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ABSTRACT
The lipid profile is important in the risk assessment for 
cardiovascular disease. The lipid profile includes total 
cholesterol, high- density lipoprotein (HDL)- cholesterol, 
triglycerides (TGs) and low- density lipoprotein (LDL)- 
cholesterol (LDL- C). LDL- C has traditionally been calculated 
using the Friedewald equation (invalid with TGs greater than 
4.5 mmol/L and is based on the assumption that the ratio 
of TG to cholesterol in very- low- density lipoprotein (VLDL) 
is 5 when measured in mg /dL). LDL- C can be quantified 
with a reference method, beta- quantification involving 
ultracentrifugation and this is unsuitable for routine use. 
Direct measurement of LDL- C was expected to provide a 
solution with high TGs. However, this has some challenges 
because of a lack of standardisation between the reagents 
and assays from different manufacturers as well as the 
additional costs. Furthermore, mild hypertriglyceridaemia 
also distorts direct LDL- C measurements. With the limitations 
of the Friedewald equation, alternatives have been derived. 
Newer equations include the Sampson- National Institutes of 
Health (NIH) equation 2 and the Martin- Hopkins equation. 
The Sampson- NIH2 equation was derived using beta- 
quantification in a population with high TG and multiple 
least squares regression to calculate VLDL- C, using TGs and 
non- HDL- C as independent variables. These data were used 
in a second equation to calculate LDL- C. The Sampson- 
NIH2 equation can be used with TGs up to 9 mmol/L. The 
Martin- Hopkins equation uses a 180 cell stratification of 
TG/non- HDL- C to determine the TG:VLDL- C ratio and can 
be used with TGs up to 4.5 mmol/L. Recently, an extended 
Martin- Hopkins equation has become available for TGs up to 
9.04 mmol/L.This article discusses the best practice approach 
to calculating LDL- C based on the available evidence.

BACKGROUND
In 2019, cardiovascular disease (CVD) accounted for 
32% of global deaths and elevated low- density lipo-
protein (LDL) cholesterol was identified as a major 
risk factor.1 LDL- cholesterol (LDL- C) is also a major 
target in clinical practice guidelines for treatment on 
which CVD classifications and adjustments of treat-
ment for elevated cholesterol are based. Accurate 
measurement is essential as treatment decisions are 
often based on achievement of a specific LDL- C goal, 
a risk- based treatment goal or a reduction in LDL 
cholesterol levels by at least 50%.2 These guidelines 
were however compiled from randomised controlled 
trials (RCTs) and other studies in which the Frie-
dewald calculation was mainly used to determine 
LDL- C levels.3 How Friedewald compares to other 
methods of LDL- C needs to be borne in mind when 
making decisions about treatment adjustments based 
on LDL- C levels obtained by different methods. The 

strength of the recommendations in the guidelines 
is based on different levels of evidence on which the 
recommendations are based.4

The gold- standard reference method for measure-
ment of LDL cholesterol is beta quantification.2 This 
combines ultracentrifugation and precipitation with 
polyanions to separate lipoproteins. There are several 
limitations to this method: it is not convenient for 
routine use, as it is expensive, labour intensive,re-
quires a large number of sample batches and can only 
be done in specialised laboratories. The concept of 
calculating LDL cholesterol based on the lipid profile 
was developed a few decades ago by James Friedewald 
in 1972.5 He introduced a formula (referred to as the 
Friedewald formula or equation) that became widely 
adopted in practice and was based on the assumption 
that the ratio of triglycerides to cholesterol in very- 
low- density lipoprotein (VLDL) is a factor of 5.5

Plasma LDL cholesterol levels have been, for many 
years, indirectly determined by calculation from total 
cholesterol, high- density lipoprotein (HDL) choles-
terol and plasma TG measurements based on the orig-
inal Friedewald equation – LDL- C (mmol/L) = TC 
-HDL- TG/2.2. There was a factor applied by dividing 
TGs either by 2.2 (using mmol/ L) or 5 (mg/dL). 
Subsequently, there were a number of limitations that 
became apparent when using this calculation leading 
to continuous discussion and debate over the decades.

The equation assumes a fixed TG to choles-
terol ratio for estimating the concentration of the 
VLDL cholesterol. With high levels of TGs, the 
relationship may not be valid.6 7 It requires fasting 
samples as the presence of chylomicronaemia leads 
to underestimation of VLDL- C and consequently 
overestimation of the LDL- cholesterol. It is not 
suitable for TG levels higher than 4.5 mmol/L and 
type 3 hyperlipidaemia.6 7 It also loses accuracy 
with TGs that are above 1.69 mmol/L (150 mg/
dL), and with very low levels of LDL cholesterol, 
below the 1.8 mmol/L (70 mg/dL) target. With the 
use of proprotein convertase subtilisin/kexin type 
9 (PCSK9) inhibitors, LDL cholesterol can be 
reduced to very low levels when added to a statin. 
A low LDL cholesterol concentration can affect 
the VLDL cholesterol estimation and this can lead 
to incorrect LDL cholesterol calculation results. If 
calculation underestimates LDL cholesterol, this 
may have severe clinical implications which can 
lead to suboptimal therapy or even misclassification 
of CVD risk.

The use of direct LDL-C measurement: 
shortcomings and limitations
There is the alternative option of measuring the LDL 
cholesterol directly (table 2).8 There are very good 
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indications for doing this, for example, in patients with high TG 
levels, it is often recommended to use the direct chemical assays. 
It can also be used on postprandial samples that have high TGs. 
A study in 2009 had shown that in over 27 000 women, there 
was a lack of association of direct LDL- C with CVD events in 
non- fasting samples 9 implying that direct LDL- C may not be 
useful in nonfasting samples. Lately, there has been a move to 
non- fasting samples and avoidance of fasting samples for conve-
nience. There is an issue of using different statins and the validity 
in using different methods of measuring LDL- C in these patients 
and it is therefore recommended that direct measurement of 
LDL- C might be more accurate in these situations.10 11

Direct assay of LDL cholesterol has also been shown to be 
more accurate than total cholesterol for lipoprotein screening. 
The main limitation to direct assay of LDL cholesterol is the 
lack of standardisation across laboratories. The performance 
varies across methods and reagents used.12 With mild hypertri-
glyceridaemia >4.5 mmol/L direct LDL assays become less reli-
able, potentially affecting CVD risk estimation and treatment 
decisions.12 Using direct LDL- C in patients with hypertriglyce-
ridaemia has the potential to misclassify patients when using 
the SCORE (Systematic COronary Risk Evaluation) prediction 
model.13 There is also the concern of the clinical utility of non- 
fasting samples; direct LDL- C measurement is time- consuming 
and could be inaccurate in dyslipidaemia. Additionally, there are 
concerns about cost effectiveness when performing direct LDL 
cholesterols in all patients14 when in many instances, calcula-
tion may suffice. This leads to an increase in the cost of a total 
lipid profile when compared with the calculated LDL cholesterol 
which does not add any further costs to the total lipid profile. 
The direct measurement of LDL- C can add approximately 27% 
to the laboratory test leading to an increase in total costs for 
all laboratories, especially those running high volumes of these 
tests. The lipid profile is one of the most frequently ordered tests 
in clinical practice. In addition, time intervals between ordering 
these tests are inappropriate in many cases when compared with 
proposed guidelines.15

In terms of the choice of analyser, there may be variations in 
LDL- C results. Rossouw et al16 compared the Abbott and Roche 
platforms and found that when using an Abbott analyser, the 
Martin/Hopkins, Friedewald and Sampson LDL- C were compa-
rable, while on the Roche platform, the Martin/Hopkins was 
only comparable to the Friedewald and not to the Sampson 
LDL- C. Additionally, they found that in patients with LDL- C 
≤1.8 mmol/L  and  TG  ≤1.7 mmol/L,  the  predicted  LDL- C 
between Martin/Hopkins, Friedewald and the Sampson equa-
tions were comparable when using Abbott reagents. However, 
these LDL- C values were not comparable when using Roche 
reagents. This data indicates that the analyser and reagent choice 
are additional variables that may affect LDL- C results.

Comparisons of the various formulae and equations
Several equations have been developed over the years, to over-
come the limitations of the Friedewald equation since it was first 
reported (online supplemental table 1). In the original report of 
Friedewald,5 one of the limitations apparent was the fact that it 
was based on a very small sample size of 448 samples. In addi-
tion, most of the data used to derive the Friedewald equation was 
from a population with familial hypercholesterolaemia. Further-
more, there were specific exclusion criteria including non- fasted 
samples, TGs >4.5 mmol/L and LDL- C<1.8 mmol/L (online 
supplemental table 1). Therefore, these data do not represent the 
general population. The main calculated LDL formulae that have 

been developed and used are shown (online supplemental table 
1). Some have been validated and derived from large studies.

Several studies have also compared a combination of these 
different fequations in different populations or modifications 
of these formulae. These studies have taken several of these 
formulae and compared them in hospitalised patients,17 different 
ethnic populations18–20 populations with varied metabolic health 
status21 as well as adults22 and children.23 24

Martin/Hopkins equation versus Sampson-National Institutes 
of Health equation 2
In most of these studies cited above, the results indicated that 
the Friedewald equation was not the best equation to use in 
any of these populations. This begs the question: which equa-
tion would be the best one to use? This varies according to the 
different populations that were assessed. The newer equations 
that appear to be the most robust and useful appear to be the 
Martin/Hopkins25 and the Sampson (National Institutes of 
Health, NIH equation 2) formula.26 The Martin- Hopkins equa-
tion uses patient- specific ratios of TGs to LDL cholesterol and 
it is based on a stratified 180 cell table, which uses a specific 
ratio based on the level of TGs and non- HDL- C in the equation. 
The Sampson equation uses TGs and a non- HDL independent 
variable in a least squares regression; it then generates VLDL 
cholesterol, which is used in a second equation to calculate LDL 
cholesterol at both low LDL- C and/or high TG levels. These two 
values are central in deciding which is accurate to use for CVD 
risk assessment and treatment adjustments. A study published 
in JAMA Cardiology indicates that the Sampson equation may 
underestimate LDL- C at low levels when compared with ultra-
centrifugation.27 This may be due to the equation being derived 
using a sample population with few individuals having low 
LDL- C levels.

The Martin- Hopkins equation uses an adjustable factor for the 
TG- VLDL cholesterol ratio, has been validated on a large data 
set and was shown to provide more accurate LDL cholesterol 
results than the Friedewald equation. This was especially the case 
when LDL was very low(below 1.81 mmol/L) and in those with 
elevated TG levels. Improved classification of patients on lipid 
lowering therapies was also found including those on PCSK9 
inhibitors28 and with low LDL cholesterol levels, whether the 
patient was on statins or for other reasons. The 180- cell Martin- 
Hopkins equation underestimates the VLDL- C in patients with 
high TG levels. The Martin- Hopkins equation is currently not 
in widespread use because of the need for further validation and 
the complexity of implementing the 180 cell stratification in a 
laboratory information system. A recent study focused on the 
validation of the Friedewald, Sampson and the Martin Hopkins 
formula in an adult Turkish population.29 Additional validation 
in different population groups will provide more information 
about the clinical utility of these formulas in assessing CVD risk.

The Sampson equation, developed in 2020, was formulated in 
patients where the TG levels were up to 9 mmol/L or 800 mg/dL. 
It was based on beta- quantification and a dataset with high TG 
and the equation is freely available online. Although the calcu-
lation appears complex, it is a single equation that can be easily 
integrated into any existing laboratory information system and 
this makes it more practical to use in existing laboratories. Clini-
cians can report LDL cholesterol levels for patients with hyper-
triglyceridaemia at very high levels (TG<9 mmol/L; 800 mg/dL) 
and also estimate LDL cholesterol levels for patients with normo-
lipidaemia and/or low levels of LDL cholesterol which can be the 
same as or more accurate than the other existing equations. (We 
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have also been able to adapt the Martin- Hopkins equation for 
use in laboratory information systems using mmol/L).

A recent study by Ginsberg et al,2 examined the Friede-
wald, Martin- Hopkins and Sampson equations vs beta quanti-
fication in pooled trials of patients on PCSK9 inhibitors. The 
authors examined the concordance between calculated and 
beta quantification- derived LDL- C calculated values, above or 
below the LDL- C threshold of the 1.8 mmol/L (70 mg/dL) cut- 
off, which was used for patients in very high CV risk categories 
(table 1).

This shows that for beta quantification- derived LDL choles-
terol values, especially the low ones, the concordance was 94.7% 
(Friedewald), 97.4% (Martin- Hopkins) and 96.9% (Sampson). 
When TG levels were less than 4 mmol/L (150 mg/dL), the differ-
ence appeared to be minimal, regardless of the LDL- C level. 
When the TG levels were above 4 mmol/L (150 mg/dL), the 
Sampson equation had the greatest accuracy. At TG levels above 
6 mmol/L (250 mg/dL), all three methods showed inaccuracies 
although the Sampson equation was still the most accurate.

The discrepancies between the three formulae and beta quan-
tification of LDL- C are clinically insignificant when TGs are 
between 70 and 150 mg/dL (0.8–1.7 mmol/L).2 Above this level, 
there are differences in performance with Sampson performing 
better than the 180 cell Martin- Hopkins equation and this could 
be clinically relevant.2 More than 50% of the LDL- C results 
differed by less than (0.13 mmol/L) (5 mg/dL), including those in 
the lowest quantile of the LDL cholesterol results. The authors 
concluded that LDL cholesterol, by any method, can calculate 
treatment decisions in most patients, including those on lipid- 
lowering therapies and PCSK9 inhibitors.2 Insights into the 
FOURIER trial published in JAMA Cardiology reveal that the 
Martin- Hopkins equation outperformed the Friedewald equa-
tion in patients treated with PCSK- 9 inhibitors when compared 
with the preparative ultracentrifugation reference method.30 
Although the Sampson equation was not included in this study, 
it has been shown to lose accuracy at low LDL- C levels27 and 
therefore may not be ideal to use in patients on lipid lowering 
therapies.

A recent study by Steyn et al31 compared direct measurement 
of LDL- C using direct LDL enzymatic assays to the Sampson, 
Martin/Hopkins, Friedewald, Hattori and Anandaraja equations 
in a paediatric population (N=7598) and an adult population 
with uncontrolled diabetes (N=57 165). This study indicated 
that the Martin/Hopkins formula may be used in place of direct 
LDL enzymatic assays in these two populations as this equation 
is the least likely to underestimate CV risk when compared with 
the other four formulas.

Current international guidelines
Clinical practice guidelines remain the main device for deliv-
ering evidence- based recommendations but may contain gaps 
when there is ambiguity on certain aspects of a topic. Differences 
between guideline recommendations exist, with some focused 
on specific LDL- C treatment targets, others on percent reduc-
tion of LDL- C, and yet others on intensity of treatment and 
patient risk.32 The variance in recommendations indicates a lack 
of consistency in available evidence.3

The European Society of Cardiology (ESC)/European Athero-
sclerosis Society (EAS) guidelines are based on intervention strat-
egies as a function of total CV risk and LDL- C level derived 
from evidence from multiple meta- analyses and RCTs as well as 
other sources that demonstrated consistent graded reduction in 
CVD risk when LDL- C is reduced—the higher the initial LDL- C 
level the greater the absolute risk reduction while the relative 
risk reduction was constant at any initial level.33 The US expert 
panel confined itself to a simple, hard source of evidence coming 
from results in RCTs. There has been no RCT to support the 
American Heart Association (AHA)/American College of Cardi-
ology (ACC) recommendation for the use of high- dose statins 
in all high- risk people regardless of baseline LDL- C level33 or 
large RCTs to evaluate the outcome of drug titration to specific 
LDL- C targets.3 Importantly, the majority of RCTs on which 
guidelines have been based used the Friedewald calculation to 
evaluate LDL- C levels.3 33 Statin trial data suggest that the abso-
lute benefits of treatment are related to an individual’s risk of 
atherosclerotic CVD and the absolute reduction in LDLC that 
is achieved.34 No level of LDL- C below which benefit ceases or 
harm occurs has been defined for patients with CVD or cere-
brovascular disease.33–35 A meta- analysis of statin trials indicated 
that individuals achieving LDL- C levels <50 mg/dL (1.3 mmol/L) 
with statin therapy had a lower risk of major CV events, but 
possibly a slightly higher risk of haemorrhagic stroke (although 
absolute event rate was low).36 Prolonged exposure to very low 
levels of LDL- C levels in patients with genetic conditions causing 
physiologically low levels of this type of cholesterol has not been 
associated with any adverse events, providing reassurance that 
very low LDL- C levels may have an acceptable safety profile.36

Possible risks, increased patient burden and costs associated 
with pursuing these low target levels have not been adequately 
addressed in the literature and this could result in the promo-
tion of unsafe treatment recommendations focusing solely 
on the achievement of a specific target LDL- C.37 Even when 
maximal dosages of high- intensity statins are used concur-
rently with ezetimibe, around 50% of patients would qualify 
for PCSK9 inhibitor adjunctive therapy postmyocardial 

Table 1 Analysis of concordance between calculated and BQ derived LDL- C values for the LDL- C threshold of 70 mg/dL (1.81 mmol/L)2

n (%) of LDL- C Pairs BQ: <1.81 mmol/L/<70 mg/dL (%) BQ: ≥1.81 mmol/L/≥70 mg/dL (%) Total

Friedewald <70 mg/dL/<1.81 mmol/L 6095 (94.7) 341 (5.3) 6436

Friedewald ≥70 mg/dL/≥1.81 mmol/L 282 (2.7) 10 359 (97.3) 10 641

Total 6377 10 700 17 077

Martin/Hopkins <70 mg/dL/<1.81 mmol/L 5853 (97.4) 154 (2.6) 6007

Martin/Hopkins ≥70 mg/dL/≥1.81 mmol/L 524 (4.7) 10 546 (95.3) 11 070

Total 6377 10 700 17 077

Sampson -NIH equation 2 <70 mg/dL/<1.81 mmol/L 5960 (96.9) 191 (3.1) 6151

Sampson- NIH equation 2 ≥70 mg/dL/≥ 1.81 mmol/L 417 (3.8) 10 509 (96.2) 10 926

Total 6377 10 700 17 077

BQ, beta- quantification; LDL- C, low- density lipoprotein- cholesterol; NIH, National Institutes of Health.
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infarction according to the 2019 ESC/EAS guidelines,38 
which would have significant financial implications. Further-
more genetic studies propose that CV risk is associated not 
just with the absolute concentration of LDL- C but also with 
the duration of exposure.36

The AHA/ACC committee recommends that the thresholds 
for consideration of net CVD risk- reduction benefit should 
merely be considerations and not firm triggers for intensification 
of therapy because of the uncertainty associated with different 
methods of LDL- C measurement. However, specific LDL- C 
targets have been incorporated in the most recent consensus 
document from the ACC expert panel.3 34 Treatment targets will 
produce greater benefit for patients with high baseline LDL- C 
values, but may mean that people with lower initial levels, if 
treated to a target LDL- C with the low doses of statin required 
for this, will not receive the benefit that they might from higher 
fixed dose statin treatment.34

Observational data on the attainment of current recom-
mended low LDL- C goals in real- world practice will be 
an important piece of evidence to validate the proposed 
thresholds and perhaps support further alignment of LDL- C 
treatment goals as well as LDL- C measurement practices 
worldwide.39

In 2018, before the Sampson equation was released, the 
ACC and AHA guidelines4 recommended the Martin/Hopkins 
formula as the preferred calculation method for patients with 
low LDL cholesterol. The original 180 cell Martin- Hopkins 

equation splits the TGs into categories, but was only vali-
dated for TG levels below 4.5 mmol/L (400 mg/dL), and labo-
ratories do not report LDL cholesterol levels when the TGs 
are greater than 4.5 mmol/ L (400 mg/dL). The European 
guidelines recommend that the Friedewald equation- calcu-
lated LDL cholesterol provides reasonable estimation of the 
beta quantification- derived LDL cholesterol in most cases for 
example, when the TG concentration was less than the 4.5 
mmol/L (400 mg/dL).40 However, when TG levels are very 
high (<9 mmol/L, 800 mg/dL), the Sampson or extended 
Martin/Hopkins equation can be used or LDL cholesterol 
levels can be measured directly. Therefore, there are three 
options in that clinical scenario (figure 1). The clinical bene-
fits of estimating LDL- C relate to the estimation of CV risk. 
LDL- C and other apoB- containing lipoproteins are consid-
ered by the ESC, ACC, AHA and EAS to be the main focus of 
lipid- lowering interventions.41–45

The guidelines do not clearly indicate a benefit to using 
the direct LDL cholesterol method over the Friedewald equa-
tion in routine use, but as an alternative they do recommend 
non- HDL cholesterol and apolipoprotein B to estimate CV 
risk.40 When comparing reductions in apoB, non- HDL- C 
and LDL- C, it was found that the reduction in apoB had the 
strongest correlation to risk reduction produced by statin 
therapy.46 47 Additionally, the risk of myocardial infarction 
was also correlated more closely with levels of apoB compared 
with non- HDL- C and LDL- C, indicating that this marker 

Figure 1 Cardiovascular risk status algorithm based on lipid parameter concentrations and Framingham risk scores. The algorithm begins with 
carrying out a basic lipid profile to determine the level of triglycerides in the sample. At TG levels lower than 4.52 mmol/L, the Friedewald equation 
can be used to calculate LDL- C. At TG levels between 4.52 and 9.04 mmol/L, the extended Martin/Hopkins equation or the Sampson equation is 
recommended to calculate LDL- C. Fasted samples are recommended for intermediate to high TG levels (4.52 - 9.04 mmol/L), while non- fasted 
samples can be used when TG < 4.52 mmol/L. If fasted samples produce TG levels above 9.04 mmol/L, report, ‘LDL- C cannot be accurately estimated’. 
Threshold lipid values are included for LDL- C, non- HDL- C and ApoB in primary intervention for low, intermediate and high risk categories. If a patient’s 
lipid results exceed these values, therapy should be considered. Apo B, apolipoprotein B; FRS, Framingham Risk Score; HDL, high- density lipoprotein; 
LDL, low- density lipoprotein; Lp(a), lipoprotein (a); TG, triglycerides.
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may be of significant use when assessing risk status.48 The 
current guidelines are still applicable. In 2018, US Choles-
terol management guidelines advocated for the use of the 
Martin/Hopkins equation for LDL cholesterol levels less than 
1.81 mmol/L (70 mg/dL).4 In 2019, the AHA guidelines advo-
cated for the use of alternative calculations or use of direct 
LDL cholesterol measurement but did not see this as superior 
to the Friedewald calculation.49 They did, however, acknowl-
edge the limitations of the Friedewald calculation.

The 2020 and 2021 guidelines of the AHA recommend that 
decision making should include the patient’s 10- year risk for CV 
risk, according to the Pooled Cohort equations and this should 
include the risk enhancing factors. Using statins as the founda-
tion towards other lipid- lowering treatments can be added and 
there should be special adjustment of the algorithms for ethnic 
groups, adults with chronic kidney disease, particularly those 
with HIV and women.50 A significant point to take into consid-
eration is that many 10- year risk calculations do not use LDL- C 
or TGs.

We looked at various studies that compared the various 
formulae/equations to direct LDL cholesterol measurement 
specifically spanning the period of 2020 until 2022, and we 
found 39 studies that looked at various groups (summarised 
in table 2).51 It is significant to note that 22 of these studies 
used enzymatic assays as the direct method for LDL- C calcu-
lation, 2 studies used beta quantification, 1 study used vertical 
auto profile ultracentrifugation, 5 studies did not specify the 
direct method used and direct assays were not applicable in 
the remaining 9 studies as they compared LDL- C equations 
to each other.

The performance of the equations varies depending on the 
patient cohort. It is interesting that novel machine learning 
models are being developed for different populations52 53 and 
formulae appear to be population specific in terms of their 
performance.17 23 54 55 Another concern highlighted by various 
authors was the variation in performance of the equations when 
combined with other CV risk markers in patients, for example, 
apo B, Lp(a),56 small dense LDL,57 non- HDL- C/TG ratio,58 non- 
HDL- C in CVD,59 high HDL- C60 and apoE genotypes.61

There is one study that applied a correction in the Friede-
wald equation to change the estimation with risk of Lp(a), but 
that still needs to be validated.56 The actual LDL cholesterol 
particle is made up of free cholesterol, sphingomyelin, choles-
terol esters internally and TGs internally, but of importance is 
how this particle is compacted (density, size, amount of TG, 

external surface molecules). The diameter of the LDL particle 
is approximately 19–22 nm and the average density is between 
1.019 and 1.063 g/mL. The core contains TGs and cholesteryl 
esters while phospholipids, free cholesterol and apoB- 100 are 
found on the surface.8 All of these are important parameters and 
are the subject of continuing investigation. Other LDL- based 
tests show superiority to the calculated or the direct LDL choles-
terol levels and these include LDL- TG, small dense LDL, LDL- 
sphingomyelin (LDL- SM), which has the propensity for LDL to 
aggregate in the pathogenesis for atherosclerosis and also the 
LDL particle number.8 The ACC and AHA guidelines advocate 
for: (A) the use of the Friedewald equation with its acknowl-
edged limitations, the original Martin- Hopkins equation recom-
mened for use on fasting samples and (B) the Sampson equation 
that performs very well on high TG levels and low LDL choles-
terol levels, in patients on lipid lowering therapies and can be 
used in non- fasting samples.4 49 All of these are in the current 
guidelines in terms of being applicable but should be on a case 
by case basis for the patient. Direct LDL- C measurement can be 
used, although it is less accurate for some lipidaemic samples and 
there are also cost implications.14

The 2021 recommendation of the Canadian Society of 
Clinical Chemists recommends the use of the Sampson- NIH2 
equation in place of the Friedewald equation for calculating 
LDL- C in all patients.62 The laboratory report should explicitly 
state which equation was used if the calculated LDL- C result 
is reported. If the TG>4.52 mmol/L and the LDL- C result was 
calculated using the Friedewald equation, the LDL- C result 
should be cancelled with a comment on the report that the TGs 
exceed 4.52 mmol/L. In this instance, non- HDL- C can be calcu-
lated or the samples should be recollected in a fasting state and 
measurement of apoB should be undertaken. If the Sampson 
NIH- 2 equation has been used and the TG>9.04 mmol/L, the 
the LDL- C result should be cancelled with a comment on the 
report that the TGs exceed 9.04 mmol/L and samples should 
be recollected in a fasting state or calculation of non- HDL- C 
or measurement of apoB should be undertaken. If a negative 
LDL- C value is calculated then the reporting comment should be 
included an indication that the LDL- C is too low to be accurately 
estimated. The Sampson- NIH2 equation should have a lower 
reporting limit of 0.50 mmol/L. The Sampson- NIH2 equation 
was originally configured to work in conventional units (mg/dL). 
The formula can be converted to work in SI units and there is a 
published version.63 For samples with high TGs, there is also the 
option of using the extended Martin- Hopkins equation64 which 

Table 2 Adaptation of established and novel markers to measure LDL- cholesterol8

Analytes Method Limitations Status

Friedewald equation Calculation Only for TG <400 mg/dL (<4.52 mmol/L) and fasting samples Routine

Martin/Hopkins equation Calculation Only for TG <400 mg/dL (<4.52 mmol/L) and fasting samples
(With extended equation of additional 240 cells can be used for TG up to 
9.04 mmol/L)

Routine

Sampson equation Calculation Only for TG <800 mg/dL (<9.03 mmol/L) Routine

Direct LDL- C Homogeneous enzyme assay Inaccurate for some dyslipidaemic samples Routine

LDL- P NMR Complex instrumentation Reference lab

VAP High TG samples disturb lipoprotein isolation Reference lab

DMS Complex sample preparation and analysis Reference lab

Direct sd- LDL- C Homogeneous enzyme assay This method selectively decomposes d <1.044 kg/L lipoproteins FDA approved but not yet widely available

LDL- TG Homogeneous enzyme assay Under development

LDL- SM MS Complex sample preparation and analysis Under development

DMS, differential ion mobility spectrometry; FDA, U.S. Food and Drug Administration; LDL, low- density lipoprotein; MS, mass spectrometry; NMR, nuclear magnetic resonance 
spectroscopy; TG, triglycerides; VAP, vertical auto profile.
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has an additional 240 cell stratification to cover TG values up 
to 9.04 mmol/L. However, this requires additional mathematical 
analysis of the results, which may present a challenge to labora-
tories but is possible using automated spreadsheets.

It is debatable as to whether the most accurate measurement 
tool or the measurement tool used to generate the target values 
recommended by the guidelines is best to use. The guidelines 
each have their own recommendations as to which method to 
use as outlined above.

Many of the RCTs that the guideline targets are based on 
utilised the Friedewald calculation,3 36 but as more RCT’s 
are done in the era that newer equations and direct measure-
ments are available, these are likely to be used in more trials.

When the Friedewald equation was introduced lower LDL- C 
levels were not achievable or strongly recommended and hyper-
triglyceridaemia was not as prevalent as it is today. With current 
increasing prevalence of conditions such as obesity and diabetes 
leading to increased TG levels and new treatment modalities 
achieving extremely low LDL- C levels, underestimation of these 
levels by the Friedewald equation may lead to undertreatment of 
high- risk patients. This is arguably more clinically relevant than 
overtreatment. The extended Martin/Hopkins equation is least 
likely to underestimate LDL- C and the Sampson equation falls in 
between Friedewald and the extended Martin/Hopkins.65 Direct 
LDL- C measurement is still highly recommended at TG levels 
≥400 mg/dL by most guidelines.3 38 65

Constant vigilance about redefining our estimation methods 
is necessary as therapeutic targets evolve and new medications 
become available, as evidence- based contemporary tools to 
achieve precision care is the cornerstone of modern medicine.

Other LDL-based tests
In a recent cohort study by Marston et al,48 association with 
MI was best captured by the number of apoB- containing lipo-
proteins, independent from lipid content (cholesterol or TG) 
or type of lipoprotein (LDL or TG- rich). This suggests that 
apoB may be the primary driver of atherosclerosis and that 
lowering the overall concentration of all apoB- containing 
lipoproteins should be the focus of therapeutic strategies.

A meta- analysis of seven major RCTs in 2014 concluded that 
relative coronary heart disease risk reduction was more closely 
related to reductions in apoB than to reductions in either non- 
HDL- C or LDL- C.46 ApoB has also been shown to be superior 
to LDL- C and non- HDL- C for predicting CV events and as the 
most informative marker on the benefit of statin therapy.46 48 
However, current guidelines still advocate for the use of LDL- C 
as both primary screening for risk and treatment goal, and it 
is still the most used tool for CVD risk assessment in clinical 
trials. Therefore, the estimation of LDL- C is currently still 
recommended for assessing patients for CVD risk and for moni-
toring treatment in clinical practice with non- HDL and apoB 
only being used as alternatives in specific cases where LDL- C 
by calculation or direct measurement is likely inaccurate.3 4 40 In 
future it is likely that the assessment of both non- HDL- C and 
apoB together with other lipid parameters will be recommended 
to provide a more complete lipid profile and allow identification 
of patients that could be misclassified if only classified based on 
their LDL- C levels.

The other newer markers are listed in table 2. The only one 
that is U.S. Food and Drug Administration (FDA) approved is 
the direct small dense LDL cholesterol marker. It was previ-
ously a complex analyte to measure, but with the new homo-
geneous enzyme assay, it has become very easy to implement. 

However, it is not yet widely available and this is a current 
limitation.

CONCLUSION
In summary, the performance of LDL cholesterol is influenced 
by the choice in analyser, the lipid levels (total cholesterol, 
LDL cholesterol, TG), fasting versus non- fasting samples, 
the clinical setting and patient profiles, and lipid- lowering 
therapies including statins and PCSK- 9 inhibitors. Further-
more, when TG levels are very high, in this context more 
than 4.52 mmol/L (175 mg/dL), the Sampson equation shows 
the greatest accuracy versus Martin- Hopkins and the Friede-
wald equation, but the recently developed extended Martin- 
Hopkins equation exhibits significantly improved accuracy in 
hypertriglyceridaemia with less tendency for underestimation 
of risk in low LDL- C44. Measurement of direct LDL choles-
terol for CVD risk reflection should be done when the LDL- C 
calculation might be unreliable, as in cases where the fasting 
TG levels remain markedly increased (>9.04 mmol/L) (see 
figure 1 for algorithm).
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Supplemental Table 1: Summary of established and novel formulae to calculate LDL-cholesterol 
 

 

Author 

(ref) 
Year Setting N Exclusions Patients Fasting status Limitations Formula Performance 

Friedewald 1   1972 

 

 

 

United 

States 448 

TG>4.5 mmol/L 

Non-fasted 

patients 

Familial 

Hyper- 

Cholesterola

emia 

 

 

 

Fasted 12-14h TG>4.5mmol/L 

LDL<1.8mmol/L 

LDL-C = TC − HDL-

C − TG/2.2 (mmol/L) 

High correlation 

coefficients ranging 

from 0.94 to 0.98 

(healthy population) and 

0.99 (patients with 

dyslipidaemia) 

DeLong 2 1986 

 

North 

America 
>10000 Not available 

Not 

available 

 

Fasted ≥ 12hrs Not available 

LDL-C = TC − (HDL-

C + 0.37 × TG) Not available 

Rao3 1988 

 

 

 

 

 

 

 

Kuwait 
196 None 

Serial Lipid 

profiles 

 

 

 

 

 

 

 

Unknown 
None 

([HDL-C × (a − c)] + 
(TC × c) – TG) / (c − 

b) 

A= HDL: 

TG/TC ratio = 

0.15 B= LDL: 

TG/TC ratio = 

0.095 C= 

VLDL: TG/TC 

ratio = 2.1 

Ratios are 

determined using 

results from 

ultracentrifugation 

fractions 

Linear correlation 

coefficients ranged 

between 0.93 – 0.937 
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Hattori 4   1998 

 

Japan 

2179 

TC<2.5 and >9 

mmol/L and and 

TG<0.3 and >4.5 

mmol/L 

Apo B 

<0.7umol/L 

2161 out- 

and 

inpatients 

and 18 

healthy 

controls 

 

Fasted 

overnight TC>9mmol/L 

and hyper-

triglyceridaemia 

LDL-C = (0.94TC − 
0.94HDL-C − 

0.19TG) 

(r = 0.86) Between 

estimated and measured 

LDL was observed. 

Puavilai 5  2004 

 

 

Thailand 
1079 NA 

Serum 

samples 

 

 

Fasted 
NA 

LDL-C = TC − HDL-

C − (TG/6) 
Friedewald (72.3%) vs 

Puavillai (91.6%) 

Anandaraja 
6   

2005 

 

 

India 

 2008 Not stated 

Blood 

samples-

lipid 

analysis 

(Indian 

patients) 

 

 

Unknown 
None 

LDL-C = (0.9TC) − 
(0.9TG/5) – 28 

d-LDL-C, LDL-C 

shows good 

correlation(r=0.97) 

Teerakanch

ana 7  
2007 

 

 

Thailand 
1016 None 

Outpatients 

Aged 8-89 

 

 

Fasted 12-14 

hrs None 

LDL-C = 0.91TC − 
0.634(HDL-C) − 
0.111TG − 6.755 

Max correlation 

coefficient r=980 
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Ahmadi 8  2008 

 

 

Iran 

 237 None 
TC>6.46m

mol/L 

 

 

Fasted 
None 

LDL-C = (TC/1.19) − 
(HDL-C/1.1) − 
(TG/1.9) – 38 

No significant 

difference between 

direct and Ahmadi 

methods. 

Chen 9  2010 

 

 

China 
2180 <4.5 mmol/L 

Outpatients 

>18 years 

 

 

Fasted 

overnight 

 

<4.5mmol/L 

LDL-C = 0.9(Non-

HDL-C) − 0.1TG 
(mg/dL) 

Improved vs FW 

Vujovic 10 2010 

 

 

Serbia 
2053 TG>4.5 mmol/L 

Routine 

follow up 

patients 

 

 

Fasted 

overnight TG >4.5 mmol/L 
LDL-C = TC − TG/3 
− HDL-C (mmol/L) 

No significant 

difference between 

Vujovic LDL-C and 

direct-LDL was found. 

De Cordova 
11   

2013 

 

 

Brazil 
10664 None 

Patients 

between 1-

93 years old 

 

 

Fasted 12 hrs 
Not stated 

LDL-C = 0.75(TC − 
HDL-C) 

Higher correlation with 

directly measured LDL 

compared with 

Friedewald 
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Martin/ 

Hopkins 12 
2013 

 

 

United 

States 
135090

8 
None 

Children 

adolescents 

and adults 

 

 

Unknown 
TG<4.5 mmol/L 

LDL-C = TC – HDL-

C – TG/adjustable 

factor 

MH>FW for TG 

>4mmol/L and LDL 

<1.8 mmol/L vs dLDL 

Sampson 13 2020 

 

United 

States 
8656 

Results <1st and 

>99th percentiles 

for each lipid 

parameter 

Fasting 

patients at 

the NIH 

clinical 

centre 

 

Unknown 

TG > 9 mmol/L 

LDL-C (mg/dL) = 

TC/0.948 – HDL-

C/0.971 – (TG/8.56 + 

TG × non-HDL-

C/2140 – TG2/16100) 

– 9.44 

35% less 

misclassifications in 

patients with 

hypertriglyceridemia. 

Dudi 14  2022 

 

 

 

 

 

Sub-

Himalayan 

region 

1851 
TG > 400mg/dL 

/ 4.5 mmol/L 

Fasting 

lipid profile 

in a Sub-

himalayan 

population 

 

 

 

 

 

 

Unknown 

Does not account 

for general 

population and 

dylipidaemia 

LDL-C = -2.421 + 

(0.752  TC) − (0.047 

 TG) − (0.350  

HDL-C) 

Showed a better 

diagnostic performance 

as compared to other 10 

equations taking Direct 

LDL-C as gold standard 

for Sub-himalayan 

Population and may be 

used as a substitute for 

FW in the study 

population. 

 

Sampson 15 2022 

 

 

 

 

 

 

 

 

 

 

24713 

TG > 3000 

mg/dL / 33.87 

mmol/L (N = 38) 

 

TG > 1500 

mg/dL / 16.9 

mmol/L (N = 3) 

 

Samples with 

detectable 

Dyslipidae

mic patients 

 

 

 

 

 

 

 

 

 

 

An additional 

apoB test is 

required 

 

Equation only 

compared the 

original Sampson 

equation and eS-

VLDL-C to F-

LDL-C and did 

eS-VLDL-C = (non-

HDL-C/3.81) − (HDL-

C/8.93) + (TG/7.73) + 

[(non-HDL-C  

TG)/2050] − (TG2 

/13300) − 

(ApoB/2.49) − [(ApoB 

 TG)/3550] + 7.46 

At a cut-point of 0.194, 

the first method showed 

a modest ability for 

identifying HLP3 

(sensitivity = 73.9%; 

specificity = 82.6%; and 

AUC = 0.8685) but was 

comparable to the 

existing dual lipid apoB 

ratio method. 
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United 

States 

lipoprotein – X 

on agarose gel 

electrophoresis 

(N = 126) 

Unknown not include other 

equations 

 

New equation 

not assessed in 

the routine 

clinical lab 

setting 

 

No variability in 

ethnic groups 

 

The second method 

based on eS-VLDL-C 

showed much better 

sensitivity (96.5%) and 

specificity (94.5%) at a 

cut-point of 0.209. It 

also had an excellent 

AUC value of 0.9912 

and was superior to the 

two other methods in 

test classification. 
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Supplemental Table 2: Comparison of novel LDL-C equations in different populations 

 
Country/Region Clinical interest group Homogeneous 

assay used 

Calculations 

used 

Publication 

year 

Conclusion 

Brazil Type II Diabetes Unspecified Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2022 Martin/Hopkins and Sampson's equations show 

a similar accuracy for calculating LDL-C 

concentrations in patients with diabetes, and 

both equations were marginally better than the 

Friedewald equation 16 

China Coronary artery disease Selective 

solubilization 

method test kit: 

Kyowa Medex 

Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2022 Even though misclassification by the 

Martin/Hopkins and Sampson equations was 

present in approximately 20% of patients versus 

directly measured LDL-C, directly measuring 

LDL-C did not identify any more individuals 

with increased risk of all-cause mortality, 

recurrent myocardial infarction, and major 

adverse cardiovascular events 17 

Germany Chronic kidney disease LDL-Cholesterol 

Gen. 3 kit on the 

Cobas VR 

modular platform 

8000 or 6000: 

Roche Diagnostics 

Friedewald, 

Martin/Hopkins 

2020 The Friedewald formula yields lower LDL-C 

concentrations in CKD than direct enzymatic 

measurements 18 

Ghana Cardiothoracic disease Chema LDL direct 

FL test: Hospitex 

Diagnostics 

Friedewald, 

Anandaraja, 

Martin-Hopkins 

2018 The modified LDL-C formula derived by this 

study was more accurate compared to 

Anandaraja and Friedewald and could serve as a 

substitute for direct LDL-C and Friedewald in 

this population 19 

Hungary All patients Direct 

homogeneous 

method Wako on 

AU5800: 

Beckman-Coulter 

Friedewald, 

Martin/Hopkins 

2020 LDL-C estimation using the Martin/Hopkins 

formula yields a more accurate LDL-C value 

than that calculated by the Friedewald formula 

in this population 20 
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India All patients LDL-C plus 2nd 

generation assay: 

Roche Diagnostics 

Friedewald, 

Martin-Hopkins 

2021 Martin/Hopkins calculated LDL-C values 

showed better agreement with directly 

measured values, and less bias and percentage 

total error than those obtained by use of the 

Friedewald formula 21 

Hyperlipidaemia Enzymatic 

colorimetric assay 

with rapid reagent 

kit: Agappe 

Friedewald 2021 Both direct and calculated methods of LDL 

estimation have their limitations 22 

Type II Diabetes AU 680 clinical 

chemistry 

analyzer: 

Beckmann-Coulter 

Friedewald, 

Hattori, 

Anandaraja, 

Chen, de 

Cordova, 

Teerakanchana, 

Ahmadi, Delong, 

Rao, 

Martin/Hopkins, 

Puavilai, Hata, 

Vujovic 

2022 In this population all formulae except Ahmadi 

significantly underestimated the LDL-C when 

compared with the direct assay. The newer 

Martin's formula appeared to more precisely 

calculate LDL-C when compared with the 

Friedewald formula 23 

Iran Adults Direct LDL-C kit 

from Pars Azmoon 

on Roche Hitachi 

912 chemistry 

analyser: Roche 

Diagnostics 

Friedewald, 

Hattori, 

Anandaraja, 

Chen, de 

Cordova, 

Teerakanchana, 

Ahmadi, Delong, 

Rao, Puavilai 

Vujovic 

2020 The Friedewald formula can be used in serum 

samples with TG up to 400 mg/dL when 

validated methods with correct calibration and 

control systems are used to derive the formula’s 
componetns 24 

Children Enzymatic method 

on Auto Analyzer: 

Hitachi 

Friedewald, 

Ahmadi, Chen, 

Anandaraja 

2020 Friedwald had the strongest correlation with the 

direct assay and the Ahmadi formula the 

weakest at TG cut-ff of 100 mg/dL 25 

Israel PCSK-9 inhibitors N/A Friedewald, 

Martin/Hopkins 

2021 In high-risk patients achieving low LDL-C on 

PCSK9i treatment, Martin/Hopkins displayed 

significant proportion of LDL-C upward 

discordance compared to the Friedewald 
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equation, identifying patients that may need 

treatment intensification 26 

Coronary artery disease N/A Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2020 Both Martin/Hopkins and Sampson/NIH LDL-

C estimates displayed significant proportion of 

upward discordance compared to Friedewald 

formula, particularly in patients with elevated 

triglycerides and low LDL-C 27 

Italy Children Colorimetric 

Enzymatic 

Selective 

elimination assay: 

Beckman-Coulter 

Friedewald; 

Sampson/NIH 

2021 Sampson/NIH equation is more reliable than 

Friedewald 28 

Hypertension N/A Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 Higher LDL-C control rates were achieved 

using the Martin/Hopkins formula 29 

 

Japan Type II Diabetes,  

Hypertriglyceridaemia 

Unspecified N/A 2022 The TG/LDL-C ratio is a reliable surrogate lipid 

marker of small dense LDL-C and superior to 

non–HDL-C in type 2 diabetes patients not 

treated with statins 30 

Korea All patients Pureauto S 

Cholestest-LDL 

on Automatic 

Analyzer 7600: 

Hitachi 

Friedewald 2020 The Friedewald equation tends to underestimate 

LDL-C in high-risk subjects such as 

hypertriglyceridemia and hypo-HDL-

cholesterolemia 31 

Adults Reagents from 

Sekisui, Beckman, 

or Roche 

Diagnostics on 

Hitachi 7600, 

Modular D2400, 

Beckman AU5800 

or Abbott 

Architect Ci8200 

automated 

analysers 

Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 Martin/Hopkins may be a readily adoptable and 

cost-effective alternative to direct LDL-C 

measurement, irrespective of dyslipidaemia 

status 32 
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Adults LDL-cholesterol 

plus 2nd 

generation reagent 

and LDL-

cholesterol Gen.3 

on Cobas 8000 

c702: Roche 

Diagnostics 

Friedewald, 

Hattori, 

Anandaraja, 

Chen, De 

Cordova, 

Ahmadi, Delong, 

Rao, Puavilai, 

Martin/Hopkins, 

Vujovic 

2021 The accuracy of 12 equations for LDL-C varied 

by cohort and subgroup based on direct-

LDL and triglycerides 33 

Atherosclerosis Unspecified Friedewald, 

Martin/Hopkins 

2018 The Martin/Hopkins equation showed a 2-fold 

better concordance with LDL-C measured with 

a direct homogeneous assay in coronary 

atherosclerosis compared to the Friedewald 

equation when the TG level was ≥200 mg/dL 34 

Lebanon All patients Colorimetric assay 

after precipitation 

of non-LDL 

lipoproteins on 

5600 dry 

chemistry 

analyzer: VITROS 

Friedewald, 

Martin/Hopkins, 

de Cordova, 

Sampson/NIH 

2022 A machine learning algorithm using K nearest 

neighbours is promising for the estimation of 

LDL-C as it agrees better with directly 

measured LDL-C than equations, especially in 

mild and severe hypertriglyceridemia 35 

Nigeria Adults Unspecified Friedewald, 

Martin/Hopkins 

2021 The Friedewald equation results in a lower 

LDL-C than the Martin/Hopkins formula 36 

North America Adults N/A Friedewald, 

Martin/Hopkins 

2021 The Martin/Hopkins equation correlates more 

strongly with non-HDL-C and ApoB than 

Friedewald and Friedewald underestimates 

LDL-C at low concentrations 37 

PCSK-9 inhibitors N/A (beta-

quantification 

used) 

Friedewald, 

Martin-Hopkins, 

Sampson/NIH 

2021 LDL-C calculated by any of the three methods 

can guide treatment decisions for most patients, 

including those treated with proprotein 

convertase subtilisin/kexin type 9 inhibitors 38 

Hypertriglyceridaemia N/A (Vertical 

Auto Profile 

ultracentrifugation 

used) 

Friedewald, 

Martin/Hopkins, 

Extended 

Martin/Hopkins, 

Sampson/NIH 

2021 The extended Martin/Hopkins equation offered 

greater LDL-C accuracy compared with the 

Friedewald and Sampson/NIH equations in 

patients with triglyceride levels of 400 to 799 

mg/dL 39 
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Adults N/A Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 The Martin/Hopkins Sampson/NIH 

equations did not over- or under-estimate 

ASCVD risk compared to Friedewald in 

primary prevention, while Friedewald under-

estimated subclinical ASCVD risk in the low-

risk population. Martin/Hopkins or 

Sampson/NIH should be used for lipid 

screening in the general population 40 

Type II Diabetes > 40 

yrs 

N/A Friedewald, 

Martin/Hopkins 

2020 The Martin/Hopkins equation for estimating 

LDL-C is a significant improvement on the 

Friedewald formula but remains an imperfect 

tool to estimate the atherogenic load in patients 

with high TG levels.  Concordance with the 

alternate target parameters (apoB and non-

HDL-C) was higher for Martin/Hopkins than 

for Friedewald when triglycerides levels were 

increased 41 

Hypertriglyceridaemia 

in adults 

Enzymatic 

colorimetric assay 

on 8000 Chemistry 

analyzer: Roche 

Diagnostics 

Friedewald; 

Martin/Hopkins, 

Sampson 

2022 Martin/Hopkins reduces LDL-C treatment 

group miscategorization rate leading to fewer 

underestimations of risk overall compared to 

Sampson/NIH; however, neither may be 

sufficiently accurate to report LDL-C in 

patients with TG ≥4.52 mmol/L (≥400 mg/dL) 
42 

Females with HIV 2-phase enzymatic 

assay after 

selectively 

solubilizing and 

enzymatically 

digesting non-

LDL lipoproteins: 

Quest diagnostics   

Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 All 3 calculation methods have lower accuracy 

in women with HIV, even after adjusting for 

TG levels and fasting status 43 

Males with HIV N/A Friedewald, 

Martin/Hopkins 

2020 The Martin/Hopkins equation is more accurate 

than the Friedewald equation, especially at 

higher triglyceride levels, which are more 

common in people with HIV 44 
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Dyslipidaemia N/A (beta-

quantification 

used) 

Modified 

Sampson/NIH  

2022 The Sampson/NIH equation modified to include 

apoB, is nearly as accurate as the beta 

quantification reference method for the 

diagnosis of hyperlipoproteinaemia type 3 15 

 

Slovakia All patients N/A Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 The results of clinical and epidemiological 

studies are significantly influenced by the 

method used to determine LDL-C 45 

South Africa Outpatients Automated direct 

enzymatic LDL-C: 

Abbott Architect, 

Roche Cobas 

Friedewald, 

Hattori, 

Anandaraja, 

Chen, De 

Cordova, 

Sampson/NIH, 

Ahmadi, Delong, 

Martin/Hopkins, 

Puavilai, Vujovic 

2021 Replacement of the Friedewald equation with 

Martin/Hopkins estimation to improve quality 

of LDL-C results can be safely implemented 

across analysers 46 

Children 

Adults with diabetes 

Automated direct 

enzymatic LDL-C: 

Abbott Architect, 

Roche Cobas 

Friedewald, 

Hattori, 

Anandaraja, 

Sampson/NIH, 

Martin/Hopkins, 

Extended 

Martin/Hopkins 

2022 Different measurement platforms influence the 

results of predictive equations and directly 

measured LDL-C: propose utilizing the Martin-

Hopkins equation as an alternative to dLDL-C 

assays in adults with diabetes and for screening 

purposes in paediatric populations to avoid 

underestimating cardiovascular risk [94] 

 

Sub-Himalayan All patients Direct LDL-C on 

AU5800 Clinical 

Chemistry 

Automated 

System: Beckman-

Coulter 

Friedewald, 

Puavilai, 

Vujovic, 

Anandaraja, 

Gowda, 

Teerakanchana, 

Ahmadi, de 

Cordova, Chen, 

Hattori 

2022 The equation derived in this study showed a 

better diagnostic performance as compared to 

10 other equations taking Direct LDL-C as the 

gold standard for Sub-Himalayan 

Population and may be used as a substitute for 

Friedewald 14 

Thailand Adults Unspecified Friedewald, 

Ahmadi, 

2021 Friedewald, Sampson/NIH, and Chen equations 

showed better estimations of LDL-C levels and 
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Anandaraja, 

Chen, Cordova, 

Densethakul, 

Hattori, Martin, 

Puavillai, 

Sampson, 

Vujovic 

had higher accuracy in classifying the degree of 

LDL-C strata 47 

Turkey Cardiovascular disease 

> 40 yrs 

N/A Friedewald, 

Martin/Hopkins, 

Sampson/NIH 

2021 In most cardiology outpatients, the Friedewald 

equation has excellent agreement with the 

Martin/Hopkins and Sampson equations 48 

Adults with 

normotriglyceridaemia 

2nd generation 

reagent on the 

6000 c501 

analyzer: Roche 

Diagnostics 

Friedewald, 

Martin/Hopkins 

2021 The Martin/Hopkins formula has good 

diagnostic compatibility with the direct LDL-C 

measurement 49 

Uganda HIV > 50 yrs of age Direct LDL-C on 

C311 chemistry 

analyzer: Roche 

Diagnostics 

Friedewald 2021 Friedewald equation reliably calculated LDL-C 
50 

United Kingdom Type II Diabetics; 

Statins 

LDL-C 

immunoassay on 

Synchron DxC 

analyser: 

Beckman-Coulter 

Friedewald, de 

Cordova 

2015 De Cordova agreed more closely with directly 

measured LDL-C than Friedewald 51 
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