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Background: High LDL-cholesterol (LDL-C) is an established risk factor for cardiovascular
disease and is considered an important therapeutic target. It can be measured directly or
calculated from the results of other lipid tests. The Friedewald formula is the most widely
used formula for calculating LDL-C. We modified the Friedewald formula for a more accu-
rate and practical estimation of LDL-C.

Methods: Datasets, including measured triglyceride, total cholesterol, HDL-cholesterol,
and LDL-C concentrations were collected and assigned to derivation and validation sets.
The datasets were further divided into five groups based on triglyceride concentrations. In
the modified formula, LDL-C was defined as total cholesterol — HDL-cholesterol — (triglyc-
eride/adjustment factor). For each group, the adjustment factor that minimized the differ-
ence between measured LDL-C and calculated LDL-C using modified formula was ob-
tained. For validation, measured LDL-C and LDL-C calculated using the modified formula
(LDL-CM), Friedewald formula (LDL-CF), Martin-Hopkins formula (LDL-CMa), and Samp-
son formula (LDL-CS) were compared.

Results: In the derivation set, the adjustment factors were 4.7, 5.9, 6.3, and 6.4 for the
groups with triglyceride concentrations <100, 101-200, 201-300, and >300 mg/dL, re-
spectively. In the validation set, the coefficient of determination (R?) between measured
and calculated LDL-C was higher for LDL-CM than for LDL-CF (R?=0.9330 vs. 0.9206).
The agreement according to the National Cholesterol Education Program Adult Treatment
Panel IlI classification of LDL-C was 86.36%, 86.08%, 86.82%, and 86.15% for LDL-CM,
LDL-CF, LDL-CMa, and LDL-CS, respectively.

Conclusions: We proposed a practical, improved LDL-C calculation formula by applying
different factors depending on the triglyceride concentration.
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INTRODUCTION

thelial space is involved in the early pathogenesis of atheroscle-

rosis [4, B]. As a dominant form of atherogenic cholesterol, high

High concentrations of low density lipoprotein cholesterol (LDL-
C) is associated with atherosclerotic cardiovascular disease (AS-
CVD), along with low levels of high density lipoprotein choles-
terol (HDL-C) [1-3]. The accumulation of LDL-C in the subendo-
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serum LDL-C is a risk factor for ASCVD [6-8]. Lowering LDL-C
through statin therapy has shown improved outcomes in multi-
ple randomized trials [9]. Therefore, various current guidelines
recommend measuring LDL-C for the risk assessment of ASCVD
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and monitoring of LDL-C-lowering therapies involving statin ad-
ministration [1, 10].

At present, the reference procedure for measuring LDL-C is
ultracentrifugation [11]. However, this method involves a com-
plex process and cannot be fully automated. Therefore, many
clinical laboratories directly measure LDL-C using homogeneous
assays and automated analyzers [12, 13]. Homogeneous assays
contain detergents or other components that selectively block or
solubilize specific classes of lipoproteins and enable the specific
measurement of LDL-C. However, homogeneous assays have
variable analytical performance and show discordant results,
especially at low LDL-C concentrations [14].

Despite the introduction of homogeneous LDL-C assays, many
institutions worldwide still obtain LDL-C concentrations through
calculations [15]. Since the introduction of the Friedewald for-
mula, which estimates LDL-C from total cholesterol, triglycerides,
and HDL-C, in 1972, LDL-C calculation methods have been
used [16]. The Friedewald formula was originally developed for
use in epidemiological studies, and it has been widely adopted
in clinical laboratories for economic reasons [12]. Several at-
tempts have been made to improve the Friedewald formula [17-
20]. In 2013, Martin, et al. [21] published a novel calculation
formula using 180 combinations of triglycerides:very-low density
lipoprotein cholesterol (VLDL-C) ratio. Sampson, et al. [22] pro-
posed a new formula applicable to up to 800 mg/dL of triglycer-
ides. However, these formulas are not as widely used as the
Friedewald formula. We derived a modified LDL-C calculation
formula based on the Friedewald formula in a relatively simple
manner to establish a more accurate and practical LDL-C calcu-
lation method for application in clinical laboratories.

MATERIALS AND METHODS

Data collection

We collected 140,482 test results of outpatients who underwent
lipid testing between March 2021 and July 2021 at a tertiary care
hospital retrospectively. Each dataset consisted of total choles-
terol, HDL-C, LDL-C, and triglyceride concentrations measured
simultaneously from each sample. Total cholesterol, HDL-C, LDL-
C, and triglycerides were measured using the AU5800 Clinical
Chemistry System (Beckman Coulter, Brea, CA, USA) and its
dedicated enzymatic assay reagents. The test principles were
the enzymatic cholesterol oxidase-peroxidase method for total
cholesterol measurement, enzymatic colorimetric method based
on the polyanion-polymer detergent method [23] for HDL-C mea-
surement, enzymatic colorimetric method based on the Daiichi
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method [24] for LDL-C measurement, and enzymatic glycerol
phosphate oxidase-peroxidase method for triglyceride measure-
ment. For each analyte, results outside the 1st and 99th percen-
tiles were excluded from analysis. Cases in which the measured
total cholesterol was less than the sum of measured HDL-C and
LDL-C were also excluded from analysis. The collected datasets
were divided into two groups. Results from March 2021 to May
2021 were regarded as the derivation set and those from June
2021 to July 2021 as the validation set. This study was approved
by the Institutional Review Board (IRB) of Asan Medical Center,
Seoul, Korea (IRB No.: 2022-0372).

Formula derivation

Datasets in the derivation set were divided into five groups based
on triglyceride concentrations (0-100, 101-200, 201-300, 301-
400, >400 mg/dL). Friedewald LDL-C (LDL-CF) was calculated
as (total cholesterol)-(HDL-C)—(triglyceride/5) in mg/dL [16]. The
novel modified formula estimated LDL-C (LDL-CM) as (total cho-
lesterol)-(HDL-C)—(triglyceride/adjustment factor) in mg/dL. Num-
bers from 4.0 to 6.5 with one decimal place were applied as ad-
justment factors. For each dataset, LDL-CM was calculated us-
ing adjustment factor values ranging between 4.0 and 6.5 and
LDL-CF was also calculated. To determine the optimal adjust-
ment factor value for each triglyceride concentration group, the
mean of the difference between LDL-CM and measured LDL-C
was calculated for each factor value and each triglyceride con-
centration group.

Formula validation

LDL-CF and LDL-CM were calculated from the datasets in the
validation set in the same manner as in the derivation set. Among
the datasets assigned to the validation set, cases with a triglyc-
eride concentration >400 mg/dL were excluded from the analy-
sis. To verify the performance of the calculation formula using
the optimal adjustment factor obtained from the derivations set,
the coefficient of determination (R?) between measured LDL-C
and LDL-CM using the adjustment factor was obtained and com-
pared with that of LDL-CF, LDL-C calculated using the Martin-
Hopkins formula (LDL-CMa) [21], and LDL-C calculated using
the Sampson formula (LDL-CS) [22]. To estimate the agreement
rate, measured LDL-C, LDL-CF, LDL-CM calculated using the
adjustment factor obtained from the derivation set, LDL-CMa
and LDL-CS were classified according to the U.S. National Cho-
lesterol Education Program Adult Treatment Panel |1l (NCEP-
ATP 111) guidelines [25]. In the NCEP-ATP IlI classification, LDL-
C<100 mg/dL is defined as optimal, 100-129 mg/dL as near
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Fig. 1. Flowchart of the study design.
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\ 4

Calculate LDL-C with Friedewald formula
and modified formula

Categorized measured and calculated LDL-C into
groups according to NCEP-ATP Il classification
(N=54,379)

Abbreviations: HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol; NCEP-ATP III, U.S. National Cholesterol Education Program Adult Treatment Panel IlI; TG,

triglyceride.

optimal, 130-159 mg/dL as borderline high, 160-189 mg/dL as
high, and >190 mg/dL as very high [25]. ATP Il classification
agreement between measured LDL-C and LDL-CM, LDL-CF,
LDL-CMa, and LDL-CS was determined (Fig. 1). For cases with
LDL-C< 100 mg/dL, additional analysis was conducted by ap-
plying the 2019 European Society of Cardiology (ESC) and Eu-
ropean Atherosclerosis Society (EAS) guidelines, which divide
LDL-C treatment goals into <55, 70, 100, and 116 mg/dL [10].

Statistical analysis
Microsoft Excel (Microsoft, Redmond, WA, USA) and GraphPad

Prism version 9 for Windows (GraphPad Software, San Diego,
CA, USA) were used for statistical analysis.

RESULTS

Data collection
In total, 140,482 datasets were obtained. Table 1 shows the
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means, medians, and ranges of total cholesterol, HDL-C, LDL-C,
and triglycerides in the datasets. We assigned 76,508 datasets
to the derivation set and 54,481 datasets to the validation set.

Formula derivation

Fig. 2A shows the mean difference between measured LDL-C
and LDL-CM for each adjustment factor value and each triglyc-
eride concentration group in the derivation set. The adjustment
factor value, in which the mean difference between LDL-C and
LDL-CM was the smallest, was 4.7 for the <100 mg/dL triglyc-
eride concentration group, 5.9 for the 101-200 mg/dL triglycer-
ide concentration group, 6.3 for the 201-300 mg/dL triglyceride
concentration group, and 6.4 for the 301-400 mg/dL triglycer-
ide concentration group. When the factors minimizing the mean
difference were applied, the 95% confidence intervals of the
mean differences were (-0.224, -0.067), (0.068, 0.253), (-0.173,
0.446), and (-0.522, 1.190) for the < 100, 101-200, 201-300,
and 301-400 mg/dL groups, respectively.
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Table 1. Data characteristics of outpatient test results (N=140,482)
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Variable N Mean Median SD Range 25th—75th percentile 1st—99th percentile
Total cholesterol (mg/dL) 170.6 167 427 20-1,526 140-197 90-283
HDL-C (direct) (mg/dL) 52.1 50 14.2 3-187 42-60 27-94
LDL-C (direct) (mg/dL) 95.0 91 354 6-1,559 69-117 33-190

<100 83,542

100-129 33,771

130-159 16,732

160-189 5,031

>190 1,406
Triglyceride (mg/dL) 1295 110 92.7 18-6,805 80-153 43-427

<100 60,080

101-200 63,785

201-300 12,128

301-400 2,786

>400 1,703

Abbreviations: HDL-C, HDL-cholesterol; LDL-C, LDL-cholesterol.
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Fig. 2. (A) The mean of difference between calculated and measured LDL-C for each group of triglycerides and factors in derivation set.
The smallest mean differences are observed in factor 4.7, 5.9, 6.3, and 6.4 for the groups with triglyceride concentrations <100, 101-200,
201-300, and >300 mg/dL. (B) The mean of difference between calculated and measured LDL-C for each group of triglycerides and fac-
tors in validation set. 95% confidence interval is shown for groups with triglyceride concentrations 301-400 and >400 mg/dL.

Abbreviations: Cl, confidence interval; LDL-C, LDL-cholesterol.

Formula validation

Fig. 2B shows the mean difference between measured LDL-C
and LDL-CM for each factor value and each triglyceride concen-
tration group in the validation set. LDL-CM of the validation set
was calculated by applying the determined adjustment factor
value obtained from the derivation set to the validation set. Cal-
culated LDL-CM, LDL-CF, LDL-CMa, LDL-CS were compared with
measured LDL-C (Fig. 3). The coefficient of determination was
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higher for LDL-CM (R?=0.9330) than for LDL-CF (R?=0.9206),
LDL-CMa (R?*=0.9325), and LDL-CS (R?=0.9326). The mean
absolute difference from the measured value was 6.46, 7.15,
6.21, 6.52 mg/dL for LDL-CM, LDL-CF, LDL-CMa, LDL-CS, re-
spectively.

Measured LDL-C, LDL-CM, LDL-CF, LDL-CMa, and LDL-CS
were classified according to the ATP IlI classification [25], and
the number of cases belonging to each group were counted

https://doi.org/10.3343/alm.2023.43.1.29
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Fig. 3. Scatter plots and regression lines comparing measured and calculated LDL-C using the Friedewald formula (A), modified formula

(B), Martin-Hopkins formula (C), and Sampson formula (D).
Abbreviation: LDL-C, LDL-cholesterol.

(Fig. 4). Fig. 4 shows the agreement between measured LDL-C
and LDL-CM, LDL-CF, LDL-CMa, and LDL-CS for all cases. When
calculated LDL-C values were classified according to the ATP Il
classification, the numbers of overestimated cases (i.e., belong-
ing to a higher group) and underestimated cases (i.e., belonging
to a lower group) compared with measured LDL-C were obtained.
The agreement rate of LDL-CM (86.36%) using the determined
adjustment factor was higher than that of LDL-CF (86.08%) and
LDL-CS (86.15%), but lower than that of LDL-CMa (86.82%).
For LDL-CF, there were more underestimated cases (N=4,126)
than overestimated cases (N=3,444), while LDL-CM was asso-
ciated with the highest number of overestimated cases (N=4,712)

https://doi.org/10.3343/alm.2023.43.1.29

and the lowest number of underestimated cases (N=2,708)
among the four methods.

For cases with LDL-C <100 mg/dL, a separate analysis ac-
cording to the 2019 ESC/EAS guidelines was conducted (Fig. 5).
Among the four formulae, the Friedewald formula showed the
strongest tendency to underestimate.

DISCUSSION

The Friedewald formula has been widely used for LDL-C estima-
tion since its publication in 1972. In this formula, HDL-C and
VLDL-C are subtracted from total cholesterol to calculate the LDL-
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Fig. 4. (A) Distribution of LDL-C calculated with different formulae according to the NCEP-ATP Il classification. (B) Agreement rate between

measured LDL-C and calculated LDL-C using different formulae.

Abbreviations: LDL-C, LDL-cholesterol; NCEP-ATP IlI, U.S. National Cholesterol Education Program Adult Treatment Panel Ill.
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Fig. 5. Cases with LDL-C <100 mg/dL were analyzed by applying the 2019 ESC/EAS guidelines. (A) Distribution of LDL-C calculated with
different formulae according to the 2019 ESC/EAS guidelines. (B) Agreement rate between measured LDL-C and calculated LDL-C using

different formulae.

Abbreviations: ESC/EAS, European Society of Cardiology and European Atherosclerosis Society; LDL-C, LDL-cholesterol.

C concentration. VLDL-C is obtained from the triglyceride:VLDL-
C ratio. In the Friedewald formula, this ratio was set to 5 based
on lipid measurements in 232 men and 216 women [16]. How-
ever, it has been reported that at LDL-C <70 mg/dL, the calcu-
lated results tend to be underestimated when compared with
measured values. This tendency is particularly strong when tri-
glyceride concentrations >150 mg/dL [26]. In addition, since
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there have been many changes since the creation of the Friede-
wald formula, including the introduction of a new LDL-C mea-
surement method [12] and the establishment of the Cholesterol
Reference Method Laboratory Network (CRMLN) to improve the
standardization of cholesterol measurement [27], it is necessary
to reevaluate the Friedewald formula.

In the modified formula evaluated in this study, at triglyceride

https://doi.org/10.3343/alm.2023.43.1.29



Hong J, et al.
Modification of LDL-C calculation formula

concentrations >100 mg/dL, a triglyceride:VLDL-C ratio >5 was
used to reduce the underestimation of calculated LDL-C. The
LDL-C concentration is important for treatment decisions, such
as risk group selection, lifestyle modification, and statin therapy.
If the calculated LDL-C concentration is lower than the actual
concentration, a fraction of the population that requires treat-
ment may be missed. By reducing the underestimation of LDL-
C through the use of the modified formula, it is expected that
the ASCVD risk can be better predicted.

In 2013, Martin, et al. [21] reported an equation that calcu-
lates LDL-C using different adjustment factors according to the
triglyceride concentration. In the Martin-Hopkins study, datasets
were divided into 180 groups according to triglyceride and non-
HDL-C concentrations, and different factors were applied to each
group. The Martin-Hopkins formula was derived from a sophisti-
cated study in that it uses very fractionized adjustment factors
derived using a very large datasets. Although it is believed that
the formula has a great advantage in terms of accuracy of esti-
mation, it is not easily applicable to laboratory information sys-
tems and clinical laboratories. Like Martin, et al. [21], we used a
different adjustment factor for each group; however, we suggest
a simpler modification to overcome the pitfalls of the Martin-
Hopkins formula, using a relatively small number of factors de-
rived from the data of the institution.

In this study, we attempted to adjust the triglyceride:VLDL-C
ratio, and several LDL-C formulae were applied to actual patient
data to determine whether the triglyceride:VLDL-C ratio of 5 used
in the Friedewald formula is appropriate. The factor value (i.e.,
the triglyceride:VLDL-C ratio that minimalizes the mean differ-
ence between the calculated and measured LDL-C) obtained
from the derivation set slightly differed from that obtained from
the validation set. However, in both datasets, there was a similar
tendency that it is appropriate to use adjustment factor value
less than b5 at triglyceride concentrations <100 mg/dL and >5
at triglyceride concentrations >100 mg/dL.

The measured LDL-C concentrations used to derive the cal-
culation formula in this study were not measured using ultra-
centrifugation, the gold standard for LDL-C measurement, but
using a homogeneous assay routinely used in clinical laborato-
ries. As the calibrators of the homogeneous assay used were
manufactured to be traceable to the U.S. Centers for Disease
Control and Prevention LDL-C reference method [28], the LDL-
C concentrations measured using the assay seem to be appro-
priate for comparison. However, we cannot claim that the ad-
justment factor calculated in this study is an optimal value that
can be used universally because changes in the lipid test during
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the data collection period may have affected the results. Differ-
ent factors may have to be derived and used for each country,
ethnicity, or laboratory. In addition, we used lipid test results ob-
tained from a closed measurement system of one manufacturer.
A previous study applying the Friedewald, Martin-Hopkins, and
Sampson formulas to lipid data obtained from Abbott and Roche
analyzers reported that the performance of the Martin-Hopkins
formula was less affected by different reagents than the Samp-
son formula [29]. Further research is required to determine whe-
ther factors derived from data obtained using different measure-
ment systems and test principles significantly differ.

One of the limitations of this study is that at triglyceride con-
centrations >400 mg/dL, the mean difference showed a very
wide 95% confidence interval. Thus, at these concentrations,
the calculation formula is not applicable. This problem has been
also reported for the Friedewald formula [16]. Since calculated
LDL-C may not be accurate in very lipemic samples, attention
should be paid to lipid analysis in the case of lipemic samples
identified through gross examination or based on the lipemia in-
dex. Direct measurement may also be inaccurate in lipemic sam-
ples [15]; therefore, in such cases, strict fasting and evaluation
of other causes of lipemia are required.

For LDL-C concentrations <100 mg/dL, all four calculation
formulae showed relatively poor performance. A study evaluat-
ing several homogeneous LDL-C assays reported that large dif-
ferences between ultracentrifugation results and homogeneous
assay results were particularly frequent at lower LDL-C concen-
trations [14]. As the measured LDL-C concentrations used for
comparison in this study were determined using a direct homo-
geneous assay, the reliability of the measured values may be
somewhat insufficient at low LDL-C concentrations, which is an-
other limitation of this study. Since strict LDL-C control to as low
as 70 mg/dL is recommended for the prevention of ASCVD [1,
10], further efforts are needed to accurately evaluate low LDL-C
concentrations in clinical samples.

In conclusion, we demonstrated the process of deriving a
simple LDL-C calculation equation that improves accuracy. This
study confirmed that the triglyceride:VLDL-C ratio, which is used
in the equation to obtain accurate LDL-C values, differed from 5,
the number used in the Friedewald formula. We recommend
that clinical laboratories that calculate LDL-C values using cal-
culation formulae to review the calculation formula they use and
consider using improved calculation formulae, such as the one
presented in this study.
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