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Is it time to abandon Friedewald formula? New equations for LDL-C 
calculation
Friedewald formülünü bırakma zamanı mı? LDL-C hesaplaması için yeni denklemler
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Lipoproteins and their cholesterol contents play 
an important role in the initiation and progres-

sion of atherosclerosis. There is a causal relationship 
between cumulative low density lipoprotein choles-
terol (LDL-C) arterial burden and atherosclerosis.[1] 

Therefore, it is crucial to measure these particles ac-
curately. However, it is not easy to measure LDL-C 
with the reference method, which requires beta-quan-
tification ultracentrifugation. This technique is te-
dious, time consuming, and expensive. Historically, 
Friedewald and colleagues developed an equation to 
estimate LDL-C values using total cholesterol, high 
density lipoprotein cholesterol (HDL-C), and tri-
glycerides (TG).[2] They originally intended to find a 
less time consuming and inexpensive method to clas-
sify hyperlipoproteinemia to use in epidemiological 
studies; however, this method has been widely adopt-
ed into clinical practice since then. The Friedewald 
formula was based on two observations. First, there 
was a constant TG to very low density lipoprotein 
cholesterol (VLDL-C) ratio (5:1) in normal subjects; 
and second, most of the TGs were contained in the 
VLDL when chylomicrons were not detectable.[2] Al-
though Friedewald formula served well for over 40 
years, the discovery of new drugs to lower LDL-C 
to very low levels and the well-known limitations of 
the equation (e.g. high TG levels) led to questioning 
of the accuracy of this equation. The original formula 
was proposed in 1972 when lipid lowering therapies 
were not widely available, and very low LDL-C val-
ues were not recommended. However, accumulating 

evidence suggest-
ed lower LDL-C 
targets, and it has 
become possible to 
achieve these very 
low targets with 
new drugs. The 
Friedewald formula 
tends to underestimate the LDL-C values in low lev-
els (e.g. <70 mg/dL) and cannot be used at high lev-
els of TG (i.e., >400 mg/dL). Direct chemical assays 
could be used to measure LDL-C in these circum-
stances; however, they are not free of charge.

Underestimation of LDL-C with the Friedewald 
equation was most evident in high-risk patients in 
whom accuracy was most crucial. Hence, new formu-
las for more precise calculation of LDL-C were pro-
posed and validated in large studies.[3-6] High levels of 
TG was another problem for the Friedewald formula, 
and a new formula was developed to overcome this 
problem, which allowed to calculate LDL-C for TG 
<800 mg/dL.[7] All these formulae seem to be more 
accurate than the old Friedewald formula; however, 
their validation in large epidemiological studies is 
lacking. The strengths and limitations of these formu-
lae are summarized in Table 1. One major limitation 
of all the new formulae is that the Friedewald formu-
la has been widely used in all the clinical trials until 
now, and the guideline recommendations were made 
accordingly. However, proprotein convertase subtil-
isin/kexin type 9 (PCSK9) inhibitor trials used beta 
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Table 1. Comparison of the strengths and limitations of formulas for LDL-C calculation

	 Friedewald[2] 	 Martin/Hopkins[3]	 Anandaraja[4] 	 Chen[5] 	 Cordova[6] 	 Sampson[7]  
	 LDL-C	 LDL-C	 LDL-C	 LDL-C	 LDL-C	 LDL-C
Formula	 LDL-C= TC – 	 LDL-C= TC –	 LDL-C=	 LDL-C=	 LDL-C= ¾	 LDL-C=  
	 HDL-C – TG/5 	 HDL-C – 	 (0,9 T-C) – 	 (Non-HDL-	 (TC – HDL-C)	 (T-C/0,948) –  
		  TG/adjustable 	 (0,9TG/5) – 28	 C× 90%) – 		  (HDL-C/0,971) –  
		  factor		  (TG × 10%)		  [(TG/8,56) +  
						      (TG x non- 
						      HDL-C)/2140) –  
						      (TG2/16100)] – 9,44
Reference 	 Beta	 Vertical spin	 Heparin/sodium	 Roche	 Select FS	 Beta 
method used 	 quantification	 density-gradient	 citrate	 Diagnostics	 (DiaSys),	 quantification 
for direct 		  ultracentrifugation	 precipitation	 homogeneous	 a Wako 
LDL-C 				    method	 (Richmond, VA, 
measurement			    		  USA) method	
Sample 	 Samples of	 Very Large	 Derived in 1000	 2180 Chinese	 10,664 Brazilian	 18,715 samples 
database	 448 subjects	 Database of 	 Indian patients	 patients	 patients	 from 8656 NIH 
		  Lipids 1,340,614	 and internally 			   patients 
			   validated in  
			   1008 patients			    
Validation 	 Extensive use	 External validation	 External	 External	 External	 External validation 
studies	 in clinical 	 in multiple	 validation in	 validation in	 validation in	 in some international 
	 studies, 	 datasets	 Asian	 some Asian	 some	 datasets 
	 validation in 		  populations	 populations	 international 
	 multiple datasets				    studies	
Comparison 	 Acceptable	 Better	 Better	 Better	 Better	 Better 
with reference 	 accuracy	 performance	 performance	 performance	 performance	 performance 
method and 	 comparing	 when 	 when	 when	 when	 than 
other formulas	 gold standard	 compared to	 compared to	 compared to	 compared to	 Friedewald 
		  Friedewald 	 Friedewald	 Friedewald	 Friedewald	 and Martin 
		  formula	 formula	 formula	 formula	 formulas
TG<400	 Lowest accuracy 	 Better accuracy	 Better	 Better	 Better	 Better accuracy 
mg/dL	 among all 	 especially in	 accuracy	 accuracy	 accuracy	 comparing 
	 formulas	 low LDL-C	 comparing	 comparing	 comparing	 Friedewald, similar 
		  values	 Friedewald	 Friedewald	 Friedewald	 accuracy to Martin
TG>400 	 The formula is	 The formula is	 The formula is	 The formula is	 The formula is	 Can be used for 
mg/dL	 not 	 not	 not	 not	 not	 patients 400-800 
	 recommended	 recommended 	 recommended	 recommended	 recommended	 mg/dL. There might 
	 for this	 for this 	 for this	 for this	 for this	 be errors up to 
	 population	 population	 population	 population	 population	 30 mg/dL
Fasting/	 Fasting state	 Better accuracy	 Fasting	 Fasting	 Fasting	 Better accuracy 
Non-fasting	 is required	 comparing 	 samples	 samples	 samples	 comparing 
		  Friedewald formula	 were used for	 were used for	 were used for	 Friedewald formula 
		  non-fasting	 comparison	 comparison	 comparison	 in non-fasting
Summary	 Old extensively 	 Better	 Better	 Better	 Better	 Better 
	 validated formula 	performance	 performance	 performance	 performance	 performance 
	 Major drawback 	 comparing	 comparing	 comparing	 comparing	 comparing 
	 is accuracy in 	 Friedewald in	 Friedewald	 Friedewald	 Friedewald	 Friedewald 
	 levels of low 	 low LDL-C	 formula	 formula	 formula	 formula 
	 LDL-C and 	 (<100 mg/dL) 				    Comparable 
	 high TG	 and high TG 				    performance with 
		  (150-400 mg/dL)				    Martin formula can  
						      be used in higher  
						      TG (400-800 mg/dL)
HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein cholesterol; NIH: National Institutes of Health; TG: triglycerides; TC: total cholesterol.



quantification as a reference method for patients who 
had very low LDL-C values.[8] Lower LDL-C values 
were safe and effective for lowering the risk of car-
diovascular disease, and no level of LDL-C below 
which a safety concern arises has been defined. These 
new data should reassure the safety of low LDL-C 
and to ensure all patients are benefitted, there is a 
need for an accurate measurement. 

In the current issue of the Archives of the Turk-
ish Society of Cardiology, the authors have com-
pared Friedewald and Martin formulae with the 
direct method for LDL-C estimation in Turkish pop-
ulation.[9] They found a strong correlation between 
the formulae and direct LDL-C measurement. Al-
though Martin formula showed better performance 
than Friedewald formula, they both underestimated 
LDL-C values. The Martin formula was derived by 
Martin et al.[3] in 2013 from the Very Large Database 
of Lipids (VLDL) in a clinical sample of >1,300,000 
subjects. Unlike Friedewald formula, Martin et al.[3] 
used an adjustable factor for the TG/VLDL ratio. 
This adjustable factor was calculated according to 
HDL-C and TG values of the patients, and they per-
formed a 180 cell table for the formula. In this study, 
this factor changed between 3.5 and 11.9, and this 
dynamic structure provided better LDL-C calcula-
tion according to authors.[9] An online version of the 
formula was used to calculate LDL-C values of the 
patients in this study. However, its 180 factor table 
was patented and might need licensing agreements 
for routine implementation into clinical practice in 
our country. Nevertheless, the vigorous external va-
lidity of the formula in several external cohorts led 
to widespread adoption by clinical laboratories in the 
United States and worldwide. In September 2021, the 
National Lipid Association issued a new statement on 
lipid measurements and recommended to prefer Mar-
tin/Hopkins equation, especially in patients with an 
LDL-C level below 100 mg/dL and TG of 150-400 
mg/dL. Similar to Friedewald, the Martin formula 
cannot be used in patients with hypertriglyceridemia 
(>400 mg/dL). Notwithstanding, this new formula 
outperforms Friedewald at TG levels of 150-400 mg/
dL. When we consider the fact that almost every one 
of three adults in our population has hypertriglyceri-
demia, the accuracy of the formula used to calculate 
LDL-C becomes more significant in our country and 
for countries having a high percentage of metabolic 
syndrome.[10] Similar to previous studies, misclassi-

fication of cardiovascular risk was most pronounced 
in high-risk patients in this study.[9] Although 92% 
of patients had an LDL-C of >100 mg/dL according 
to direct LDL-C measurement, 82% and 73% had 
an LDL-C of >100 mg/dL according to Martin and 
Friedewald formulae, respectively. This misclassifi-
cation of risk might lead to under-treatment of high-
risk patients as mentioned by the authors. One of the 
most important limitations of the study is the direct 
LDL-C method used as a reference method. The au-
thors did not use beta-quantification ultracentrifuga-
tion (gold standard method); however, they claimed 
that the method had been standardized against it. Al-
though there are a dozen of new formulae for LDL-C 
calculation, the authors preferred to use the Martin 
formula as a comparator in their study. It might be 
defended as it has been the most intensively studied 
formula, but a new formula proposed by Sampson et 
al.[7] could also be used in the study. The new equa-
tion has comparable results to the Martin formula and 
can be used in patients with hypertriglyceridemia. It 
also does not need a 180-cell table and is thus free-
ly available. The authors also used a relatively small 
population, and there is a need for a larger number of 
subjects with different lipid status for generalizability 
of the equation in the Turkish population. Neverthe-
less, their efforts will give us perspective regarding 
the use of new formulas for better LDL-C calculation 
and better risk classification of our patients.

In conclusion, LDL-C (the primary lipid target 
for cardiovascular risk reduction) is underestimated 
by the Friedewald formula in high-risk patients. This 
underestimation is pronounced in patients with low 
LDL-C (<100 mg/dL) and relatively high TG (150-
400 mg/dL) levels. The Martin formula can be used 
as an alternative calculation method, which has better 
correlation with direct LDL-C measurements. This 
study, being the first validation of the Martin formu-
la in Turkish population, adds to our knowledge. We 
should move forward to validate these new equations 
in our population and seek a way to implement new 
formulae for LDL-C calculation in high-risk patients.
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