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Abstract
Introduction: Two new formulas, the Martin-Hopkins and the Sampson formula, were recently developed to overcome shortcomings of the Friedewald formula for calculating LDL-cholesterol. We aimed to compare the concordance of the two formulas with apolipoprotein B (apoB), a surrogate marker of the number of LDL particles.
Materials and methods: In a study of serum lipid data of 1179 patients who consulted the AZ St-Jan Hospital Bruges for cardiovascular risk assessment, the correlation and concordance of the Friedewald, Martin-Hopkins and Sampson formulas with apoB concentration, measured by immunonephelometry, were determined and compared.
Results: The Martin-Hopkins formula showed significantly higher correlation coefficient than the Friedewald formula with apoB in the entire dataset and in patients with low LDL-cholesterol < 1.8 mmol/L. Both Martin-Hopkins and Sampson formulas yielded > 70% concordance of LDL-cholesterol with regard to treatment group classification based on population-equivalent thresholds of apoB in hypertriglyceridemic patients (2-4.5
mmol/L), with the highest concordance (75.6%) obtained using Martin-Hopkins formula vs. 60.5% with Friedewald formula.
Conclusion: The Martin-Hopkins (and, to a lesser extent, Sampson) formula is more closely associated with the number of LDL particles than Friedewald formula. This, in combination with literature evidence of lesser accuracy of the Friedewald formula, is an argument to switch from Friedewald to a modified, improved formula.
Keywords: apolipoprotein B; LDL-cholesterol; Friedewald formula; Martin-Hopkins formula; Sampson formula
Submitted: August 06, 2021

Accepted: November 05, 2021

Introduction
The reduction of low-density lipoprotein cholesterol (LDLC) is the primary target of lipid-lowering
therapies in cardiovascular prevention as stated by
international guidelines based on overwhelming
evidence of epidemiological studies, clinical trials,
and meta-analysis (1-3).
In most laboratories LDLC is calculated using the
Friedewald formula (LDL-F) as follows: LDLC = total
cholesterol (TC) – high-density lipoprotein cholesterol (HDLC) – very low-density lipoprotein choleshttps://doi.org/10.11613/BM.2022.010704

terol (VLDLC) wherein VLDLC is estimated as triglycerides (TG)/2.2 in mmol/L (4). Thus, it is assumed there is a constant ratio between VLDLC
and TG in the VLDL particles. This is not the case in
vivo, especially at high TG concentrations (> 2
mmol/L). At TG > 4.5 mmol/L the formula will even
become unusable, and it is recommended to use a
direct enzymatic LDLC assay (5). As the prevalence
of type 2 diabetes mellitus and obesity has increased, hypertriglyceridemia at which LDL-F is
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less accurate is more common (approximately 25%
of the general population has TG > 2 mmol/L) (4).
In addition, LDL-F estimates LDLC less accurately at
low concentrations < 1.8 mmol/L (6). This shortcoming was not a major problem when the formula was drafted in the 1970s, but has become more
important as updated guidelines recommend that
LDLC concentrations < 1.8 mmol/L and < 1.4
mmol/L should be pursued for high- and very
high-risk patients, respectively (1,4). Furthermore,
low LDLC concentrations have become more prevalent after the introduction of new lipid-lowering
therapies such as more potent statins (with or
without ezetimibe) and especially the PCSK9 inhibitors (1). In response to these imperfections of
the Friedewald formula, several alternative formulas were developed to improve LDLC estimation
(7–11). Two recent examples are the Martin-Hopkins (LDL-MH) and the Sampson (LDL-S) formulas.
The LDL-MH formula, developed by Dr. Martin at
Johns Hopkins University (USA), is based on LDL-F,
and replaces the fixed TG/VLDLC factor 2.2 with a
variable factor to estimate VLDLC. This factor is obtained from a 180-cell table in which the factor depends on the non-HDLC value and the TG value of
the patient. LDL-MH has better concordance with
respect to direct LDLC quantification and the ultracentrifugation reference method (beta-quantification) than LDL-F, especially at low LDLC < 1.8
mmol/L (6,12).
The LDL-S formula was set up by constructing a bivariate quadratic equation that estimates VLDLC
(10). Subsequently, on the basis of beta-quantification LDLC values, an equation was drawn up in
which the obtained VLDLC term (displayed between parentheses) was used:
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is more accurate than LDL-F at low LDLC concentrations. In patients with normolipidemia, results
were similar to those obtained with LDL-F and
LDL-MH (10).
The novel formulas have been validated in studies
by comparison with LDLC measured either directly
or with the ultracentrifugation reference method
(beta-quantification). While LDLC is a measurement of the cholesterol content in LDL particles,
this does not reflect the number of atherogenic
LDL particles in the circulation. In this study, we
evaluated the relationship of the three aforementioned formulas with apolipoprotein B (apoB) concentration, used as a surrogate marker of the number of LDL particles (4). Because apoB and LDLC
tests do not quantify the same measurand, the
discordance of test results is inevitable, especially
in people with predominant small cholesterol-depleted LDL particles such as in those with hypertriglyceridemia, diabetes, obesity, and metabolic
syndrome (13). In these people, LDLC (estimated
using LDL-F in most studies) does not always accurately predicts the risk of atherosclerotic cardiovascular disease (13,14). Guidelines recommend using apoB as an alternative treatment target and for
risk assessment in these people (1). The aim of this
study is to evaluate whether novel formulas to calculate LDLC may reduce discordance with apoB.

Materials and methods
Subjects

The study investigated lipid data of patients for
which serum TC, TG, HDLC, LDLC, and apoB tests
were requested in the AZ St.-Jan hospital Bruges,
excluding patients with TG > 4.5 mmol/L. In total,
data of 1179 fasting serum samples were included
in the study and anonymized. The mean age of
2
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Methods
On a Cobas 8000 analyser from Roche Diagnostics
(Mannheim, Germany) TC, TG, and HDLC were
quantified. Total cholesterol was quantified with
an enzymatic colorimetric assay using cholesterol
esterase and cholesterol oxidase. High-density lipoprotein cholesterol was determined with a direct enzymatic colorimetric assay in which nonHDL lipoproteins are combined with polyanions
and detergents forming a water-soluble complex
which is blocked from subsequent enzymatic reactions. The glycerol fraction of TG was quantified
enzymatically after free glycerol blanking. ApoB
was assayed by immunonephelometry on a BNProspec instrument from Siemens (Munich, Germany). LDL-F was automatically calculated and reported by the laboratory informatics system MOLIS version 4.41 from CompuGroup Medical (Koblenz, Germany). LDL-MH and LDL-S were calculated using Excel (Microsoft, Redmont, USA). NonHDLC was calculated as TC – HDLC to enable LDLMH and LDL-S calculations. Characteristics of the
dataset are displayed in Table 1.

Concordance/discordance analysis
For concordance analysis, we used treatment
thresholds (therapeutic goals) to stratify the data.
The thresholds recommended by the European
Society of Cardiology and European Atherosclerosis Society (ESC/EAS) 2019 guidelines were used

for LDLC: < 1.4 mmol/L (very high risk), < 1.8
mmol/L (high risk), < 2.6 mmol/L (moderate risk)
and < 3.0 mmol/L (low risk) (1). This guideline also
proposes treatment goals for apoB as an alternative target: < 0.65 g/L (very high risk), < 0.80 g/L
(high risk) and < 1.00 g/L (moderate risk) (1). For
people at low risk, no apoB treatment goal is recommended by the ESC/EAS guideline. Therefore,
the threshold of 1.20 g/L for elevated apoB was
used in this risk category (15).
To test the hypothesis that ESC/EAS-recommended apoB thresholds may not correspond to the
population percentiles equivalent to LDLC, the
concordance analysis was repeated with the same
dataset using population-equivalent percentiles
of apoB linked to the different risk groups. ApoB
was matched to LDLC percentiles reported from
the National Health and Nutrition Examination
Survey (NHANES) population database (16,17).
Low-density lipoprotein cholesterol thresholds of
1.4, 1.8, 2.6, and 3.0 mmol/L corresponded to the
3rd, 7th, 33rd, and 52nd percentile, respectively, in
NHANES (16). The corresponding apoB concentrations in the same population percentiles were 0.50
g/L (3rd percentile), 0.60 g/L (7th percentile), 0.80
g/L (33rd percentile), and 0.90 g/L (52nd percentile) after rounding to the nearest 0.05 g/L (16).
These values were used as population-equivalent
apoB thresholds in the concordance analysis (Supplementary material, Table 1).

Table 1. Characteristics of the study dataset
Median

95% CI for the median

IQR

2.5–97.5 P

TC (mmol/L)

5.3

5.2–5.3

4.6–6.0

3.1–7.4

TG (mmol/L)

1.1

1.0–1.1

0.8–1.7

0.5–3.4

HDLC (mmol/L)

1.5

1.5–1.6

1.2–1.9

0.7–2.6

Non-HDLC (mmol/L)

3.7

3.6–3.8

3.0–4.4

1.8–5.7

LDL-F (mmol/L)

3.1

3.0–3.1

2.4–3.8

1.3–5.1

LDL-S (mmol/L)

3.1

3.1–3.2

2.5–3.8

1.3–5.2

LDL-MH (mmol/L)

3.1

3.0–3.2

2.5–3.8

1.3–5.1

ApoB (g/L)

0.93

0.91–0.94

0.77–1.10

0.50–1.44

CI – confidence interval. IQR – interquartile range. P – population percentile. TC – total cholesterol. TG – triglycerides. HDLC –
high-density lipoprotein cholesterol. LDL – low-density lipoprotein cholesterol. LDL-F – LDL calculated using the Friedewald formula.
LDL-S – LDL calculated using Sampson formula. LDL-MH – LDL calculated using Martin-Hopkins formula. ApoB – apolipoprotein B.
https://doi.org/10.11613/BM.2022.010704
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Statistical analysis
The normality of the data was tested with the Shapiro-Wilk test. Spearman correlation coefficients
were used to study the relationship between apoB
and LDLC calculated with the three aforementioned formulas. The correlation coefficients were
compared with each other with a z-test on Fisher
z-transformed correlation coefficients. Correlations were investigated in the entire dataset, a
subgroup with low LDL-F < 1.8 mmol/L, and a subgroup with TG 2.0–4.5 mmol/L. The LDL-F threshold of 1.8 mmol/L corresponds to the high-risk
treatment target for LDLC and approximately the
2.5th percentile of general populations (4,14). The
hypertriglyceridemia subgroup was defined according to the EAS-recommended TG threshold of
2 mmol/L (18). The number of concordant and discordant LDLC results relative to the apoB concentration was statistically compared using the chisquare test and Kappa statistics for agreement. To
compare the different LDLC formulas with each
other, Passing-Bablok (PB) regression was used.
Median LDLC values were compared using the

Kruskal-Wallis test. When a significant difference
was detected, the test was combined with a posthoc Conover analysis for pairwise comparison between the formulas. Two-tailed P-values less than
0.05 were considered statistically significant. The
statistical analyses were performed using MedCalc
software version 17.6 (Ostend, Belgium).

Results
Correlation between apoB and LDLC formulas
Normally distributed were LDL-F and LDL-S and
LDL-MH was not. Spearman correlation coefficients between apoB and LDL-F, LDL-S and LDLMH are shown in Table 2. The correlation coefficient between LDL-MH and apoB is significantly
higher than the correlation coefficient between
LDL-F and apoB (P = 0.001). The correlation coefficient of LDL-S with apoB is not significantly different from the correlation coefficient between LDL-F
and apoB (P = 0.087).

Table 2. Spearman correlation coefficients between apoB concentration and the different LDLC formulas in the entire data set, the
subgroup with LDLC < 1.8 mmol/L, and the subgroup with TG > 2 mmol/L

apoB
Correlation coefficient (95% CI)

P

LDL-F

0.85 (0.83–0.86)

< 0.001

LDL-S

0.86 (0.85–0.88)

< 0.001

LDL-MH

0.89 (0.87–0.90)

< 0.001

LDL-F

0.41 (0.24–0.55)

< 0.001

LDL-S

0.60 (0.47–0.71)

< 0.001

LDL-MH

0.67 (0.56–0.76)

< 0.001

LDL-F

0.86 (0.82–0.89)

< 0.001

LDL-S

0.86 (0.82–0.89)

< 0.001

LDL-MH

0.87 (0.85–0.90)

< 0.001

Entire dataset (N = 1179)

LDL-F < 1.8 mmol/L (N = 115)

TG > 2 mmol/L (N = 238)

CI – confidence interval. ApoB – apolipoprotein B. LDL – low-density lipoprotein cholesterol. LDL-F
– LDL calculated using the Friedewald formula. LDL-S – LDL calculated using Sampson formula.
LDL-MH – LDL calculated using Martin-Hopkins formula. TG – triglycerides.
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In the subgroup with LDL-F < 1.8 mmol/L, the correlation coefficients are notably lower than in the
entire dataset. As in the entire dataset, LDL-MH has
a significantly higher correlation coefficient with
apoB than LDL-F has (P = 0.004). Again, there is no
significant difference between LDL-S and LDL-F
with regard to their correlation coefficient with
apoB (P = 0.504).
In the subgroup with TG > 2 mmol/L, no significant differences in correlation coefficient with
apoB were observed between the three formulas.

Concordance analysis based on ESC/EAS
thresholds
Concordance/discordance analysis based on ESC/
EAS-recommended apoB thresholds showed low
concordance between apoB and LDL-F, LDL-S or
LDL-MH: < 30% (Figure 1). Strikingly, LDL-F, LDL-S,
and LDL-MH systematically classify results in a higher risk category than the risk group based on apoB
thresholds (Figure 1 and Supplementary material,
Table 2). This leads to high percentages of high discordant LDLC results. For example, 67.9% of LDL-F
results, among which 23.8% are classified more
than 1 risk category too high, are discordantly high-

er than those based on apoB thresholds of the ESC/
EAS guideline. No significant differences were observed in concordant LDLC results between the different formulas (Supplementary material, Table 3).

Concordance analysis based on
population-equivalent apoB percentiles
Concordance analysis using population-equivalent percentiles as apoB thresholds shows a concordance of 65-70% for LDL-F, LDL-S, and LDL-MH
(Figure 2 and Supplementary material, Table 4).
This analysis yielded less high discordant results
than those based on ESC/EAS-recommended
apoB thresholds (Figure 1). LDL-MH shows a significantly higher number of concordant results than
LDL-F (P = 0.008). No significant differences in concordance were found between the LDL-F and LDLS formulas and between the LDL-MH and LDL-S
formulas (Supplementary material, Table 3). Kappa
values (95% confidence interval) of agreement
were 0.64 (0.61-0.67) for LDL-F, 0.67 (0.64-0.70) for
LDLS, and 0.71 (0.68-0.74) for LDL-MH.
In the subgroup with TG > 2 mmol/L, apoB has
> 70% concordance with LDL-MH or LDL-S and

Concordance-analysis based on the ESC/EAS, apoB treatmant
thresholds
0.6
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Figure 1. Percentages of LDLC results that were concordant, high discordant, low discordant, major high discordant, major low

discordant and divergent from the apoB treatment thresholds in the concordance analysis based on ESC/EAS-recommended risk
thresholds for apoB and LDLC. Discordant means that LDLC classifies the results 1 category too high or too low, and major discordant means that LDLC classifies the results more than 1 category too high or too low, compared to apoB. Divergent values are
misclassified more than 2 risk categories. ESC/EAS – European Society of Cardiology and European Atherosclerosis Society. LDL –
low-density lipoprotein cholesterol. LDL-MH – LDL calculated using Martin-Hopkins formula. LDL-S – LDL calculated using Sampson
formula. LDL-F – LDL calculated using the Friedewald formula. ApoB – apolipoprotein B.
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60.5% with LDL-F (Figure 3 and Supplementary
material, Table 5). The number of concordant results for LDL-MH was significantly higher than for
LDL-F (P = 0.001). In contrast to the entire dataset,
in the hypertriglyceridemic subgroup LDL-S also
yields significantly more concordant results than

LDL-F (P = 0.027) (Supplementary material, Table
3). Kappa values (95% confidence interval) of
agreement were 0.46 (0.37-0.54) for LDL-F, 0.57
(0.49-0.66) for LDL-S, and 0.65 (0.56-0.73) for LDLMH in this subgroup.

Concordance-analysis based on apoB population percentile
equivalent thresholds
1.4

11

70.3

10.5
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15.2

2

LDL-MH
2
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3.1
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Figure 2. Percentages of LDLC results that were concordant, high discordant, low discordant, major high discordant, major low dis-

cordant and divergent from the population percentile-equivalent apoB thresholds. Discordant means that LDLC classifies the results
1 category too high or too low, and major discordant means that LDLC classifies the results more than 1 category too high or too low,
compared to apoB. Divergent values are misclassified more than 2 categories. ApoB – apolipoprotein B. LDL – low-density lipoprotein cholesterol. LDL-MH – LDL calculated using Martin-Hopkins formula. LDL-S – LDL calculated using Sampson formula. LDL-F – LDL
calculated using the Friedewald formula.

Concordance-analysis based on apoB population percentile
equivalent thresholds in hypertriglyceridemia samples
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4.2 0.8
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Figure 3. Percentages of LDLC results that were concordant, high discordant, low discordant, major high discordant, major low dis-

cordant and divergent from the population percentile-equivalent apoB thresholds in the concordance/discordance analysis of data
in hypertriglyceridemic samples only (TG > 2 mmol/L). Discordant means that LDLC classifies the results 1 category too high or too
low, and major discordant means that LDLC classifies the results more than 1 category too high or too low, compared to apoB. Divergent values are misclassified more than 2 categories. ApoB – apolipoprotein B. LDL – low-density lipoprotein cholesterol. LDL-MH
– LDL calculated using Martin-Hopkins formula. LDL-S – LDL calculated using Sampson formula. LDL-F – LDL calculated using the
Friedewald formula.
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Comparison between the LDLC formulas
Passing-Bablok regressions showed no significant
differences between the different formulas in the
entire dataset and in the subgroup with LDLC < 1.8
mmol/L (Table 3), with the exception of a small
proportional difference of 1.7% between LDL-F
and LDL-S and a small systematic difference between LDL-S and LDL-MH in the entire dataset. No
significant differences in median LDLC concentrations were observed between the formulas at low
LDLC (< 1.8 mmol/L) as well as full LDLC concentration range.

In the subgroup with TG > 2.0 mmol/L, the formulas are no longer interchangeable. Here, LDL-MH
and LDL-S show a significant systematic difference
of + 0.5 mmol/L and + 0.3 mmol/L, respectively,
compared to LDL-F (Table 3). Furthermore, PB regression shows a significant proportional difference of 8.8% between LDL-F and LDL-MH, 5.3%
between LDL-F and LDL-S, and 3.7% between LDLMH and LDL-S. Finally, there is also a significant difference in median LDLC concentration between
LDL-F (3.0 mmol/L) and LDL-MH (3.3 mmol/L) in
hypertriglyceridemic samples (P = 0.012).

Table 3. Passing-Bablok regressions between the different LDLC formulas for the complete dataset and the subgroups with low
LDLC and hypertriglyceridemia

PB regression

slope

intercept

R

P

95% CI
Entire dataset (N = 1179)
LDL-F vs. LDL-MH
LDL-F vs. LDL-S
LDL-S vs. LDL-MH

LDL-F = 1.00 LDL-MH - 0.03

1.00 to 1.00

0.03 to 0.03

0.987

< 0.001

LDL-F = 0.98 LDL-S - 0

0.98 to 0.99

- 0.02 to 0.01

0.998

< 0.001

LDL-S = 1.03 LDL-MH - 0.03

1.03 to 1.03

- 0.04 to - 0.02

0.995

< 0.001

LDL-F < 1.8 mmol/L (N = 115)
LDL-F vs. LDL-MH

LDL-F = 0.95 LDL-MH + 0.05

0.88 to 1.00

- 0.03 to 0.17

0.768

< 0.001

LDL-F vs. LDL-S

LDL-F = 1.00 LDL-S - 0.03

0.92 to 1.00

- 0.03 to 0.10

0.906

< 0.001

LDL-S vs. LDL-MH

LDL-S = 1.00 LDL-MH + 0

0.96 to 1.00

0.00 to 0.06

0.946

< 0.001

LDL-F = 1.09 LDL-MH - 0.54

1.07 to 1.10

- 0.60 to - 0.49

0.983

< 0.001

LDL-F = 1.05 LDL-S - 0.34

1.05 to 1.06

- 0.37 to - 0.32

0.999

< 0.001

LDL-S = 1.04 LDL-MH - 0.21

1.03 to 1.05

- 0.24 to - 0.18

0.992

< 0.001

TG > 2.0 mmol/L (N = 238)
LDL-F vs. LDL-MH
LDL-F vs. LDL-S
LDL-S vs. LDL-MH

CI – confidence interval. LDL – low-density lipoprotein cholesterol. LDL-F – LDL calculated using the Friedewald formula. LDL-S
– LDL calculated using Sampson formula. LDL-MH – LDL calculated using Martin-Hopkins formula. TG – triglycerides. PB –
Passing-Bablok.

Discussion
In this study of lipid data from outpatients attending the hospital for cardiovascular risk assessment,
we found that the choice of the formula used to
calculate LDLC may influence the concordance of
LDLC- with apoB-based risk group classification.
However, this concordance is largely dependent on
whether guideline-recommended or population
percentile-equivalent apoB thresholds are used.
https://doi.org/10.11613/BM.2022.010704

Concordance/discordance analysis of treatment
group classification based on thresholds of the
ESC/EAS guidelines showed very low concordance
of apoB (< 30%) with LDL-F, LDL-MH, and LDL-S.
LDLC calculated with all formulas classified ≥ 50%
of patients in a higher risk category than would be
obtained based on apoB thresholds. This implies
that, in more than half of the patients, lipid-lowerBiochem Med (Zagreb) 2022;32(1):010704
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ing treatment would be initiated or intensified
based on LDLC while deemed unnecessary based
on apoB.
Concordances of the three LDLC formulas improved (65-70%) using population percentileequivalent apoB thresholds and, as a consequence, the numbers of high discordant LDLC results were drastically reduced. This observation
supports the proposal that using apoB thresholds
based on population percentiles equivalent to
LDLC would better match the LDLC treatment
goals than the current ESC/EAS-recommended
apoB thresholds (19). The current apoB thresholds
are arbitrary and not well established as LDLC
thresholds with regard to their clinical performance (risk stratification) in randomized trials and
meta-analyses (20–22). They may need to be adjusted to reflect the same risk as in the eponymous
LDLC-based treatment group (19). For example,
the ESC/EAS-recommended high risk target of
apoB (0.80 g/L) corresponds to approximately the
25th-30th population percentile while the risk
group-equivalent LDLC threshold (1.8 mmol/L) lies
between the 2nd and 8th percentile of populations (4,14,16). Indeed, it has been demonstrated
that after meeting the high risk LDLC target, the
clinical utility of apoB as a secondary target in addition to LDL-MH was limited when the ESC/EAS
threshold value was used (23,24). The thresholds
are ideally chosen in a prospective clinical performance study evaluating which values most accurately classify patients within the appropriate risk
category (25). The population percentile-equivalent thresholds used in this study are from a U.S.
general population survey (16) and were used for
illustrative purpose only.
In hypertriglyceridemic samples, the percentage
concordant results for LDL-F (60.5%) compared to
population percentile-equivalent apoB thresholds
were significantly lower than with the other two
formulas (> 70%). In addition, in the hypertriglyceridemic subgroup, the three formulas yield lower
discordant LDLC results and less high discordant
LDLC results than in the entire dataset. This is most
pronounced for LDL-F which underestimates the
risk of 36% of patients compared to apoB-based
classification, while LDL-MH underestimates < 20%

Concordance of LDLC formulas and apoB

of risk categories. This observation confirms that
the Friedewald formula estimates LDLC less accurately than LDL-S and LDL-MH compared to ultracentrifugation-LDLC (beta-quantification) at high
TG concentrations (10,12). In this case, the VLDL
particles will contain relatively more TG and the
fixed TG/VLDLC ratio of 2.2 used in LDL-F will not
sufficiently correct for the increased TG concentration, leading to underestimation of LDLC (13).
Especially in the subgroup with LDLC < 1.8
mmol/L, the correlation coefficient between LDL-F
and apoB is lowest. This may be explained by a
lesser accuracy of LDL-F using the fixed VLDLC
term at a low LDLC concentration range, in which
VLDLC represents a relatively larger fraction of the
total serum cholesterol (6,10,12,24). In contrast,
LDL-MH using the adjustable VLDLC term shows a
significantly higher correlation coefficient with
apoB in the subgroup with LDLC < 1.8 mmol/L and
in the entire dataset, compared to LDL-F.
Like the concordance-analysis, PB regression analysis between the formulas suggests that LDL-F underestimates LDLC in patients with hypertriglyceridemia. In the subgroup with low LDLC < 1.8
mmol/L, no significant systematic differences were
observed between the three formulas which are in
contradiction to what has been described in the literature by comparison with ultracentrifugationLDLC (10,12,24). Compared with the beta-quantification reference method, the LDL-S formula was
more accurate than LDL-F and LDL-MH formulas for
patients with hypertriglyceridemia, whereas both
LDL-S and LDL-MH performed better than LDL-F at
low LDLC concentrations (10). However, in our
study only a pairwise comparison between the formulas was performed and no comparison was
made with the LDLC reference method. Therefore,
from our data, no statements can be made about
the accuracy of the formulas to calculate LDLC.
Our results suggest that a more accurate LDLC formula leads to a better concordance with the number of atherogenic lipoprotein particles – assessed
by apoB assay. ApoB has been proposed as a better predictor of cardiovascular risk than LDLC in
patients with mild-to-moderate hypertriglyceridemia, diabetes, and metabolic syndrome characterized by high numbers of small dense LDL particles
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(13). These small dense LDL particles are cholesterol-depleted and, therefore, the associated risk is
better captured by apoB, which is a measure of
LDL particle number, rather than LDLC, which is a
measure of cholesterol concentration in the particles (26,27). Besides the fact that LDL-MH and LDLS have been recommended as more accurate formulas than LDL-F (4,24), this is an additional reason
to consider switching to a novel, improved formula as a predictor of the atherosclerotic cardiovascular risk attributable to LDL (11,24), when apoB is
not available.
Because apoB and LDLC do not reflect the same
measurand, discordance is inevitable regardless of
the formula used to calculate LDLC, despite the
higher correlation coefficient obtained between
LDL-MH and apoB in this study. In addition to apoB
from LDL particles, fasting apoB measurement
also includes the apoB from VLDL particles and
Lp(a) (13,14). As a result, apoB concentration will always be a slight overestimation of the number of
LDL particles (14), although the number of VLDL
particles in most patients with hypertriglyceridemia will not exceed 10% of the total number of
LDL particles (13). Furthermore, patients with low
LDLC are on lipid-lowering therapy which reduces
the cholesterol concentration in LDL particles, but
to a lesser extent decreases the number of LDL
particles (28), and statins do not reduce Lp(a).

Limitations of the study
The anonymized dataset used for this study does
not include clinical information of the subjects
such as medication, apart from gender and age.
Information on lipid-lowering treatment would be

Concordance of LDLC formulas and apoB

useful because it affects the lipid profile of individuals. However, no statements can be made about
such an effect which limits the generalizability of
the study.
The study excluded TG values 4.5–9.0 mmol/L because in this concentration range the Friedewald
and Martin-Hopkins formulas, unlike the Sampson
formula, are unusable and it is recommended to
use a direct enzymatic LDLC assay (5). It would be
valuable to evaluate the relationship between
apoB and LDL-S in this concentration range (10).
The formulas used data from TC, TG, and HDLC
measurements with Roche reagents. It would have
been interesting to use different analytical platforms because it has been demonstrated that the
analytical platform and reagent used have an effect on the performance of the formulas, especially for LDL-S with Roche reagents (29,30).

Conclusion
Novel LDL-MH and, to a lesser extent, LDL-S formula improve the concordance of calculated LDLC
with LDL particle numbers estimated by apoB.
This, in combination with literature evidence of
lesser accuracy of LDL-F, is an additional argument
to switch from classical Friedewald to a modified,
improved formula as common laboratory practice
for reporting LDLC. Switching to LDL-MH or LDL-S
can be achieved without introducing an additional
cost because the same variables from the standard lipid profile are used in the novel formulas as
in the Friedewald formula.
Potential conflict of interest
None declared.

References
1. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS guidelines for the management of dyslipidaemias: Lipid modification to reduce cardiovascular risk. The Task Force for the Management of Dyslipidaemias of the European Society of Cardiology (ESC)
and European Atherosclerosis Society (EAS). Eur Heart J.
2020;41:111-88.
2. Grundy SM, Stone NJ, Bailey AL, Beam C, Birtcher KK, Blumenthal RS, et al. 2018 AHA/ACC/AACVPR/AAPA/ABC/
https://doi.org/10.11613/BM.2022.010704

ACPM/ADA/AGS/APhA/ASPC/NLA/PCNA Guideline on
the Management of Blood Cholesterol: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines. Circulation. 2019;139:e1082–143. https://doi.org/10.1161/
CIR.0000000000000625
3. Ference BA, Ginsberg HN, Graham I, Ray KK, Packard CJ, Bruckert E, et al. Low-density lipoproteins cause atherosclerotic
Biochem Med (Zagreb) 2022;32(1):010704

9
		

Langlois MR, Briers PJ.

cardiovascular disease. 1. Evidence from genetic, epidemiologic, and clinical studies. A consensus statement from the
European Atherosclerosis Society Consensus Panel. Eur Heart J. 2017;38:2459–72. https://doi.org/10.1093/eurheartj/
ehx144
4. Langlois MR, Nordestgaard BG, Langsted A, Chapman MJ,
Aakre KM, Baum H, et al. Quantifying atherogenic lipoproteins for lipid-lowering strategies: Consensus-based recommendations from EAS and EFLM. Clin Chem Lab Med.
2020;58:496–517. https://doi.org/10.1515/cclm-2019-1253
5. Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-cholesterol: A critical assessment of direct
measurement by homogeneous assays versus calculation. Clin Chem. 2002;48:236–54. https://doi.org/10.1093/
clinchem/48.2.236
6. Martin SS, Blaha MJ, Elshazly MB, Brinton EA, Toth PP, McEvoy JW, et al. Friedewald-estimated versus directly measured low-density lipoprotein cholesterol and treatment
implications. J Am Coll Cardiol. 2013;62:732–9. https://doi.
org/10.1016/j.jacc.2013.01.079
7. de Cordova CMM, de Cordova MM. A new accurate, simple formula for LDL-cholesterol estimation based on directly measured blood lipids from a large cohort. Ann
Clin Biochem. 2013;50:13–9. https://doi.org/10.1258/
acb.2012.011259
8. Anandaraja S, Narang R, Godeswar R, Laksmy R, Talwar KK.
Low-density lipoprotein cholesterol estimation by a new
formula in Indian population. Int J Cardiol. 2005;102:117–
20. https://doi.org/10.1016/j.ijcard.2004.05.009
9. Hattori Y, Suzuki M, Tsushima M, Yoshida M, Tokunaga Y,
Wang Y, et al. Development of approximate formula for
LDL-chol, LDL-apo B and LDL- chol/LDL-apo B as indices of
hyperapobetalipoproteinemia and small dense LDL. Atherosclerosis. 1998;138:289–99. https://doi.org/10.1016/
S0021-9150(98)00034-3
10. Sampson M, Ling C, Sun Q, Harb R, Ashmaig M, Warnick R,
et al. A New Equation for Calculation of Low-Density Lipoprotein Cholesterol in Patients with Normolipidemia and/
or Hypertriglyceridemia. JAMA Cardiology. 2020;5:540–8.
https://doi.org/10.1001/jamacardio.2020.0013
11. Martin SS, Blaha MJ, Elshazly MB, Toth PP, Kwiterovich
PO, Blumenthal RS, et al. Comparison of a novel method
vs the Friedewald equation for estimating low-density lipoprotein cholesterol levels from the standard lipid profile. JAMA. 2013;310:2061–8. https://doi.org/10.1001/
jama.2013.280532
12. Martin SS, Giugliano RP, Murphy SA, Wasserman SM, Stein EA, Češka R, et al. Comparison of low-density lipoprotein
cholesterol assessment by Martin/Hopkins estimation, Friedewald estimation, and preparative ultracentrifugation insights from the FOURIER trial. JAMA Cardiology. 2018;3:749–
53. https://doi.org/10.1001/jamacardio.2018.1533
13. Langlois MR, Chapman MJ, Cobbaert C, Mora S, Remaley
AT, Ros E, et al. European Atherosclerosis Society (EAS) and
the European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) Joint Consensus Initiative. Quantifying Atherogenic Lipoproteins: Current and Future Challenges in the Era of Personalized Medicine and Very Low

Concordance of LDLC formulas and apoB

Concentrations of LDL Cholesterol. A Consensus Statement
from EAS and EFLM. Clin Chem. 2018;64:1006-33. https://
doi.org/10.1373/clinchem.2018.287037
14. Contois JH, McConnell JP, Sethi AA, Csako G, Devaraj S, Hoefner DM, et al. Apolipoprotein B and cardiovascular disease risk: Position statement from the AACC lipoproteins and
vascular diseases division working group on best practices. Clin Chem. 2009;55:407–19. https://doi.org/10.1373/
clinchem.2008.118356
15. Contois JH, McNamara JR, Lammi-Keefe CJ, Wilson PW,
Massov T, Sceferl EJ. Reference intervals for plasma apolipoprotein B determined with a standardized commercial
immunoturbidimetric assay: results from the Framingham
Offspring Study. Clin Chem. 1996;42:515-23. https://doi.
org/10.1093/clinchem/42.4.515
16. de Graaf J, Couture P, Sniderman A, eds. ApoB in Clinical
Care. 1st ed. Houten: Bohn Stafleu van Loghum – Springer
Media BV; 2015. https://doi.org/10.1007/978-90-368-09801
17. Sathiyakumar V, Park J, Quispe R, Elshazly MB, Michos ED,
Banach M, et al. Impact of novel low-density lipoprotein-cholesterol assessment on the utility of secondary nonhigh-density lipoprotein-C and apolipoprotein B targets in
selected worldwide dyslipidemia guidelines. Circulation.
2018;138:244–54. https://doi.org/10.1161/CIRCULATIONAHA.117.032463
18. Hegele RA, Ginsberg HN, Chapman MJ, Nordestgaard BG,
Kuivenhoven JA, Averna M, et al. European Atherosclerosis
Society Consensus Panel. The polygenic nature of hypertriglyceridaemia: implications for definition, diagnosis, and
management. Lancet Diabetes Endocrinol. 2014;2:655-66.
https://doi.org/10.1016/S2213-8587(13)70191-8
19. Langlois MR, Sniderman AD. Non-HDL Cholesterol or apoB:
Which to Prefer as a Target for the Prevention of Atherosclerotic Cardiovascular Disease? Curr Cardiol Rep. 2020;22:67.
https://doi.org/10.1007/s11886-020-01323-z
20. Navarese EP, Robinson JG, Kowalewski M, Kołodziejczak
M, Andreotti F, Bliden K, et al. Association between baseline LDL-C level and total and cardiovascular mortality after LDL-C lowering - A systematic review and metaanalysis. JAMA. 2018;319:1566–79. https://doi.org/10.1001/
jama.2018.2525
21. Fulcher J, O’Connell R, Voysey M, Emberson J, Blackwell L,
Mihaylova B, et al. Efficacy and safety of LDL-lowering therapy among men and women: meta-analysis of individual
data from 174 000 participants in 27 randomised trials. The
Lancet. 2015;385:1397–405. https://doi.org/10.1016/S01406736(14)61368-4
22. Silverman MG, Ference BA, Im K, Wiviott SD, Giugliano
RP, Grundy SM, et al. Association between lowering LDLC and cardiovascular risk reduction among different therapeutic interventions: A systematic review and metaanalysis. JAMA. 2016;316:1289–97. https://doi.org/10.1001/
jama.2016.13985
23. Quispe R, Brownstein AJ, Sathiyakumar V, Park J, Chang
B, Sajja A, et al. Utility of non-HDL-C and apoB targets in
the context of new more aggressive lipid guidelines. Am
J Prev Cardiol. 2021;7:100203. https://doi.org/10.1016/j.
ajpc.2021.100203

Biochem Med (Zagreb) 2022;32(1):010704		 https://doi.org/10.11613/BM.2022.010704

10

Langlois MR, Briers PJ.

24. Koch CD, El-Khoury JM. New Sampson Low-Density Lipoprotein Equation: Better Than Friedewald and Martin-Hopkins. Clin Chem. 2020;66:1120–1. https://doi.org/10.1093/
clinchem/hvaa126
25. Horvath AR, Lord SJ, StJohn A, Sandberg S, Cobbaert
CM, Lorenz S, et al. From biomarkers to medical tests: The
changing landscape of test evaluation. Clin Chim Acta.
2014;427:49–57.
26. Taskinen MR, Borén J. New insights into the pathophysiology of dyslipidemia in type 2 diabetes. Atherosclerosis.
2015;239:483–95. https://doi.org/10.1016/j.atherosclerosis.2015.01.039
27. Chapman MJ, Giral P, Therond P. LDL Cholesterol: “The Times They Are A-Changin”. Clin Chem. 2020;66:1136–9.
https://doi.org/10.1093/clinchem/hvaa110

https://doi.org/10.11613/BM.2022.010704

Concordance of LDLC formulas and apoB

28. Sniderman AD. Differential response of cholesterol and particle measures of atherogenic lipoproteins to LDL-lowering therapy: implications for clinical practice. J Clin Lipidol.
2008;2:36–42. https://doi.org/10.1016/j.jacl.2007.12.006
29. Rossouw HM, Nagel SE, Pillay TS. Comparability of 11 different equations for estimating LDL cholesterol on different
analysers. Clin Chem Lab Med. [cited 2021 Aug 11]. doi:
[Epub ahead of print]. https://doi.org/10.1515/cclm-20210747
30. Martins J, Olorunju SAS, Murray LM, Pillay TS. Comparison
of equations for the calculation of LDL-cholesterol in hospitalized patients. Clin Chim Acta. 2015;444:137–42. https://
doi.org/10.1016/j.cca.2015.01.037

Biochem Med (Zagreb) 2022;32(1):010704

11
		

