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ARTICLE INFO ABSTRACT

Keywords: Introduction: Accurate determination of low-density lipoprotein cholesterol (LDL) is important for coronary
LDL heart disease (CHD) risk assessment among others. A low-cost method used is the Friedewald equation, calcu-

Cholesterol lating LDL from total cholesterol after subtracting high-density lipoprotein cholesterol (HDL) and triglycerides
Triglycerides divided by 5. A new calculation method has been proposed where the value of 5 is not fixed but depends on the
?r]i)eI::lewal d values of the other parameters.

Validation Results: We validated this method in a Greek population sample, by comparing direct LDL, the Friedewald

equation and the novel method. Some clinical laboratories use the direct determination when TG > 200 mg/dl
(2.26 mmol/1t). We performed segmented linear regression to check if this value makes sense. Bayesian linear
regression was performed to compare the direct determination to the Friedewald and novel one.

Conclusions: We found that TG > 200 mg/dl is a sensible threshold value since it is a saddle point for the
standard error of the regression. For Bayesian linear regression, the results were inconclusive. When the LDL
values were used for classification of CHD, it turned out that the novel method was better than the Friedewald

equation at correctly classifying LDL levels for CHD risk assessment.

1. Introduction

Low density lipoprotein cholesterol (LDL) is a significant risk factor
for atherosclerotic vascular disease [1,2] that can be modified either by
pharmaceutical intervention or lifestyle changes. In the Adult Treat-
ment Panel III (ATP-III) of the third report of the National Cholesterol
Education Panel (NCEP), it is classified in 5 categories (from optimal to
very high) according to its measured value for each patient and is a risk
factor for coronary heart disease (CHD). Many laboratories measure
LDL not directly but by calculation from total cholesterol (CHOL), high-
density lipoprotein cholesterol (HDL) and the triglycerides (TG) using
the Friedewald Eq. [3], as LDL = CHOL-HDL-(TG/5), where TG/5 ap-
proximates the very low density lipoprotein cholesterol (VLDL), which
is a good approximation when LDL < 400 mg/dl (4.52 mmol/1t). The
reference method for LDL determination (as well as for the other frac-
tions of cholesterol) involves ultracentrifugation and is therefore not
well suited for routine application [4]. There are also direct enzymatic
assays for LDL that have been developed [5,6], can be automated and
are used in the routine of the clinical laboratory.

Martin et at in a study [7] proposed a novel method involving the
differentiation of the denominator of the (TG/5) fraction in the Frie-
dewald equation, whose value is not to be fixed at 5, but to be de-
pendent on the values of TG and non-HDL cholesterol
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(nonHDL = CHOL-HDL). In the Martin paper this value can range from
3.2 to 24.0, being a function of the values of TG and nonHDL (classi-
fication tables with 10 to 2000 cells were studied), and found that the
180-cell table was an optimum for number of cells and method per-
formance.

However, there is a lot of inertia when changes in clinical de-
termination methods are proposed, especially when the method under
scrutiny has been used for a long time with satisfactory results. To
advocate and promote new methods or changes to existing ones used
globally, independent verification using multiple data sets is required.
Two studies have independently validated the novel Martin method in
general populations, an American [8] and a Korean one [9]. Other
studies have also compared the formulas in population subgroups, such
as diabetics [10], subjects eligible for statin treatment [11], statin-
treated patients [12,13] and patients with familial combined hyperli-
pidemia [14].

Most laboratories in Greece use the Friedewald equation, mostly
when TG < 400mg/dl (4.52 mmol/lt). Some laboratories set this
threshold at 200 mg/dl (2.26 mmol/It), above which they use a direct
enzymatic method and others use the direct method exclusively. We
used data from the «Sismanoglio” General Hospital of Komotini in
Greece that uses a direct enzymatic method in order to compare the
novel method to the Friedewald one. We also performed segmented
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linear regression to see if the threshold values of 200 mg/dl
(2.26 mmol/I1t) or 400 mg/dl (4.52 mmol/It) above which to use direct
determination of LDL has merit and if when the novel method is as good
as the direct one.

2. Materials and methods
2.1. Measurements

Data from the biochemical laboratory of the “Sismanoglio” General
Hospital of Komotini, Greece were used after approval from its Board.
The data were anonymous, containing only the values of CHOL, HDL,
TG and enzymatically directly determined LDL (henceforth referred to
as LDLy), as well as the age and the gender of the subjects. All samples
were from overnight-fasting individuals. All parameters were de-
termined using an ADVIA 1800 Chemistry Systems by Siemens. The LDL
values calculated according to Friedewald are referred to as LDL;. Also,
the LDL values using the novel method were calculated using the 180-,
360- and 2000- cell tables (referred to as LDL;gg, LDL3go and LDLyggo,
respectively) [Suppl. Section 3.1]. The enzymatically directly de-
termined LDL is referred to as LDLy. Non-HDL cholesterol (nonHDL)
was calculated by subtracting HDL from total cholesterol. VLDL; was
calculated by dividing TG by 5.

2.2. Statistical analysis

Analysis of the data were performed using the R programming
language version 3.5.3 [15]. Bayesian analysis was performed using
Gibbs sampling with the RJAGS interface to JAGS [16]. Hypothesis
testing for the difference between group means was done by de-
termining the Bayes factor [17]. The Bayes Factor (BF) is a numerical
value that quantifies how well a hypothesis predicts the empirical data
(alternative hypothesis H;) relative to a competing hypothesis (null
hypothesis Hy). E.g., if the BFy;,po is 3, this means that the observed
data is 3 times more probable if H;, were true than if H, were true.
Therefore, the experimental evidence points towards H;. Although it is
not straightforward and it is arbitrary to put an interpretation for the
strength of the evidence based on the value of the BF, according to [18]
one possible interpretation is as follows: When BF is between 1 and 3
the strength of the evidence in favor of H; is weak, not worth more than
a bare mention. If BF is between 3 and 20 the evidence for H; is posi-
tive. When BF is between 20 and 150 there is strong evidence and
when > 150 there is very strong evidence for H;. Of course when
BF < 1, the evidence supports Hy. All analyses are also shown in the
supplementary material sections, denoted as [Suppl. Section Number].

Segmented linear regression was performed in order to find out if
there are critical values of TG upon which the quality of the regression
(prediction of the value of LDL4 from LDL¢ and TG) suffers. In seg-
mented linear regression there exist knot points on which the slope and
intercept of the regression line change. The model used in the regres-
sion was:

LDL; = intercept + slope-LDLy It < knot

where I < ko is the indicator function (1 when TG < knot value
and O otherwise). The above model describes a linear regression only
when the TG value is below a certain threshold.

Bayesian linear regression analysis was performed to test the re-
sponse of the calculated LDL methods to the direct one, using LDL, as
the independent variable and the calculated LDL methods as the de-
pendent ones (with each regression performed separately). In linear
regression, usually the independent variable (LDL, in this case) values
are considered to be exactly known. However, this is clearly not the
case for LDL4 and TG, which (as clinical laboratory measurements) have
their own random error. We therefore performed the Bayesian linear
regression by treating not only the calculated LDL variables as random,
but the LDL, as well. We also factored in the model the stratification of
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Table 1
Descriptive statistics of the study cohort.

Male (%) Female (%)
Gender 1945 (42.3%) 2653 (57.7%)

Median 2.5 Percentile 97.5 Percentile
Total Cholesterol 167 84 277
HDL Cholesterol 43 15 82
Triglycerides 118 51 349
LDL¢ 94 33 189
LDLgq 100 31 198
LDL;go 98 35 190
LDLsgo 98 35 190
LDLagoo 98 36 190
VLDL¢ 24 10 70

TG levels that resulted from the segmented linear regression. The model
used was:

LDLcalculated
= By + By'LDLA + B,-Irg < 195 + B3Irc < 195 TG + B;-Lios<tc < 315 + Bs
Tios<16 < 315 TG + BgBis<16 < 452 + By Bis<16 < 452- TG + By

Irgsaszy + BoTrgzasy TG

where LDLcgicuiareq is either LDLg, LDL1gg, LDL36o or LDL2000. The slope
and intercept of the model depend not only on the dependent
(LDL cqicutateq) and the two random independent (LDL4 and TG) variables
but also on the TG values. When e.g. TG < 195 all but the first 3 terms
of eq. (2) become zero. In Table 4, the values of the intercept and slopes
of the model by TG level are shown.

3. Results
3.1. Study cohort and comparison between various LDL values

The study cohort consisted of 4598 measurements. Of these, 1945
(42.3%) were female and 2653 (57.7%) were male (Table 1) [Suppl
Section 4.1]. They were mainly of middle age (age median 67 years,
2.5-97.5 percentile = 1-91 years) [Suppl Section 4.2]. In supplemen-
tary fig. S1 the distribution of the ages is shown. 568 (12.4%) of the
patients were 1-9 years old, 70 (1.5%) were 11-17 years, 1435 (31.2%)
were between 18 and 64 years and the majority (2525, 54.9% were of
age 65 years or older). Notable is also that 142 patients (3.1%) and 316
(6.9%) were 1 and 2 years old, respectively [Suppl Section 4.3].

The Friedewald LDL (LDL¢) as well as the LDL values based on the
novel method were calculated. In Table 1 the median and the 2.5 and
97.5 percentiles for the various LDL parameters as well as the rest of the
parameters (CHOL, HDL and TG) are shown. [Suppl Section 4.2]. In
Fig. 1 and [Suppl Section 4.4] the densities of all parameters except
gender and age are depicted. For the LDL parameters the median and
the 2.5 and 97.5 percentiles are also shown in the figure.

We can see that the density distribution of LDL, is skewed towards
higher values compared to LDL¢. The same is the case for LDL;gg, LDL3g0
and LDLygo9, which are also higher than LDL; but not as high as LDL4.

We performed Bayesian testing to check if the differences between
the various LDL parameters are statistically significant, by determining
the Bayes Factor. Results are shown in Table 2 and [Suppl Section 4.5].
We can see that LDL, is statistically significantly different from LDLg,
LDL;go, LDL3gp and LDLyggo. The same is the case for the difference of
LDL¢ from the rest of the LDL parameters. On the other hand the sta-
tistical differences between the novel methods are from very weak to
non-existent.

3.2. Determination of critical TG values

For economic reasons many clinical laboratories in Greece (as well
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Fig. 1. Distribution densitites of LDLq, LDLg, LDL;go, LDL3e0, LDL2ggo, VLDLy, triglycerides, HDL and total cholesterol. The vertical lines and adjacent numbers are

(from left to right) the 2.5, 50 (median) and 97.5 percentiles.

Table 2
Bayes factors for the statistical significance for the difference between the
various LDL parameters (the table is symmetric).

LDLg LDL¢ LDLgo LDLseo LDLyooo
LDL4 - 1.32-10"° 4.42-10 3.90-10° 5.52-10%°
LDL¢ 1.32-10'° 1.63-10'®  7.76-10'7 3.36-10'%°
LDL;go  4.42-10'°  1.63-10'% - 0.0213 3.51
LDLggo  3.90-10'°  7.76-10'"7  0.0213 - 1.94
LDLyogo  5.52-10° 3.36-10'" 3.5 1.94 -

as the rest of the world), even if they have the necessary reagents for the
direct determination of LDL, they do not perform it by default but only
if the TG levels exceed a threshold, usually 200 mg/dl (2.26 mmol/It) or
in rarer cases 400 mg/dl (4.52 mmol/It). To find out if there are critical
values of TG upon which the quality of the regression (prediction of the
value of LDLy from LDL¢ and TG) suffers, we performed segmented
linear regression with the threshold value not fixed, but set to move
from the minimum value of TG in our dataset to the maximum one
(therefore, many linear regressions were performed, each one with a
different knot point). For each regression, the R* and the standard error
of the regression (SER) were calculated [Suppl Section 5.1]. The plot of
the SER versus the TG knot point is shown in Fig. 2 and [Suppl Section
5.2]. We can see that there are 3 saddle points (local minima, corre-
sponding to the dashed vertical lines) at TG values of 195, 315 and
452 mg/dl (2.54, 4.10 and 5.88 mmol/It, respectively) [Suppl Section
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5.31.

3.3. Comparison of LDL by TG level

We subsequently categorized the LDL values in 4 levels (TG < 195
(2.20), 195 <TG < 315 (3.56), 315<TG < 452 (5.11) and
TG = 452 (5.11) mg/dl (mmol/It)). In supplementary Fig. S2 [Suppl
Section 5.3], the scatter plot of LDL¢ versus LDLy by these TG levels is
shown. The majority of points (3835, 83.4%) are for TG < 195 mg/dl
(2.20 mmol/1t). In supplementary fig. S3 [Suppl Section 6.1] the den-
sities of the various LDL measurements by TG classification are shown
and the medians and 2.5 and 97.5 percentiles of these parameters are in
the [Suppl Section 6.2] table. We subsequently tested for statistical
significance of the differences between the LDL parameters by TG level.
Results are in Table 3 and [Suppl Section 6.3]. For TG < 195mg/dl
and 195 < TG < 315mg/dl things are the same as for the whole da-
taset (significant differences for LDLy and/or LDL¢ from the rest, no
significant differences between the novel calculations), although for
195 =< TG < 315mg/dl the Bayes factors are not as high. However, for
315 = TG < 452mg/dl only a weak statistical significance was found
for the difference LDL4 - LDL; and very strong difference between
LDL,go and LDL3go. For TG = 452 mg/dl no significant difference was
evident for LDLy - LDL; However, the number of measurements
available for these TG levels is relatively low to reach any definite
conclusions. For LDL;go — LDL30 a Bayes factor could not be calculated
because the values were exactly the same and therefore the difference is
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Fig. 2. Standard error of the regression (SER) for the segmented linear regression versus changing TG knot point value.

Table 3
Bayes factors for the statistical significance for the difference between the
various LDL parameters by TG level (the tables are symmetric).

LDLg LDL¢ LDLgo LDL3eo LDLyooo
TG < 195mg/dl (N = 3835)

LDL4 - 8.87-10'* 1.45-10°  4.05-10°  4.97-107°
LDL¢ 8.87 - 10'* 1.45-10° 5.12-10%%  9.59-10%
LDL;go  1.45-107° 1.45-10° - 0.0316 0.369
LDLsgp  4.05-107°  5.12-10%  0.0316 - 4.92
LDLygoo  4.97-107°  9.59-10%  0.369 4.92 -

195 < TG < 315 (N = 603)

LDLg - 1.64-10* 965 918 1590

LDL¢ 1.64-10" - 1.31-10%2  1.34-10*° 4,00 10%°
LDL1gp 965 1.31 - 10%2 0.0603 0.210
LDLsgo 918 1.34-10**°  0.0603 - 0.969
LDLygoo 1590 4.00-10%*  0.210 0.969 -

315 < TG < 452 (N = 121)

LDLg - 4.56 60,500 177,000 69,200
LDL¢ 456 - 1.97-10%  4.78-10%®  1.16-10%
LDL;go 60,500 1.97-10% - 14,300 0.204
LDLsgo 177,000 478 -10°® 14,300 - 0.204
LDLygoo 69,200 1.16-10°'  0.204 2.99 -

TG = 452 (N = 39)

LDLy - 0.173 2730 2730 4590

LDLg 0.173 - 3.21-102  3.21-10*2  1.50-10"
LDLygo 2730 3.21-102 - - 35

LDLsgp 2730 3.21-102 - - 35
LDLygoo 4590 1.50-10" 35 35 -

71

3.4. Correlation of LDL, with the other LDL variables

To test how well the calculated (both Friewewald and novel for-
mulae) LDL values correlate with LDLy, we performed Bayesian linear
regression analysis using LDLy as the independent variable and the
calculated LDL methods as the dependent ones (each regression was
performed separately), treating all LDL variables as random. In the
model, the TG stratification imposed above was also factored in, as
described in the Statistical analysis subsection of Material and Methods.
In Table 4, the values of the intercept and slopes of the model by TG
level are shown.

The minimum effective sample size was calculated at 8831 [Suppl
Section 7.1]. Since in some parameters there was a high degree of au-
tocorrelation, all models were initialized for 10,000 iterations and run
for 150,000 iterations so that the effective sample size could be at least
reached and possibly exceeded [Suppl Section 7.2]. The model files
used in JAGS are also in the supplementary material. The models

Table 4
Intercepts and slopes of linear model defined by eq. (2).
TG level Intercept LDL4 slope TG slope
TG < 195 Bo + B2 B Bs
195 < TG < 315 Bo + Ba Bs
352 < TG < 452 Bo + Be B,
TG = 452 Bo + Bs B
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Table 5

R? and standard error of the regression for the 4 Bayesian linear regression
models with LDLy and TG by levels as the independent variables and the cal-
culated LDL parameters as the dependent variable.

LDL¢ LDL1go LDLsgo LDLaooo
R? 0.895 0.897 0.898 0.897
SER 13.34 12.75 12.73 12.71

converged properly after the run. The standardized residuals plot is in
supplementary fig. S4 [Suppl Section 7.4], where we can see that most
points are within = 2SD, although a few points have significant de-
viations from the mean and could be considered as outliers. However,
since in order to remove an outlier there must be some justification
(which is not forthcoming here), these points can be considered as
natural patient variation and were not excluded from the analysis. The
R? and SER for the 4 models are shown in Table 5 and [Suppl Section
7.5.1].

We can see mainly from the SER values that the regression improves
when using the novel calculation compared to the Friedewald one (SER
from 13.34 becomes 12.75 for LDL;gp). On the other hand, using higher
cell-count tables (LDL3gp and LDLyggp) improves the SER very slightly
(12.73 and 12.71 respectively). The same pattern is evident when we
calculated the SER by LDL method and TG levels [Suppl Section 7.5.2],
although for 195 < TG < 315 there was a notable improvement of the
SER for LDLagoo.

The posterior distributions of the intercept and slopes are shown in
Figs. 3 and 4 and in [Suppl Section 8.3.1 and 8.3.2], respectively. The
vertical lines and the numbers in the figures represent the 2.5, 50
(median) and 97.5 percentiles. For the intercept a pattern is evident
across the various TG levels: the intercepts for the novel calculations are
lower than that of the Friedewald method, although even in this case
they are not high (95% credible interval-Crl = 1.88-4.68). For TG <
195 the credible intervals between LDL; and novel methods do not
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Fig. 3. Posterior distributions for the intercepts of the Bayesian linear regression for the various TG classification levels.

(from left to right) the 2.5, 50 (median) and 97.5 percentiles.
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overlap, but for the rest of the TG levels they do overlap, although the
distributions are still shifted towards lower values. Between the novel
methods (180-, 360- and 2000- cell tables) there is almost complete
overlap and there seems to be no statistically significant difference. The
same pattern appears for the LDL, slope (Fig. 4), which is nearer to 1 for
LDL¢ (95% CrI = 0.89-0.91) than that of the novel methods. For the TG
slopes the opposite pattern is evident: the TG slopes for the novel
methods are higher than those for LDLy.

3.5. NCEP classification

We then classified the LDL levels by NCEP III, which classifies it in 5
risk levels according to its value [2]. In Table 6 and [Suppl Section 9.1]
the NCEP III LDL percentages by class of the 4598 total samples with
LDL belonging to each one by LDL method are shown (the subscripts in
the NCEP abbreviation denote the method used corresponding to LDL
method determination, e.g. NCEP4: NCEP classification by LDLy).

In Table 7 and [Suppl Section 9.2], the Bayes factor proportional
ratio tests of each LDL calculation method are shown compared to the
NCEPy classification which is used as the reference method. The higher
the BF, the more likely it is that the differences in the proportions are
statistically significant.

First, it is evident from both the percentages and the comparison BFs
that there are no significant differences between the various novel
methods (180-, 360 and 2000 -cell tables). Between the direct LDL
determination and the Friedewald calculation there are significant
differences for all NCEP classifications except the “Near optimal/above
optimal” level. The evidence for the existence of these differences, after
inspection of the BF values, is very strong (for “Optimal”, “Borderline
high” and “High”) or positive (for “Very high”). Between LDL4 and the
novel methods there is evidence of very strong difference for “High”
and somewhat positive for “Very high”. On the other hand, when
comparing the Friedewald to the novel methods, very strong evidence
of difference appears only for the “Optimal” classification.

We can see in Table 6 that the Friedewald method classifies a larger

0 5 1
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315<TG<452

3
&
o
@
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The vertical lines and adjacent numbers are
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Fig. 4. Posterior distributions for the slopes of the Bayesian linear regression for the various TG classification levels. The vertical lines and adjacent numbers are
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Table 6

Percentages of LDL NCEP III classification by LDL determination method.
LDL levels and classes NCEP4 NCEP;¢ NCEP;gp NCEP3gq NCEP500
Optimal 49.91% 54.72% 51.50%  51.52%  51.52%
Near optimal/Above 23.12% 23.38% 24.51% 24.51% 24.73%

optimal

Borderline high 16.18% 13.85% 15.31% 15.33%  15.20%
High 7.48% 5.55% 6.07% 6.02% 5.92%
Very high 3.31% 2.50% 2.61% 2.61% 2.63%

percentage of LDL levels as “Optimal” (significant difference), whereas
the novel methods are closer to LDLy. This leads to a lower percentage
of the clinically worse classifications (“Borderline high” 13.85% versus
16.18%, “High” 5.55% versus 7.47%, “Very high” 2.50% versus 3.31%
for the Friedewald and LDL,, respectively). The Bayes factors for these
differences are very high. For the novel methods there is also under-
estimation of the percentages for those levels, but the differences are
not as pronounced and the Bayes factors for them (although still high)
are much lower than the ones for the Friedewald method.

4. Discussion

We used a sample of 4598 measurements from a Greek population
to validate the novel LDL determination method. Both the age and the
gender composition were similar to those in two other studies com-
paring LDL¢ to the novel methods in a general population [8,9] as well
as to the original paper by Martin et al. [7]. LDL was determined di-
rectly using an enzymatic method and also calculated using both the
Friedewald and the novel formulae.

First, we saw that there were statistically significant differences for
LDL4 and LDLg, both between them and from the novel LDLs (Fig. 1 and
Table 2), with the LDL4 shifted towards higher values compared to LDL¢
and the novel method being in between these two. This is similar to the
finding in [8] where LDL; tended to underestimate the true LDL values
and the novel method to overestimate it and also in [9] where the novel
method LDL estimates were closer to LDL4 than to LDL;. However, it
should be noted that although some statistical test gives significant
results, it does not necessarily mean that this fact has practical im-
plications. In the case of LDL determination, the practical implication is
the categorization according to NCEP, discussed below. It is however a

Table 7
Bayes factors comparing the differences in classification percentages between the various LDL determination methods.
Optimal Near optimal/above optimal Bordeline high High Very high
NCEP4-NCEP¢ 62084582%*** 0.0 735.8%***
NCEP4-NCEP; g, 0.4 0.5 0.2
NCEP4-NCEP34¢ 0.4 0.5 0.2
NCEP4-NCEP 000 0.4 1.1 0.3 453.3%%xx
NCEP-NCEP; g0 526,47 %% 0.2 2.7% 0.2
NCEP¢ NCEP369 462.9%*** 0.2 3.0* 0.2
NCEP¢ NCEP2g00 462.9%*** 0.4 1.5* 0.1
NCEP;g0- NCEP340 0.0 0.0 0.1 0.1
NCEP;g9- NCEP2000 0.0 0.0 0.1 0.1
NCEP360-NCEP 000 0.0 0.0 0.1 0.1
Evidence for the difference *: not worth more than a bare mention, **: Positive, ***: Strong, ****: Very strong.
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strong indicator that there may exist practical implications when using
one or the other method.

When multiple segmented linear regressions correlating LDL¢ to
LDLy by simultaneously factoring in increasing TG values were per-
formed and the SER was plotted versus those TG values, three saddle
points at TG values of 195, 315 and 452mg/dl (2.54, 4.10 and
5.88 mmol/It, respectively) were observed. Therefore, the use of
TG = 200mg/dl as a point above which to perform direct LDL de-
termination, if available, instead of using the Friedewald equation,
seems reasonable (as is common practice in many clinical chemistry
laboratories). Furthermore, according to the American Heart
Association, one of the criteria for dyslipidemia is TG levels > 150 mg/
dl (1.70 mmol/1t) [19]. In potentially dyslipidemic patients it makes
sense to go to greater lengths to ascertain more accurate levels of TG
and lipids in general.

We then classified the various LDL measurements according to their
respective TG value and tested for statistical significance of the differ-
ence of the stratified LDL values (Table 3). Up to TG values of 315 mg/
dl (3.56 mmol/It), — that is the two first strata, TG < 195 and
195 = TG < 315mg/dl - the differences were the same as those for the
whole population. For 315 < TG < 452 mg/dl the difference between
LDLy and LDL; was statistically weak and for TG = 452 mg/dl
(5.11 mmol/1t) no significant difference was found. On the other hand a
very strong difference between LDL;gq and LDL3¢o was observed for the
315 = TG < 452 stratum. Although, the Friedewald equation does not
hold for TG values > 400 mg/dl [3], the values of LDL resulting from it
may also be not very trustworthy at TG values less than but near to
400mg/dl. As TG increases, the fraction [TG/denominator] that is
calculated VLDL constitutes a larger proportion of the equation and
errors in this fraction will result in larger relative errors in the resulting
LDL¢ [20]. Also, since the number of observations in these last two
groups were relatively small compared to those with lower TG values,
no definite conclusions can be drawn.

When Bayesian linear regression was performed to see how well
LDL4 correlated with the calculated LDL variables, the SER improved
when using the novel calculation with the 180-cell table (Table 5). Use
of higher cell-count tables had no impactful improvement of the overall
regression, which is also the case when the TG strata were taken under
consideration [Suppl Section 7.5.2]. In Figs. 3 and 4 the posterior dis-
tributions of the intercept and slopes respectively, along with the
median, 2.5 and 97.5 percentiles are shown. Although it is more con-
venient to use one or a few numbers for the result of a regression (e.g.
the mean and standard error of the slope and intercept), in Bayesian
analysis the best way to describe the result is to show the posterior
distribution, since Bayesian analysis has the uncertainty in the results
incorporated [21]. In Fig. 3 it is evident that the intercepts for the novel
calculations are lower than that of the Friedewald method, although the
95% credible intervals do not overlap only for TG < 195. The LDLyq
slope (Fig. 4) is higher for LDL¢ that that of the novel methods, with no
overlap. Oppositely, the TG slopes are lower for LDL; than those for the
novel methods, again with no overlap.

In a linear regression it is generally better for an intercept to be zero
and the slope to be 1, because this means that the dependent variable is
directly predicted from the independent one(s). In our case, the inter-
cept for LDL¢ is higher compared to that of the novel methods (which
indicates that the novel methods would serve as a better predictor of
LDLgy). On the other hand, the LDL4 slope for LDL; as independent
variable is nearer to 1 than that of the novel methods (which indicates
the opposite, that LDL; would be a better predictor for LDL4). The TG
slopes are lower for LDL¢ (near zero) and higher (near 0.10) for the
novel methods. A TG slope near zero for LDL; means that the TG levels
would not affect the regression of LDL¢ as much when compared to that
of the novel methods.

The previous results are somewhat contradictory. On the one hand
we have the regression goodness-of-fit measure of SER and the intercept
indicating that the novel methods are better than LDL at predicting the
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LDL4 values and on the other hand the regression slopes indicate the
opposite. To resolve this conundrum and since what ultimately matters
is not the LDL value itself but its risk classification (and therefore the
effect it will have on a clinical intervention decision), we examined the
percentages (Table 6) and the statistical significance of their differences
(Table 7) in the classification of LDL levels according to NCEP III [2]
which includes 5 levels (“Optimal”, “Near optimal/Above optimal”,
“Borderline high”, “High”and “Very high”).

In Table 7, no significant differences between the novel methods
were evident (Table 7). Oppositely, between LDL4 and LDL; there were
significant differences for all NCEP III levels except the “Near optimal/
above optimal” one. Between LDL,; and the novel methods significant
differences appeared for the “High” and “Very high” levels. Between
LDLy and the novel methods there significant differences appeared for
the “High” and “Very high” levels. For the comparison of LDL; to the
novel methods, a very strong difference appears only for the “Optimal”
classification. In Table 6, where the percentages of each NCEP III class
are given by LDL determination method, the novel methods percentages
are closer to LDL4. This leads to a statistically significant lower per-
centage of the clinically worse classifications (“Borderline high”,
“High”, “Very high”) when using LDL¢ compared to that when using the
novel methods. The same pattern, although formulated somewhat dif-
ferently appears also in the concordance in Guideline Classification of
the original Martin et al. paper [7], where the concordance of the novel
LDL compared to the one determined by the reference ultra-
centrifugation method is higher than that of LDL. This is the case also
in the validation of the novel method in an American polulation [8] and
in a Korean one [9]. It seems therefore that the novel methods improve
the agreement of LDL classification, bringing it closer to that of LDLyq
when the LDL values used for this classification are calculated using the
novel method compared to the Friedewald equation. It should be noted
that this result holds only for the direct LDL determination method used
here (Siemens ADVIA 1800 chemistry system). Since there is a sig-
nificant variability between the various direct methods for LDL [22,23],
we can only be certain that this holds for the specific assay, although it
is highly likely that the same is the case for other direct enzymatic
assays.

5. Conclusions

There are two main conclusions we can draw from the above results.
First, the practice in many clinical laboratories to determine LDL from
total cholesterol, HDL and triglycerides using a calculation method and
not direct determination when TG is less that 200 mg/dl (2.26 mmol/1t)
seems warranted as evidenced by the existence of a saddle point at
195mg/dl in segmented linear regression for the prediction of LDLy
from LDL¢ and TG. Of course, if possible it would be preferable to use
direct LDL determination in all measurements.

The second conclusion is that the direct determination of LDL used
in this study is a better method for NCEP III classification compared to
calculated methods (unfortunately, the reference method -involving
ultracentrifugation- is too labor intensive and time consuming to be
used for routine lipid screening). If however the direct LDL determi-
nation is not available (for financial or other reasons), the novel method
should be employed instead of the traditional Friedewald calculation,
since it classifies results more in accordance with LDL4. Therefore the
novel equation improves concordance in risk classification of calculated
LDL with the direct LDL assay employed in this paper. Which cell-count
table is used (180-, 360- or 2000- cell) does not make a difference; the
180-cell table is as good as the higher cell count tables. On the other
hand, since the novel method will be implemented by software code
and not calculated by hand (which is almost always the case even for
the Friedewald calculation which is computationally much less de-
manding than the novel one), the higher cell-count tables could be used
as well.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.cca.2019.06.023.
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