& frontiers | Frontiers in Cardiovascular Medicine

@ Check for updates

OPEN ACCESS

EDITED BY
Chu-Huang Chen,
Texas Heart Institute, United States

REVIEWED BY
Tongyu Ma,

Franklin Pierce University,
United States

Dick C. Chan,

University of Western
Australia, Australia

*CORRESPONDENCE
Ling Liu
feliuling@csu.edu.cn

SPECIALTY SECTION

This article was submitted to

Lipids in Cardiovascular Disease,

a section of the journal

Frontiers in Cardiovascular Medicine

RECEIVED 14 May 2022
ACCEPTED 19 July 2022
PUBLISHED 18 August 2022

CITATION
Xu J, Du X, Zhang S, Xiang Q, Zhu L
and Liu L (2022) The accuracy of four
formulas for LDL-C calculation at the
fasting and postprandial states.

Front. Cardiovasc. Med. 9:944003.
doi: 10.3389/fcvm.2022.944003

COPYRIGHT

© 2022 Xu, Du, Zhang, Xiang, Zhu and
Liu. This is an open-access article
distributed under the terms of the
Creative Commons Attribution License
(CC BY). The use, distribution or
reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

Frontiers in Cardiovascular Medicine

TYPE Original Research
PUBLISHED 18 August 2022
Dol 10.3389/fcvm.2022.944003

The accuracy of four formulas
for LDL-C calculation at the
fasting and postprandial states

Jin Xu?34, Xiao Du*?3#, Shilan Zhang!234%,
Qunyan Xiang“#*#, Liyuan Zhu'#*# and Ling Liu*%***

!Department of Cardiovascular Medicine, The Second Xiangya Hospital, Central South University,
Changsha, China, ?Research Institute of Blood Lipid and Atherosclerosis, Central South University,
Changsha, China, *Modern Cardiovascular Disease Clinical Technology Research Center of Hunan
Province, Changsha, China, “Cardiovascular Disease Research Center of Hunan Province,
Changsha, China, °*Department of Gastroenterology, The Second Xiangya Hospital, Central South
University, Changsha, China

Background: Elevated level of low-density lipoprotein cholesterol (LDL-C) is
concerned as one of the main risk factors for cardiovascular disease, in both
the fasting and postprandial states. This study aimed to compare the measured
LDL-C with LDL-C calculated by the Friedewald, Martin—Hopkins, Vujovic,
and Sampson formulas, and establish which formula could provide the most
reliable LDL-C results for Chinese subjects, especially at the postprandial state.

Methods: Twenty-six subjects were enrolled in this study. The blood samples
were collected from all the subjects before and after taking a daily breakfast.
The calculated LDL-C results were compared with LDL-C measured by the
vertical auto profile method, at both the fasting and postprandial states.
The percentage difference between calculated and measured LDL-C (total
error) and the number of results exceeding the total error goal of 12%
were established.

Results: The calculated LDL-Cf levels showed no significant difference from
LDL-Cyap levels at the fasting state. The calculated LDL-Cg were significantly
higher than LDL-Cyap at the fasting state (P < 0.05), while the calculated
LDL-Cs were very close to LDL-Cypp levels after a daily meal. At the fasting
state, the median total error of calculated LDL-Cf was O (quartile: —3.8 to
6.0), followed by LDL-Cg, LDL-Cpp. and LDL-Cy,. At the postprandial states,
the median total errors of LDL-Cg were the smallest, 1.0 (—7.5, 8.5) and —0.3
(=10.1, 10.9) at 2 and 4 h, respectively. The calculated LDL-Cf levels showed
the highest correlation to LDL-Cyap and accuracy in evaluating fasting LDL-C
levels, while the Sampson formula showed the highest accuracy at the
postprandial state.

Conclusion: The Friedewald formula was recommended to calculate fasting
LDL-C, while the Sampson formula seemed to be a better choice to calculate
postprandial LDL-C levels in Chinese subjects.

KEYWORDS

LDL-C, postprandial, Friedewald formula, Vujovic formula, Martin—Hopkins formula,
Sampson formula, vertical auto profile method
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Background

Cardiovascular disease (CVD) has been the leading
cause of death worldwide (1). The elevated level of low-
(LDL-C) s
as one of the main risk factors of CVD, especially for

density lipoprotein cholesterol concerned
atherosclerotic CVD (2). In clinical practice, it is the
main laboratory parameter used for cardiovascular risk
assessment and the primary target for cholesterol control
(3). Therefore, it is crucial to ensure reliable measurement
of LDL-C levels.

There are several methods to measure LDL-C levels,
including ultracentrifugation, formula methods, direct method,
and nuclear MR (NMR) method (4). Among them, the
ultracentrifugation method is recommended as the reference
method for LDL-C measurement. Due to complex operations
and expensive equipment, ultracentrifugation is difficult to be
widely used in clinical practice. Vertical auto profile (VAP)
methodology, one of the ultracentrifugation methods, was used
to measure lipid profiles as a reference method, commonly at the
fasting state (5). However, a study involving the measurement
of lipid profiles by VAP at the postprandial or non-fasting state
is very rare worldwide (6, 7), and there was no similar study
in China.

In comparison, the formula method is simpler and cheaper.
The Friedewald method developed in 1972 is the main
mathematical formula for LDL-C calculation (8). It uses a
fixed coefficient, 2.2 (for mmol/l), to describe the relationship
between triglyceride (TG) and very-low-density lipoprotein
cholesterol (VLDL-C) (8). When the TG level was above
4.5 mmol/l, the accuracy of this formula will decline. Thus,
other formulas were proposed. In 2003, the Vujovic formula,
which uses 3.0 (for mmol/l) as a ratio of TG to VLDL-C,
was proposed for LDL-C calculation (9). Then, the Martin-
Hopkins formula was developed with an adjustable ratio
based on TG and non-high-density lipoprotein cholesterol
(non-HDL-C) levels (10). In 2020, Sampson and colleagues
(11) proposed a new formula, which was proved to be
suitable for samples with TG levels up to 9.0 mmol/l. Those
novel formulas were proved to be more accurate than the
Friedewald formula (12).

Recently, a variety of expert recommendations have
supported non-fasting lipid assessment (13-15), as elevated non-
fasting TG and LDL-C levels had been regarded as independent
risk factors of atherosclerotic CVD (16, 17). We once reported
that the direct measured LDL-C levels were significantly higher
than calculated LDL-C levels by the Friedewald formula at both
the fasting and non-fasting states in Chinese subjects (18). Three
novel formula methods and the VAP method were not involved
in this study. Thus, this study aimed to establish which formula
method could provide the most reliable LDL-C results when
compared with the VAP method for Chinese subjects, especially
in the postprandial state.
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Methods
Study subjects

There were 26 subjects (in-patient) included in this study
in the Department of Cardiovascular Medicine of the Second
Xiangya Hospital, Central South University. All the subjects
were invited to fill out a questionnaire on medical history and
use of medication before participation. Subjects with fasting TG
levels above 4.5 mmol/l were excluded. No subject had a history
of thyroid diseases, liver and kidney diseases, autoimmune
diseases, cancer, or other severe medical illnesses. The study
was approved by the Ethics Committee of the Second Xiangya
Hospital of Central South University and informed consent was
gained from all the participants.

Specimen collection

After atleast 12 h of overnight fasting, venous blood samples
were collected in all the subjects before (i.e., 0h) and at 2 and
4h after taking a daily breakfast according to their daily habits,
such as steamed bread, rice porridge, or noodles (19). All the
subjects were required to complete the meal in 15 min. All the
blood samples were centrifuged at 4°C for 3,000 rpm for 15 min
and stored at —80°C refrigerator until analysis.

Laboratory assays

Blood lipids were detected in two ways. First, all the
blood samples were measured in a medical laboratory in
Second Xiangya Hospital by a laboratory technician who had
no knowledge of this study as described before (20). Serum
levels of total cholesterol (TC) and TG were measured by
automated enzymatic assays, and the concentration of HDL-C
was measured by a direct method, i.e., the selective protection
method. LDL-C level was measured directly by the chemical
masking (CM) method (i.e., LDL-Cc)p) regardless of TG level.
Then, the VAP method was used to measure all the lipid
profiles, including LDL-C (i.e., LDL-Cyap), as a reference
method (5). In brief, it simultaneously measures cholesterol
concentrations of all the five lipoprotein classes in <1 h. After
centrifugation, the contents of the centrifuge tube (separated
layers of lipoproteins) were analyzed for cholesterol using the
continuous flow VAP analyzer (5).

Low-density lipoprotein cholesterol
calculation

For each sample, the LDL-C level was calculated using
mathematical formulas with CM measured lipids as follows:
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Friedewald (8): LDL-Cg = TC - HDL-C - TG/2.2 (mmol/l)

Vujovic (9): LDL-Cy = TC - HDL-C - TG/3 (mmol/l)

Martin-Hopkins (10): LDL-Cpyjg = TC - HDL-C -
TG/adjustable factor (mg/dl)
Sampson (11): LDL-Cg = TC/0.948 - HDL-C/0.971

- (TG/8.56 + TG x non-HDL-C/2,140 - TG2/16,100) -
9.44 (mg/dl).

The factor of 0.026 was used to convert LDL-C from mg/dl
into mmol/l, if necessary.

Statistical analysis

All the continuous levels were expressed as median
(interquartile range) and qualitative variables were expressed
as numbers and percentages. The measured TC, HDL-C, LDL-
C, and the calculated LDL-C were tested to be distributed
normally, while the measured TG was proven to be non-normal
distribution. The parametric and non-parametric statistical tests
were used for corresponding data, respectively. Differences
between different groups were analyzed by one-way ANOVA,
while differences among different time points within the
same group were analyzed by repeated measure one-way
ANOVA analysis. Categorical variables were compared using
the chi-squared statistic tests. The Bland-Altman difference
plots were used to compare calculated LDL-C levels and
the LDL-Cyap. Correlation between calculated LDL-C levels
and the LDL-Cypp was conducted with Pearson correlation
analyses. For each sample, the total error (%) between the
mathematically calculated LDL-C and LDL-Cyp was estimated
as follows: [(LDL_Cformula - LDL—CVAP)/LDL—CVAP] x 100%.
The accuracy of estimation was defined as the total error
£ 12% (21). All the statistical analyses were performed with
SPSS version 25.0. All the P-levels were 2-tailed, and P <
0.05 was considered statistically significant. For differences
between LDL-Cyap and LDL-Cgypula> P < 0.01 was considered
statistically significant, as we replaced post-hoc analysis in the
repeated measure one-way ANOVA analyses using one-way
ANOVA analyses.

Results

Population characteristics

There were 26 subjects who participated in this study,
including 17 (65.4%) men and 9 (34.6%) women. Their ages
ranged from 46 to 73 years, with a median age of 62.5
years. Five of them got a body mass index (BMI) of over
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TABLE 1 Study population characteristics.

Parameters N =126

Male, n (%) 17 (65.4)

Age, y 62.5 (54.75, 66.5)
BMI, Kg/m? 25.51 (23.2,27.0)
Current smoking, 1 (%) 11 (42.3)
CHD, n (%) 18 (69.2)
Hypertension, n (%) 18 (69.2)
Diabetes, 1 (%) 8(30.8)
History of statins, #n (%) 12 (46.2)

Values are represented as median (interquartile range) and n (%) as appropriate.
BMI, body mass index; CHD, coronary heart disease.

28 kg/m? and the median BMI of all the subjects was 25.5
kg/m?. The patients with coronary heart disease, hypertension,
and diabetes accounted for 69.2, 69.2, and 30.8%, respectively.
There were 42.3% of smokers and 46.2% of subjects taking
statins (Table 1).

Postprandial changes in serum levels of
blood lipids measured by different
methods

It was obvious that the levels of TC, TG, and LDL-C
measured by CM were significantly higher than those measured
by VAP, while HDL-C levels measured by the two methods were
similar at both the fasting and postprandial states (Figure 1). No
matter which method was used, both the TC and LDL-C levels
decreased significantly after a daily meal compared to the fasting
state (P < 0.05, Figures 1A,C), while TG showed tremendously
increase at the postprandial time points (P < 0.05, Figure 1B).
The levels of HDL-C kept stable after a daily meal no matter
which method was used (Figure 1D).

The calculated levels of LDL-C were acquired by four
different formulas with blood lipids measured by CM, and they
showed a similar decrease after a daily meal and the postprandial
changes reached a statistic difference (P < 0.05, Figure 2). It is
worth noting that there was no significant difference between
calculated LDL-C levels at 2 and 4 h, no matter which formula
was used.

The calculated LDL-C levels via Friedewald, Martin—
Hopkins, and Sampson formulas showed no significant
difference when compared to LDL-Cyap levels at both the
fasting and postprandial states (Figures 2A,C,D). However, the
calculated LDL-Cy levels were significantly higher than LDL-
Cyap levels at the fasting state (P < 0.05 Figure 2B), while the
calculated LDL-Cy levels were very close to LDL-Cyp levels
after a daily meal (Figure 2B). The calculated LDL-CF levels
seem to be lower than LDL-Cyap levels at the postprandial
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FIGURE 1
Changes in serum levels of blood lipids via VAP and chemical masking method after a daily meal. *P < 0.05 when compared with VAP measured
values at the same time point. #P < 0.05 when compared with fasting value using the same measure method.

states, while the difference did not reach statistical significance
(P < 0.05, Figure 2A).

The calculated LDL-Cg, LDL-Cg, and LDL-Cpyg levels
were all significantly lower than LDL-Ccyp levels at the
fasting and postprandial states (P < 0.05, Figures 2A,C,D).
The LDL-Cy levels were lower than LDL-Ccy levels; however,
the difference reached statistical significance only at 4h
postprandially (Figure 2B).

Consistency and correlation between
estimated and measured low-density
lipoprotein cholesterol

showed great
LDL-C
(Supplementary Figure 1). The measured LDL-Ccyp also had a

The difference

consistency

Bland-Altman
estimated

plots

in and  measured
good consistency with LDL-Cyap (Supplementary Figure 1).
The Pearson correlation analyses showed a strong and positive
correlation between LDL-Cyap levels and the calculated LDL-C

levels by four formulas, and the r levels ranged from 0.836 to
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0.961 at the fasting and postprandial states (P < 0.05, Table 2).
At the fasting state, the strongest correlation was found between
LDL-Cyap levels and LDL-Cg levels (r 0.870, P < 0.05). At the
postprandial states, the strongest correlation was found between
LDL-Cyap levels and the LDL-Cy levels (2 h: r 0.961, 4 h: r
0.956, P < 0.05).

A positive correlation was also found between LDL-Cyap
and LDL-Ccy at the fasting and postprandial states (0 h: r
0.780, 2 h: r 0.883, 4 h: r 0.859, P < 0.05, Table 2). However,
the correlation between LDL-Cyap and LDL-Cgpy was weaker
than the correlation between LDL-Cyap and the calculated LDL-
C levels by four formulas at both the fasting and postprandial
states (Table 2).

Distribution of the total error at the
fasting and postprandial states

To determine the reliability of calculated LDL-C levels
by different formulas, we calculated the total errors between
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FIGURE 2
Changes in LDL-C levels via different calculated methods after a daily meal. *P < 0.05 when compared with calculated values at the same
time point.

TABLE 2 Correlation in chemical masking method measured and
formula estimated vs. VAP measured LDL-C.

LDLO LDL2 LDL4
Friedewald 0.870 0.920 0.913
Vujovic 0.85 0.961 0.956
Martin/Hopkins 0.837 0.927 0.902
Sampson 0.836 0.939 0.928
CM 0.780 0.883 0.859

calculated LDL-C and LDL-Cyp levels. At the fasting state, the
median total error of calculated LDL-Cf was 0 (quartile: —3.8 to
6.0; Figure 3A; Supplementary Table 1). The median total errors
of calculated fasting LDL-Cy, LDL-Cpy, and LDL-Cg were 11.2
(3.2, 18.9), 7.0 (—2.5, 15.3), and 3.4 (—1.7, 10.0), respectively
(Figures 3B-D; Supplementary Table 1).

The median total errors of LDL-Cg were —3.9 (—14.1,
2.4) and —9.9 (—15.3, 0) at 2 and 4h, respectively (Figure 3A;
Supplementary Table 1), which suggested that the Friedewald
formula could underestimate LDL-C levels when compared with
the VAP method at the postprandial state. The median total
errors of LDL-Cy and LDL-Cyy ranged from 2.6 and 6.5 at
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the postprandial states (Figures 3B,C; Supplementary Table 1),
which indicated that Vujovic and Martin-Hopkins formulas
could overestimate LDL-C levels when compared with the
VAP method at the postprandial state. The median total
errors of postprandial LDL-Cg were small, i.e., 1.0 (—=7.5, 8.5)
and —0.3 (—10.1, 10.9) at 2 and 4h, respectively (Figure 3D;
Supplementary Table 1).

Percentage of the accuracy of estimated
low-density lipoprotein cholesterol

The accuracy of calculated LDL-C levels by formulas was
considered as the percentage of the total error between —12
and 12% when compared with LDL-Cyp levels. The Friedewald
formula showed the highest accuracy, 80.8%, at the fasting
state, followed by Sampson, Martin-Hopkins, and Vujovic
formulas (Figure 3E). The Sampson formula showed the highest
accuracy, 80.8%, at 2h postprandially, followed by Friedewald,
Martin-Hopkins, and Vujovic formulas (Figure 3E). At 4h
after a daily meal, the Martin-Hopkins formula and Sampson
formula showed higher accuracy than Vujovic and Friedewald
formulas (Figure 3E).
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Discussion

This is the first study to compare the calculated LDL-C
levels by different formulas to LDL-Cyap levels at both the
fasting and postprandial states in Chinese subjects. We found
that the calculated LDL-CF levels showed the highest correlation
to LDL-Cyap and accuracy in evaluating fasting LDL-C levels,
while the Sampson formula showed the highest accuracy at
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the postprandial state. Therefore, the Friedewald and Sampson
formulas seemed to be a better choice to calculate fasting and
postprandial LDL-C levels, respectively, in Chinese subjects.
Similar to the postprandial change in LDL-Ccy levels, LDL-
Cyap levels significantly decreased at 2 and 4h after a daily
meal in this study, which was different from the results reported
by Hu et al. (22) who measured lipid profiles by enzymatic-
and NMR-based methods in 87 Chinese subjects and reported
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that there was no significant reduction in LDL-C levels and
LDL particles determined by NMR after a daily meal. However,
they found cholesterol content in large LDL particles that
significantly decreased at 2 and 4 h compared to the fasting one
(22). American researchers compared lipid profiles detected by
the VAP method between 10,135 fasting and 5,262 non-fasting
(<8h since last meal) subjects, and found significantly lower
LDL-Clevels and LDL particles in non-fasting subjects, although
percent differences in these parameters were small (6). Chinese
subjects showed a more obvious reduction in LDL-C levels at 2
and 4 h postprandially, for example, about 18% after a daily meal
and 28% after a high-fat meal (18, 23). Moreover, considering
that ultracentrifugation is the reference method for LDL-C
measurement, and the VAP method is rapid ultracentrifugation,
the reduction of LDL-C levels after a daily meal cannot be
ignored, especially in Chinese subjects.

It was reported that LDL-Cc) levels were higher than LDL-
C measured by NMR in Chinese subjects with different diseases
(22). In this study, both the LDL-Cyap levels and LDL-C levels
calculated by formulas were lower than LDL-Ccy levels at both
the fasting and postprandial states, which prompted us to pay
more attention to the difference between LDL-C levels calculated
by formulas and LDL-Cyp levels.

The Friedewald formula is recommended to calculate LDL-
C levels when TG levels are not very high (8). In this study,
there was no subject with fasting TG > 4.5 mmol/l, which
may contribute to the strongest correlation between LDL-Cg
and LDL-Cyap at the fasting state. However, the TG/VLDL
ratio varies with TG increasing at the fasting and non-fasting
states, which decreases the accuracy of the Friedewald formula
in LDL-C estimation. It is worth noting that the lowest
accuracy was found in LDL-Cf at 4h postprandially when TG
reached the peak level. Therefore, other formulas were proposed
for higher accuracy when TG increased, especially at the
postprandial state.

Compared to the stable ratio of TG/VLDL-C in the
Friedewald formula (2.2 for mmol/l or 5.0 for mg/dl), those
in the Vujovic and Martin-Hopkins formulas were changed
(9, 10). The ratio in the Vujovic formula was still fixed, but
relatively greater, presenting as 3 for mmol/l or 6.85 for mg/dl
(9). Its accuracy had been demonstrated in whole TC, TG, and
LDL-C ranges (9). With TG levels increased, the postprandial
correlation coeflicients between LDL-Cy and LDL-Cyap were
stronger than the fasting state, and higher than those of the other
three formulas. However, the accuracy of the Vujovic formula
seemed to be relatively low, especially at the fasting state and
2h postprandially, although it increased after a daily meal, and
seemed to be better than Friedewald formula at 4 h after a daily
meal. The low accuracy may be resulted from its overestimation
of LDL-C compared to LDL-Cyap.

The ratio of TG and VLDL-C in the Martin-Hopkins
formula becomes complicated and dependent on TG and
non-HDL-C levels, varying from 3.1 to 11.9 (for mg/dl) (10).
With TG increasing and non-HDL-C decreasing, it elevates
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correspondently. The accuracy of Martin-Hopkins formula
was moderate on the whole, but the difference in accuracy
between the fasting and postprandial states was small, which
was consistent with the findings of Sathiyakumar et al., which
found that the Martin-Hopkins formula was less affected by diet
than the Friedewald formula (7). However, the complexity of the
Martin-Hopkins ratio could reduce the convenience in clinical
practice to a certain extent. After all, clinicians cannot remember
so many numbers.

Other than the Friedewald, Vujovic, and Martin-Hopkins
formulas, the novel Sampson formula uses higher-order
mathematical terms in the form of a bivariate quadratic equation
that should better reflect the amount of TG in the core
of the lipoproteins (24). The Sampson formula is based on
the data of 8,656 American adults with a high frequency of
hypertriglyceridemia, and it was confirmed to be suitable for
LDL-C calculation of samples with TG over 9 mmol/l (11),
which may contribute to the highest accuracy at the postprandial
states after a daily meal. Actually, at the beginning of the
establishment of the Sampson formula, a comparison was made
between fasting and non-fasting samples, which suggested that
this formula was also applicable to non-fasting samples (11).

The LDL particles could be divided into different
subfractions according to their size. The size of LDL particles
had been suggested as a reliable assessment of atherogenicity
(25). The subfractions of LDL particles at the postprandial
states were reported to be lower by a different degree than those
in fasting states (6). This may contribute to the Friedewald
and Sampson formulas being the best choice for fasting and
postprandial states, respectively.

This study is associated with several limitations. First, the
sample size in this study was small compared to other clinical
studies (7). Second, there were 46.2% of subjects got a statin
history which may cause variation with those without statin use.
Third, we analyzed our subjects as a whole other than stratified
analysis, which may make a more precise result.

Conclusion
In conclusion, among four formulas, the Friedewald formula
was recommended to calculate fasting LDL-C, while the

Sampson formula seemed to be a better choice to calculate
postprandial LDL-C levels in Chinese subjects.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of The Second Xiangya Hospital

frontiersin.org


https://doi.org/10.3389/fcvm.2022.944003
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Xu et al.

of Central South University. The patients/participants provided
their written informed consent to participate in this study.

Author contributions

All authors have accepted responsibility for the entire
content of this manuscript and approved its submission.

Funding

This study was supported by grants from the National
Natural Science Foundation of China (Nos. 81270956 and
81470577 to LL), the Natural Science Foundation of Hunan
Province (2022]J]J70136), and the Project of the Health
Commission of Hunan Province, China (No. 202203012938
to LL).

Acknowledgments

We would like to acknowledge professor Deng in
Xiangya School of Public Health for providing help with
statistical analyses.

References

1. Reamy BV, Williams PM, Kuckel DP. Prevention of cardiovascular disease.
Prim Care. (2018) 45:25-44. doi: 10.1016/j.pop.2017.11.003

2. Domanski MJ, Tian X, Wu CO, Reis JP, Dey AK, Gu Y, et al. Time course of
LDL cholesterol exposure and cardiovascular disease event risk. ] Am Coll Cardiol.
(2020) 76:1507-16. doi: 10.1016/j.jacc.2020.07.059

3. Tomlinson B, Patil NG, Fok M, Lam CWK. Managing dyslipidemia in
patients with Type 2 diabetes. Expert Opin Pharmacother. (2021) 22:2221-
34. doi: 10.1080/14656566.2021.1912734

4. Wolska A, Remaley AT. Measuring LDL-cholesterol: what is the best way to
do it? Curr Opin Cardiol. (2020) 35:405-11. doi: 10.1097/HCO.0000000000000740

5. Kulkarni KR. Cholesterol profile measurement by vertical auto profile method.
Clin Lab Med. (2006) 26:787-802. doi: 10.1016/j.c11.2006.07.004

6. Farukhi ZM, Demler OV, Caulfield MP, Kulkarni K, Wohlgemuth J, Cobble
M, et al. Comparison of non-fasting and fasting lipoprotein subfractions and size
in 15,397 apparently healthy individuals: an analysis from the VITamin D and
OmegA-3 TriaL. J Clin Lipidol. (2020) 14:241-51. doi: 10.1016/j.jacl.2020.02.005

7. Sathiyakumar V, Park ], Golozar A, Lazo M, Quispe R, Guallar E, et al. Fasting
versus non-fasting and low-density lipoprotein cholesterol accuracy. Circulation.
(2018) 137:10-9. doi: 10.1161/CIRCULATIONAHA.117.030677

8. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concentration
of low-density lipoprotein cholesterol in plasma, without use of the preparative
ultracentrifuge. Clin Chem. (1972) 18:499-502. doi: 10.1093/clinchem/18.6.499

9. Vujovic A, Kotur-Stevuljevic ], Spasic S, Bujisic N, Martinovic J, Vujovic M, et
al. Evaluation of different formulas for LDL-C calculation. Lipids Health Dis. (2010)
9:27. doi: 10.1186/1476-511X-9-27

10. Martin SS, Blaha M]J, 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. ] Am Med
Assoc. (2013) 310:2061-8. doi: 10.1001/jama.2013.280532

11. 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. ] Am Med Assoc Cardiol. (2020)
5:540-8. doi: 10.1001/jamacardio.2020.0013

Frontiers in Cardiovascular Medicine

08

10.3389/fcvm.2022.944003

Conflict of interest

The authors declare that the research was conducted in
the absence of any commercial or financial relationships
that could be
of interest.

construed as a potential conflict

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be
found online at: https://www.frontiersin.org/articles/10.3389/
fcvm.2022.944003/full#supplementary-material

12. Piani E Cicero AFG, Ventura F Dormi A, Fogacci F Patrono
D, et al. Evaluation of twelve formulas for LDL-C estimation in
a large, blinded, random Italian population. Int ] Cardiol. (2021)
330:221-7. doi: 10.1016/j.ijcard.2021.02.009

13. Nordestgaard BG, Langsted A, Mora S, Kolovou G, Baum H, Bruckert E, et
al. Fasting is not routinely required for determination of a lipid profile: clinical
and laboratory implications including flagging at desirable concentration cut-
points-a joint consensus statement from the European Atherosclerosis Society and
European Federation of Clinical Chemistry and Laboratory Medicine. Eur Heart J.
(2016) 37:1944-58. doi: 10.1093/eurheartj/ehw152

14. Kolovou GD, Mikhailidis DP, Kovar J, Lairon D, Nordestgaard BG, Ooi
TC, et al. Assessment and clinical relevance of non-fasting and postprandial
triglycerides: an expert panel statement. Curr Vasc Pharmacol. (2011) 9:258-
70. doi: 10.2174/1570211213146321611

15. Kolovou GD, Watts GE, Mikhailidis DP, Perez-Martinez P, Mora S, Bilianou
H, et al. Postprandial hypertriglyceridaemia revisited in the era of non-fasting lipid
profile testing: a 2019 expert panel statement, main text. Curr Vasc Pharmacol.
(2019) 17:498-514. doi: 10.2174/1570161117666190507110519

16. Della Pepa G, Vetrani C, Vitale M, Bozzetto L, Costabile G, Cipriano P,
et al. Effects of a diet naturally rich in polyphenols on lipid composition of
postprandial lipoproteins in high cardiometabolic risk individuals: an ancillary
analysis of a randomized controlled trial. Eur J Clin Nutr. (2020) 74:183-
92. doi: 10.1038/541430-019-0459-0

17. Kolovou G, Ooi TC. Postprandial lipaemia and vascular disease. Curr Opin
Cardiol. (2013) 28:446-51. doi: 10.1097/HCO.0b013e3283606971

18. Lin QZ, Chen YQ, Guo LL, Xiang QY, Tian E Wen T, et al. Comparison
of non-fasting LDL-C levels calculated by Friedewald formula with those
directly measured in Chinese patients with coronary heart disease after a
daily breakfast. Clin Chim Acta. (2019) 495:399-405. doi: 10.1016/j.cca.2019.
05.010

19. Xu J, Chen YQ, Zhao SP, Liu L. Determination of optimal cut-off
points after a high-fat meal corresponding to fasting elevations of triglyceride
and remnant cholesterol in Chinese subjects. Lipids Health Dis. (2019)
18:206. doi: 10.1186/512944-019-1146-9

frontiersin.org


https://doi.org/10.3389/fcvm.2022.944003
https://www.frontiersin.org/articles/10.3389/fcvm.2022.944003/full#supplementary-material
https://doi.org/10.1016/j.pop.2017.11.003
https://doi.org/10.1016/j.jacc.2020.07.059
https://doi.org/10.1080/14656566.2021.1912734
https://doi.org/10.1097/HCO.0000000000000740
https://doi.org/10.1016/j.cll.2006.07.004
https://doi.org/10.1016/j.jacl.2020.02.005
https://doi.org/10.1161/CIRCULATIONAHA.117.030677
https://doi.org/10.1093/clinchem/18.6.499
https://doi.org/10.1186/1476-511X-9-27
https://doi.org/10.1001/jama.2013.280532
https://doi.org/10.1001/jamacardio.2020.0013
https://doi.org/10.1016/j.ijcard.2021.02.009
https://doi.org/10.1093/eurheartj/ehw152
https://doi.org/10.2174/1570211213146321611
https://doi.org/10.2174/1570161117666190507110519
https://doi.org/10.1038/s41430-019-0459-0
https://doi.org/10.1097/HCO.0b013e3283606971
https://doi.org/10.1016/j.cca.2019.05.010
https://doi.org/10.1186/s12944-019-1146-9
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

Xu et al.

20. Xiang QY, Tian E, Lin QZ, Du X, Zhang SL, Gui Y]J, et al. Comparison of
remnant cholesterol levels estimated by calculated and measured LDL-C levels
in Chinese patients with coronary heart disease. Clin Chim Acta. (2020) 500:75-
80. doi: 10.1016/j.cca.2019.09.020

21. Bachorik PS, Ross JW. National Cholesterol Education Program
recommendations for measurement of low-density lipoprotein cholesterol:
executive summary. The National Cholesterol Education Program
Working Group on lipoprotein measurement. Clin  Chem. (1995)
41:1414-20. doi: 10.1093/clinchem/41.10.1414

22. Hu D, Mao L, Tang X, Chen J, Guo X, Luo Q, et al. Nuclear magnetic
resonance reveals postprandial low-density lipoprotein cholesterol determined
by enzymatic method could be a misleading indicator. Clin Chim Acta. (2021)
514:59-65. doi: 10.1016/j.cca.2020.12.013

Frontiers in Cardiovascular Medicine

09

10.3389/fcvm.2022.944003

23. Zhu LY, Wen XY, Xiang QY, Guo LL, Xu J, Zhao SP, et al. Comparison of
the reductions in LDL-C and non-HDL-C induced by the red yeast rice extract
Xuezhikang between fasting and non-fasting states in patients with coronary
heart disease. Front Cardiovasc Med. (2021) 8:674446. doi: 10.3389/fcvm.2021.
674446

24. Cwiklinska A, Wieczorek E, Gliwinska A, Marcinkowska M, Czaplinska M,
Mickiewicz A, et al. Non-HDL-C/TG ratio indicates significant underestimation
of calculated low-density lipoprotein cholesterol (LDL-C) better than TG level: a
study on the reliability of mathematical formulas used for LDL-C estimation. Clin
Chem Lab Med. (2021) 59:857-67. doi: 10.1515/cclm-2020-1366

25. Superko HR, Gadesam RR. Is it LDL particle size or number that
correlates with risk for cardiovascular disease? Curr Atheroscler Rep. (2008) 10:377-
85. doi: 10.1007/s11883-008-0059-2

frontiersin.org


https://doi.org/10.3389/fcvm.2022.944003
https://doi.org/10.1016/j.cca.2019.09.020
https://doi.org/10.1093/clinchem/41.10.1414
https://doi.org/10.1016/j.cca.2020.12.013
https://doi.org/10.3389/fcvm.2021.674446
https://doi.org/10.1515/cclm-2020-1366
https://doi.org/10.1007/s11883-008-0059-2
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org

	The accuracy of four formulas for LDL-C calculation at the fasting and postprandial states
	Background
	Methods
	Study subjects
	Specimen collection
	Laboratory assays
	Low-density lipoprotein cholesterol calculation
	Statistical analysis

	Results
	Population characteristics
	Postprandial changes in serum levels of blood lipids measured by different methods
	Consistency and correlation between estimated and measured low-density lipoprotein cholesterol
	Distribution of the total error at the fasting and postprandial states
	Percentage of the accuracy of estimated low-density lipoprotein cholesterol

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	Supplementary material
	References


