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Summary: Background: Due to limitations of the Friedewald formula, alternative methods for calculating low-density lipoprotein chole-
sterol (LDL-C) were suggested. We evaluated utility of these methods. Methods: Ninety three subjects free of coronary heart disease were
considered. LDL-C was measured by the homogeneous method, and calculated by the Friedewald formula LDL-C = TC - HDL - (TG/2.2)
(LDL1) and alternative formulas LDL-C = 0.41 TC - 0.32 TG + 1.70 apoB - 0.27 (LDL2) and LDL-C = 0.94 TC - 0.94 HDL - 0.435 TG
(LDL3). Results: All three formulas underestimated the measured LDL-C, both in the whole group and in subgroups according to TG levels
(TG < 1.7 and in a range of 1.7-4.5 mmol/l, p < 0.001 for all). We found significantly higher bias for all three formulas in subjects with
1.7 <TG < 4.5 mmol/| levels. The Friedewald formula showed the lowest assay bias in all the groups investigated. The mean absolute bias
for LDL1 was 7.6 %, 18.3% for LDL2 and 13.6% for LDL3, respectively. Linear regression analysis showed correlation of calculated LDL-C
values with the direct method in the range of r = 0.82 - 0.90 (p < 0.0001 for all, except of LDL2 in 1.7 < TG < 4.5 mmol/l group where
p = 0.0011). Conclusions: The Friedewald formula seems to be a better estimator of LDL-C in our study than the other two alternative for-
mulas; however, it underestimated the LDL-C levels.
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Zhodnotenie alternativnych metéd pre vypocet LDL cholesterolu

Sthrn: Uvod: Vzhfadom na zndme limity Friedewaldovej formuly boli navrhnuté aj alternativne metédy vypo&tu LDL cholesterolu (LDL-C).
V tejto praci sme posudzovali uzZito¢nost tychto metdd. Metddy: Do stiboru sme zaradili devatdesiat tri 0oséb bez ischemickej choroby
srdca. LDL-C sme priamo stanovili homogénnou metdédou, vypoditali Friedewaldovou formulou LDL-C = TC - HDL - (TG/2.2) (LDL1)
a alternativne ako LDL-C = 0,41 TC - 0,32 TG + 1,70 apoB - 0,27 (LDL2) a LDL-C = 0,94 TC - 0,94 HDL - 0,435 TG (LDL3). Vysledky:
V3etky tri vypocty podhodnotili priamo stanovené hladiny LDL-C, v celom stibore a aj v skupinach podla hladin TG (TG < 1,7 a v rozsahu
1,7-4,5 mmol/l, p < 0,001 pre v3etky porovnania). Zaznamenali sme v3ak vyznamne vy33iu odchylku vo v3etkych troch vypoctoch u oséb
s hladinou 1,7 < TG < 4,5 mmol/l. Najnizsiu odchylku v oboch sledovanych skupinach sme zaznamenali pre Friedewaldovu formulu.
Absoltdtna odchylka bola 7,6 % pre LDL1, 18,3 % pre LDL2 a 13,6 % pre LDL3. Vypoctami stanovené hladiny LDL-C korelovali s meté-
dou priameho stanovenia v rozmedzi r = 0,82 - 0,90 (p < 0,0001 pre v3etky s vynimkou LDL2 pre skupinu 1,7 < TG < 4,5 mmol/I, kde
p = 0,0011). Zdver: Friedewaldova formula sa javi v nasej Stidii optimélnejSou metédou vypoctu LDL-C ako dal3ie dve alternativne metddy,
aviak podhodnocuje priamo stanovené LDL-C.
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Introduction

Low-density lipoprotein cholesterol
(LDL-C) is a well established risk fac-
tor of atherosclerosis and cardiovas-
cular disease (CVD), and CVD risk cal-
culation and treatment goals both in
primary and secondary preventions are
based on LDL-C levels. The reference
method for LDL-C measurement is di-
rect measurement by the B-quantifi-
cation method [1]. Because the di-
rect method is time-consuming and
involves ultracentrifugation and a che-
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mical precipitation step that is not
available in routine laboratories, the
Friedewald formula for LDL-C calcula-
tion is used as a standard method in
clinical practice [2]. There are, how-
ever, several limitations of the for-
mula. It multiplies the errors derived
from total cholesterol (TC), triglycer-
ide (TG) and HDL-C measurements, is
based on an assumption of fixed mass
ratio of plasma TG to very-low den-
sity lipoprotein cholesterol (VLDL-C),
is not valid if TG > 4.5 mmol/l and in

patients with type Il hyperlipopro-
teinemia, and requires fasting speci-
mens. Moreover, the reliability of the
Friedewald calculation decreases con-
siderably with increasing TG concen-
trations, even in specimens with TG
concentration of 2.26-4.52 mmol/I
[3]. In the last decades, there have been
several attempts to suggest alterna-
tive ways for LDL-C calculation [4,5].
Recently, a new generation of homo-
geneous methods for LDL detection,
have also been introduced. Homoge-
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Table 1. Main characteristics of the study population.

All Tg < 1.7 mmol/I 1.7 <TG < 4.5 mmol/I
N 93 77 16
age (years) 43.5+£12.3 43.2+12.9 45.2+8.9
male/female (%) 18.3/81.2 16.9/83.1 25/75
TC (mmol/l) 597 £1.16 5.74 +1.07 7.08 +0.97
TG (mmol/I) 1.31+0.56 110 +0.30 2.30 + 0.47
HDL (mmol/l) 143 +0.33 1.46 + 0.33 1.25+0.26
apoB (gl/1) 1.00 + 0.23 0.95 + 0.20 125+ 017
TC - total cholesterol, TG - triglycerides

neous assays seem to be able to meet
current National Cholesterol Educa-
tion Program (NCEP) requirements for
LDL-C testing for precision (CV < 4%)
and accuracy (bias < 4%) [3]. The aim
of this study was to evaluate the alter-
native calculation methods for deter-
mining LDL cholesterol and its’ utility
regarding TG levels.

Methods

Ninety three subjects olderthan 18 years,
with TG levels less than 4.5 mmol/l,
and free of coronary heart disease
(CHD) participating in a cross-sec-
tional screening for cardiovascular risk
factors in Slovakia were involved in the
analysis. We reportresults forthewhole
group and in subgroups with normottri-
glyceridemia and TG levels in range of
1.7-4.5 mmol/l. The main character-
istics of the group are in the table 1.
Venous blood samples were collected
after overnight fasting without cubi-
tal compression. Serum levels of total
cholesterol (TC) and triglycerides (TG)
were measured enzymatically, apoB
levels were measured by an immuno-
turbidimetric method, HDL choles-
terol (HDL-C) was determined directly
by commercial kit (Genzyme) on an
autoanalyser (Hitachi 911). LDL-C was
measured by homogeneous method
(LDL), based on the elimination prin-
ciple (Direct LDL-Cholesterol Randox,
Randox Laboratories Ltd, Crumlin,
UK). The assay was performed accord-
ing to the manufacturer’s recommen-
dation. Using control sera level I, Il and
11, the within-run imprecision was 0.69,
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0.57,and 0.50 (%) and between-run im-
precision was 1.67, 1.21 and 1.69 (%),
respectively. LDL-C was calculated by
the Friedewald formula LDL-C =TC -
HDL - (TG/2.2) (LDL1) [2] and al-
ternative formulas LDL-C=0.41 TC -
0.32TG+1.70 apoB - 0.27 (LDL2)
[4] and LDL-C=0.94TC - 0.94 HDL -
0.435TG (LDL3) [5], expressed in
mmol/I.

Values are expressed as mean * SD.
Linear regression analysis was used for
the determination of correlation be-
tween parameters. The HO hypothesis
was that slope =1 and intercept =0,
and was tested in the regression analy-
sis. Assay bias expressed as delta (A)
was calculated as the direct measure-
ment of LDL result minus the formulas’
calculation result. The differences bet-
ween the direct measurement and cal-
culated values referred as a delta values
were evaluated using a signed rank test.
Intergroup differences in assay bias were
compared by using a Mann-Whitney
two-sample ranksum test. A two-tailed
P value of less than 0.05 was consid-
ered to indicate statistical significance.
All computations were carried out with
the SAS statistical package (SAS Sys-
tem for Windows V8) and with STATA
(STATA/SE 9.0 for Windows). The study
was approved by the local Ethics Com-
mittee of the Medical School of Come-
nius University in Bratislava and all sub-
jects signed informed consent.

Results
Means of directly measured and calcu-
lated LDL-C, together with regression

models and correlation coeficients are
in the table 2. All three formulas sig-
nificantly underestimated the LDL-C
levels compared to directly measured
LDL both in the whole group and in
two subgroups divided according to
their TG levels (p < 0.001 for all A val-
ues). In fact, only 15.1% of values cal-
culated by the Friedewald formula and
2.2% by LDL3 formula were equal or
higher than values measured by the di-
rect method. LDL2 formula underesti-
mated the LDL in all the cases. When
we compared assay bias according to
the TG levels, we found significantly
higher bias for all three formulas in
subjects with 1.7 <TG < 4.5 mmol/I
levels. The Friedewald formula showed
the lowest assay bias in all the groups
investigated. The mean absolute bias
forLDL1 was 7.6%, 18.3% for LDL2 and
13.6% for LDL3, respectively. Linear re-
gression analysis showed significant
correlation of calculated LDL-C values
with the direct method with a range of
r=0.82-0.90 (p < 0.0001 for all, ex-
cept of LDL2 in 1.7 < TG < 4.5 mmol/I
group where p = 0.0011).

Discussion

A causative relation of LDL-C to CHD
has been well established in epide-
miological studies and clinical trials.
The accurate determination of LDL-C
is thus an important component of
the assessment of the CHD risk. In our
study we evaluated alternative formu-
las for the LDL-C calculation in com-
parison with a homogeneous LDL-C
assay. LDL2 formula was based on
a calculation using TC, TG and apoB
levels. ApoB is believed to be a bet-
ter predictor of CHD risk than LDL-C
[6] and several advantages of LDL-C
calculation by using the apoB based
formula have been suggested. The
formula can be used in hypertriglycer-
idemic patients and HDL-C measure-
ment by precipitation can be avoided.
Moreover, the formula has been sug-
gested to be superior to the Friedewald
calculation in estimating LDL-C levels
[7-9].
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Table 2. Description of LDL-C data by different methods of estimation.

All Tg < 1.7 mmol/I
N 93 77
LDL (mmol/I) 429 £1.1 4.08 £ 1.01
LDL1 (mmol/I) 3.96 £ 1.05 3.79+0.98
LDL2 (mmol/I) 3.46 £0.76 3.34+0.72
LDL3 (mmol/I) 3.70 £ 0.98 3.54+0.92
assay bias, mmol/I
ALDL1 (LDL-LDLT) 0.33+0.35 0.29£0.32
ALDL2 (LDL-LDL2) 0.83 +0.49 0.74 + 0.44
ALDL3 (LDL-LDL3) 0.59+0.36 0.54+0.32
absolute bias (%)
LDL1 7.6% 7.2%
LDL2 18.3% 17.2%
LDL3 13.6% 13.2%
linear regression model*
LDL1 0.90x + 0.097 (0.90) 0.92x + 0.024 (0.90)
LDL2 0.64x + 0.720 (0.86) 0.66x + 0.654 (0.86)
LDL3 0.84x + 0.095 (0.90) 0.86x +0.021 (0.90)
*y = B,x + B,, x = LDL (correlation coeficient), *p < 0.05, *p < 0.001, *p < 0.01 for comparisons of different TG groups
LDL - directly measured LDL, LDL1 Friedewald formula: LDL-C=TC - HDL - (TG/2.2), LDL2: LDL-C = 0.41 TC-0.32 TG+ 1.70 apoB - 0.27,
LDL3: LDL-C = 0.94 TC - 0.94 HDL - 0.435 TG, expressed in mmol/I

1.7 <TG < 4.5 mmol/I
16
5.30+1.02
4.79 £ 0.99
4.02+0.73
4.48 +0.93

0.50 £ 0.43%
1.28 + 0.50¢
0.82 +0.43*

9.5%
23.7%
15.5%

0.88x +0.110 (0.82)
0.64x +0.631 (0.79)
0.82x +0.112 (0.82)

In our study, all of the formulas sig-
nificantly underestimated the LDL-C
levels measured by the homogeneous
LDL-C assay. Our finding of underesti-
mation of LDL-C by the Friedewald for-
mula is in agreement with a large Ca-
nadian study revealing a tendency of
the Friedewald formula to underesti-
mate LDL-C in comparison to f-quan-
tification with a mean percent error of
calculated LDL-C less than 5% in sub-
jects with TG < 4.5 mmmol/I [10]. The
apoB based LDL2 formula showed
the biggest assay bias and worst cor-
relation with the homogeneous LDL-C
assay. This is in contrast with results
published by Bairaktari et al [7-9],
where the apoB based formula was su-
perior to Friedewald when compared
with B-quantification method. This
can be at least partially explained by
different populations included in the
studies (hemodialysis patients) and by
different reference method of LDL-C
measurement used. However, the ho-
mogeneous LDL-C assay by Roche has
been shown to have a tendency to un-
derestimated LDL-C levels compared
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to B-quantification method [3], sug-
gesting that the potential imprecision
of the homogeneous LDL-C assay used
in our study can shift our result to-
wards underestimation of true LDL-C
values by the calculation formulas.
Although the apoB based LDL2 for-
mula in our study was inferior to other
two calculation formulas, apoB itselfis
a close reflection of the number of LDL
particles, can be measured with a high
precision, and it has been suggested
being a better index of cardiovascu-
lar risk than LDL cholesterol [6]. ApoB
measurement can be especially useful
in patients with hypertriglyceridemia
and in disorders associated with hyper-
triglyceridemia, such as diabetes mel-
litus or metabolic syndrome. In such
disorders measurement of LDL choles-
terol may not be an accurate reflection
of LDL particles, due to an increased
number of small dense LDL particles.
We have recently shown increased
apoB levels despite of comparable LDL
cholesterol levels in subjects with TG in
arange of 2.0-4.5 mmol/| compared
to normotriglyceridemic subjects [11].

When we compared our data accor-
ding to TG status, we have found hig-
her assay bias and worse correlations
between the calculated LDL-C and
measured ones in subjects with
1.7 <TG < 4.5 mmol/l. These find-
ings are in accordance to previously
published data for the Friedewald
and LDL3 formulas [3,8], however, it
has been suggested that apoB based
LDL2 formula is less affected by in-
creased TG levels [8,9].

Our study has several limitations.
First of all, we used a homogeneous
LDL-C assay and not the reference
B-quantification method to measure
LDL-C levels. However, homogeneous
assays seem to be able to meet current
NCEP requirements for LDL-C testing
for both precision and accuracy. Se-
cond, the results of the hypertriglycer-
idemic group is based on 16 observa-
tions only, therefore we can notexclude
spurious findings due to small number
of observations. Moreover, we did not
search for presence of type Ill hyperli-
pidemia for which the Friedewald for-
mula is not valid. Even that type Ill hy-

963




Evaluation of alternative calculation methods for determining LDL cholesterol

perlipidemia is an uncommon genetic
disorder of lipoprotein metabolism we
thus can not exclude a presence of type
[l patient(s) in our set of subjects.

In conclusion, the Friedewald for-
mula seems to be a better estimator of
LDL-C in our study than the other two
alternative formulas, both in normo
and hypertriglyceridemic subjects
(with TG < 4.5 mmol/l), but it under-
estimated the LDL-C levels measured
by direct method for LDL-C measure-
ment (Randox, UK). We should how-
ever consider, that all the current clin-
ical guidelines and recommendations
for lipid monitoring, treatment and
cardiovascular disease prevention
are based on data from large epide-
miological studies and clinical trials,
that have estimated LDL cholesterol
by the Friedewald formula. Therefore
in a routine clinical practice underesti-
mation of LDL cholesterol levels by the
Friedewald formula compared to the
direct LDL measurement in fact does
not create a significant problem.
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