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Původní práce

Introducti on
Low- density lipoprotein cholesterol 
(LDL‑C) is a well established risk fac-
tor of atherosclerosis and cardi ovas-
cular dise ase (CVD), and CVD risk cal-
culati on and tre atment go als both in 
primary and secondary preventi ons are 
based on LDL‑C levels. The reference 
method for LDL‑C me asurement is di-
rect me asurement by the b- qu antifi-
cati on method [1]. Beca use the di-
rect method is time- consuming and 
involves ultracentrifugati on and a che

mical precipitati on step that is not 
available in ro utine laboratori es, the 
Fri edewald formula for LDL‑C calcula-
ti on is used as a standard method in 
clinical practice [2]. There are, how-
ever, several limitati ons of the for-
mula. It multipli es the errors derived 
from total cholesterol (TC), triglycer-
ide (TG) and HDL‑C me asurements, is 
based on an assumpti on of fixed mass 
rati o of plasma TG to very- low den-
sity lipoprotein cholesterol (VLDL‑C), 
is not valid if TG > 4.5 mmol/ l and in 

pati ents with type III hyperlipopro-
teinemi a, and requires fasting speci-
mens. Moreover, the reli ability of the 
Fri edewald calculati on decre ases con-
siderably with incre asing TG concen-
trati ons, even in specimens with TG 
concentrati on of 2.26– 4.52 mmol/ l 
[3]. In the last decades, there have been 
several attempts to suggest alterna-
tive ways for LDL‑C calculati on [4,5]. 
Recently, a new generati on of homo-
geneo us methods for LDL detecti on, 
have also been introduced. Homoge-
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mulas; however, it underestimated the LDL‑C levels. 
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Zhodnotenie alternatívnych metód pre výpočet LDL cholesterolu

Súhrn: Úvod: Vzhľadom na známe limity Friedewaldovej formuly boli navrhnuté aj alternatívne metódy výpočtu LDL cholesterolu (LDL‑C). 
V tejto práci sme posudzovali užitočnosť týchto metód. Metódy: Do súboru sme zaradili deväťdesiat tri osôb bez ischemickej choroby 
srdca. LDL-C sme priamo stanovili homogénnou metódou, vypočítali Friedewaldovou formulou LDL-C = TC – HDL – (TG/2.2) (LDL1) 
a alternatívne 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). Výsledky: 
Všetky tri výpočty podhodnotili priamo stanovené hladiny LDL-C, v celom súbore a aj v skupinách podľa hladín TG (TG < 1,7 a v rozsahu 
1,7–4,5 mmol/l, p < 0,001 pre všetky porovnania). Zaznamenali sme však významne vyššiu odchýlku vo všetkých troch výpočtoch u osôb 
s hladinou 1,7 ≤ TG < 4,5 mmol/l. Najnižšiu odchýlku v oboch sledovaných skupinách sme zaznamenali pre Friedewaldovu formulu. 
Absolútna odchýlka bola 7,6 % pre LDL1, 18,3 % pre LDL2 a 13,6 % pre LDL3. Výpočtami stanovené hladiny LDL-C korelovali s metó-
dou priameho stanovenia v rozmedzí r = 0,82 – 0,90 (p < 0,0001 pre všetky s výnimkou LDL2 pre skupinu 1,7 ≤ TG < 4,5 mmol/l, kde 
p = 0,0011). Záver: Friedewaldova formula sa javí v našej štúdii optimálnejšou metódou výpočtu LDL-C ako ďalšie dve alternatívne metódy, 
avšak podhodnocuje priamo stanovené LDL-C.
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neo us assays seem to be able to meet 
current Nati onal Cholesterol Educa-
ti on Program (NCEP) requirements for 
LDL‑C testing for precisi on (CV < 4%) 
and accuracy (bi as < 4%) [3]. The aim 
of this study was to evalu ate the alter-
native calculati on methods for deter-
mining LDL cholesterol and its’ utility 
regarding TG levels.

Methods
Ninety three subjects older than 18 ye ars, 
with TG levels less than 4.5 mmol/ l, 
and free of coronary he art dise ase 
(CHD) participating in a cross- sec-
ti onal screening for cardi ovascular risk 
factors in Slovaki a were involved in the 
analysis. We report results for the whole 
gro up and in subgro ups with normotri-
glyceridemi a and TG levels in range of 
1.7– 4.5 mmol/ l. The main character-
istics of the gro up are in the table 1. 
Veno us blo od samples were collected 
after overnight fasting witho ut cubi-
tal compressi on. Serum levels of total 
cholesterol (TC) and triglycerides (TG) 
were me asured enzymatically, apoB 
levels were me asured by an immuno-
turbidimetric method, HDL choles-
terol (HDL‑C) was determined directly 
by commerci al kit (Genzyme) on an 
a uto analyser (Hitachi 911). LDL‑C was 
me asured by homogeneo us method 
(LDL), based on the eliminati on prin-
ciple (Direct LDL‑Cholesterol Randox, 
Randox Laboratori es Ltd, Crumlin, 
UK). The assay was performed accord-
ing to the manufacturer’s recommen-
dati on. Using control sera level I, II and 
III, the within‑run imprecisi on was 0.69, 

0.57, and 0.50 ( %) and between- run im-
precisi on was 1.67, 1.21 and 1.69 ( %), 
respectively. LDL‑C was calculated by 
the Fri edewald formula LDL‑C = TC –  
HDL –  (TG/ 2.2) (LDL1) [2] and al-
ternative formulas LDL‑C = 0.41 TC –  
0.32 TG + 1.70 apoB – 0.27 (LDL2) 
[4] and LDL‑C = 0.94 TC –  0.94 HDL –  
0.435 TG (LDL3) [5], expressed in 
mmol/ l.

Values are expressed as me an ± SD. 
Line ar regressi on analysis was used for 
the determinati on of correlati on be-
tween parameters. The H0 hypothesis 
was that slope = 1 and intercept = 0, 
and was tested in the regressi on analy
sis. Assay bi as expressed as delta (Δ) 
was calculated as the direct me asure-
ment of LDL result minus the formulas’ 
calculati on result. The differences bet
ween the direct me asurement and cal-
culated values referred as a delta values 
were evalu ated using a signed rank test. 
Intergro up differences in assay bi as 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 computati ons were carri ed o ut 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 Scho ol of Come-
ni us University in Bratislava and all sub-
jects signed informed consent.

Results
Me ans of directly me asured and calcu-
lated LDL‑C, together with regressi on 

models and correlati on coefici ents are 
in the table 2. All three formulas sig-
nificantly underestimated the LDL‑C 
levels compared to directly me asured 
LDL both in the whole gro up and in 
two subgro ups divided according to 
their TG levels (p < 0.001 for all Δ val-
ues). In fact, only 15.1% of values cal-
culated by the Fri edewald formula and 
2.2% by LDL3 formula were equ al or 
higher than values me asured by the di-
rect method. LDL2 formula underesti-
mated the LDL in all the cases. When 
we compared assay bi as according to 
the TG levels, we fo und significantly 
higher bi as for all three formulas in 
subjects with 1.7 ≤ TG < 4.5 mmol/ l 
levels. The Fri edewald formula showed 
the lowest assay bi as in all the gro ups 
investigated. The me an absolute bi as 
for LDL1 was 7.6%, 18.3% for LDL2 and 
13.6% for LDL3, respectively. Line ar re-
gressi on analysis showed signif icant 
correlati on 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/ l 
gro up where p = 0.0011).

Discussi on
A ca usative relati on of LDL‑C to CHD 
has been well established in epide-
mi ological studi es and clinical tri als. 
The accurate determinati on of LDL‑C 
is thus an important component of 
the assessment of the CHD risk. In o ur 
study we evalu ated alternative formu-
las for the LDL‑C calculati on in com-
parison with a homogeneo us LDL‑C 
assay. LDL2 formula was based on 
a calculati on using TC, TG and apoB 
levels. ApoB is beli eved to be a bet-
ter predictor of CHD risk than LDL‑C 
[6] and several advantages of LDL‑C 
calculati on by using the apoB based 
formula have been suggested. The 
formula can be used in hypertriglycer-
idemic pati ents and HDL‑C me asure-
ment by precipitati on can be avo ided. 
Moreover, the formula has been sug-
gested to be superi or to the Fri edewald 
calculati on in estimating LDL‑C levels 
[7– 9].

Table 1. Main characteristics of the study population.

	 All	 Tg < 1.7 mmol/l	 1.7 ≤ TG < 4.5 mmol/l
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)	 5.97 ± 1.16	 5.74 ± 1.07	 7.08 ± 0.97
TG (mmol/l)	 1.31 ± 0.56	 1.10 ± 0.30	 2.30 ± 0.47
HDL (mmol/l)	 1.43 ± 0.33	 1.46 ± 0.33	 1.25 ± 0.26
apoB (gl/l)	 1.00 ± 0.23	 0.95 ± 0.20	 1.25 ± 0.17

TC – total cholesterol, TG – triglycerides
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In o ur study, all of the formulas sig-
nificantly underestimated the LDL‑C 
levels me asured by the homogeneo us 
LDL‑C assay. Our finding of underesti-
mati on of LDL‑C by the Fri edewald for-
mula is in agreement with a large Ca-
nadi an study reve aling a tendency of 
the Fri edewald formula to underesti-
mate LDL‑C in comparison to b- qu an-
tificati on with a me an percent error of 
calculated LDL‑C less than 5% in sub-
jects with TG < 4.5 mmmol/ l [10]. The 
apoB based LDL2 formula showed 
the biggest assay bi as and worst cor-
relati on with the homogeneo us LDL‑C 
assay. This is in contrast with results 
published by Bairaktari et al [7– 9], 
where the apoB based formula was su-
peri or to Fri edewald when compared 
with b- qu antif icati on method. This 
can be at le ast parti ally explained by 
different populati ons included in the 
studi es (hemodi alysis pati ents) and by 
different reference method of LDL‑C 
me asurement used. However, the ho-
mogeneo us LDL‑C assay by Roche has 
been shown to have a tendency to un-
derestimated LDL‑C levels compared 

to b-qu antificati on method [3], sug-
gesting that the potenti al imprecisi on 
of the homogeneo us LDL‑C assay used 
in o ur study can shift o ur result to-
wards underestimati on of true LDL‑C 
values by the calculati on formulas. 
Altho ugh the apoB based LDL2 for-
mula in o ur study was inferi or to other 
two calculati on formulas, apoB itself is 
a close reflecti on of the number of LDL 
particles, can be me asured with a high 
precisi on, and it has been suggested 
being a better index of cardi ovascu-
lar risk than LDL cholesterol [6]. ApoB 
me asurement can be especi ally useful 
in pati ents with hypertriglyceridemi a 
and in disorders associ ated with hyper-
triglyceridemi a, such as di abetes mel-
litus or metabolic syndrome. In such 
disorders me asurement of LDL choles-
terol may not be an accurate reflecti on 
of LDL particles, due to an incre ased 
number of small dense LDL particles. 
We have recently shown incre ased 
apoB levels despite of comparable LDL 
cholesterol levels in subjects with TG in 
a range of 2.0– 4.5 mmol/ l compared 
to normotriglyceridemic subjects [11].

When we compared o ur data accor
ding to TG status, we have fo und hig
her assay bi as and worse correlati ons 
between the calculated LDL‑C and 
me asured ones in subjects with 
1.7 ≤ TG < 4.5 mmol/ l. These f ind-
ings are in accordance to previ o usly 
published data for the Fri edewald 
and LDL3 formulas [3,8], however, it 
has been suggested that apoB based 
LDL2 formula is less affected by in-
cre ased TG levels [8,9].

Our study has several limitati ons. 
First of all, we used a homogeneo us 
LDL‑C assay and not the reference 
b- qu antificati on method to me asure 
LDL‑C levels. However, homogeneo us 
assays seem to be able to meet current 
NCEP requirements for LDL‑C testing 
for both precisi on and accuracy. Se
cond, the results of the hypertriglycer-
idemic gro up is based on 16 observa-
ti ons only, therefore we can not exclude 
spuri o us findings due to small number 
of observati ons. Moreover, we did not 
se arch for presence of type III hyperli
pidemi a for which the Fri edewald for-
mula is not valid. Even that type III hy-

Table 2. Description of LDL-C data by different methods of estimation. 

	 All	 Tg < 1.7 mmol/l	 1.7 ≤ TG < 4.5 mmol/l
N	 93	 77	 16
LDL (mmol/ l)	 4.29 ± 1.11	 4.08 ± 1.01	 5.30 ± 1.02
LDL1 (mmol/ l)	 3.96 ± 1.05	 3.79 ± 0.98	 4.79 ± 0.99
LDL2 (mmol/ l)	 3.46 ± 0.76	 3.34 ± 0.72	 4.02 ± 0.73
LDL3 (mmol/ l)	 3.70 ± 0.98	 3.54 ± 0.92	 4.48 ± 0.93

assay bi as, mmol/ l			 
ΔLDL1 (LDL‑LDL1)	 0.33 ± 0.35	 0.29 ± 0.32	 0.50 ± 0.43$

ΔLDL2 (LDL‑LDL2)	 0.83 ± 0.49	 0.74 ± 0.44	 1.28 ± 0.50£

ΔLDL3 (LDL‑LDL3)	 0.59 ± 0.36	 0.54 ± 0.32	 0.82 ± 0.43#

absolute bi as ( %)			 
LDL1	  7.6 %	  7.2 %	  9.5 %
LDL2	 18.3 %	 17.2 %	 23.7 %
LDL3	 13.6 %	 13.2 %	 15.5 %

line ar regressi on model*			 
LDL1	 0.90x + 0.097 (0.90)	 0.92x + 0.024 (0.90)	 0.88x + 0.110 (0.82)
LDL2	 0.64x + 0.720 (0.86)	 0.66x + 0.654 (0.86)	 0.64x + 0.631 (0.79)
LDL3	 0.84x + 0.095 (0.90)	 0.86x + 0.021 (0.90)	 0.82x + 0.112 (0.82)

*y = b1x + b0, x = LDL (correlati on coefici ent), $p < 0.05, £p < 0.001, #p < 0.01 for comparisons of different TG gro ups

LDL –  directly me asured LDL, LDL1 Fri edewald 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/ l 
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perlipidemi a is an uncommon genetic 
disorder of lipoprotein metabolism we 
thus can not exclude a presence of type 
III pati ent(s) in o ur set of subjects.

In conclusi on, the Fri edewald for-
mula seems to be a better estimator of 
LDL‑C in o ur 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 me asured 
by direct method for LDL‑C me asure-
ment (Randox, UK). We sho uld how-
ever consider, that all the current clin-
ical guidelines and recommendati ons 
for lipid monitoring, tre atment and 
cardi ovascular dise ase preventi on 
are based on data from large epide-
mi ological studi es and clinical tri als, 
that have estimated LDL cholesterol 
by the Fri edewald formula. Therefore 
in a ro utine clinical practice underesti-
mati on of LDL cholesterol levels by the 
Fri edewald formula compared to the 
direct LDL me asurement in fact does 
not cre ate a significant problem.
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