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ARTICLE INFO ABSTRACT

Article history: Background: Accurate estimation of low-density lipoprotein cholesterol (LDL-C) is important for
Received 12-09-2023 cardiovascular risk assessment and guiding cholesterol-lowering therapy. Due to the high cost of f-
Accepted 23-09-2023 quantification (Gold standard) and time-consuming, direct measurement of LDL-C is an alternative method.
Available online 25-10-2023 However, unlike the calculation of LDL-C by Friedewald formula, there is an additional cost in terms

of reagents for performing a direct LDL-C test. The current study aimed to compare direct LDL-C
concentration determination to data calculated by Friedewald formula.

Materials and Methods: 752 lipid profiles of 710 people with LDL-C estimated by direct LDL assay, in
the Biochemistry laboratory of university hospital center of Angré, were included in the study. In the same
group, LDL-C was calculated using Friedewald formula. Lin’s concordance correlation coefficient (ccc)
and Passing-Bablok regression analysis using, MedCal software, were performed to assess the strength of
concordance between the 2 methods, and identify any possible bias.

Results: The concordance between the two methods was moderate (pc = 0.9466). Passing-Bablok
regression analysis revealed a systematic bias between the two methods. The total error observed (TEobs)
between the two methods was higher than allowable total error recommended by the NCEP-ATPIII when
LDL-C values was less than 159 mg/dL (4.112 mmol/L).

Conclusion: The Friedewald formula resulted in lower LDL-C concentration values. Despite its cost-
effectiveness in the estimation of LDL-C, an underestimation of LDL-C levels could result in inaccurate
cardiovascular diseases (CVD) risk assessments and potentially significant future societal costs due to
inadequate prevention and treatment of CVD.
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1. Introduction lipoprotein cholesterol (LDL-C) as a risk factor for
cardiovascular disease (CVD), and it is used as a treatment

The National Cholesterol Education Program Adult target for cholesterol-lowering therapy. 2

Treatment Panel III (NCEP ATP III) and the European

Society of Cardiology (ESC) both recognize low-density Patients are initially classified using the Framingham risk
score> based on their risk factors, and then each class of

" % Corresponding author. patients is allocated a target LDL-C concentration to which
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LDL-C assessment is critical to ensuring that patients
on lipid-lowering therapy are attaining their risk-stratified
targets.

At present, there are a number of different techniques for
measuring LDL-C, which can be divided into non-automatic
analytical techniques, LDL-C calculations, and automated
direct measurements.

Beta quantification, which combines ultracentrifugation
and polyanionic precipitation to separate lipoprotein
particles, is the gold standard for measuring LDL-C level. >*
This method, however, is costly, requires specialized
equipment, and is time consuming, making it unsuitable for
most common clinical laboratories.

In 1972, Friedewald introduced a method for estimating
LDL-C level, which has since become the standard
of care in clinical practice around the world due to
its convenience, cost-effectiveness, and time-saver over
beta quantification.® This method involves subtracting the
cholesterol concentration of all lipoprotein groups other
than LDL ((High density lipoprotein (HDL) and very low
density lipoprotein (VLDL)) from the total cholesterol (TC)
concentration. While this method is convenient, it has
some well-known limitations, methodological errors can
accumulate because this formula requires three separate
analyses of TC, triglycerides (TG), and HDL-C, it assumes a
constant cholesterol / TG ratio for VLDL. Additionally, high
TG values (>400 mg/dL/ > 4.5 mmol/L) are not eligible for
the formula. To overcome these limitations, various other
formulas with varying results in various populations have
been proposed. ®

Automated direct measurements of LDL-C concentration
are an alternative to beta quantification, and are easily
applicable to clinical settings. Two well-known automated
direct measurement methods are heterogeneous selective
precipitation” and direct homogeneous methods.® These
direct homogeneous methods are completely automated and
straightforward to use. As a result of their automated nature,
they have increased precision from non- manual pipetting,
as well as precise timing and temperature control.’
However, unlike direct LDL-C calculation, which is free
of charge due to the inclusion of other lipid tests within
the standard lipid panel, there is a cost associated with the
administration of direct LDL-C tests. Despite its limitations,
the Friedewald formula remains the most commonly used
method for LDL-C calculation in laboratories.

Since July 2021, the biochemistry laboratory of the
medical biology department of the university hospital center
of Angré, started to switch from the Friedewald formula
to direct homogeneous enzymatic method. It was therefore
appropriate to assess the relevance of this choice of method.
The objective of the study was to evaluate the equivalency
of direct measurements of LDL-C concentrations to those
calculated with the aid of Friedewald’s formula.

2. Material and Methods
2.1. Study design

The current study is a retrospective analysis of outpatient
recorded in the laboratory database of University Hospital
Center of Angré (Abidjan, Cote d’Ivoire).

2.2. Inclusion & exclusion criteria

The analysis included 752 lipid profiles from 710 subjects,
of >18 years old, both male and female, with available
values of direct LDL-C, TG, TC and HDL-C measurements
in the laboratory database. Excluded lipid profiles included
those that were TG >400 mg/dL (> 4.5 mmoL/L).

2.3. Ethical approval & informed consent

As this was a data review of standard of care, ethics
committee approval was not required.

2.4. Methods

Patient data (TG, TC, LDL-C, HDL-C, age, and gender)
was extracted from the hospital database system between
July 2021 and June 2023. All biochemical analyses
were conducted using the Cobas c311 Analyzer from
Roche Diagnostics GmbH. Daily quality control (QC) was
conducted for more than 30 days prior to and throughout
the duration of the study, utilizing two levels of Roche
diagnostic controls (Cobas Precicontrol Clin Chem Multi 1
and Cobas Precicontrol Clin Chem Multi 2).

The Coefficient of analytical variation (CVA) of LDL-
C assay was calculated. The intermediate precision of the
assay was 3.4% for low control level and 4% for high level.
LDL-C was then calculated using Friedewald formula (7),
that is:

LDL-C (mg/dL) = TC - [HDL + TG/5] or LDL-C
(mmoL/L) = TC — [HDL + TG/2].

The data were analyzed and structured using Microsoft
Excel. The statistical analysis was conducted with MedCalc
and the significance level was set at <0.05. Descriptive
statistics, concordance correlation and regression analyses
were performed to assess the strength of concordance
between the two methods, and identify any possible bias.

3. Results

Descriptive statistics, including the mean and coefficient
of variation (CV%) were calculated for the LDL-C
values (Table 1). The concordance correlation analysis was
performed using Lin’s concordance correlation coefficient
(cce) (pc = 0.9466 and 95% confidence interval (CI) =
0.9396 to 0.9528). The linear relationship between both
measurements, a condition for the applicability of Passing-
Bablok analysis was verified and accepted by the Cusum test
(p=0,92).
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A Passing-Bablok regression analysis was conducted to
establish a regression equation between the calculated LDL-
C values and measured LDL-C values. This analysis aimed
to determine whether there were a constant bias (intercept)
or proportional bias (slope) between the 2 methods, as
well as estimate the random error (RSD) for both methods
(Table 2).

Scatter diagram (Figure 1) was also generated to show
regression line (blue line), confidence bands for regression
line and identity line (dashed line).

To evaluate the concordance in LDL-C risk classification
between calculated LDL-C and measured LDL-C, we
categorized LDL-C values according to NCEP ATP III
guidelines for the management of dyslipidemia into five
categories (Table 3).

The difference between the two methods (Bias) was
calculated using Passing-Bablok regression equations, and
further combined with the coefficient of analytical variation
(CVA) of the measured method in order to calculate the total
error observed (TEobs) between the 2 methods. Total Error
(TE) was calculated with the formula: TEobs = 1.65 CVA +
Bias.
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Fig. 1: Passing-bablok regression scatter diagram

4. Discussion

Atherosclerotic cardiovascular disease (ASCVD) is one of
the main causes of death worldwide. Hypercholesterolemia
is the most common causal factor for ASCVD with LDL-C
as primary target for lipid lowering therapy. '* It is essential
to accurately estimate LDL-C level in order to guarantee
that patients are adhering to the risk-strategized objectives
of lipid reduction therapy. This is due to the numerous
clinical decisions that are typically made regarding LDL-
C readings obtained from clinical laboratories. Due to
the high cost of beta quantification via ultracentrifugation
and time-consuming, direct measurement of LDL-C is an

alternative method in many biochemistry laboratories. !-1?

Previous research has demonstrated that the majority of
direct homogeneous processes meet the criteria mandated
by the National Center for the Evaluation of Polymers
(NCEP). "3 Despite the limitations of estimating LDL-C
by Friedewald equation, most of clinical laboratories still
do not routinely offer direct LDL-C. Roche direct LDL-
C method (Roche Diagnostics, GmbH) was introduced
in our laboratory at the middle of the year 2021. This
study compared Friedewald’s LDL-C estimates with direct
homogeneous LDL-C measurements for 752 lipid profiles
with TG concentrations below 400 mg/dL (4,5 mmoL/L).
Many studies, using a variety of statistical techniques as
been reported. 141

The level of agreement of the Lin’s concordance
correlation coefficient was moderate, but the two methods
were not in satisfactory agreement. According to previous
studies, calculations of LDL-C based on the Friedewald
equation correlated well with direct measurement of
LDL-C, almost, calculated LDL-C was underestimated in
comparison to measured LDL-C.'%!7 Pearson’s correlation
coefficient should not be used as the sole criterion for
determining the equivalence of methods. Furthermore,
high correlation does not necessarily mean agreement
since the correlation coefficient cannot detect systematic
bias. 819 Therefore, the concordance correlation analysis
is the significant method to determine agreement between
methods. Lin’s concordance coefficient quantifies the
robustness of a relationship between two measures by
determining the deviation from the standard deviation,
thus also accounting for systematic variations between
methods. '8

Passing-Bablok regression showed that calculated LDL-
C systematically underestimated LDL-C concentrations
relative to measured LDL-C. Our results are in line with
those of Jagesh?® and Lee.?! However, this finding is
not agreement with reports from a study conducted by
Ephraim et al. in a Ghanaian population?” and Boshtam
et al. in an Iranian population.”> Moreover, Edjeme-Aké
et al., found no difference in an Ivorian population.?*
The discrepancies between studies may be attributed to
discrepancies in the methodology of LDL-C measurements,
the size of the patient population, and the characteristics
of the patients. Indeed, direct LDL-C tests, commercially
available, are enzymatic colorimetric procedures that use
cholesterol esterase and cholesterol oxidase to quantify
lipids. To achieve selective solubilization of the non-LDL-
C and LDL-C fractions, proprietary chemical detergents are
used. The accuracy of direct LDL-C measurement depends
on the specificity of masking reagent.

In view of the fact that measurement errors must be
taken into account in both of these methods, it was
determined that the most appropriate method to use for
bias estimation was to use a passing-bablok regression
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Table 1: Mean and CV% for LDL-C levels between measured and calculated method

Mean (mg/dL / mmoL/L) CV%
Measured LDL-C 124,5/3.21 33
Calculated LDL-C 113,9/2,95 36

Table 2: Passing-bablok regression between calculated LDL-C and measured LDL-C

Regression equation Intercept (95% CI)

y =-7,300 + 0,985x -9,0000 to -5,7018

Residual standard deviation
(RSD)
6,1655

Slope (95% CI)

0,9708 to 1,0000

Table 3: Classification of LDL-C levels in terms of risk for coronary heart disease

4

No. Categories

1 Optimal

2 Near or above optimal
3 Borderline high

4 High

5 Very high

Reference Ranges (mg/dL)
<100
100 to 129
130 to 159
160 to 189
> 190

Table 4: Comparison between total error observed (TEobs) and allowable total error (ATE) at each medical decision levels (MDL)

Categories MDL mg/dL ( CVA (%) Bias (%) TEobs (%) ATE (%)
mmoL/L)

Optimal 100 (2,59) 34 9,0 15 12

Near or above optimal 129 (3,34) 4 7,3 14 12

Borderline high 159 (4.11) 4 6,3 13 12

High 189 (4,89) 4 5,5 12 12

Very high 190 (4,91) 4 5,5 12 12

method instead of an ordinary linear regression method.
On the other hand, the results obtained from passing-
bablock regression are independent of whether the method
is assigned as a reference or test method.? The acceptance
limits for method comparison were based on analytical
quality specifications recommended by NCEP.* Table 4
shows that both methods were not clinically equivalent in
classifying peoples as optimal, near or above optimal and
borderline high.

LDL-C obtained with Friedewald formula leads to
underestimation of LDL-C with respect to the values
obtained with the direct measurement; the lower the LDL-
C value, the higher the TEobs is. This results could be
explained by the fact that, a low LDL-C concentration can
affect the VLDL cholesterol estimation and this can lead to
incorrect LDL cholesterol calculation results.

Many clinical laboratories use Friedewald formula to
estimate LDL-C when TG levels are lower than 400 mg/dL
(4,5 mmoL/L). Friedewald et al. initially established the
Friedewald formula’s inaccuracy when TG levels above 400
mg/dL (4,5 mmoL/L). 3 Previous studies are in contrast with
relying on the Friedewald formula even when TG levels
are under 400 mg/dL (4,5 mmoL/L), suggesting that the
Friedewald formula may still underestimate LDL-C and;
thereby, cardiovascular diseases (CVD) risk when TG levels
are less than 400 mg/dL (4,5 mmoL/L). Several studies

reported that CVD risk is especially underestimated when
TG levels are high!7-?® and when the Friedewald-estimated
LDL-C is low.?” Thus, the 2021 lipid measurements in
the management of CVD recommends that LDL-C can be
estimated by TC, HDL-C, and TG measurements. For LDL-
C > 100 mg/dL (2,59 mmoL/L) and TG < 150 mg/dL (1,69
mmolL/L), the Friedewald formula is reasonable (Ila, B-
NR).

5. Conclusion

As LDL-C is one of the most modifiable risk factors
for cardiovascular disease (CVD), accurate measurement
of LDL-C levels in clinical practice is essential. This
study compared direct homogeneous method vs Friedewald
formula in the estimation of LDL-C. Although Friedewald
formula is cost-effective for estimating LDL-C levels,
under-estimated LDL-C levels can lead to misclassification
in CVD risk assessments, resulting in significant future
societal costs from inadequate prevention and treatment
of CVD. Furthermore, underestimating the risk of LDL-
C may result in false-positive diagnoses in individuals
with undiagnostic conditions, resulting in serious health
consequences.
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6. Limitations of our Study

One of the limitations of this study was that the risk factors
associated with cardiovascular disease were not evaluated
in our population. Under the assumption that the treatment
goal for LDL-C is determined by the risk category, a
comparison of LDL-C risk classifications by risk category
will assist in a more rigorous validation of the Friedewald
equation.
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