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ABSTRACT

Objective: Low-density lipoprotein-cholesterol (LDL-C) remains a clinically important
cholesterol target in primary prevention of atherosclerotic cardiovascular disease. The
present study aimed to assess the practical differences among three equations utilized for the
estimation of LDL-C: the Friedewald, the Martin/Hopkins, and the NIH equation 2.
Methods: Blood lipid measurements from 4,556 noninstitutionalized participants, aged 12
to 80, were obtained from the 2017-2020 National Health and Nutrition Examination Survey
study. We 1) assessed the differences between three calculated LDL-C estimates, 2) examined
the correlations between LDL-C estimates using correlation coefficients and regression, and
3) investigated the degree of agreement in classifying individuals into the LDL-C category
using weighted Kappa and percentage of agreement.

Results: The differences in LDL-C estimates between equations varied by sex and triglyceride
levels (p<0.001). Overall, the mean of absolute differences between Friedewald and Martin/
Hopkins was 3.17 mg/dL (median=2.0, 95% confidence interval [CI] [3.07-3.27]). The

mean of absolute differences between Friedewald and NIH Equation 2 was 2.08 mg/dL
(median=2.0, 95% CI [2.03-2.14]). Friedewald correlated highly with Martin/Hopkins
(r=0.991, rh0=0.989) and NIH Equation 2 (r=0.998, rh0=0.997). Cohen’s weighted
Kappa=0.92 between Friedewald and Martin/Hopkins, and 0.95 between Friedewald and
NIH equation 2. The percentage of agreement in classifying individuals into the same

LDL-C category was 93.0% between Friedewald and Martin/Hopkins, and 95.4% between
Friedewald and NIH equation 2.

Conclusion: Understanding the practical differences in LDL-C calculations can be helpful in
facilitating decision-making during a paradigm shift.

Keywords: Lipids; Aging; Atherosclerosis; Cholesterol; Cardiovascular disease;
Hypercholesterolemia
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INTRODUCTION

Low-density lipoprotein-cholesterol (LDL-C) remains a key contributor to plaque formation
and remains of utmost clinical importance as a cholesterol target in the primary prevention
of atherosclerotic cardiovascular disease. Dyslipidemia guidelines require follow-up testing
of LDL-C to determine treatment adequacy and assess percent LDL-C lowering."* While
direct LDL-C assays via beta-quantification in the clinical laboratory are considered the gold
standard for LDL-C measurement, they are often technique-sensitive, labor-intensive, time-
consuming, and expensive, making them unsuitable for general use.* As such, Friedewald's
equation,’ a mathematical equation developed in 1972, has been utilized for estimating
LDL-C concentration in high-volume routine laboratories due to its ease of use, convenience,
cost-effectiveness, and reasonably good accuracy.

The Friedewald equation estimated LDL-C as: total cholesterol (TC) minus high-density
lipoprotein-cholesterol (HDL-C) minus triglycerides (TG)/5, with the latter term serving

as an estimate for very low-density lipoprotein-cholesterol (VLDL-C). Notwithstanding,

the Friedewald calculation suffers from some application limitations. This calculation was
recommended when TGs were <400 mg/dL. The LDL-C estimates using the Friedewald
equation are prone to inaccuracies with increasing TG and decreasing LDL-C concentrations,
especially when the TG levels 2400 mg/dL, or LDL-C levels <70 mg/dL.%® Under these
scenarios, patients who have their LDL-C underestimated may lead to delay the initiation of
adequate lipid-lowering therapy in high-risk patients such as hypertriglyceridemia and hypo-
HDL-cholesterolemia.’™ On the other hand, patients who have their LDL-C overestimated at
higher levels may result in unnecessary pharmacological therapy.”

With the increased prevalence of high TG states such as in people with diabetes, the cut-off
LDL-C levels or % LDL-C reduction described in the AHA/ACC? and ESC/EAS Guidelines,?
and lower LDL-C levels are targeted by novel lipid-lowering agents such as PCSK9 inhibitors,
bempedoic acid, and ezetimibe, the expert panel acknowledged the importance of accurate
LDL-C estimation. More accurate, timely, and relatively economic methods in measuring
LDL-C levels are warranted, either using a direct LDL-C assay and/or an alternative LDL-C
equation. Over recent years, many new estimation methods have been proposed.?** Among
them, two equations have growing support: Martin/Hopkins equation* and the NIH
equation 2.

Many external validation studies have been conducted and showed superiority of the Martin/
Hopkins'?*%3¢ or NIH Equation 222”338 in relation to the Friedewald formula. Here, the
purpose of this study was to assess the practical differences®* in LDL-C estimates calculated
by Friedewald, Martin/Hopkins, or NIH equation 2 in a population-based, random-sampled,
noninstitutionalized general U.S. sample. We 1) compared the score distribution differences
between Friedewald and Martin/Hopkins calculated LDL-C estimates, and between
Friedewald and NIH equation 2 calculated LDL-C estimates, 2) examined the correlations
between LDL-C estimates using the correlation coefficients and regression analysis, and 3)
investigated the degree of agreement in classifying individuals into the LDL-C category using
weighted Kappa and the percentage of agreement. Understanding the practical differences in
LDL-C calculations can be helpful in facilitating decision-making during a paradigm shift.
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MATERIALS AND METHODS

1. Study design

Written informed consent was obtained from participants aged 12 years and older and written
child assent was obtained from those aged 7 to11 years. Approval for use of the NHANES

data for this study was provided by the NCHS Research Ethics Review Board. Because this
study involved secondary analysis of de-identified data, the Institutional Review Boards

of the University of Wisconsin - Milwaukee determined that this study did not fall within

the regulatory definition of research involving human subjects and did not require further
institutional review board review.

This was an observational cross-sectional study. We used 2017-2020 data from the National
Health and Nutrition Examination Survey (NHANES), which is a major program of the
National Center for Health Statistics (NCHS), part of the Centers for Disease Control

and Prevention (CDC). The NHANES data collection methodology is based on complex,
multistage probability samples of the U.S. noninstitutionalized population, and is intended
to be nationally representative. The NHANES data were collected via in-person interviews,
which took place in the participants' homes, followed by a physical assessment conducted
at a mobile examination center. Before the blood draw, the phlebotomist assessed the
participant’s fasting status. As part of the laboratory assessment, the serum TC and HDL-C
levels were measured for participants aged 6 years and older, while fasting TGs were
measured for those aged 12 years and older.

2. Laboratory measurements

Blood samples were received frozen and stored at ~80°C in the freezer until testing was
performed. Upon completion of the analysis, specimens were stored at ~70°C and discarded
after 1year. All lipid analyses were analyzed according to a standardized protocol and can

be found on the NHANES website (https://wwwn.cdc.gov/nchs/nhanes). Through the past
decade, there were no major changes to the laboratory methods. The blood specimen was
analyzed using the Roche/Hitachi Cobas 6000 chemistry analyzer in recent years. However,
the TC, HDL-C, and TGs were measured on the Roche modular P chemistry analyzer in

the 2011-2012 cycle, and were measured on the Roche modular P and Roche Cobas 6000
chemistry analyzers in the 2013-2014 cycle.

3. LDL-C data

The LDL-C in mg/dL was calculated by Friedewald,> Martin/Hopkins,* or NIH equation

2.% The Friedewald equation was derived from a sample of 448 individuals with familial
hyperlipoproteinemia or their relatives in 1972, the Friedewald equation uses three laboratory
measures and estimates LDL-C as: TC — HDL-C — (TG)/5. A fixed factor of 5 was used to
describe the relationship between TG and VLDL-C.

Derived from a nationally representative sample of 1.35 million patients with lipid distributions
around 2013, the Martin/Hopkins estimated LDL-C as TC — HDL-C — (TG)/(novel factor). The
novel factor is an adjustable factor based on an individual’s non-HDL-C and TG levels and could
be obtained from a 6 by 30 table (i.e., 180-cell). It is important to note that the primary intention
behind developing the Martin/Hopkins equation was to improve LDL-C estimation accuracy at
clinically relevant low LDL-C and moderately elevated TG (150-400 mg/dL) levels, not to replace
the need for direct LDL-C measurement at TG >400 mg/dL. A good deal of external validations
confirm that Martin/Hopkins equation outperforms others in accuracy.™-*23¢
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In 2020, the NIH equation 2 was derived from 18,715 lipid samples from 8,656 patients at the
NIH collected between 1970s and 1990s. The NIH equation 2 estimates LDL-C as: LDL-C =
TC/0.948 — HDL-C/0.971 — (TG/8.56 + [TG x NonHDL-C]/2140 — TG*/16100) — 9.44. Several
studies®*"¥3® have demonstrated that the new equation is more accurate than other LDL-C
equations in patients with hypertriglyceridemia, with a reduced rate of misclassifications.
The NIH equation gives valid LDL-C results with TG concentrations up to 800 mg/dL.»

For LDL-C calculated according to the Friedewald equation, Martin/Hopkins equation, or
NIH equation 2, data were labeled ‘LDL-F’ for Friedewald, ‘LDL-M’ for Martin/Hopkins, and
‘LDL-N’ for NIH equation 2.

4. Statistical analyses

To evaluate differences in the overall score distribution between estimated LDL-C values, we first
used General Linear Model (GLM) with repeated measures (i.e., LDL-F vs. LDL-M, LDL-F vs.
LDL-N). As cholesterol data is often skewed, differences between LDL-C estimates were further
assessed using nonparametric Wilcoxon Signed Rank Test and Bland-Altman plots. Additionally,
we conducted subgroup analyses based on LDL-C levels and TG levels, and presented the
percentage of sample that had differences less than 5 mg/dL and 10 mg/dL. For the correlations
between LDL-F, LDL-M, and LDL-N, we used Pearson (r) and Spearman’s (rho) correlation
coefficients, followed by linear regression (R?). To assess the practical difference in interpreting
cholesterol results, weighted Kappa was used to assess the degree of agreement in classifying
individuals into the LDL-C category: optimal (less than 100 mg/dL), near or above optimal (100-
129 mg/dL), borderline high (130159 mg/dL), high (160-189 mg/dL), and very high (190 through
highest). We calculated the percentage of agreement in classifying individuals into the same
LDL-C category, with a difference of one level, as well as with a difference of two levels. Results
from both parametric and nonparametric tests were presented to provide a more complete
picture of the data. The significant level was set at alpha=0.05. All analyses were performed using
the SPSS Statistics for Windows, Version 28.0. (IBM Corp., Armonk, NY, USA).

RESULTS

1. Analytic sample

Data for analysis included 4,556 participants aged 12 to 80+ years old. The mean (SD) age
was 45.8 (20.6). Among them, 51.4% of the sample were females. The majority of the sample
was non-Hispanic white (33.4%), followed by non-Hispanic black (25.1%), others including
multi-racial (17.7%), Mexican American (13.5%), and other Hispanic (10.2%). About 29.5%
of the sample were overweight, followed by normal (27.6%), obsess class 1 (19.4%), obese
class 2 (9.8%), obese class 3 (8.6%), and underweight (3.2%) (1.8% did not have body

mass index data). More detailed baseline characteristics of participants is available in
Supplementary Table 1.

2. Score distribution differences

The mean (SD) LDL-C for Friedewald-, Martin/Hopkins-, and NIH equation 2-calculated
LDL-C estimates (i.e., LDL-F, LDL-M, and LDL-N) was 105.4 (35.2), 105.7 (35.2), and

106.9 (35.9), respectively. The median and interquartile range (IQR) was 102 (IQR=45), 102
(IQR=40), and 103 (IQR=406) for LDL-F, LDL-M, and LDL-N, respectively. Table 1 summarizes
descriptive statistics of LDL-C estimates among the Friedewald, Martin/Hopkins, and NIH
Equation 2 equations.
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Table 1. Descriptive statistics of LDL-C estimates among the Friedewald, Martin/Hopkins, and NIH equation 2 equations by triglyceride
Variables Values Percentiles Wilcoxon
No. Mean SD Min Max Q1 Q2 Q3 p-value

Entire data

LDL-F 4,556 105.4 35.2 7 357 81.0 102.0 126.0

LDL-M 4,556 105.7 35.2 14 358 81.0 102.0 127.0 <0.001

LDL-N 4,556 106.9 35.9 14 359 82.0 103.0 128.0 <0.001
TG (mg/dL), <25

LDL-F 48 69.4 25.1 215 137 50.8 63.5 88.8

LDL-M 48 67.3 25.0 24 134 48.5 62.0 86.8 <0.001

LDL-N 48 66.7 26.4 21 138 47.5 59.5 87.0 <0.001
TG (mg/dL), 25-49

LDL-F 753 89.4 26.9 22 224 70.5 86.0 106.0

LDL-M 753 85.6 26.7 18 218 67.0 83.0 102.0 <0.001

LDL-N 753 88.4 28.0 18 228 69.0 85.0 106.0 <0.001
TG (mg/dL), 50-99

LDL-F 1,983 104.2 32.7 15 270 81.0 100.0 123.0

LDL-M 1,983 102.5 32.1 14 267 80.0 99.0 121.0 <0.001

LDL-N 1,983 104.9 33.4 14 275 81.0 101.0 124.0 <0.001
TG (mg/dL), 100-149

LDL-F 1,038 114.4 36.4 15 357 89.0 113.0 136.0

LDL-M 1,038 115.8 35.1 19 354 92.0 114.0 136.0 <0.001

LDL-N 1,038 117.0 36.3 18 359 92.0 115.5 138.0 <0.001
TG (mg/dL), 150-199

LDL-F 419 115.1 38.1 30 247 88.0 114.0 140.0

LDL-M 419 120.4 35.9 38 247 95.0 120.0 144.0 <0.001

LDL-N 419 119.1 37.1 35 247 92.0 118.0 143.0 <0.001
TG (mg/dL), 200-249

LDL-F 168 118.5 44.4 24 354 86.3 116.0 143.8

LDL-M 168 127.8 41.5 38 358 98.0 124.0 151.0 <0.001

LDL-N 168 123.8 42.3 33 349 92.3 120.5 148.0 <0.001
TG (mg/dL), 250-299

LDL-F 82 113.7 38.9 55 219 85.0 109.5 138.0

LDL-M 82 127.3 35.3 71 224 101.8 123.0 148.5 <0.001

LDL-N 82 120.3 36.2 64 219 94.0 116.5 1492.8 <0.001
TG (mg/dL), 300-349

LDL-F 36 106.1 46.9 7 198 68.3 99.0 138.0

LDL-M 36 124.4 40.8 492 209 91.3 117.5 151.0 <0.001

LDL-N 36 114.6 42.5 27 198 80.0 108.0 143.3 <0.001
TG (mg/dL), 350-399

LDL-F 29 106.1 36.6 35 186 71.5 104.0 129.5

LDL-M 29 127.6 31.8 65 197 99.0 128.0 148.0 <0.001

LDL-N 29 115.7 32.3 52 186 86.0 114.0 136.0 <0.001

Q1 is the 25th percentile, meaning that 25% of the data falls below the first quartile. Q2 (or the median) is the 50th percentile. Q3 is the 75th percentile.
LDL-C, low-density lipoprotein-cholesterol; SD, standard deviation; Min, minimum; Max, maximum; LDL-F, Friedewald-calculated LDL-C (mg/dL); LDL-M, Martin/
Hopkins-calculated LDL-C (mg/dL); LDL-N, NIH equation 2-calculated LDL-C (mg/dL); TG, triglyceride.

GLM results supported that there were statistical differences in LDL-C estimates between
LDL-F and LDL-M (p<0.001), and between LDL-F and LDL-N (p<0.001). Results from the
Wilcoxon Signed-Ranks test were consistent, indicating the discrepancy between LDL-F and
LDL-M (p<0.001) and between LDL-F and LDL-N (p<0.001).

The differences in LDL-C estimates between equations varied by sex and TG levels (p<0.001).
Overall, the mean of absolute differences between LDL-F and LDL-M was 3.17 mg/dL (95%
confidence interval [CI] [3.07, 3.27], Q1=1.0, median=2.0, Q3=4.0), with the smallest mean
difference 0f1.36 mg/dL (when TG=100-149 mg/dL) and largest difference of 21.57 mg/dL
(when TG=350-399 mg/dL). About 89.0% had differences between LDL-F and LDL-M within
5 mg/dL, and 95.7% were within 10 mg/dL.
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The mean of absolute differences between LDL-F and LDL-N was 2.08 mg/dL (95% CI [2.03,
2.14], Q1=1.0, median=2.0, Q3=3.0), with the smallest mean difference of 0.64 mg/dL (when
TG=50-99 mg/dL) and largest difference of 9.75 mg/dL (when TG=350-399 mg/dL). About
95.0% had differences between LDL-F and LDL-N within 5 mg/dL, and 99.4% were within 10
mg/dL. Fig. 1 presents the Bland—Altman plot of LDL-C levels between Friedewald-calculated
and Martin/Hopkins-calculated LDL-C estimates, and between Friedewald-calculated and
NIH equation 2-calculated LDL-C estimates, stratified by sex.

Table 2 presents differences in LDL-C estimates between the Friedewald, Martin/Hopkins,

and NIH Equation 2 by sex and TG levels. Fig. 2 shows modified Bland—Altman plot of LDL-C
levels between the Friedewald, Martin/Hopkins, and NIH equation 2 equations by sex and
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Fig. 1. Bland-Altman plot of LDL-C levels between Friedewald-calculated and Martin/Hopkins-calculated LDL-C
estimates, and between Friedewald-calculated and NIH equation 2-calculated LDL-C estimates, stratified by sex.

LDL-F, Friedewald-calculated LDL-C estimates; LDL-M, Martin/Hopkins-calculated LDL-C estimates; LDL-N, NIH
equation 2-calculated LDL-C estimates; LDL-C, low-density lipoprotein-cholesterol.
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Table 2. Differences in LDL-C estimates between the Friedewald, Martin/Hopkins, and NIH equation 2 by sex and triglyceride levels

Triglyceride level (mg/dL) No.

(LDL-F) - (LDL-M) (mg/dL)

(LDL-F) - (LDL-N) (mg/dL) (ELDL-M) - (LDL-N) (mg/dL)

Mean SD  Median 95% ClI Mean SD  Median 95% ClI Mean SD  Median 95% CI
Sex
Male
<25 22 2.23 0.69 2 1.5, 3.0 2.82 1.50 3.5 2.3,3.4 0.59 1.50 1 -0.1, 1.2
25-49 350 3.80 0.69 4 3.6, 4.0 1.09 1.28 1 1.0,1.2 -2.71 1.68 -3 -2.9,-2.5
50-99 923 1.59 1.26 2 1.5,1.7 -0.64 1.08 -1 -0.7,-0.6 -2.23 1.51 -2 -2.3,-2.1
100-149 507 -1.39 1.73 -1 -1.5,-1.2 -2.43 0.73 -2 -2.5,-2.3 -1.04 1.52 -1 -1.2,-0.9
150-199 219 -5.34 2.75 -5 -5.6,-5.1 -3.93 1.22 -4 -4.1, -3.8 1.41 1.74 1 1.2,1.6
200-249 98 -9.61 3.41 -10 -10.0,-9.3 -5.46 1.97 -5 -5.7,-5.2 4.15 1.71 3.8,4.5
250-299 50 -14.30 4.00 -15 -14.8,-13.8 -7.16 2.57 -7 -7.5,-6.8 7.14 1.77 7 6.7,7.6
300-349 25 -19.68 6.88 -20 -20.4,-19.0 -9.24 4.71 -9 -9.7,-8.7 10.44 2.47 10 9.8, 11.1
350-399 21 -21.57 5.61 -23 -22.3,-20.8 -9.57 4.63 -9 -10.1, -9.0 12.00 1.73 12 11.3,12.7
Female

<25 26 2.00 0.49 2 1.3, 2.7 2.58 1.42 3 2.1, 3.1 0.58 1.75 1 0.0, 1.2
25-49 403 3.80 0.71 4 3.6, 4.0 0.88 1.18 1 0.8, 1.0 -2.92 1.55 -3 -3.1,-2.8
50-99 1,060 1.74 1.19 2 1.6,1.9 -0.84 1.12 -1 -0.9, -0.8 -2.59 1.53 -2 -2.7,-2.5
100-149 531 -1.36 1.81 -1 -1.5,-1.2 -2.63 0.74 -3 -2.7,-2.5 -1.27 1.52 -1 -1.4,-1.1
150-199 200 -5.24 2.57 -5 -5.5,-5.0 -4.07 1.16 -4 -4.2,-3.9 1.17 1.64 1 1.0, 1.4
200-249 70 -8.79 3.42 -9 -9.2,-8.4 -4.91 2.44 -5 -5.2,-4.6 3.87 1.71 3.5,4.2
250-299 32 -12.38 3.75 -13 -13.0,-11.7 -5.75 2.90 -7 -6.2,-5.3 6.63 1.41 7 6.1, 7.2
300-349 11 -15.27 4.10 -16 -16.3,-14.2 -6.73 3.58 -8 -7.5,-6.0 8.55 1.69 9 7.6, 9.5
350-399 8 -21.25 3.77 -21.5 -22.5,-20.0 -9.75 3.92 -10.5 -10.6,-8.9 11.50 1.20 12 10.4, 12.6

Measurement unit is in mg/dL.

LDL-C, low-density lipoprotein-cholesterol; LDL-F, Friedewald-calculated LDL-C (mg/dL); LDL-M, Martin/Hopkins-calculated LDL-C (mg/dL); LDL-N, NIH
equation 2-calculated LDL-C (mg/dL); SD, standard deviation; CI, confidence interval.

https://e-jla.org

TG levels. The differences of LDL-C estimates were prone to be larger with increasing TG
concentrations. Furthermore, a moderate correlation was observed between absolute values
of (LDL-F minus LDL-M), and absolute values of (LDL-F minus LDL-N) (r=0.771, p<0.001). As
the differences between LDL-F and LDL-M increased, there was a corresponding increase in
the differences between LDL-F and LDL-N (Fig. 3).

3. Correlations

Friedewald’s LDL-F correlated highly with Martin/Hopkins’s LDL-M (Pearson r=0.991,
Spearman rho=0.989, R?>=0.982) and with NIH Equation 2’s LDL-N (r=0.998, rh0=0.997,
R?=0.996). Fig. 4 presents scatter plots relating LDL-F, LDL-M, and LDL-N cholesterol with
the regression coefficients.

4. Degree of agreement

Table 3 presents the degree of agreement between three equations. The degree of agreement
was high: Cohen’s weighted Kappa=0.92 between Friedewald and Martin/Hopkins, and 0.95
between Friedewald and NIH equation 2. Percentage of agreement in classifying individuals
into the same LDL-C category, with a difference of one level, as well as with a difference of
two levels was 93.0%, 7.1% and 0.0% between Friedewald and Martin/Hopkins, and was
95.4%, 4.6% and 0.0% between Friedewald and NIH equation 2.

DISCUSSION

The present study assessed the practical differences in LDL-C estimates calculated by
Friedewald, Martin/Hopkins, or NIH equation 2. It is important to emphasize that this study
was based on multistage probability samples of the U.S. noninstitutionalized population,
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Fig. 2. Modified Bland-Altman plot of LDL-C levels between Friedewald-calculated and Martin/Hopkins-
calculated LDL-C estimates, and between Friedewald-calculated and NIH equation 2-calculated LDL-C estimates,
stratified by sex and triglyceride levels.

LDL-F, Friedewald-calculated LDL-C estimates; LDL-M, Martin/Hopkins-calculated LDL-C estimates; LDL-N, NIH
equation 2-calculated LDL-C estimates; LDL-C, low-density lipoprotein-cholesterol.

aged 12 to 80+ who fasted before the blood test. While statistically significant, the
discrepancy between Friedewald-calculated, Martin/Hopkins-calculated, or NIH equation
2-calculated LDL-C values was small and clinical insignificant at the group level. The results
are in agreement with those of previous studies?***#! indicating that Friedewald-calculated
LDL-C provides a reasonable estimation of LDL-C and can guide treatment decisions for
most patients. One may argue that the practical differences are critical at the individual level.
However, evidence suggested that all three methods are not perfect when TG is high.?384>4

The LDL-C differences between Friedewald and NIH equation 2 were relatively smaller than

those between Friedewald and Martin/Hopkins. Several studies®*** have demonstrated
that the NIH equation 2 is more accurate than other LDL-C equations. Still, Sampson et al.>
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ABS[(LDL-F)—(LDL-N)]

Fig. 3. Scatter plots between the ABS values of LDL-F minus LDL-M, and LDL-F minus LDL-N.
ABS, absolute; LDL-F, Friedewald-calculated LDL-C estimates; LDL-M, Martin/Hopkins-calculated LDL-C
estimates; LDL-N, NIH equation 2-calculated LDL-C estimates; LDL-C, low-density lipoprotein-cholesterol.

reported a mean absolute deviation 0f24.9 mg/dL for patients with hypertriglyceridemia
when compared to the beta-quantification. In Ginsberg et al.’s study,*® NIH equation 2
provided greater accuracy than Friedewald or Martin-Hopkins when TGs were >250 mg/dL,
although inaccuracies were observed with all three methods. Higgins et al.” recommended
clinical implementing the NIH equation for all patients except those with type III
hyperlipoproteinemia.

Numerous external validations have demonstrated that the Martin/Hopkins equation
surpasses other methods in terms of accuracy."*** However, according to data presented
by Martin et al.,* the overall concordance in guideline risk classification with directly
measured LDL-C was 91.7% for patients with TGs lower than 400 mg/dL. Another study
conducted by Martin et al." found that the median difference between Martin/Hopkins
LDL-C values and those obtained through preparative ultracentrifugation was -2 mg/dL

Table 3. The degree of agreement between three equations

Variables LDL-F
Optimal Near or above optimal Borderline high High  Very high
LDL-M
Optimal 2,120 79 0 0 0]
Near or above optimal 97 1,173 40 0 0
Borderline high 0 66 646 15 0
High 0 0 17 211 5
Very high 0 0 0 2 85
LDL-N
Optimal 2,140 5] 0 0 (0]
Near or above optimal 77 1,234 0 0 0
Borderline high LDL 0 79 668 0 0
High 0 0 Bl5 216 (0]
Very high 0 0 0 12 20

LDL categories are defined as the following: Optimal LDL: less than 100 mg/dL; near or above optimal LDL:
100-129 mg/dL; Borderline high LDL: 130-159 mg/dL; high LDL: 160-189 mg/dL; very high: LDL 190 thru
highest. LDL-C measurement unit is mg/dL.

LDL-C, low-density lipoprotein-cholesterol; LDL-F, Friedewald-calculated LDL-C estimates; LDL-M, Martin/
Hopkins-calculated LDL-C estimates; LDL-N, NIH equation 2-calculated LDL-C estimates.
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Fig. 4. Scatter plots relating LDL-F, LDL-M, and LDL-N cholesterol with the regression coefficients.

LDL-C, low-density lipoprotein-cholesterol; LDL-M, Martin/Hopkins-calculated LDL-C estimates; LDL-F,
Friedewald-calculated LDL-C estimates.

(IQR, -4 to 1 mg/dL) with 22.9% and 2.6% of Martin/Hopkins LDL-C values differing from
preparative ultracentrifugation levels by more than 5 mg/dL and 10 mg/dL, respectively.

In this study, we compared the Friedewald equation with two alternative equations for
estimating LDL under varying TG levels. Our findings suggest that differences between the
equations were small when TG levels were low. We further investigated these differences

by stratifying samples by TG levels and calculating the percentage of absolute differences
between the Friedewald equation and the alternative equations. Our results revealed that,
when comparing the Friedewald equation with the Martin/Hopkins equation, 100%, 99.3%,
100%, 98.7%, and 53.7% of the stratified subsamples were within 5 mg/dL differences when
TG levels were at or below 25, 25-49, 50-99, 100149, and 150-199 mg/dL, respectively.
Similarly, when comparing the Friedewald equation with the NIH equation 2, we found
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that 100%, 100%, 100%, 99.9%, and 89.5% of the stratified subsamples were within 5 mg/
dL differences when TG levels were in the < 25, 25-49, 50-99, 100-149, and 150-199 mg/dL
range, respectively. Our results suggest that a TG level of less than 149 mg/dL is an acceptable
range, as there were no significant disagreements among the three equations. Within our
dataset of 4,556 individuals, it was observed that approximately 83.9% of the data exhibited
TG levels below 149 mg/dL. However, when TG levels exceeded 149 mg/dL, a greater number
of samples showed differences of 5 mg/dL or greater among the three equations at the
individual level. In this scenario, it may be appropriate to consider the use of alternative
equations, such as the Martin/Hopkins or the NIH equation 2.

Here, we found high correlations and linear relationships between Friedewald and Martin/
Hopkins, as well as Friedewald and NIH equation 2. This finding was consistent with

results reported by Egbaria et al.’ where they found a correlation coefficient (r) of 0.898
between Martin/Hopkins and Friedewald LDL-C estimations. Besides, several studies have
shown strong correlations and linear relationships between three methods and the beta-
quantification-determined LDL-C values®*3: r=0.985,* r=0.983,% R?=0.807% for Friedewald;
r=0.981,* 0.987% for Martin/Hopkins; r=0.985,% R?=0.889% for NIH equation 2.

Our study found good concordance between Friedewald and Martin/Hopkins, as well as
Friedewald and NIH equation 2 methods in classifying individuals into general guideline
LDL-C category. While the Friedewald equation tends to underestimate LDL-C, results

from Ding Asarcikli et al.*? supported that Friedewald, Martin/Hopkins, and NIH equation

2 was able to correctly identify 96.9%-98.1% of patients. In present study when comparing
Friedewald and Martin/Hopkins, the Friedewald classified 93.0%, 3.1%, and 4.0% of the
sample into the same (i.e., tied), one-level higher, or one-level lower than the Martin/
Hopkins classifications. when comparing Friedewald and NIH equation 2, the Friedewald
classified 95.4%, 0.1%, and 4.5% of the sample into the same (i.e., tied), one-level higher, or
one-level lower than the NIH equation 2 classifications.

Nowadays, the most accurate method to calculate LDL-C is still a topic of debate among
researchers and clinicians. Some are continuing to investigate which equation is superior

to others, while others recommend taking into account the level of TGs when selecting an
equation.* It may be advantageous to suggest that the current healthcare system should
include LDL-C values estimated from all three methods: Friedewald, Martin/Hopkins, and NIH
equation 2, in the electronic medical database. The accuracy of LDL-C estimation methods
varies depending on the patient's TG levels, and the computation of all three LDL-C estimates
is comparatively simple to administer. By having all three methods available, providers can
select the method that best suits the patient's needs. Further research is necessary to discover
more accurate, timely, and cost-effective methods for measuring LDL-C levels.

This study involves several limitations. Firstly, the use of secondary data sources means that
the researchers did not have control over the data collection procedures. The National Health
and Nutrition Examination Survey (NHANES) employs several quality assurance and quality
control protocols, which meet the 1988 Clinical Laboratory Improvement Act mandates, to
ensure the accuracy of analyses performed by contract laboratories. Secondly, the analysis
was restricted by the available LDL data as TGs were only measured for individuals aged

12 years and older who fasted. It is unknown whether sampling bias existed between

those who had LDL estimates and those who did not. Thirdly, we did not compare directly
measured LDL cholesterol values with the values obtained by the respective formulas.
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Lastly, the comparison between the Friedewald equation and the two alternative equations
for estimating LDL was conducted without subgroup analyses. Future studies should aim

to compare the performance and agreements of the three equations with demographic
variables, such as age group, sex, race/ethnicity, and other associated socioeconomic factors.

Understanding the practical differences in LDL-C calculations can be helpful in facilitating
decision-making during a paradigm shift. The continuous evolution of novel therapeutics
and treatment targets necessitates the redefinition of LDL-C estimation methods, and as
such, further research is needed. Presenting LDL-C calculations from all three methods in
current healthcare practices can potentially yield benefits.

SUPPLEMENTARY MATERIAL

Supplementary Table 1
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REFERENCES

1. Reiter-Brennan C, Osei AD, Iftekhar Uddin SM, Orimoloye OA, Obisesan OH, Mirbolouk M, et al. ACC/AHA
lipid guidelines: Personalized care to prevent cardiovascular disease. Cleve Clin ] Med 2020;87:231-239.
PUBMED | CROSSREF

2. Arnett DK, Blumenthal RS, Albert MA, Buroker AB, Goldberger ZD, Hahn EJ, et al. 2019 ACC/AHA
Guideline on the Primary Prevention of Cardiovascular Disease: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines.
Circulation 2019;140:e563-e595.

PUBMED | CROSSREF

3. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al.; ESC Scientific Document
Group. 2019 ESC/EAS Guidelines for the management of dyslipidaemias: lipid modification to reduce
cardiovascular risk. Eur Heart ] 2020;41:111-188.

PUBMED | CROSSREF

4. Nauck M, Warnick GR, Rifai N. Methods for measurement of LDL-cholesterol: a critical assessment of
direct measurement by homogeneous assays versus calculation. Clin Chem 2002;48:236-254.
PUBMED | CROSSREF

5. 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.
PUBMED | CROSSREF

6. Martin SS, Blaha MJ, Elshazly MB, Brinton EA, Toth PP, McEvoy JW, et al. Friedewald-estimated versus
directly measured low-density lipoprotein cholesterol and treatment implications. ] Am Coll Cardiol
2013;62:732-739.
PUBMED | CROSSREF

7. Kannan S, Mahadevan S, Ramji B, Jayapaul M, Kumaravel V. LDL-cholesterol: Friedewald calculated
versus direct measurement-study from a large Indian laboratory database. Indian J Endocrinol Metab
2014;18:502-504.
PUBMED | CROSSREF

8. Scharnagl H, Nauck M, Wieland H, Mirz W. The Friedewald formula underestimates LDL cholesterol at
low concentrations. Clin Chem Lab Med 2001;39:426-431.
PUBMED | CROSSREF

9. Rifai N, Warnick GR, McNamara JR, Belcher JD, Grinstead GF, Frantz ID Jr. Measurement of low-density-
lipoprotein cholesterol in serum: a status report. Clin Chem 1992;38:150-160.
PUBMED | CROSSREF

https://e-jla.org https://doi.org/10.12997/jla.2023.12.3.252 263


https://e-jla.org/DownloadSupplMaterial.php?id=10.12997/jla.2023.12.3.252&fn=jla-12-252-s001.xls
http://www.ncbi.nlm.nih.gov/pubmed/32238379
https://doi.org/10.3949/ccjm.87a.19078
http://www.ncbi.nlm.nih.gov/pubmed/30879339
https://doi.org/10.1161/CIR.0000000000000677
http://www.ncbi.nlm.nih.gov/pubmed/31504418
https://doi.org/10.1093/eurheartj/ehz455
http://www.ncbi.nlm.nih.gov/pubmed/11805004
https://doi.org/10.1093/clinchem/48.2.236
http://www.ncbi.nlm.nih.gov/pubmed/4337382
https://doi.org/10.1093/clinchem/18.6.499
http://www.ncbi.nlm.nih.gov/pubmed/23524048
https://doi.org/10.1016/j.jacc.2013.01.079
http://www.ncbi.nlm.nih.gov/pubmed/25143906
https://doi.org/10.4103/2230-8210.137496
http://www.ncbi.nlm.nih.gov/pubmed/11434393
https://doi.org/10.1515/CCLM.2001.068
http://www.ncbi.nlm.nih.gov/pubmed/1733589
https://doi.org/10.1093/clinchem/38.1.150

LDL Equation

Journal of
Lipid and
Atherosclerosis

https://e-jla.org

10. Egbaria A, Saliba W, Zafrir B. Assessment of Low LDL Cholesterol in Patients Treated by PCSK9
Inhibition: Comparison of Martin/Hopkins and Friedewald Estimations. Cardiovasc Drugs Ther
2021;35:787-792.

PUBMED | CROSSREF

11. Martin SS, Giugliano RP, Murphy SA, Wasserman SM, Stein EA, Ceska R, et al. Comparison of Low-
Density Lipoprotein Cholesterol Assessment by Martin/Hopkins Estimation, Friedewald Estimation, and
Preparative Ultracentrifugation: Insights From the FOURIER Trial. JAMA Cardiol 2018;3:749-753.
PUBMED | CROSSREF

12. de Cordova CM, de Cordova MM. A new accurate, simple formula for LDL-cholesterol estimation based
on directly measured blood lipids from a large cohort. Ann Clin Biochem 2013;50:13-19.

PUBMED | CROSSREF

13. Dansethakul P, Thapanathamchai L, Saichanma S, Worachartcheewan A, Pidetcha P. Determining a new
formula for calculating low-density lipoprotein cholesterol: data mining approach. EXCLIJ 2015.14:478-483.
PUBMED

14. Rasouli M, Mokhtari H. Calculation of LDL-Cholesterol vs. Direct Homogenous Assay. J Clin Lab Anal
2017;31:22057.

PUBMED | CROSSREF

15. Vohnout B, Vachulova A, Blazicek P, Dukat A, Fodor G, Lietava J. Evaluation of alternative calculation
methods for determining LDL cholesterol. Vnitr Lek 2008.54:961-964.
PUBMED

16. Anandaraja S, Narang R, Godeswar R, Laksmy R, Talwar KK. Low-density lipoprotein cholesterol
estimation by a new formula in Indian population. Int J Cardiol 2005;102:117-120.
PUBMED | CROSSREF

17. ChenY, Zhang X, Pan B, Jin X, Yao H, Chen B, et al. A modified formula for calculating low-density
lipoprotein cholesterol values. Lipids Health Dis 2010;9:52.

PUBMED | CROSSREF

18. Vujovic A, Kotur-Stevuljevic J, Spasic S, Bujisic N, Martinovic J, Vujovic M, et al. Evaluation of different
formulas for LDL-C calculation. Lipids Health Dis 2010;9:27.

PUBMED | CROSSREF

19. GaziIF, Elisaf M. LDL-cholesterol calculation formulas in patients with or without the metabolic
syndrome. Int J Cardiol 2007;119:414-415.
PUBMED | CROSSREF

20. Puavilai W, Laorugpongse D, Deerochanawong C, Muthapongthavorn N, Srilert P. The accuracy in using
modified Friedewald equation to calculate LDL from non-fast triglyceride: a pilot study. ] Med Assoc Thai
2009.92:182-187.

PUBMED

21. Hattori Y, Suzuki M, Tsushima M, Yoshida M, Tokunaga Y, Wang Y, et al. Development of approximate
formula for LDL-chol, LDL-apo B and LDL-chol/LDL-apo B as indices of hyperapobetalipoproteinemia
and small dense LDL. Atherosclerosis 1998;138:289-299.

PUBMED | CROSSREF

22. Rao A, Parker AH, el-Sheroni NA, Babelly MM. Calculation of low-density lipoprotein cholesterol with
use of triglyceride/cholesterol ratios in lipoproteins compared with other calculation methods. Clin Chem
1988;34:2532-2534.

PUBMED | CROSSREF

23. Ahmadi SA, Boroumand MA, Gohari-Moghaddam K, Tajik P, Dibaj SM. The impact of low serum
triglyceride on LDL-cholesterol estimation. Arch Iran Med 2008.11:318-321.
PUBMED

24. Martin SS, Blaha MJ, 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. JAMA 2013;310:2061-2068.

PUBMED | CROSSREF

25. 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.
JAMA Cardiol 2020;5:540-548.

PUBMED | CROSSREF

26. Ferrinho C, Alves AC, Bourbon M, Duarte S. Applicability of Martin-Hopkins formula and comparison
with Friedewald formula for estimated low-density lipoprotein cholesterol in e_COR study population.
Rev Port Cardiol (Engl Ed) 2021;40:715-724.

PUBMED | CROSSREF
https://doi.org/10.12997/jla.2023.12.3.252 264


http://www.ncbi.nlm.nih.gov/pubmed/33226544
https://doi.org/10.1007/s10557-020-07107-5
http://www.ncbi.nlm.nih.gov/pubmed/29898218
https://doi.org/10.1001/jamacardio.2018.1533
http://www.ncbi.nlm.nih.gov/pubmed/23108766
https://doi.org/10.1258/acb.2012.011259
http://www.ncbi.nlm.nih.gov/pubmed/26600746
http://www.ncbi.nlm.nih.gov/pubmed/27595975
https://doi.org/10.1002/jcla.22057
http://www.ncbi.nlm.nih.gov/pubmed/19009762
http://www.ncbi.nlm.nih.gov/pubmed/15939107
https://doi.org/10.1016/j.ijcard.2004.05.009
http://www.ncbi.nlm.nih.gov/pubmed/20487572
https://doi.org/10.1186/1476-511X-9-52
http://www.ncbi.nlm.nih.gov/pubmed/20219094
https://doi.org/10.1186/1476-511X-9-27
http://www.ncbi.nlm.nih.gov/pubmed/17045352
https://doi.org/10.1016/j.ijcard.2006.07.139
http://www.ncbi.nlm.nih.gov/pubmed/19253792
http://www.ncbi.nlm.nih.gov/pubmed/9690912
https://doi.org/10.1016/S0021-9150(98)00034-3
http://www.ncbi.nlm.nih.gov/pubmed/3197296
https://doi.org/10.1093/clinchem/34.12.2532
http://www.ncbi.nlm.nih.gov/pubmed/18426324
http://www.ncbi.nlm.nih.gov/pubmed/24240933
https://doi.org/10.1001/jama.2013.280532
http://www.ncbi.nlm.nih.gov/pubmed/32101259
https://doi.org/10.1001/jamacardio.2020.0013
http://www.ncbi.nlm.nih.gov/pubmed/34857108
https://doi.org/10.1016/j.repce.2021.07.001

LDL Equation

Journal of
Lipid and
Atherosclerosis

https://e-jla.org

27. Naser A, Isgandarov K, Giiveng TS, Giiveng RC, Sahin M. Comparison of Novel Martin/Hopkins and
Sampson Equations for Calculation of Low-Density Lipoprotein Cholesterol in Diabetic Patients. Arq
Bras Cardiol 2022.119:225-233.
PUBMED

28. Ertiirk Zararsiz G, Bolat S, Cephe A, Kochan N, Yerlitas Si, Dogan HO, et al. Validation of
Friedewald, Martin-Hopkins and Sampson low-density lipoprotein cholesterol equations. PLoS One
2022;17:€0263860.
PUBMED | CROSSREF

29. Briers PJ, Langlois MR. Concordance of apolipoprotein B concentration with the Friedewald, Martin-
Hopkins, and Sampson formulas for calculating LDL cholesterol. Biochem Med (Zagreb) 2022.32:010704.
PUBMED

30. Dintshi M, Kone N, Khoza S. Comparison of measured LDL cholesterol with calculated LDL-cholesterol
using the Friedewald and Martin-Hopkins formulae in diabetic adults at Charlotte Maxeke Johannesburg
Academic Hospital/NHLS Laboratory. PLoS One 2022;17:e0277981.
PUBMED | CROSSREF

31. Cartier LJ, St-Coeur S, Robin A, Lagace M, Douville P. Impact of the Martin/Hopkins modified equation
for estimating LDL-C on lipid target attainment in a high risk patient population. Clin Biochem
2020;76:35-37.
PUBMED | CROSSREF

32. Reiber I, Mark L, Paragh G, Toth PP. Comparison of low-density lipoprotein cholesterol level calculated
using the modified Martin/Hopkins estimation or the Friedewald formula with direct homogeneous assay
measured low-density lipoprotein cholesterol. Arch Med Sci 2020;18:577-586.
PUBMED | CROSSREF

33. Steyn N, Muller Rossouw H, Pillay TS, Martins J. Comparability of calculated LDL-C with directly
measured LDL-C in selected paediatric and adult cohorts. Clin Chim Acta 2022;537:158-166.
PUBMED | CROSSREF

34. Rossouw HM, Nagel SE, Pillay TS. Comparability of 11 different equations for estimating LDL cholesterol
on different analysers. Clin Chem Lab Med 2021;59:1930-1943.
PUBMED | CROSSREF

35. ShiB, Wang HY, Yin D, Zhu C, Feng L, Wang H, et al. Comparison of Estimated LDL Cholesterol
Equations with Direct Measurement in Patients with Angiographically Confirmed Coronary Artery
Disease. ] Cardiovasc Dev Dis 2022;9:342.
PUBMED | CROSSREF

36. Sajja A, Park]J, Sathiyakumar V, Varghese B, Pallazola VA, Marvel FA, et al. Comparison of Methods to
Estimate Low-Density Lipoprotein Cholesterol in Patients With High Triglyceride Levels. JAMA Netw
Open 2021;4:e2128817.
PUBMED | CROSSREF

37. HigginsV, Leiter LA, Delaney SR, Beriault DR. Validating the NIH LDL-C equation in a specialized lipid
cohort: Does it add up? Clin Biochem 2022;99:60-68.
PUBMED | CROSSREF

38. Ginsberg HN, Rosenson RS, Hovingh GK, Letierce A, Samuel R, Poulouin Y, et al. LDL-C calculated by
Friedewald, Martin-Hopkins, or NIH equation 2 versus beta-quantification: pooled alirocumab trials. J
Lipid Res 2022;63:100148.
PUBMED | CROSSREF

39. Evans NJ. Assessing the practical differences between model selection methods in inferences about
choice response time tasks. Psychon Bull Rev 2019;26:1070-1098.
PUBMED | CROSSREF

40. Meani D, Solari¢ M, Visapdid H, Rosén RM, Janknegt R, So¢e M. Practical differences between luteinizing
hormone-releasing hormone agonists in prostate cancer: perspectives across the spectrum of care. Ther
Adv Urol 2017;10:51-63.
PUBMED | CROSSREF

41. Mora S, Rifai N, Buring JE, Ridker PM. Comparison of LDL cholesterol concentrations by Friedewald
calculation and direct measurement in relation to cardiovascular events in 27,331 women. Clin Chem
2009;55:888-894.
PUBMED | CROSSREF

42. Ding Asarcikli L, Kis M, Giiveng TS, Tosun V, Acar B, Avc1 Demir F, et al.; CVSCORE-TR investigators.
Usefulness of novel Martin/Hopkins and Sampson equations over Friedewald equation in cardiology
outpatients: A CVSCORE-TR substudy. Int J Clin Pract 2021;75:e14090.
PUBMED | CROSSREF

https://doi.org/10.12997/jla.2023.12.3.252 265


http://www.ncbi.nlm.nih.gov/pubmed/35766617
http://www.ncbi.nlm.nih.gov/pubmed/35559957
https://doi.org/10.1371/journal.pone.0263860
http://www.ncbi.nlm.nih.gov/pubmed/34955672
http://www.ncbi.nlm.nih.gov/pubmed/36516155
https://doi.org/10.1371/journal.pone.0277981
http://www.ncbi.nlm.nih.gov/pubmed/31843663
https://doi.org/10.1016/j.clinbiochem.2019.12.002
http://www.ncbi.nlm.nih.gov/pubmed/35591827
https://doi.org/10.5114/aoms.2020.97847
http://www.ncbi.nlm.nih.gov/pubmed/36265577
https://doi.org/10.1016/j.cca.2022.10.003
http://www.ncbi.nlm.nih.gov/pubmed/34384146
https://doi.org/10.1515/cclm-2021-0747
http://www.ncbi.nlm.nih.gov/pubmed/36286294
https://doi.org/10.3390/jcdd9100342
http://www.ncbi.nlm.nih.gov/pubmed/34709388
https://doi.org/10.1001/jamanetworkopen.2021.28817
http://www.ncbi.nlm.nih.gov/pubmed/34656564
https://doi.org/10.1016/j.clinbiochem.2021.10.003
http://www.ncbi.nlm.nih.gov/pubmed/34774485
https://doi.org/10.1016/j.jlr.2021.100148
http://www.ncbi.nlm.nih.gov/pubmed/30783896
https://doi.org/10.3758/s13423-018-01563-9
http://www.ncbi.nlm.nih.gov/pubmed/29434673
https://doi.org/10.1177/1756287217738985
http://www.ncbi.nlm.nih.gov/pubmed/19395440
https://doi.org/10.1373/clinchem.2008.117929
http://www.ncbi.nlm.nih.gov/pubmed/33570835
https://doi.org/10.1111/ijcp.14090

Journal of
Lipid and
LDL Equation Atherosclerosis

43. Ghayad JP, Barakett-Hamadé VP. A Tale of Two Approaches. Am J Clin Pathol 2022;157:345-352.
PUBMED | CROSSREF

44. Martins J, Steyn N, Rossouw HM, Pillay TS. Best practice for LDL-cholesterol: when and how to calculate.
J Clin Pathol 2023;76:145-152.
PUBMED | CROSSREF

https://e-jla.org https://doi.org/10.12997/jla.2023.12.3.252 266


http://www.ncbi.nlm.nih.gov/pubmed/34596224
https://doi.org/10.1093/ajcp/aqab153
http://www.ncbi.nlm.nih.gov/pubmed/36650044
https://doi.org/10.1136/jcp-2022-208480

	Assessing the Practical Differences in LDL-C Estimates Calculated by Friedewald, Martin/Hopkins, or NIH Equation 2: An Observation Cross-Sectional Study
	INTRODUCTION
	MATERIALS AND METHODS
	2. Laboratory measurements
	3. LDL-C data
	4. Statistical analyses

	RESULTS
	2. Score distribution differences
	3. Correlations
	4. Degree of agreement

	DISCUSSION
	SUPPLEMENTARY MATERIAL
	Supplementary Table 1

	REFERENCES


