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Aim: The Friedewald equation is the standard method for estimating low-density lipoprotein choles-
terol (LDL-C) levels [LDL-C(F)] and fixes the ratio of triglyceride (TG) to very LDL-C at 5. How-
ever, this has been reported to underestimate LDL-C, particularly in patients with LDL-C <70 mg/
dL. A novel method for LDL-C estimation [LDL-C(M)] using an adjustable factor instead of a fixed
value of 5 has recently been proposed. The purpose of this study was to validate LDL-C(M) in Japa-
nese patients with cardiovascular disease (CVD) treated with statins.

Methods: In 385 consecutive CVD patients treated with statins, LDL-C(M) and LDL-C(F) levels
were compared with directly measured LDL-C [LDL-C(D)].

Results: Mean LDL-C(D), LDL-C(F), and LDL-C(M) were 81.7 £25.5, 76.4 +24.6, and 79.9 £24.5
mg/dL, respectively. In all patients, both LDL-C(F) and LDL-C(M) were significantly correlated with
LDL-C(D) [LDL-C(F) vs. LDL-C(D): R=0.974, p<0.001; LDL-C(M) vs. LDL-C(D): R=0.987, p<
0.001]. In patients with LDL-C(D) <70 mg/dL, LDL-C(M) showed a better correlation with LDL-
C(D) compared with LDL-C(F) [LDL-C(M) vs. LDL-C(D): R=0.935, p<0.001; LDL-C(F) vs. LDL-
C(D): R=0.868, p<0.001]. In contrast, the correlation of LDL-C(D) with LDL-C(M) or LDL-C(F)
was similar in patients with LDL-C(D) =70 mg/dL.

Conclusions: In Japanese patients with CVD treated with statins, LDL-C level estimated by this novel
method might be more accurate than those estimated using the Friedewald equation for LDL-C lev-
els <70 mg/dL.
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rate of cardiovascular events® ), and clinical practice

guidelines recommend a target LDL-C of <70 mg/dL
for high-risk patients'® V.

Conventionally, the Friedewald equation has been
the standard method for estimation of LDL-C levels,
which estimates LDL-C(F) as total cholesterol (TC)—
high-density lipoprotein cholesterol (HDL-C)— [tri-
glyceride (TG)/5] in the fasting state with TG <400
mg/dL'?. In this equation, the ratio of TG to very

Introduction

Cardiovascular disease (CVD) is one of the most
important public health issues in industrialized coun-
tries’™, and elevated low-density lipoprotein choles-
terol (LDL-C) concentration is recognized as a major

risk factor for CVD?>7). Clinical trials have demonstrated
that decreases in serum levels of LDL-C can reduce the
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low-density lipoprotein cholesterol (VLDL-C) is fixed
as 5. The Lipid Research Clinical Prevalence Study
demonstrated that mean TG:VLDL-C ratios ranged
from 5.2 to 8.9 and proposed a fixed factor of 6.
Martin ez al. recently reported a novel method for esti-
mating LDL-C using an adjustable factor instead of a
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L;[V(:ls Non-HDL-C (mg/dL)

(mg/dL) <100 | 100-129 | 130-159 | 160-189 | 190-219 | >220

7-49 3.5 3.4 33 33 3.2 3.1
50-56 4.0 3.9 3.7 3.6 3.6 3.4
57-61 43 4.1 4.0 3.9 3.8 3.6
62-66 45 43 4.1 4.0 3.9 3.9
67-71 4.7 4.4 43 42 4.1 3.9
72-75 4.8 4.6 4.4 42 42 4.1
76-79 49 4.6 45 43 43 42
80-83 5.0 4.8 4.6 4.4 43 42
84-87 5.1 4.8 4.6 45 44 43
88-92 5.2 49 47 4.6 4.4 43
93-96 53 5.0 4.8 4.7 4.5 4.4
97-100 5.4 5.1 4.8 47 45 43
101-105 5.5 5.2 5.0 47 4.6 45
106-110 5.6 5.3 5.0 4.8 4.6 45
111-115 5.7 5.4 5.1 49 47 45
116-120 5.8 5.5 5.2 5.0 4.8 4.6
121-126 6.0 5.5 53 5.0 4.8 4.6
127-132 6.1 5.7 53 5.1 49 47
133-138 6.2 5.8 5.4 5.2 5.0 4.7
139-146 6.3 5.9 5.6 53 5.0 4.8
147-154 6.5 6.0 5.7 5.4 5.1 4.8
155-163 6.7 6.2 5.8 5.4 5.2 4.9
164-173 6.8 6.3 5.9 55 53 5.0
174-185 7.0 6.5 6.0 5.7 5.4 5.1
186-201 73 6.7 6.2 5.8 55 5.2
202-220 7.6 6.9 6.4 6.0 5.6 53
221-247 8.0 7.2 6.6 6.2 5.9 5.4
248-292 8.5 7.6 7.0 6.5 6.1 5.6
293-399 95 8.3 7.5 7.0 6.5 5.9

400-13,975 11.9 10.0 8.8 8.1 7.5 6.7

Fig.1. Median TG:VLDL-C ratios disaggregated by non-HDL-C and TG levels

(180-cell table).

TG, triglyceride; VLDL-C, very low-density lipoprotein cholesterol; HDL-C, high-den-
sity lipoprotein cholesterol; cited from Reference #11.

fixed factor of 5'¥. This adjustable factor was deter-
mined from strata-specific median TG:VLDL-C ratios
derived from a dataset of 900,605 individuals in the
United States (Fig. 1). This novel method is thought to
provide more accurate measurements of LDL-C than
those derived from the Friedewald equation'?. Further-
more, Meeusen ez al. reported that LDL-C(F) under-
estimated LDL-C measured by f quantification
[LDL-C(BQ)], which is considered the gold standard
of LDL-C measurement, particularly in patients with
LDL-C(BQ) <70 mg/dL". A recent study also dem-
onstrated that LDL-C(M) by the Martin method cor-
related strongly with directly measured LDL-C(D), com-
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pared with LDL-C(F) at LDL-C <40 mg/dL'®. The
validity of LDL-C(M) in different races and in patients
with CVD, particularly with low LDL-C levels result-

ing from statin therapy, has not been elucidated.

Aim
The purpose of this study was to validate LDL-

C(M) by comparing with LDL-C(F) and LDL-C(D) in
Japanese patients with CVD and treated with statins.



Validity of New LDL-C Method in CVD with Statins

Methods
Study Population

In this retrospective study, subjects comprised 554
consecutive patients with coronary artery disease and/
or peripheral artery disease who were admitted to our
hospital from May 2013 to December 2016 for angi-
ography of the coronary and/or peripheral artery. Cor-
onary artery disease included acute myocardial infarc-
tion, unstable or stable angina, and silent myocardial
ischemia, and peripheral artery disease was defined as
occlusive or stenotic disease of lower-limb arteries. Of
these 554 patients, 169 patients were excluded because
of a lack of statin therapy. The remaining 385 patients,
who had been receiving treatment with statins for more
than 1 month, were recruited to this study. No patients
showed a fasting serum TG level >400 mg/dL. All
protocols in this study were approved by the institu-
tional ethics committee at Kagoshima University Hos-
pital. All patients provided written informed consent
prior to enrollment in this study. This study was per-
formed in compliance with the Declaration of Helsinki.

Laboratory Measurements

Blood samples were drawn after 12 h of fasting.
Serum levels of TC, TG, and HDL-C were measured
by enzymatic methods, using Determiner L TC I
(Kyowa Medex, Tokyo, Japan), Determiner L TG II
(Kyowa Medex), and MetabolLead HDL-C (Kyowa
Medex), respectively. LDL-C(D) was directly measured
by the selective solubilization method using the Metab-
oLead LDL-C (Kyowa Medex). LDL-C(F) was calcu-
lated using the Friedewald equation: TC-HDL-C -
TG/5?. In addition, LDL-C(M) was calculated using the
equation: TC—HDL-C—TG/adjustable factor, where
the adjustable factor was the strata-specific TG:VLDL
ratio based on TG and non-HDL-C levels in the 180-
cell table described by Martin ez a/'* (Fig. 1).

Statistical Analysis

All values are expressed as mean # standard devia-
tion. Linear regression analysis was performed to assess
the relationship between LDL-C(D) and LDL-C(F)
or LDL-C(M), and Bland—Altman plots were used to
analyze the difference between LDL-C(D) and LDL-
C(F) or LDL-C(M). Data were analyzed using JMP ver-
sion 11 (SAS Institute, Cary, NC) at Kagoshima Univer-
sity. Values of p<0.05 were considered indicative of a
statistically significant between-group difference.

Results

Patient Characteristics
Characteristics of patients (7=385) are summa-

Table 1. Baseline patient characteristics (2=385)

Age (years) 69.8+9.8
Sex (male/female) 268/117
BMI (kg/m?) 24.3%3.7
Total cholesterol (mg/dL) 150.3%31.6
LDL-C(D) (mg/dL) 81.7£25.5
LDL-C(F) (mg/dL) 76.4%24.6
LDL-C(M) (mg/dL) 79.9+24.5
HDL cholesterol (mg/dL) 48.7+13.6
Non-HDL cholesterol (mg/dL) 101.6£28.1
TG (mg/dL) 126.0+59.0
TG:VLDL-C 5.8+£0.9
CAD, n (%) 366 (95.1)
PAD, n (%) 114 (29.6)
Statin, n (%)
Rosuvastatin 156 (40.5)
Atorvastatin 83 (21.6)
Pitavastatin 114 (29.6)
Pravastatin 24 (6.2)
Fluvastatin 3(0.8)
Simvastatin 5(1.3)
Ezetimibe, n (%) 39 (10.1)
EPA, n (%) 22 (5.7)

Values are expressed as mean *standard deviation. BMI, body mass
index; CAD, coronary artery disease; EPA, eicosapentaenoic acid;
HDL, high-density lipoprotein; LDL-C, low-density lipoprotein cho-
lesterol; LDL-C(D), LDL-C measured by direct assay; LDL-C(F),
LDL-C calculated by Friedewald formula; LDL-C(M), LDL-C calcu-
lated by Martin method; PAD, peripheral artery disease; TG, triglyc-
eride; TG:VLDL-C, ratio of triglyceride to very low-density lipopro-
tein cholesterol.

rized in Table 1. Mean age of patients was 69.8+9.8
years, and 268 patients (69.6%) were male. Of the
385 patients, 366 patients (95.1%) had coronary artery
disease, and 114 patients (29.6%) had peripheral artery
disease. Ninety-five patients (24.7%) had both coro-
nary artery disease and peripheral artery disease. Mean
levels of LDL-C(D), LDL-C(F), and LDL-C(M) were
81.7%25.5,76.4%24.6, and 79.9 = 24.5 mg/dL, respec-
tively. Mean HDL-C was 48.7 +13.6 mg/dL, and mean
TG was 126.0 59.0 mg/dL. Mean TG:VLDL-C ratio
was 5.6=0.9.

All patients recruited to this study were under
treatment with statins, with 353 patients (91.7%) tak-
ing strong statins (Rosuvastatin, Atorvastatin, or Pitavas-
tatin) and 32 patients (8.3%) taking standard statins
(Pravastatin, Fluvastatin or Simvastatin). In addition,
39 patients (10.1%) were prescribed Ezetimibe.

Correlation between LDL-C(D) and LDL-C(F) or

LDL-C(M)
In all patients, both LDL-C(F) and LDL-C(M)
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Total (n = 385)
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Fig.2. Comparison of correlation between LDL-C(D) and LDL-C(F) or LDL-C(M) levels.

(A) LDL-C(D) versus LDL-C(F). (B) LDL-C(D) versus LDL-C(M). Upper panels indicate linear regres-
sion analysis, whereas lower panels indicate Bland—Altman plots. CI, confidence interval; LDL-C, low-
density lipoprotein cholesterol; LDL-C(D), LDL-C measured by direct assay; LDL-C(F), LDL-C calcu-
lated using the Friedewald formula; LDL-C(M), LDL-C calculated using the Martin method.

correlated significantly with LDL-C(D) [LDL-C(F) vs.
LDL-C(D): R=0.974, p<0.001; LDL-C(M) vs. LDL-
C(D): R=0.987, p<0.001] (Fig.2). In the Bland—Alt-
man plots, mean differences between LDL-C(D) and
LDL-C(F) or LDL-C(M) were 5.3 mg/dL [95% con-
fidence interval (CI), 4.7-5.9 mg/dL] or 1.8 mg/dL
(95%CI, 1.4-2.2). A total of 124 patients (32.2%)
showed LDL-C(D) level <70 mg/dL, and we analyzed
correlations between LDL-C(D) and LDL-C(F) or LDL-
C(M) among patients with LDL-C(D) <70 mg/dL
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(n=124) and LDL-C(D) 270 mg/dL (»=261) (Fig. 3).
In patients with LDL-C(D) =70 mg/dL, both LDL-
C(F) and LDL-C(M) correlated well with LDL-C(D)
[LDL-C(F) vs. LDL-C(D): R=0.960, p<0.001; LDL-
C(M) vs. LDL-C(D): R=0.978, p<0.001] (Fig.3A,
B). In patients with LDL-C(D) <70 mg/dL, although
LDL-C(F) and LDL-C(M) correlated significantly with
LDL-C(D), LDL-C(M) displayed a better correlation
with LDL-C(D) compared with LDL-C(F) [LDL-C(M)
vs. LDL-C(D): R=0.935, p<0.001; LDL-C(F) vs.
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LDL-C >70 mg/dL (n = 261)

LDL-C <70 mg/dL (n =124)
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Fig.3. Comparison of correlation between LDL-C(D) and LDL-C(F) or LDL-C(M) levels in patients with LDL-C(D) <70 mg/

dL (»=124) and LDL-C(D) 270 mg/dL (»=261).

(A) LDL-C(D) versus LDL-C(F) in patients with LDL-C(D) <70 mg/dL. (B) LDL-C(D) versus LDL-C(M) in patients with LDL-C(D) <70
mg/dL. (C) LDL-C(D) versus LDL-C(F) in patients with LDL-C(D) 270 mg/dL. (D) LDL-C(D) versus LDL-C(M) in patients with LDL-
C(D) 270 mg/dL. Upper panels indicate linear regression analysis, whereas lower panels indicate Bland—Altman plots. CI, confidence inter-
val; LDL-C, low-density lipoprotein cholesterol; LDL-C(D), LDL-C measured by direct assay; LDL-C(F), LDL-C calculated using the Frie-
dewald formula; LDL-C(M), LDL-C calculated using the Martin method.

LDL-C(D): R=0.868, p<0.001] (Fig.3C, D). In the
Bland—Altman plots, the mean differences between
LDL-C(D) and LDL-C(M) were smaller than those
between LDL-C(D) and LDL-C(F) in both LDL-C(D)
>70 mg/dL and LDL-C(D) <70 mg/dL (Fig. 3A-D).
Furthermore, we investigated the effect of TG level
(TG <150 mg/dL and TG 2150 mg/dL) on the cor-
relation between LDL-C(D) and LDL-C(F) or LDL-
C(M) (Fig.4). In patients with LDL-C(D) =70 mg/dL,
both LDL-C(F) and LDL-C(M) showed a good corre-
lation with LDL-C(D) regardless of TG level (Fig. 4A—
D). In contrast, LDL-C(M) had a better correlation
with LDL-C(D) than LDL-C(F) in patients with
LDL-C <70 mg/dL and TG > 150 mg/dL (Fig. 4G, H).
In the Bland—Altman plots, mean differences between
LDL-C(D) and LDL-C(F) were larger than those
between LDL-C(D) and LDL-C(M) in patients with
TG 2150 mg/dL regardless of LDL-C(D) level (Fig. 4C,
D, G, H).

Concordance in Classification

The concordance of calculated and directly mea-
sured LDL-C is shown in Table 2. Both LDL-C(F) and
LDL-C(M) tended to underestimate levels of LDL-C
compared with LDL-C(D). The concordance of LDL-
C(M) was higher than that of LDL-C(F) in all pa-
tients [LDL-C(M) vs. LDL-C(D): 84.7%, LDL-C(F)
vs. LDL-C(D): 73.8%]. Fig.5 shows comparisons of
concordance between LDL-C(F) and LDL-C(D) and
between LDL-C(M) and LDL-C(D) disaggregated by
LDL-C(D) level in patients with LDL-C(D) <100
mg/dL (7=321). Patients were divided into three groups
on the basis of LDL-C(D) level [LDL-C(D) <50 mg/
dL: »=33; 50 mg/dL <LDL-C(D) <70 mg/dL: n=
91; 70 mg/dL <LDL-C (D) <100 mg/dL: »=179].
In all groups, LDL-C(M) demonstrated better concor-
dance than LDL-C(F) [LDL-C(D) <50 mg/dL: 72.5%
vs. 62.0%; 50 mg/dL <LDL-C(D) <70 mg/dL: 72.3%
vs. 54.8%; 70 mg/dL <LDL-C (D) <100 mg/dL: 79.6%
vs. 65.2%].
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LDL-C >70 mg/dL
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Fig. 4. The effect of TG level (TG <150 mg/dL and TG 2150 mg/dL) on correlation between LDL-C(D) and LDL-C(F) or LDL-C(M).

In patients with LDL-C(D) >70 mg/dL and TG <150 mg/dL, LDL-C(D) versus LDL-C(F) (A) or LDL-C(M) (B). In patients with LDL-
C(D) 270 mg/dL and TG 2150 mg/dL, LDL-C(D) versus LDL-C(F) (C) or LDL-C(M) (D). In patients with LDL-C(D) <70 mg/dL and
TG <150 mg/dL, LDL-C(D) versus LDL-C(F) (E) or LDL-C(M) (F). In patients with LDL-C(D) =70 mg/dL and TG =150 mg/dL, LDL-
C(D) versus LDL-C(F) (G) or LDL-C(M) (H). Upper panels indicate linear regression analysis, whereas lower panels indicate Bland—Altman
plots. CI, confidence interval; LDL-C, low-density lipoprotein cholesterol; LDL-C(D), LDL-C measured by direct assay; LDL-C(F), LDL-C
calculated using the Friedewald formula; LDL-C(M), LDL-C calculated using the Martin method.

648



Validity of New LDL-C Method in CVD with Statins

Table 2. Concordance of calculated and directly measured LDL-C

LDL-C(D) (mg/dL)

<50.0 50.0-69.9 70.0-99.9 100.0-119.9 120.0-139.9 >140.0
n=33 n=91 n=179 n=54 n=17 n=11
LDL-C(F) (mg/dL)
<50.0 n= 48 31 16 1 0 0 0
50.0-69.9 n=118 2 74 42 0 0 0
70.0-99.9 »=163 0 1 135 27 0 0
100.0-119.9 »= 33 0 0 1 26 6 0
120.0-139.9 n= 16 0 0 0 1 11 4
>140.0 n= 7 0 0 0 0 0 7
LDL-C(M) (mg/dL)
<50.0 n= 36 29 7 0 0 0 0
50.0-69.9 n=102 4 81 17 0 0 0
70.0-99.9 n=182 0 3 160 19 0 0
100.0-119.9  n= 40 0 0 2 35 3 0
120.0-139.9 n= 18 0 0 0 0 14 4
>140.0 n= 7 0 0 0 0 0 7

LDL-C, low-density lipoprotein cholesterol; LDL-C(D), LDL-C measured by direct assay; LDL-C(F), LDL-C calculated by Friedewald formula;

LDL-C(M), LDL-C calculated by Martin method.

Discussion

The current study demonstrated that in Japanese
patients with CVD treated with statins, both LDL-C(F)
and LDL-C(M) showed good correlation with LDL-
C(D). In patients with LDL-C >70 mg/dL, LDL-C(F)
and LDL-C(M) showed equal correlations with LDL-
C(D), whereas in patients with LDL-C <70 mg/dL,
LDL-C(M) displayed a better fit to LDL-C(D) com-
pared with LDL-C(F). Furthermore, the concordance
of LDL-C(M) was higher than that of LDL-C(F). In
high-risk patients treated with statins, LDL-C(M) might
provide more accurate information to achieve the low
target LDL-C level.

Validity of the Martin Method in Japanese CVD
Patients Treated with Statins

In patients with CVD, LDL-C represents a piv-
otal target of treatment. The Friedewald equation using
a fixed TG:VLDL-C ratio of 5 is widely used for mea-
suring LDL-C'?. However, this equation is not recom-
mended for use in patients with TG >400 mg/dL, and
underestimation of LDL-C(F) level has been reported
at both low LDL-C levels''® and high TG levels'*".

Recently, Martin ez al. suggested a novel method for
calculating LDL-C(M) using an adjustable factor instead
of a fixed factor of 5. This method is thought to
provide more accurate measurement of LDL-C than
that derived from the Friedewald equation'®. Although
the Martin method was derived from a database of
subjects in the United States, Rim ez al. investigated
the validity of the method in a Korean population and
demonstrated that the Martin method is superior to
use of the Friedewald equation®”. However, the valid-
ity of the Martin method has not been established in
CVD patients treated with statins. Our study investi-
gated the validity of the Martin method in Japanese
coronary artery disease patients treated with statins
and for the first time reported that both LDL-C(M)
and LDL-C(F) correlated significantly with LDL-C(D).

All subjects in this study were taking statins for
secondary prevention, and non-HDL level was lower
compared with previous studies using the Martin meth-
od'*?%%)_In the Martin method, the adjustable factor
increases with decreases in the non-HDL level. As a
result, the TG:VLDL-C ratio (5.6) in the present study
was higher than that in the Martin report (5.2). In any
case, both values differed substantially from the fixed
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Fig.5. Comparison of concordance between LDL-C(D) and LDL-C(F) and
that between LDL-C(D) and LDL-C(M) disaggregated by LDL-C(D)
level.

LDL-C, low-density lipoprotein cholesterol; LDL-C(D), LDL-C measured by direct
assay; LDL-C(F), LDL-C calculated using the Friedewald formula; LDL-C(M), LDL-C

calculated using the Martin method.

factor of 5 used in the Friedewald equation. Actually,
the Lipid Research Clinics Prevalence study reported
that mean TG:VLDL-C ratio ranged from 5.2 to 8.9 in
clinical settings'?, depending on TG and non-HDL-
C levels. Considering the results from the present study,
a fixed factor of 5 might not provide sufficient accura-
cy for patients treated with statins, and the Martin
method using the adjustable factor may be useful for
Japanese CVD patients treated with statins.

Accuracy of the Martin Method at LDL-C Level <70
mg/dL

A decrease in LDL-C level leads to a reduction in
the rate of cardiovascular events”?. Although the 2013
American College of Cardiology/American Heart Asso-
ciation Blood Cholesterol Guideline did not provide a
specific target for LDL-C??, international clinical guide-
lines recommend a target LDL-C of <70 mg/dL for
high-risk patients'® . In the Japan Atherosclerosis Soci-
ety Guideline for Prevention of Atherosclerotic Car-
diovascular Disease 2017, a target of LDL-C <100 mg/
dL is recommended for secondary prevention, and a
target of LDL-C <70 mg/dL is recommended for high-

risk patients such as those with familial hyperlipidemia,
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acute coronary syndrome, and/or high-risk diabetes mel-
litus®. The current study has demonstrated that in
patients with LDL-C >70 mg/dL, both LDL-C(F) and
LDL-C(M) correlated well with LDL-C(D). In con-
trast, among patients with LDL-C <70 mg/dL, LDL-
C(F) tended to underestimate, whereas LDL-(M) was
in good accordance with LDL-C(D). Even in patients
with LDL-C <100 mg/dL according to the Japan Ath-
erosclerosis Society Guideline?”, LDL-C(M) showed
higher concordance with LDL-C(D) compared with
LDL-C(F). Furthermore, we investigated the effect of
TG level on the correlation between LDL-C(D) and
LDL-C(F) or LDL-C(M) as Chaen ez al. have recently
reported'”. The correlation between LDL-C(D) and
LDL-C(M) was less affected by TG level compared with
LDL-C(F), especially in patients with LDL-C <70
mg/dL and TG =150 mg/dL. Martin ez al. reported that
among general subjects in the United States, LDL-
C(M) showed good concordance with directly measured
LDL-C at LDL-C level <70 mg/dL compared with
LDL-C(F) [LDL-C(M); 94.1%, LDL-C(F); 77.2%]'*.
Quisepe ez al. have also demonstrated that in patients
with an LDL-C(F) level of 50—69 mg/dL, 29% of pa-
tients show LDL-C(D) level >70 mg/dL'®. Further-
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more, Meeusen ez al. pointed out that the discordance
between LDL-C(F) and LDL-C(BQ), which is mea-
sured by B quantification and is considered the gold-
standard method for determining LDL-C, was increased
for LDL-C level <70 mg/dL". However, those previ-
ous studies did not investigate patients under lipid-
lowering therapy. The current study therefore focused
on patients with CVD who were being treated with
statins and demonstrated the Martin method as supe-
rior to the Friedewald equation at LDL-C level <70
mg/dL in those patients.

Clinical Implications

Considering the clinical practice for patients with
CVD, LDL-C level may provide key information for
adjusting lipid-lowering therapy. However, if LDL-C(F)
is <70 mg/dL, underestimation may be provided. Such
errors may potentially lead to inadequate lipid-lower-
ing therapy. When LDL-C level <70 mg/dL is the
target of lipid-lowering therapy for high-risk patients,
physicians need to pay attention to underestimation of
the LDL-C as estimated by Friedewald equation and
should consider using the Martin method.

Limitations

The current study has several limitations. First,
the gold standard method of LDL-C measurement is
LDL-C(BQ) measured by B quantification®®. How-
ever, B quantification is expensive and inconvenient
in clinical practice’”. A previous report revealed that
direct measurement of LDL-C by MetaboLead LDL
(direct measurement) can be used to provide results
similar to those from the BQ method?®. We therefore
used LDL-C(D) instead of LDL-C(BQ) as the stan-
dard reference measurement. Second, we have no data
from CVD patients without statins and so could not
confirm the validity of the Martin method in those
patients. Finally, CVD patients on statins with TG
>400 mg/dL were not included in this study for com-
parison with LDL-C(D). The validity of the Martin
method in patients with statin and TG 2400 mg/dL
thus remains unclear.

Conclusions

The current study demonstrated that in Japanese
CVD patients receiving statins, LDL-C level as esti-
mated by the Martin method was more accurate than
that estimated using the Friedewald equation, especially
in patients with LDL-C <70 mg/dL. In high-risk pa-
tients treated with statins, the Martin method might

provide more accurate information to achieve the low
target LDL-C level.
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