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Abstract: LDL-C calculation formulas are proposed to overcome the difficulty of standardizing
the dosage but also its cost. However, a performance evaluation is required for each to
determine the best formula used for the best estimate of LDL-C. This study was conducted to
compare the 3 calculation formulas in comparison to the direct LDL-C test. It is a retrospective
and analytical study conducted at the biochemistry laboratory of CHN Dalal Jamm. The study
population includes patients with a lipid profile prescription, who met the required pre-
analytical conditions. The LDL-c concentration was determined in parallel for each patient
with the Friedewald, Martin-Hopkins, and Sampson-NIH formula, as well as the direct test
method. The study included 119 patients with a mean age of 54+14 years, with a predominance
of female (male ratio of 0.63). Statistically significant correlations and negative biases were
observed between the LDL-c calculation methods (Friedewald (r=0.902; bias = -0.255),
Martin-Hopkins (r=0.895; bias = -0.239), Sampson-NIH (r=0.901; bias = -2.255)) and the
direct test method. LDL values were underestimated by the various calculation formulas, in
particular for triglyceride levels < 1.5 g/l and LDL values > 1.89 g/L. Sampson's formula
showed better overall agreement at 63.87% and a lower downward reclassification rate at
32.77% compared to direct doses. Sampson's formula seems more accurate in estimating LDL-
C in our population compared to Friedewald and Martin's formula.

Keywords: LDL-cholesterol estimation formulas, Friedewald, Martin—Hopkins, Sampson,
direct dosing, Senegalese adult population
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INTRODUCTION

LDL cholesterol (LDL-C) is considered one of the main risk factors for cardiovascular disease,
mainly due to its causal link to atherosclerotic cardiovascular disease (VADD). It is estimated
that high LDL-C is responsible for up to 4.3 million deaths per year, or 7.7% of deaths
worldwide [1,]. A reduction in LDL-C of 80 mg/dL, or 2 mmol/L, can decrease the risk of
VAD by 40 to 50%, and recent clinical guidelines have adopted combination therapeutic
approaches to reduce LDLC levels [4,5]. Given the causal link between LDL-C and VACM, it
is important for laboratories to have accurate methods to determine LDL-C levels. This requires
direct measures which unfortunately lack standardization [6]. Despite the existence of several
methods for direct analysis of LDL-C concentration, many clinical laboratories use LDL-C
estimation for its simplicity and the absence of associated costs; Friedewald's formula is the
most commonly used calculation [7]. Friedewald's equation is generally accurate for the
average patient, but underestimates LDL-C at lower levels (especially LDL-C<150 mg/dL,
leading to missed prevention opportunities for more aggressive lipid control [8]. The use of
indirect calculation formulas is an alternative proposed by several authors [8-11].

However, most calculation formulas do not consider the inter-individual variability of the
TG/VLDL-C ratio, which is very important when estimating LDL-C[12]. The Martin-Hopkins
formula, developed on results based on the analysis of more than 1,350,000 patients from the
very large lipid study database, proposes a specific adjustable factor based on triglyceride and
non-HDL-C levels [8,13,14]. Similarly, in 2020, Sampson et al proposed a new formula
developed in patients that has triglyceride levels of up to 800 mg/dl [15]. The authors also report
an equivalence to other calculation formulas for normolipidemic patients [15]. Good laboratory
practices require a study of the transferability of data from other populations before they are
implemented in the laboratory. This study aims to evaluate the best LDL-C calculation formula
(Friedewald, Matin-Hopkins and Sampson-NIH) in a Senegalese adult population by
comparing it with the direct LDL-C assay method.

MATERIALS AND METHODS

We conducted a retrospective study at the Laboratory of Biochemistry at Dalal Jamm National
Hospital Center during the year 2024. The study population consisted of patients recruited at
the laboratory for the determination of lipid profile (total cholesterol, LDL-C, HDL-C and
Triglycerides). Young patients, pregnant women, and patients on lipid-lowering therapy were
not included. Blood samples were taken by venipuncture from subjects fasting for at least 12
hours in dry 5 ml Vacutainer vacuum tubes (Becton Dickinson®). After centrifugation at 3500
rpm for five minutes in a non-refrigerated centrifuge. Total cholesterol and triglycerides were
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measured by enzymatic methods and HDL-C, and LDL-C were measured by direct method

adapted on the ARCHITECT ci4100 automaton (Abbott Diagnostics, Chicago, Illinois, USA).
The concentration of LDL-c was also determined for each patient using the Friedewald formula
in mg/dl (LDL C=CH. T-HDL C-TG/5), Martin-Hopkins formula [LDLC= non-HDL C)-
(TG/AF)], where AF is an adjustable factor, and Sampson-NIH Sampson equation [LDL
C=TC/0.948 — HDL-C/0.971 - (TG/8.56 + TGxnon-HDL-C/2140 - TG2/16100) - 9.44].

The adjustment factor for Martin/Hopkins was calculated based on TG and high-density
lipoprotein-unbound cholesterol (non-HDLC) levels derived from a 180-cell stratification table
[12]. For the correlation between direct LDL cholesterol (LDL D), Friedewald's LDL
cholesterol (LDL F) and Martin Hopkins LDL cholesterol (LDL M), we used the Spearman
rank correlation coefficient and linear regression (R2). Scatter plots with Pearson correlation
coefficient calculations were made to evaluate the correlation between the equations. Estimated
LDL C values were classified according to clinically relevant thresholds of 70, 70-99, 100-189
and > 189 mg/dL. The classification agreement between LDL C estimates was examined by
cross-tabulations by LDL-C categories, in order to study the impact of the reclassification. The
discordance was then assessed according to the proportion of subjects reclassified to a higher
(up) or lower (down) level.

RESULTS

Our study included 119 patients with a mean age of 54+14.3 years with extremes of 21 and 89
years. There is a female predominance at 61.3% with a sex ratio (M/F) of 0.63.

Table | shows the overall results of the study with the mean values of the various lipid
parameters that are within normal limits (TC=2.04+0.55 g/L), HDL-C=0.56+0.16 g¢/L,
TG=1.05£0.95 ¢g/L and LDL-D=1.53+0.6 g/L). There are pathological upper extremes,
especially for triglycerides with a value of 7.03 g/L. The average values of the different
calculation formulas are lower than the direct assay with 1.27+0.50g/L for Friedewald,
1.27+0.51 g/L for Martin-Hopkins and 1.29+0.51 Sampson-NIH.

Table 1: Descriptive statistical values of lipid parameters

Settings Minimum Maximum Mean + SD
LDL-F (g/L) 0.39 3.34 1.27+0,50
LDL-M (G/L) 0.37 3,33 1.274£0.51
LDL-S (g/L) 0.37 3.35 1.29+0.51
LDL-D (g/L) 0.30 3.57 1.53+0.6
CT (G/L) 0.94 4.29 2.04+0.55
HDL-C (g/L) 0,10 0.99 0.56+0.16
TG (g/L) 0.27 7.03 1.05+0*.95
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LDL-F: LDL calculated with Friedewlad; LDL-M: LDL calculated with Martin-Hopkins; LDL-S: LDL calculated
with Sampson-NIH; LDL-D: LDL determined by direct assay; TC: Total cholesterol; HDL-C: HDL cholesterol;

TG: triglycerides.

A good correlation was found between the direct LDL-C assay and the calculation formulas
with a better coefficient for the Friedewald formula (Figure 1).
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Figure 1: Correlation between direct LDL and calculation formulas with A: Friedewald,
B=Sampson and C=Martins

For all formulas, we found a negative bias with respect to the direct LDL assay with values of
-0.255 (-0.77 — 0.26), -0.255 (-0.79 — 0.27) and -0.239 (-0.76 — 0.29) respectively for
Friedewald, Martin-Hopkins and Sampson-NIH (Figure 2).
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Figure 2: Bland-Altman diagram between direct LDL and Friedewald (A), Sampson (B) and
Martins (B)

The calculation of LDL-C by the four methods (direct assay, Friedewald, Martin Hopkins and
Sampson) was carried out considering the triglyceride level in order to assess the impact of the
latter on the estimate. In patients with triglycerides < 1.5 g/L (n=105) and LDL value < 0.7 g/L,
the distributions were different for direct dosing and calculation formulations. However, there
is a downward reclassification from LDL-C above 0.7 g/L, especially for range 1 - 1.89 g/L,
with 28.1% for Friedewald and Martin-Hopkins and 26.6% for Sampson (Table I1).

For triglycerides between 1.5 and 2 g/L (n=3), perfect agreement between the four methods was
observed in all ranges except for LDL values > to 1.89 g/L where all formulas underestimated
the calculation.

Finally, for triglycerides > 2 g/L (n = 11), the best agreement was obtained between the direct
method and Martin-Hopkins with 60% (n=3/5) for values between 1 and 1.89 g/L and 67%
(n=2/3) for values greater than 2 g/L (Table II)
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Table I1: Distribution of LDL values according to triglyceridemia.

LDL (g/l)

<0.7 0.7-099 1-1.89 >1.89 Eff

LDL-D  3(2.9) 15(14.3) 64 (61) 23 (21.9)
c1e LDL-F 12(114)  24(229) 59(62) 10(95)
' LDL-M  15(14.3)  21(20) 61(58.1) 8(7.6)

LDL-S 12 (11.4)  23(21.9) 60(57.1) 10 (9.5)

LDL-D 0 0 2(66.7)  1(33.3)
LDL-F 0 0 3 (100) 0
TRIG (g/l) 1.5-2 oM o X 3 (100) . 3

LDL-S 0 0 3 (100) 0
LDL-D  1(9.1) 2(182) 5(455)  3(27.3

-, LDL-F 1 2(182)  6(545)  2(18.2)
LDL-M 0 1(9.1) 7(636)  3(27.3
LDL-S 0 2(182)  7(636)  2(18.2)

The comparison between direct LDL and that estimated by the Friedewald formula shows
agreement in 74 patients (74/119=62%). However, there was an upward reclassification of
Friedewald of 3.36% (n=4/199) and a downward reclassification of 34.5% (n=41/119). For
LDL values > 1.89 g/1, 59.3% of the samples were reclassified in the range 1 — 1.89 g/l (Table

).
Table I1I: Direct and Friedewald LDL Comparison
LDL-D
Total
<0.7 0.7-0.99 1-1.89 >1.89
<0.7 3 (75) 5(29.4) 5(7) 0 13
LDL.F 0,7-0,99 1 (25) 10 (58.8) 15 (21.1) 0 26
1-1.89 0 2 (11.8) 50 (70.4) 16 (59.3) 68
>1.89 0 0 1(1.4) 11 (40.7) 12
Total 4 17 71 27 119

Table IV shows a 59.6% agreement (n=71/119) between the direct LDL-C assay and the
Martin-Hopskin formula. An upward reclassification of 3.36% (n=4/119) and a downward
reclassification of 36.97% (n=44/119) were found between the Matin-Hopskin formula. The
best agreement was for LDL values < 0.7 g/L (75%). For LDL values > 1.89 g/1, 63% of the
samples were reclassified in the range 1 — 1.89 g/l
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Table 1VV: Comparison of LDL by direct assay and Martin Hopkins

LDL-D
Total
<07 0.7-0.99 1-1.89 >1.89
<0.7 3 (75) 8 (47.1) 4 (5.6) 0 15
0.7-0.99 0 7(41.2) 15 (21.1) 0 22
LDL-M
1-1.89 1 (25) 2 (11.8) 51 (71.8) 17 (63) 71
>1.89 0 0 1(1.4) 10 (37) 11
Total 4 17 71 27 119

The comparison between the direct assay and the Sampson-NIH formula shows a concordance
of 63.87% (n=76/119) with an overestimation of LDL-C of 3.36% (n=4/119) and an
overestimation of 32.77% (n=39/119). Agreement is important for low concentrations (<0.70
g/L, 75%) with an upward reclassification of 25%. 29.4% of the samples were downgraded to
the range 0.7 — 0.99. For LDL values > 1.89 g/1, 59.3% of the samples were reclassified in the
range 1 —1.89 g/I.

Table IV: Comparison of LDL by direct assay and Sampson-NIH

LDL-D

Total
<0.7 0.7-099 1-1.89 >1.89

<0.7 3 (75) 5(29.4) 4 (5.6) 0 12
LDL.S 0.7-0.99 1(25 10(58.8) 14(19.7) O 25

1-1.89 0 2 (11.8) 52(73.2) 16(59.3) 70

> 1.89 0 0 1(1.4) 11 (40.7) 12
Total 4 17 71 27 119

DISCUSSION

Measuring LDL-C is of great interest in medical practice, especially during therapeutic
decisions, prevention and monitoring of cardiovascular risk factors. The guidelines of several
learned societies are based on LDL-C thresholds for the prevention of cardiovascular risk
[16,17]. However, several studies have reported that Friedewald's formula tends to
underestimate LDL-C, especially in patients with hypertriglyceridemia (TG > 150 mg/dL) or
diabetes [18]. To compensate for these imitations, other formulas have been proposed such as
Martin-Hopkins and Sampson-NIH. Thus, the objective of our study was to evaluate the best
formula for calculating LDL-C in our population compared to the direct assay method.
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Our population consisted of patients with a mean age of 54 + 14.3 years (21 — 89 years), with a

predominance of women of 61.3%. The mean LDL-C concentrations determined by the
Friedewald and Martins—Hopkins equations (1.27 + 0.50 g/L) were slightly lower than those
obtained by the Sampson formula (1.29 + 0.51 g/L) and direct measurement (1.53 £ 0.60 g/L).
All estimation equations showed a negative bias (Friedewald and Martin with a bias = -0.255
and Sampson a bias = -0.239), reflecting an underestimation of LDL-C compared to the direct
measurement. In addition, strong correlation was found especially with the formula of
Friedewald (r=0.902) and Sampson (r=0.901). The weakest correlation with the direct method
was found with the Martin-Hopkins formula (r=0.895). Silva et al reported lower correlations
for LDL-C values < 70 mg/dl (Friedewald (R2=0.680), Martin (R2=0652) and Sampson
(R2=0.778)) [18]. Alpdemir et al also reported in their study population better correlation with
Sampson's formula (r=0.905). [19]

It also appears from our study that the Sampson formula had the best overall agreement
(63.9%), followed by Friedewald (62%) and Martins—Hopkins (59.6%). These results contrast
with those of d'Alpdemir et al who report a higher agreement for Martin Hopkins (81.4%),
compared to Sampson (62.9%) and Friedewald (49.9%) [19]. According to Zafrir et al, the
Martin and Sampson equations showed a high proportion of upward reclassification, 10.8% and
7.5%, respectively, and a low proportion of downward reclassification, 0.7% and 0.2%,
respectively, for LDL values <0.7 g/L compared to the Friedewald equation.[11]

In our study, contrary to the data in the literature, the Sampson formula was found to be more
accurate than the Martins—Hopkins formula, suggesting contextual variability in the
performance of LDL-C estimation equations. However, several studies, including those of Seth
S. Martin [20] and Cétia Ferrinho [10], have shown that the Martin—Hopkins formula offers
better accuracy for low LDL-C concentrations (<70 mg/dL), especially in patients with high
triglycerides. Ferrinho et al observed an 87.5% concordance for Martins—Hopkins versus 75%
for Friedewald when direct LDL-C was <55 mg/dL, highlighting its value in avoiding LDL-C
underestimation and the risk of undertreatment in patients at high cardiovascular risk [10].

CONCLUSION
The calculation formulas were overall satisfactory with regard to the direct dosing.

However, our results indicate better performance for the Sampson formula followed by the
Friedewald formula.
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