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LDL-C can be measured directly by beta-quantifica-
tion, the gold standard procedure based on ultracentri-
fugation and lipoprotein particle separation according 
to their densities [4]. However, despite being a more 
practical method and with a good approximation to 
the real value of LDL-C, this is a time-consuming, not 
totally accurate, and equally expensive assay to be 
widely available in clinical practice, especially when 
compared to the use of a formula [4, 5]. Therefore, 
LDL-C determination is generally estimated by measur-
ing the remaining lipoproteins and triglycerides (TG). 

The Friedewald formula is considered worldwide 
the gold standard for clinical estimation of LDL-C 
concentrations due to its great convenience, cost-ef-
fectiveness, and concordance with directly measured 
LDL-C (LDLd-C) in most patients [6].

Introduction

The role of low-density lipoprotein cholesterol (LDL-C) 
and other atherogenic particles [apolipoprotein B 
(apo-B) containing lipoproteins] in the development 
of atherosclerotic cardiovascular disease (ASCVD) is 
well stablished [1, 2]. It is evident that a greater abso-
lute reduction in LDL-C value and a shorter exposure 
time to high values are associated with a lower ASCVD 
risk [1].

For this reason, in 2021 the European Society of 
Cardiology (ESC) maintained the recommendation to 
use LDL-C levels to screen and diagnose ASCVD, as 
well as to guide therapeutic decision-making according 
to established cardiovascular risk [3]. For high-risk pa-
tients, an LDL-C target of < 70 mg/dL was proposed [3].
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Abstract 
Introduction: The Martin (MF) and Sampson (SF) formulas have shown greater accuracy for low-density lipoprotein cholesterol 
(LDL-C) < 70 mg/dL compared to the Friedewald formula (FF); however, some disagreement is maintained. Non-high-density lipoprotein 
cholesterol (non-HDL-C) and apolipoprotein B (ApoB) are alternatives to assessing cardiovascular risk in patients with very low LDL-C.
The objective was to evaluate the accuracy of FF, MF, and SF formulas to estimate LDL-C < 70 mg/dL vs. directly measured LDL-C (LDLd-C) 
and to compare non-HDL-C and Apo-B levels between the groups of patients with concordant vs. discordant LDL-C.
Material and methods: This was a prospective clinical study with measurements of lipid profile and LDLd-C in 214 patients with tri-
glycerides < 400 mg/dL. For each formula, the estimated LDL-C was compared with the LDLd-C, and the correlation, the median dif-
ference, and the discordance rate were evaluated. Non-HDL-C and Apo-B levels were compared between the groups with concordant 
and discordant LDL-C. 
Results: The estimated LDL-C was < 70 mg/dL in 130 (60.7%) patients by FF, 109 (50.9%) by MF, and 113 (52.8%) by SF. The strongest 
correlation was found between LDLd-C and Sampson estimated LDL-C (LDLs-C) (R2 = 0.778), followed by Friedewald-estimated LDL-C 
(LDLf-C) (R2 = 0.680) and Martin estimated LDL-C (LDLm-C) (R2 = 0.652). Estimated LDL-C < 70 mg/dL was lower than LDLd-C, with 
the largest median absolute difference (25–75th) of –15 (–19 to –10) with FF. For estimated LDL-C < 70 mg/dL, the discordant rate was 43.8%, 
38.1%, and 35.1%, reaching for 62.3%, 50.9%, and 50% when LDL-C < 55 mg/dL by FF, SF, and MF, respectively. Patients in the discordant 
group presented significantly higher levels of non-HDL-C and ApoB for all 3 formulas (p < 0.001). 
Conclusion: FF was the most inaccurate formula to estimate very low LDL-C. Despite MF and SF showing better results, their frequency 
in underestimating LDL-C was still considerable. In patients with falsely low estimated LDL-C, apoB and non-HDL-C were signifi-
cantly higher, reflecting its true high atherogenic burden. (Endokrynol Pol 2023; 74 (2): 203–210)
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Martin estimated LDL-C (LDLm-C) was calculated using 1 of 180 
different factors in the denominator for the TG/VLDL-C ratio, ac-
cording to non-HDL-C and TG concentrations:

LDLm-C = LDL-C = TC – HDL-C – TG/specific factor [8]

Finally, Sampson estimated LDL-C (LDLs-C) estimation was 
based on least squares, nonlinear regression analysis with TG, TC, 
and HDL-C values as independent variables:

LDLs-C = TC/0.948 – HDL-C/0.971 – 
(TG/8.56 + [TG × Non-HDL-C]/2140 – TG2/16100) – 9.44) [10]

For each formula, the estimated LDL-C was compared with 
LDLd-C, and the correlation between the values, the median dif-
ference (estimated LDL-C minus LDLd-C), and the discordance rate 
defined as estimated LDL-C < 70 mg/dL and LDLd-C ≥ 70 mg/dL 
were evaluated. Then, a subanalysis to determine the proportion 
of concordance according to the estimated LDL-C (< 30 mg/dL, 
30–54 mg/dL, and 55–70 mg/dL) was performed. We also verified 
the distribution of individuals across estimated LDL-C levels (< 
30 mg/dL, 30 –54 mg/dL, and 55 to < 70 mg/dL) and 4 TG categories 
(< 100 mg/dL, 100–199 mg/dL, 200–299 mg/dL, and 300–399 mg/dL). 
Secondly, non-HDL-C and Apo-B levels were compared between 
the groups with concordant and discordant LDL-C values. 
Statistical analysis was performed using the IBM Statistical Pack-
age for Social Sciences for Windows v.27 (IBM Corporation). Cat-
egorical variables were presented as number (n) and percentage 
(%). The normality of data distribution of numeric variables was 
evaluated through the Shapiro-Wilk test. Parametric continuous 
variables were described with mean ± standard deviation (SD), 
nonparametric variables were reported as median and interquar-
tile (25–75th percentile) values, and the independent sample T-test 
and Wilcoxon-Mann–Whitney U test were employed to compare 
them, respectively. A scatter plot graph and Spearman’s Rho were 
performed to calculate the correlation between LDL-C estimated by 
each formula and LDLd-C. The result was considered statistically 
significant for a p-value < 0.05.

Results

We included 214 patients, whose demographic 
and clinical characteristics are described in Table 1, 
with measurements of lipid profile including LDLd-C 
and with TG < 400 mg/dL. The estimated LDL-C 
was < 70 mg/dL in 130 (60.7%) patients by FF, 109 
(50.9%) by MF, and 113 (52.8%) by SF (Tab. 2). Among 
patients with LDL-C < 70 mg/dL, the highest propor-
tion had TG levels < 100 mg/dL in the 3 equations. How-
ever, in individuals with estimated LDL-C < 30 mg/dL, 
the vast majority presented TG values between 100 
and 199 mg/dL (Tab. 2).

Comparing calculated LDL-C with directly mea-
sured LDLd-C, the strongest correlation was found 
between LDLd-C and LDLs-C (R2 = 0.778), followed by 
LDLf-C (R2 = 0.680) and LDLm-C (R2 = 0.652) (Fig. 1).

Estimated LDL-C < 70 mg/dL was lower than 
LDLd-C, with a median absolute difference (25–75th) of 
–15 (–19 to –10) for LDLf-C, –10 (–14 to –5) for LDLm-C, 
and  –11 (–14 to –8) for LDLs-C. No pattern of increas-
ing median absolute difference with decreasing LDL-C 
values was identified in any equation (Tab. 3).  

However, this equation loses accuracy in two increas-
ingly common situations, underestimating the LDL-C 
values: when the TG level is > 400 mg/dL, because 
this formula considers a constant TG/very low-density 
lipoprotein cholesterol (VLDL-C) ratio of 5:1; and for 
very low LDL-C level, particularly < 100 mg/dL [6, 7]. 
Indeed, recent publications have shown that about 
20% of patients with a Friedewald-estimated LDL-C 
(LDLf-C) < 70 mg/dL have LDLd-C values ≥ 70 mg/dL 
[5, 8, 9].

Two new formulas, the Martin/Hopkins and Samp-
son methods, recently developed in an attempt to 
overcome these barriers in the calculation of LDL-C, 
have shown more accurate results in individuals with 
low LDL-C (70 mg/dL) compared to the Friedewald 
formula [5, 8, 10].

Considering the importance of LDL-C in clinical 
decision-making for titration and/or introduction of 
aggressive LDL-C-lowering therapies to reach the low 
recommended values, the availability of reproducible 
and accurate laboratory assays for the estimation of low 
LDL-C becomes essential. 

A reasonable alternative to assess the risk of ASCVD 
and determine a treatment target is the measurement 
of Apo-B and non-high-density lipoprotein cholesterol 
(non-HDL-C) plasma concentrations [3]. These two 
lipid parameters present the same strong relationship 
with the cardiovascular risk as LDL-C, because they 
encompass all atherogenic lipoproteins and therefore 
reflect the patient’s atherogenic burden [2, 3].

Therefore, in this study we aimed to evaluate the ac-
curacy of the Friedewald (FF), Martin (MF), and Samp-
son (SF) formulas to estimate low values of LDL-C 
(< 70 mg/dL) in comparison with LDLd-C, and to 
determine which equation has the highest concordance 
rate. The second goal was to compare the atherogenic 
burden, through the non-HDL-C and Apo-B levels, 
between the group of LDL-C concordant vs. LDL-C 
discordant patients.

Material and methods
In this prospective clinical study, we analysed 214 patients with lipid 
profile and LDLd-C measurements collected from 1 March 2021 to 
9 April 2021 for different clinical reasons, in the clinical chemistry 
department of our centre. We included participants aged ≥ 18 years 
with an estimated LDL-C by FF, MF, and/or SF < 70 mg/dL, and we 
excluded patients with TG ≥ 400 mg/dL, according to specifications 
of the FF.
Total cholesterol, non-HDL-C, and TG were calculated by auto-
mated colorimetric enzymatic assay; LDLd-C and HDL-c by auto-
mated colorimetric enzymatic assay with polyanions; and Apo-B 
by an immunoturbidimetric method, all using the Roche Cobas 
Integra 400 Plus analyser [11, 12]. LDLf-C was estimated as total 
cholesterol (TC) minus HDL-C minus TG/5:

LDLf-C = TC – HDL-C – TG/5 [6]
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Regarding the discordant rate for estimated 
LDL-C < 70 mg/dL, 43.8% of individuals with LDLf-C, 
38.1% with LDLs-C, and 35.1% with LDLm-C had 
LDLd-C ≥ 70 mg/dL. The number of discordant values 
increased at lower levels of estimated LDL-C, reaching 
rates of 62.3%, 50.9%, and 50% for LDL-C < 55 mg/dL 
by FF, SF, and MF, respectively (Tab. 4).

Patients in the discordant group presented sig-
nificantly higher levels of non-HDL-C for all 3 for-
mulas (FF: 96.4 ± 21.1 mg/dL vs. 73.4 ± 18.6 mg/dL, 
p < 0.001; MF: 83.5 ± 8.0mg/dl vs. 71.6 ± 16.5 mg/dL, 
p < 0.001; SF: 86.67 ± 11.083 vs. 71.56 ± 16.57, p < 0.001) 
(Fig. 2). The same was verified with ApoB levels (FF: 
79.8 ± 13.9 mg/dL vs. 64.3 ± 12.2 mg/dL, p < 0.001; MF: 
72.9 ± 7.7mg/dL vs. 63.7 ± 12.1mg/dL, p < 0.001; SF: 
73.86 ± 8.56 vs. 63.71 ± 12.12, p < 0.001) (Fig. 3). 

Discussion

In our study, for estimated LDL-C <70 mg/dL, FF was 
the most inaccurate equation, with the highest mean ab-
solute difference between estimated LDL-C and LDLd-C 
and with the highest discordance rate compared with 
SF and MF, reaching 62.3% of underestimated values for 
LDL-C < 55 mg/dL. In contrast, SF showed the strongest 

Table 1. Demographic and clinical characteristics of patients

Characteristics All sample (n = 214)

Male (n, %) 123 (57.0)

Age (years)a 54.5 (24)

CV risk factors

Hypertension (n, %) 113 (52.8)

Diabetes mellitus (n, %) 77 (35.9)

Dyslipidaemia (n, %) 111 (51.9)

Coronary disease (n, %) 42 (19.6)

Peripheral arterial disease (n, %) 22 (10.3)

Cerebrovascular disease (n, %) 12 (5.6)

Smoking (n, %) 10 (4.7)

CV risk

Low risk (n, %) 70 (32.7)

Moderate risk (n, %) 23 (10.7)

High risk (n, %) 45 (21.0)

Very high risk (n, %) 76 (35.5)

Current therapy

Statins (n, %) 114 (53.3)

Fibrate (n, %) 18 (8.4)

Ezetimibe (n, %) 23 (10.7)
aData presented as median (interquartile range); CV — cardiovascular

Table 2. Distribution of patients with very low estimated low-density lipoprotein cholesterol (LDL-C) levels across different 
LDL-C and triglyceride (TG) categories

Friedewald estimated LDL-C [mg/dL]

< 30 30 to 54 55 to < 70 Total

TG [mg/dL]

< 100 1 (10.0) 22 (37.3) 25 (41.0) 48 (36.9)

100–199 4 (40.0) 17 (28.8) 21 (34.4) 42 (32.3)

200–299 1 (10.0) 14 (23.7) 5 (8.2) 20 (15.4)

300–399 4 (40.0) 6 (10.2) 10 (16.4) 20 (15.4)

Total 10 (7.7) 59 (45.4) 61 (46.9) 130

TG [mg/dL] Martin estimated LDL-C (mg/dL)

< 100 1 (20.0) 26 (63.4) 23 (36.5) 50 (45.9)

100–199 3 (60.0) 10 (24.4) 24 (38.1) 37 (33.9)

200–299 1 (20.0) 1 (2.4) 9 (14.3) 11 (10.1)

300–399 0 4 (9.8) 7 (11.1) 11 (10.1)

Total 5 (4.6) 41 (37.6) 63 (57.8) 109

TG [mg/dL] Sampson estimated LDL-C

< 100 1 (14.3) 25 (54.3) 22 (36.7) 48 (42.5)

100–199 3 (42.9) 10 (21.7) 27 (45.0) 40 (35.4)

200–299 1 (14.3) 6 (13.0) 9 (15.0) 16 (14.2)

300–399 2 (28.6) 5 (10.9) 2 (3.3) 9 (8.0)

Total 7 (6.2) 46 (40.7) 60 (53.1) 113

Data are presented as n (%)
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correlation and the smallest mean absolute difference 
between calculated and directly measured LDL-C, but 
MF was the most accurate with fewer cases of underes-
timated LDL-C than SM and FF.

Elevated LDL-C concentration is considered a ma-
jor risk factor for the development of cardiovascular 
disease, being consensual that “the lower the better” 
hypothesis allows for greater primary and secondary 
protection [3, 5, 13, 14]. Therefore, LDL-C remains inter-
nationally recognized as the main target for therapeutic 
decision-making, and according to 2021 ESC guide-
lines, lipid-lowering therapy should be introduced 
and/or titrated to maintain an LDL-C goal of <70 mg/dL 
and <50 mg/dL in high and very high cardiovascular 
risk patients, respectively [3]. These recommendations 
are based on a set of long-term scientific trials that 
considered LDL-C levels estimated by FF and included 
on-treatment patients with LDL-C ≥70 mg/dL [15–17]. 

In our sample, 21% and 35.5% of patients had high 
and very high cardiovascular risk, respectively. How-
ever, we verified that 43.8% of the sample with LD-
Lf-C < 70 mg/dL actually had LDLd-C ≥ 70 mg/dL. 

Hence, these individuals are at risk of undertreat-
ment by erroneously not starting and/or intensifying 
lower-lipid therapy or even by discontinuing drugs, 
and consequently they have lower cardiovascular pro-
tection. Likewise, clinical trials that have shown clinical 
benefit and safety in lowering LDL-C may have results 
based on falsely low estimated LDL-C values [14–17]. 
There is some controversy about the potential occur-
rence of adverse events with very low LDL-C levels. 
A post-hoc analysis of the Justification for the Use of 
Statins in Primary Prevention: An Intervention Trial 
Evaluating Rosuvastatin (JUPITER) trial demonstrated 
a significantly higher incidence of hepatobiliary 
disorders, new-onset diabetes, and haematuria in 
rosuvastatin-treated patients with LDL-C ≤30 mg/dL vs. 
rosuvastatin-treated patients with LDL-C >30 mg/dL 
and placebo [18]. However, the LDL-C was estimated by 
FF, and, according our results, 80% of these individuals 
could have a discordant value. 

It is already well established that the FF lost accuracy 
in estimating LDL-C in conditions of hypertriglyceri-
daemia and very low LDL-C levels, despite the fact that 

Figure 1. Correlation between directly measured low-density lipoprotein cholesterol (LDLd-C) and Friedewald-estimated 
low-density lipoprotein cholesterol (LDLf-C) (A) Martin-estimated low-density lipoprotein cholesterol (LDLm-C) (B) 
and Sampson-estimated low-density lipoprotein cholesterol (LDLs-C) (C)
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the discordance rates in studies with larger samples are 
lower than ours, ranging from 15 to 35% [4, 5, 8–10]. For 
that reason, other equations have been developed in 
an attempt to overcome these limitations and increase 
the accuracy of the results. In 2013, the Martin/Hop-
kins formula was published and demonstrated that 
for TG lower than 400 mg/dL, overall concordance in 
guideline risk classification compared with LDLd-C 
was 91.7% for LDLm-C and 85.4% for LDLf-C [8]. 
Subsequently, Quispe et al. assessed only patients with 
LDL-C <70 mg/dL and concluded that, compared with 
FF, MF has higher correlation with LDLd-C, lower mean 
absolute difference, and lower discordant rate (6.3% 
vs. 22.9%) [5]. Still, the inaccuracy of the estimate with 

both formulas was greater the lower the LDL-C values, 
particularly FF [5]. In 2020, the Sampson equation was 
developed to improve the LDL-C results in patients 
with normolipidaemia and/or hypertriglyceridaemia, 
and it proved to be more accurate than MF and FF, 
with higher correlation, lower median absolute differ-
ence, and lower discordance rate [10]. However, when 
only patients with TG <400 mg/dL were considered, 
SF was similar to MF in underestimating LDL-C levels, 
maintaining an important superiority over FF [10]. 

Our publication is in agreement with the findings 
of these 2 large and very important studies (8, 10). In 
our sample of patients with TG < 400 mg/dL, FF was 
the most inaccurate in all parameters evaluated, and SF 

Table 3. Median absolute difference of estimated low-density lipoprotein cholesterol (LDL-C) by each formula 
and directly measured LDL-C (LDLd-C): overall and by LDL-C category assessment

Estimated LDL-C [mg/dL] Friedewald formula Martin formula Sampson formula

< 30

30 to 54

55 to < 70

–14 (–23.8 to –7.8)

–14 (–19 to –10)

–16 (–19 to –11)

–10 (–10 to 0)

–11 (–14 to –6.5)

–10 (–14 to –5)

–10 (–11 to –6)

–11.5 (–13.3 to –6)

–12 (–14 to –9)

Total –15 (–19 to –10) –10 (–14 to –5) –11 (–14 to –8)

Data are presented as median (25–75th percentile)

Table 4. Discordance rate between estimated low-density lipoprotein cholesterol (LDL-C) and directly measured LDL-C 
(LDLd-C) across estimated LDL-C categories

Directly measured LDL-C (mg/dL)

< 30 30 to 54 55 to < 70 ≥ 70 Total Discordance rate

LDLf-C [mg/dL]

< 30 2 (20.0) 8 (80.0) 0 0 10 8 (80.0)

30 to < 55 1 (1.7) 15 (25.4) 36 (61.0) 7 (11.9) 59 43 (72.9)

55 to <70 0 0 11 (18.0) 50 (82.0) 61 50 (82.0)

< 55 3 (4.3) 23 (33.3) 36 (52.2) 7 (10.1) 69 43 (62.3)

Total (< 70) 3 (2.3%) 23 (17.7) 47 (36.2%) 57 (43.8%) 130 57 (43.8)

LDLm-C [mg/dL]

< 30 1 (20.0) 4 (80.0) 0 0 5 4 (80.0)

30 to < 55 2 (4.9) 16(39.0) 23(56.1) 0 41 23 (56.1)

55 to <70 0 3 (4.8) 21(33.3) 39 (61.9) 63 39 (61.9)

< 55 3 (6.5) 20 (43.5) 23 (50.0) 0 46 23 (50)

Total (< 70) 3 (2.8) 23 (21.1) 44 (40.4) 39 (35.8) 109 39 (35.8)

LDLs-C [mg/dL]

< 30 1 (14.3) 6 (85.7) 0 0 7  6 (85.7)

30 to < 55 2 (4.3) 17 (37.0) 26 (56.5) 1 (2.2) 46  27 (58.7)

55 to < 70 0 0 18 (30.0) 42 (70) 60 42 (70)

< 55 3 (5.7) 23 (43.4) 26 (49.0) 1 (1.9) 53 27 (50.9)

Total (<70) 3 (2.7) 23 (20.4) 44 (38.9) 43 (38.1) 113 43 (38.1)

Data are presented as n (%); LDLf-C — Friedewald-estimated low-density lipoprotein cholesterol; LDLm-C — Martin-estimated low-density lipoprotein cholesterol; 
LDLs-C — Sampson-estimated low-density lipoprotein cholesterol
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showed the highest correlation and the lowest absolute 
difference when compared to LDLd-C. However, MF 
proved to be the most accurate, with the lowest dis-
cordance rate, both for estimated LDL-C < 70 mg/dL 
and < 55 mg/dL. Our results are also in concordance 
with a recent publication that compared the 3 for-
mulas in patients with very low LDL-C levels [19]. 
These authors found that MF, at LDL-C < 70 mg/dL 
and < 40 mg/dL, was more accurate and had less 
tendency to underestimate LDL-C, compared with 
FF and SF. 

Despite the better results of MF and SF, their dis-
cordance rates of 35.8% and 38.1%, respectively, were 
still considerable. Patients at very high cardiovascular 
risk mainly have a small and dense LDL-C particle 
phenotype, which confers a greater atherosclerotic 
risk compared with the same mass of cholesterol with 
fewer and larger LDL particles [20]. However, equations 
currently available to estimate LDL-C, in addition to 
being limited to very low LDL-C levels, do not take 
into account the quantity or morphology of the LDL 
particles [6, 8, 10]. 

Furthermore, beyond LDL-C, there are many 
other atherogenic particles that induce arterial wall 

injury and increase the risk of atherosclerotic car-
diovascular disease [3, 20]. All these particles contain 
one ApoB molecule, which makes their measurement 
an accurate marker of the atherogenic burden pres-
ent in circulation [20, 21]. For that reason, several 
studies have been developed in an attempt to use 
apoB and non-HDL as alternative targets in the as-
sessment of cardiovascular risk and in therapeutic 
decision-making [22, 23]. 

We showed that patients with discordant estimated 
and direct LDL-C presented significantly higher levels of 
non-HDL-C and ApoB for all 3 formulas. That suggests 
that individuals with underestimated LDL-C have high-
er atherogenic burden, in agreement with their direct 
LDL-C value >70 mg/dL. Currently, non-HDL-C levels 
are used as an input in the Systemic Coronary Risk 
Estimation 2 (SCORE2) and SCORE2-Older Persons 
(SCORE2-OP) risk algorithms, proposed by ESC [3]. 
Both ApoB and non-HDL levels are already considered 
reasonable alternatives to LDL-C in all patients, but 
especially in cases of hypertriglyceridaemia or very 
low LDL-C, with target values defined according to 
cardiovascular risk [3]. Even so, the use of non-HDL-C 
and ApoB in clinical practice for therapeutic adjust-

Figure 2. Differences of non-high-density lipoprotein cholesterol (non-HDL-C) levels between patients with discordant 
vs. concordant low-density lipoprotein cholesterol (LDL-C) with Friedewald (A), Martin (B), and Sampson formulas (C)

N
on

-H
D

L-
C 

96.4 ± 21.1 mg/dL vs. 73.4 ± 18.6 mg, p < 0.001 83.5 ± 8.0 mg/dL vs. 71.6 ± 16.5 mg/dL, p < 0.001 
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ment requires some caution because they include all 
atherogenic particles, and lipid-lowering therapy acts 
only on the LDL-C receptor [20].

Our study has relevant limitations mainly due to 
its retrospective nature, its small sample and the lack 
of demographic, clinical, and therapeutic data. More-
over, the blood samples analysed in this study were 
collected for many different clinical purposes, either in 
outpatient or inpatient clinics, and information about 
their fasting status were not available. However, this 
is a real-life study, and this potential heterogeneity of 
fasting and non-fasting samples is representative of 
our real clinical practice. Another positive point of our 
work is its originality; the literature that compares these 
3 formulas with LDLd-C and that evaluate the athero-
genic burden in the group of patients with discordant 
LDL-C values is scarce.

In conclusion, FF was the most inaccurate for-
mula to estimate LDL-C in patients with very low 
levels. Although MF and SF showed better results 
with higher correlation with LDLd-C and lower 
discordance rate, their frequency in underestimat-
ing LDL-C was still considerable, being higher for 
lower LDLd-C. For all 3 equations, in patients with 
falsely low estimated LDL-C compared to LDLd-C, 

the apoB and non-HDL-C were significantly higher, 
which reflects its true high atherogenic burden. Thus, 
the wide application of the FF in clinical practice 
should be reconsidered in individuals with a goal of 
LDL-C < 70 mg/dL, to prevent underestimation of 
cardiovascular risk. Its replacement by one of the new, 
more accurate formulas or by ApoB or non-HDL are 
alternatives. Prospective studies with larger samples 
are needed to validate these findings.
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Figure 3. Differences in apolipoprotein (Apo-B) levels between patients with discordant vs. concordant low-density lipoprotein 
cholesterol (LDL-C) with Friedewald (A), Martin (B), and Sampson formulas (C)
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