-density lipoprotein choles-
terol (LDL-C) level. However, due to potential over- or underestimation, many studies have used a modified equa-
tion. This study aimed to compare estimates by 4 different equations to directly measured LDL-C concentrations in
order to propose the most appropriate method for LDL-C estimation in the Korean population.

Methods: We studied data of 4,350 subjects that included total cholesterol, high-density lipoprotein cholesterol
(HDL-Q), triglyceride (TG), and LDL-C concentrations that had been measured at one university hospital in Seoul.
We investigated 4 equations: LDL-C by Friedewald’s original equation (LDL-Cr) and its 3 modifications. Pearson
correlation analysis was performed to compare these estimates to the direct measurement.

Results: Pearson correlation analysis revealed a good correlation among all 4 estimated LDL-C values and the di-
rectly measured LDL-C value. The Pearson coefficients were 0.951 for LDL-Cg, 0.917 for LDL-C by Hatta equation
(LDL-CH), 0.968 for LDL-C by Puavilai equation (LDL-Cp), and 0.983 for LDL-C by Martin equation (LDL-Cy). Mar-
tin equation (LDL-Cy) resulted in the best approximation (mean difference from the direct measurement, 5.5 mg/
dL; mean percentage difference from the direct measurement, 5.1%) and the best agreement with the direct mea-
surement (86.1%). LDL-Cp resulted in the second-best approximation (mean difference, 7.0 mg/dL; mean percent-
age difference, 6.2%; concordance, 82.5%). LDL-Cy was found to be less influenced by TG and HDL-C levels than
by LDL-Cr.

Conclusion: Estimates by Martin equation had the best agreement with direct LDL-C concentrations and both
Martin and Puavilai equations were superior to Friedewald equation for estimating LDL-C concentrations in Kore-
an adults.

Keywords: Dyslipidemias; Low-Density Lipoprotein Cholesterol; Friedewald Equation; Martin Equation

Received: October 20, 2016, Revised: October 24, 2016, Accepted: October 24, 2016
*Corresponding Author: Jongwoo Kim  Tel: +82-2-950-1150, Fax: +82-2-952-4093, E-mail: s2700@paik.ac.kr

Copyright © 2017 The Korean Academy of Family Medicine
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



264  www.kjfm.or.kr

INTRODUCTION

Based on many studies showing that high serum low-density lipopro-
tein cholesterol (LDL-C) concentration is the strongest marker of ath-
erosclerosis and an important risk factor for cardiovascular disease
(CVD), the US National Cholesterol Education Program Adult Treat-
ment Panel III (NCEP-ATP III) has recommended that serum LDL-C
level should be the primary target in dyslipidemia treatment. In addi-
tion, dyslipidemia patients should be classified into risk categories ac-
cording to their LDL-C levels, because a strong positive association be-
tween LDL-C and CVD has been well-established.'?

The gold standard for LDL-C measurement is 3-quantification using
ultracentrifugation, but it is a time-consuming process, relatively ex-
pensive, and requires large serum sample volume.” Thus, instead of
measuring LDL-C levels directly, LDL-C concentration is usually esti-
mated with Friedewald equation, using total cholesterol, triglyceride
(TG), and high-density lipoprotein cholesterol (HDL-C) concentra-
tions, in primary practice. This equation is known to be valid only in
patients whose serum TG concentrations are less than 400 mg/dL.*”

Friedewald equation uses the assumptions that very low-density li-
poprotein cholesterol (VLDL-C) greatly influences TG levels and that
the ratio between TG and VLDL-C is 5; however, the actual ratio varies.
Thus, many studies have stated that Friedewald equation tends to ei-
ther overestimate or underestimate LDL-C in individuals, especially in
those with conditions such as diabetes mellitus, alcoholic liver disease,
and chronic renal failure who are on dialysis.*)

According to a recent study in Korean populations, Friedewald
equation accurately estimated directly measured serum LDL-C con-
centrations in Korean adults only when the TG concentration was
within the range of 36-298 mg/dL.”? It tended to overestimate LDL-C
when TG was less than 150 mg/dL and underestimate it when TG was
over 150 mg/dL. The use of Friedewald equation led to a 9.1% misclas-
sification rate in those with higher TG levels versus an 8.3% misclassifi-
cation rate in those with lower TG levels.” Both overestimation and
underestimation can be problematic; overestimating LDL-C leads to
prescribing unnecessary medication and underestimating it can delay
proper treatment. For this reason, many studies have attempted to
modify the equation by changing the TG:VLDL-C ratio. A study con-
ducted by DeLong et al.' suggested an optimal TG:VLDL-C ratio of 6
instead of 5, using a large sample size of 10,483 individuals, and Puavi-
lai et al.' confirmed that this equation is more accurate than Friede-
wald’s original equation, with an odds ratio of 2.63. Recently, Martin et
al."” suggested an adjustable novel factor instead of a fixed ratio, using
the N-strata-specific median TG:VLDL-C ratio classified by TG and
non-cholesterol level, which provided more accurate risk classification
without additional costs as compared with Friedewald’s original equa-
tion. Additionally, Lee et al."” found that Martin’s novel method signifi-
cantly improved the LDL-C estimation when compared with Friede-
wald equation in the Korean population.

Thus, we aimed to compare each estimate made using these 4 equa-

tions with directly measured LDL-C concentrations in order to pro-
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pose the most appropriate method for LDL-C estimation without sig-
nificant error in the Korean population.

METHODS

1. Study Subjects

Data were collected retrospectively from 4,350 subjects who had their
total cholesterol, HDL-C, TG, and LDL-C levels tested between Janu-
ary 2015 and September 2015 at the Health Promotion Center of Inje
University Sanggye Paik Hospital in Seoul, South Korea. We included
all patients who were tested during that period, with the exception of
80 subjects who were excluded due to having TG levels over 400 mg/
dL. Data of the remaining 4,270 patients (2,801 men and 1,469 wom-
en) were analyzed in the current study. This study was approved by
the Institutional Review Board of Inje University Sanggye Paik Hospital
in Seoul, South Korea (IRB approval No. SGPAIK 2016-05-024).

2. Study Procedure

Body mass index was calculated as weight/height* (kg/m?). Systolic
and diastolic blood pressure (mm Hg) was measured by an automated
oscillometric blood pressure recorder (Dinamap ProCare 100; GE
Healthcare, Milwaukee, WI, USA), with the patients in a seated posi-
tion after having them relax for five minutes.

Blood samples were obtained from each subject after more than
eight hours of fasting. Fasting blood sugar (FBS) level was measured
using an enzymatic assay and an automated analyzer (Hitachi Auto-
mated Analyzer 7600; Hitachi, Tokyo, Japan). Hemoglobin Alc was
measured by high-performance liquid chromatography with the BIO-
RAD VARIAN II (BIO-RAD, Hercules, CA, USA). Total cholesterol
(Pureauti S CHO-N; Daiichi, Tokyo, Japan), HDL-C (Cholestest N
HDL, Daiichi), TG (Pureauto S TG-N, Daiichi), and LDL-C (Cholestest-
LDL; Sekisui Medical, Tokyo, Japan) were measured by enzymatic
method using the Hitachi Automatic Analyzer 7600 (Hitachi).

To identify the proper TG:VLDL-C ratio, we estimated LDL-C levels
by 4 equations shown in Table 1, from the many equations that have
been suggested so far.'** Two of the equations used a different as-
sumption of a TG:VLDL-C ratio, 4 and 6 instead of 5, and the Martin
equation used a novel factor as described above. The Martin LDL-C
(Martin equation, LDL-CM) estimate was calculated using an LDL-C
calculator instead of the N-strata-specific median TG:VLDL-C ratio

Table 1. Equations for LDL-C concentration estimation

Abbreviation Equation Reference
LDL-Cr LDL=TC-HDL-TG/5 Friedewald et al.”
LDL-Cy LDL=TC-HDL-TG/4 Hatta et al."®
LDL-Cp LDL=TC-HDL-TG/6 Puavilai et al."™
LDL-Cw [ DL=TC-HDL-TG/novel factor Martin et al."®

LDL-C, low-density lipoprotein cholesterol; TC, total cholesterol; HDL-C, high-density
lipoprotein cholesterol; TG, triglyceride; LDL-Cr, LDL-C level estimated by Friedewald
equation; LDL-Cy, LDL-C level estimated by Hatta equation; LDL-Cw, LDL-C level
estimated by Martin equation; LDL-Ce, LDL-C level estimated by the Puavilai eq-
uation.
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classified by TG and non-cholesterol level (http://www.ldIcalculator.
com).

The terms used are as follows: “Dift” is defined as the absolute value
of the difference between the direct measurement and estimation, and
“Delta%” is defined as the percentage difference between directly
measured and estimated LDL-C.

To analyze the correlation between directly measured LDL-C and
estimated LDL-C, cross-tabulation by Pearson’s chi-square was done
and directly measured and estimated LDL-C were categorized by the
standards of the Korean National Health Insurance Service based on
NCEP-ATP III guideline cutoffs of 100, 130, and 160 mg/dL. HDL-C
and TG values were categorized by the NCEP-ATP III guideline cutoffs;
HDL-C cutoffs were 40, 50, and 60 mg/dL, and TG cutoffs were 100,
150, 200, and 400 mg/dL.

3. Statistical Analysis

Statistical analysis was conducted with SAS ver. 8.11 (SAS Institute Inc.,
Cary, NC, USA); all data are presented as meantstandard deviation
(SD) or proportions. The Student t-test and the chi-square test were
used to compare the differences between two groups and Pearson cor-
relation analysis was used to compare correlations between directly
measured LDL-C and estimated LDL-C concentrations. A P-value less
than 0.05 was considered to be statistically significant. After LDL-C,

Table 2. Baseline characteristics of the subjects
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HDL-C, and TG values were categorized by the NCEP-ATP III guide-
lines, cross-tabulation by the Pearson chi-square test was used for
analysis of the concordance between directly measured and estimated
LDL-C. One-way analysis of variance (ANOVA) was performed for
multiple comparisons of Diff and Delta% amongst the TG and HDL-C

strata.

RESULTS

Table 2 shows the baseline characteristics of the study population
overall and by sex. The study group consisted of a total of 4,350 sub-
jects (2,801 men and 1,469 women). The overall age of the study sub-
jects was 49.5+11.6 years and there was no significant difference in age
by gender. Men had significantly higher systolic and diastolic blood
pressure, FBS, and TG concentration and lower HDL-C concentration
than women. Men also had a higher incidence of hypertension, diabe-
tes, dyslipidemia, and current or past smoking history than women.

Pearson correlation analysis found a good correlation between the 4
estimates of LDL-C and directly measured LDL-C. The Pearson coeffi-
cients were LDL-Cr (Friedewald equation, 0.951), LDL-Cy (Hatta
equation, 0.917), LDL-Cp (Puavilai equation, 0.968), and LDL-Cy
(0.983).

We compared the concordance of the directly measured LDL-C

Characteristic Total (n=4,270) Sex
Male (n=2,801) Female (n=1,469)

Age () 49.5+11.6 49.4+11.6 49.7+11.6
Body mass index (kg/m?)* 24.2+3.1 24.7+2.9 23.2+3.3
Systolic blood pressure (mm Hg)* 118.0«£12.1 120.3x11.5 113.5+12.0
Diastolic blood pressure (mm Hg)* 75.2+7.6 76.4+7.5 72.9+7.2
Fasting blood sugar (mg/dL)* 94.0+20.7 95.8+22.3 90.4+16.6
Hemoglobin A1c (%)* 5.7+0.7 57+0.8 5.6+0.6
Total cholesterol (mg/dL) 187.1+£35.2 186.3+35.1 188.6+35.5
Triglyceride (mg/dL)* 127.4+67 .1 138.9+69.0 105.6+57.2
High-density lipoprotein cholesterol (mg/dL)* 49.5+11.5 46.8+10.2 54.7+12.2
LDL-Co (mg/dL) 115.8+26.2 116.6+26.3 114.1+£26.1
LDL-Cr (mg/dL) 112.1£31.5 111.8+31.5 112.8+31.5
LDL-Cx (mg/dL) 105.7+31.6 104.8+31.7 107.5+£31.5
LDL-Ce (mg/dL) 116.4+31.6 116.4+31.6 116.3+31.6
LDL-Cu (mg/dL) 114.4+30.6 114.9+30.4 113.4+30.9
Diabetes 323 (7.5) 241 (5.6) 82(1.9)
Hypertension 858 (20.1) 622 (14.6) 236 (5.5)
Dyslipidemia 650 (15.1) 443 (10.4) 207 (4.7)
Current smoking 1,013 (23.6) 966 (22.6) 47 (1.0)
Ex-smoking 1,163 (27.2) 1,121 (26.3) 42 (0.9)
Drug treatment

Hypertension 732 (17.1) 530 (12.4) 202 (4.7)

Diabetes 254 (5.9) 193 (4.5) 61 (1.4)

Dyslipidemia 313(7.3) 199 (4.7) 114 (2.6)

Values are presented as mean=standard deviation or number (%).

LDL-C, low-density lipoprotein cholesterol; LDL-Cy, directly measured LDL-C; LDL-Cr, LDL-C level estimated by Friedewald equation; LDL-Cx, LDL-C level estimated by the
Hatta equation; LDL-Cw, LDL-C level estimated by the Martin equation; LDL-Cs, LDL-C level estimated by the Puavilai equation.

*P-value <0.05 by the Student t-test.
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with the estimated LDL-C when classifying LDL-C values by NCEP-
ATP III guideline cutoffs of 100, 130, and 160 mg/dL. We labeled the
result as being “concordant” if the two values were in the same classifi-
cation, as an “overestimation” if the estimated value was greater than
the direct measurement, or as an “underestimation” if the estimated
value was less than the direct measurement. As a result, LDL-Cy re-
sulted in the best concordance with the direct measurement (86.1%)
and LDL-Cp resulted in the second-best concordance (82.5%) (Figure
1). LDL-Crresulted in a concordance of 79.5%, lower than that of LDL-
Cum and LDL-Cp. LDL-Cp had the highest rate of overestimation (9.9%);
the overestimation using LDL-Cu (5.4%) was similar to that using LDL-
Cr (5.8%). Conversely, LDL-Cp had the lowest underestimation rate
(7.5%), followed by LDL-Cy (8.6%).

We also compared the proportion of the “Delta%’, the percentage
difference between directly measured and estimated LDL-C, which
was below 5% and below 10% (Figure 2). According to this result, LDL-
Cuw is appropriate for the majority of cases, 17% more using Delta% <5
and 13.1% more using Delta% <10, as compared with LDL-Cr. LDL-Cp
was also superior to LDL-Cr (7.3% and 6.8% more, respectively).

“Diff’ the absolute value of the difference between direct measure-

I Concordant (%)
I Underestimated (%)
[ Overestimated (%)

LDL-C; 79.5 46

|

LDL-C, 70.8 25.6
LDL-C, 82.5 7.5 m
LDL-Cy, 86.1 8.6 m

Figure 1. The concordance of estimated LDL-C compared to cutoffs of NCEP-ATP lll
guideline. LDL-C, low-density lipoprotein cholesterol; NCEP-ATP I, National
Cholesterol Education Program Adult Treatment Panel lll; LDL-Cr, estimated LDL-C
level by Friedewald’s equation; LDL-Cy, estimated LDL-C level by Hatta’s equation;
LDL-Cp, estimated LDL-C level by Puaviali’s equation; LDL-Cy, estimated LDL-C level
by Martin’s equation.
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ment and estimation in terms of mean and SD, is given in Table 3.
LDL-Cwy was found to produce the best approximate value of the 4 esti-
mations, having a 5.5 mg/dL mean Diff and 5.1% mean Delta%. Mean-
while, LDL-Cy resulted in a mean Diff of 8.2 mg/dL and a mean Delta%
of 7.6%. LDL-Cp also produced better results than LDL-Cg, with a mean
Diff of 7.0 mg/dL and a mean Delta% of 6.2%.

Because all 4 equations use TG and HDL-C levels as variables, TG
and HDL-C are both considered to be the most important indepen-
dent variables. We compared the means and SDs of LDL estimations
by TG and HDL-C strata, using one-way ANOVA (Tables 4, 5). As TG
increased, the Diff and Delta% of all 4 equations tended to increase,
but LDL-Cy was shown to be less influenced by TG. The Diff and Del-
ta% of LDL-Cr were 5.5 mg/dL and 5.1%, respectively, when the mean
TG level was below 100 mg/dL, but they increased drastically as TG in-
creased and reached 18.5 mg/dL and 16.4% when TG was in the range
of 200 to 399 mg/dL. The Diff and Delta% of LDL-Cy increased gradu-
ally; they were 5.1 mg/dL and 4.9%, respectively, when TG was below
100 mg/dL and 7.1 mg/dL and 6.3% when the TG level was between
200 and 399 mg/dL.

Conversely, the Diff and Delta% of all 4 equations tended to de-
crease as HDL-C increased. The Diff and Delta% of LDL-Cr and LDL-

% 1007 7 Delta%<5
90 1 Il Delta%<10 88.5

80 75.4
70
60
50
40 A
30 A
20 A
10

0

50.1
42.8

LDL-C¢ (%) LDL-C, (%) LDL-Cy (%) LDL-Cy, (%)

Figure 2. Proportions of percentage difference below 5% and 10% between directly
measured and estimated LDL-C. All data are presented as %. LDL-C, low-density
lipoprotein cholesterol; LDL-Cr, estimated LDL-C level by Friedewald’s equation;
LDL-Cy, estimated LDL-C level by Hatta’s equation; LDL-Cs, estimated LDL-C level by
Puaviali’s equation; LDL-Cy, estimated LDL-C level by Martin's equation; Delta%,

percentage difference between directly measured and estimated LDL-C.

Table 3. Differences between LDL-C estimates by each equations and directly-measured LDL-C

Equations Diff (mg/dL) P-value* Delta% (mg/dL) P-value*
LDL-Cr 8.2+7.4 <0.001 7.6+7.8 <0.001
LDL-Cy 121+£11.0 <0.001 11.3+11.3 <0.001
LDL-Cp 7.0+5.8 <0.001 6.2+5.7 <0.001
LDL-Cu 5.5+4.2 <0.001 51+4.5 <0.001

Values are presented as mean=standard deviation.

LDL-C, low-density lipoprotein cholesterol; Diff, absolute value of the difference between a direct measurement and an estimation, I(directly measured LDL-C)-(estimated
LDL-C)I; Delta%, percentage difference between directly measured and estimated LDL-C, I(directly measured LDL-C)-(estimated LDL-C)Ix100/(directly measured LDL-C);
LDL-Cr, LDL-C estimated level by Friedewald equation; LDL-Cy, LDL-C level estimated by the Hatta equation; LDL-Cy, LDL-C level estimated by the Martin equation; LDL-GCs,

LDL-C level estimated by the Puavilai equation.
*By repeated-measures analysis of variance.
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Table 4. Comparison of estimated LDL-C and directly-measured LDL-C by TG levels
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TG (mg/dL)
Variable
<100 (n=1,789) 100-149 (n=1,262) 150-199 (n=608) 200-399 (n=611)

LDL-Cp (mg/dL)* 108.0+23.5° 117.2+26.0° 1241427 .4° 127.2+26.0°
LDL-Cr (mg/dL)* 109.6+28.5° 115.0+32.3° 116.7+34.4° 109.1+34.0°

Diff (mg/dL)* 5.5+4.4° 6.5+5.0° 9.3+6.1° 18.5+10.2¢

Delta% (%)* 5.1+4.0° 6.2+5.7° 8.8+8.2° 16.4+12.0°
LDL-Cy (mg/dL)* 106.0+28.5° 108.9+32.3" 108.2+34.4° 96.2+34.4°

Diff (mg/dL)* 5.9+4.3° 9.8+6.2° 16.3+7.9° 31.0+12.2¢

Delta% (%)* 5.8+5.0° 9.6+8.1° 15.0+10.8° 26.8+15.1¢
LDL-Cp (mg/dL)* 112.0+28.6 119.0+32.3° 122.5+34.4° 117.6+33.8°

Diff (mg/dL)* 6.1+5.0° 6.2+5.0° 6.7+5.1° 11.4+7.9°

Delta% (%)* 5.5+3.9 5.4+4.4° 6.0+6.2° 10.3+9.2°
LDL-Cy (mg/dL)* 107.8+28.1° 116.4+31.0° 121.9+32.3° 121.8+30.5¢

Diff (mg/dL)* 51+£3.9 5.3+4.1% 5.5+4.2% 7.1+4.6°

Delta% (%)* 4.9+3.9° 4.9+4.3° 5.0+5.1° 6.3+5.3

Values are presented as mean=standard deviation. The same letters (a ,b, ¢, d) indicate non-significant differences between groups based on the Scheffe multiple comparison
test.

LDL-C, low-density lipoprotein cholesterol; TG, triglyceride; LDL-Co, directly measured LDL-C; LDL-Cr, LDL-C level estimated by Friedewald equation; Diff, absolute value of the
difference between a direct measurement and an estimation, 1(LDL-Co)-(estimated LDL-C)I; Delta%, percentage difference between directly measured and estimated LDL-C,
|(LDL-Cp)-(estimated LDL-C)Ix100/(LDL-Cp); LDL-Cx, LDL-C level estimated by the Hatta equation; LDL-Cw, LDL-C level estimated by the Martin equation; LDL-Cp, LDL-C level
estimated by the Puavilai equation.

*P-value <0.05 by one-way analysis of variance.

Table 5. Comparison of estimated and directly-measured LDL-C by HDL-C levels

HDL-C (mg/dL)

Variable
<40 (n=829) 40-49 (n=1,541) 50-59 (n=1,103) >60 (n=797)
LDL-Cp (mg/dL)* 112.4+25.9° 118.3+27.0° 115.9+26.0°° 114.3+24.9*
LDL-Cr (mg/dL)* 103.5+31.4% 114.5+31.7° 114.3+30.9° 113.5+30.4°
Diff (mg/dL)* 11.4+£9.8* 8.3+7.3 6.9+5.8° 6.5+5.3°
Delta% (%)* 11.0+11.0 7.5+7.4° 6.3+5.8° 6.0+£5.4°
LDL-Cy (mg/dL)* 95.0+31.9° 107.6+31.6° 108.9+30.7° 109.1+30.3°
Diff (mg/dL)* 18.4+14.12 12.6+11.1° 9.5+8.3° 8.2+6.9
Delta% (%)* 17.6+15.2¢ 11.4+10.9° 8.9+8.5° 7.8+7.5°
LDL-Cp (mg/dL)* 109.3+£31.3* 119.1+32.0° 117.9+31.2° 116.4+30.6°
Diff (mg/dL)* 8.1+7.0° 7.0+5.7° 6.5+5.2° 6.4+5.2°
Delta% (%)* 7.8+8.0° 6.1+5.3° 5.6+4.5" 5.6+4.4
LDL-Cw (mg/dL)* 109.7+£29.7% 117.3+31.0° 114.9+30.5"¢ 112.7+30.0*°
Diff (mg/dL)* 5.7+4.4* 5.4+4.1* 5.4+3.9 5.7+4.3
Delta% (%)* 5.6+5.4° 4.8+4.2° 5.0+4.0° 5.4+4.6%

Values are presented as mean=standard deviation. The same letters (a, b, ¢, d) indicate non-significant differences between groups based on the Scheffe multiple comparison
test.

LDL-C, low-density lipoprotein cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-Co, directly measured LDL-C; Diff, absolute value of the difference between a
direct measurement and an estimation, |(LDL-Co)-(estimated LDL-C)I; Delta%, percentage difference between directly measured and estimated LDL-C, |(LDL-Co)-(estimated
LDL-C)Ix100/(LDL-Cp); LDL-Cr, LDL-C level estimated by Friedewald equation; LDL-Cy, LDL-C level estimated by the Hatta equation; LDL-Cw, LDL-C level estimated by the

Martin equation; LDL-Ce, LDL-C level estimated by the Puavilai equation.
*P-value <0.05 by one-way analysis of variance.

Cw were not significantly different when HDL-C was high, but were
significantly different when HDL was below 40 mg/dL.

DISCUSSION

Accurate measurement of LDL-C concentration is very important be-
cause it is currently the standard target for dyslipidemia treatment.
The gold standard for measuring LDL-C level is 3-quantification; how-
ever, 3-quantitation is not suitable for routine use as it is expensive and

time-consuming and requires a large serum sample volume, ultracen-
trifugation, and expensive instruments.

For these reasons, LDL-C concentration is estimated rather than di-
rectly measured in many countries, including Korea, especially in na-
tionwide screening examinations. Many attempts have been made to
devise more precise equations by modifying Friedewald’s method, but
the original Friedewald equation is still the most widely employed
method for estimating LDL-C concentration in clinical practice, de-
spite limitations.'*'*'®*) Recently, a new method using the N-strata-
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specific median TG:VLDL-C ratio was developed which uses TG and
non-cholesterol level as the adjustable novel factors instead of a fixed
ratio of 5! This method is reported to significantly improve LDL-C es-
timation when compared to Friedewald’s equation in the Korean pop-
ulation.'”

We focused on the TG:VLDL-C ratio in Friedewald equation and
found that there have been several attempts to modify the equation by
varying the ratio. The modified equations were suggested for overcom-
ing several limitations of Friedewald’s method.*

We designed this study to compare equations with TG:VLDL-C ra-
tios of 4, 5, and 6 or with a novel factor from the Martin equation. The
aim of this study was to compare the accuracy and consistency of
these estimated values with directly measured LDL-C and to identify
an optimal equation by calculating cutoff values of TG and HDL-C,
which are considered the most important variables in all of the equa-
tions.

Our results confirmed those of Martin et al.'® and Lee et al.,'” who
stated that the Martin equation offers a significant improvement in
LDL-C estimation when compared with Friedewald equation. Our re-
sults show that the Martin equation is superior to Friedewald equation
in that it produces the least difference and best concordance with di-
rectly measured LDL-C of the equations studied. Moreover, both the
overestimation and underestimation rates are less than those pro-
duced by Friedewald equation; the difference is particularly pro-
nounced in the underestimation rate. This is of particular importance
because underestimation is generally considered riskier than overesti-
mation, especially when screening the general population, as under-
estimation can cause delays in initial treatment. We found that the
Martin equation is much less influenced by TG or by HDL-C than
Friedewald equation.

It is also important that Puavilai equation using a TG:VLDL-C ratio
of 6 seems to be superior to Friedewald’s equation. It shows less differ-
ence and more concordance and produces a lower underestimation
rate than Friedewald equation. Therefore, we suggest that this equa-
tion needs to be reevaluated in future studies.

This present study has a few limitations. First, the results may not be
generalizable to the overall population, as there may be differences in
baseline characteristics between our subjects and the general popula-
tion. Secondly, instead of calculating a novel factor for the Martin
equation, we used the calculator that was suggested by the authors,
but there is a possibility that the novel factor for the Korean population
is different from what Martin reported. Third, because we limited our
study subjects to individuals with a TG concentration less than 400
mg/dL, we cannot say that the Martin equation is applicable to indi-
viduals with a TG concentration greater than 400 mg/dL. Furthermore,
we did not have access to information regarding patients’ use of medi-
cations that affect lipid profiles, such as oral hypoglycemic agents, lipid
lowering agents, and antihypertensive agents.

However, despite these limitations, this study is meaningful because
it addresses the use of the Martin equation in a Korean population and

compares the results not only to directly measured LDL-C and Friede-
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wald equation but also to various modifications of Friedewald equa-
tion. There have been very few studies to date on the use of the Martin
equation in Korean populations.

In conclusion, this study showed that the Martin equation is superi-
or to Friedewald equation in Korean adults. It is also notable that the
Puavilai equation, which assumes a TG:VLDL-C ratio of 6, produced

better results than Friedewald equation in Korean adults.
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