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Introduction: Low-density lipoprotein cholesterol (LDL-C) levels in 

serum is the basis of diagnosis, classification and management of 

hypercholesterolemia as per the current recommendations of the Adult 

Treatment Panel III of National Cholesterol Education Program. 

Friedewald’s formula is used in most laboratories to measure LDL-C 

levels indirectly. But, Friedewald’s formula is not reliable always. 

Now-a-days, various homogenous assay kits for direct estimation of 

LDL-C based on precipitation and solubilisation using specific 

detergents have been evolved. This makes estimation of LDL-C levels 

easier but costlier. So we conducted a study to compare the results 

obtained by estimating LDL-C level by direct assay kit and also 

indirectly by using Friedewald’s formula in order to assess the cost 

effectiveness of both the methods. 

Aim: To compare LDL-C levels obtained by direct homogenous assay 

(D-LDL-C) to that obtained by Friedewald’s formula (F-LDL-C) in 

fasting serum samples. 

Materials And Methods: Serum separated from 404 blood samples 

was analysed for Total cholesterol (TC), Triglycerides (TG), High- 

density lipoprotein (HDL) and LDL using specific assay kits. 

Simultaneously, LDL-C was also estimated in the same samples 

indirectly by using Friedewald’s formula. 

Results: Statistical analysis by Pearson correlation showed high 

correlation between D-LDL-C and indirect F-LDL-C. But in all ranges 

of TG, F-LDL-C showed underestimation of LDL-C when compared to 

D-LDL-C. 

Conclusion:Use of Friedewald formula for estimation of LDL-C is not 

suitable in all cases. In samples showing hypertriglyceridemia,  direct 

homogenous assay was found to be better for CHD risk assessment and 

management. 

 
Copy Right, IJAR, 2022,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
LDL-C level in serum is considered as a strong risk factor and an accepted predictor with highest predictive value 

for Coronary Artery Disease (CAD) among all lipoproteins (1) . Many studies show high correlation between 

increased levels of LDL-C level and CAD (2,3) .Increase in LDL-C level is seen to correlate with the severity of 

atherosclerosis in CAD (4). As with CAD patients, in patients diagnosed with hypercholesterolemia also, LDL-C 

level is the corner-stone in diagnosis andmanagement.  
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Ultra centrifugation followed by polyanion precipitation, also known as Beta quantification is the gold standard 

method for estimation of LDL-C as well as other lipoproteins (5,6). In this method, Sodium or Potassium bromide is 

used to separate lipoprotein particles according to their density. When plasma is ultracentrifuged at 105,000 x g for 

18 hours at 10°C, VLDL, chylomicrons, and β-VLDL accumulate in a floating layer. Chylomicrons and very low-

density lipoprotein cholesterol (VLDL) are triglyceride-rich and have density lower than LDL. The supernatant 

floating layer is removed by tube slicing or by using a syringe or pipette.The infranatant layer with a density greater 

than 1.006 g/mL will contain mostly LDL and HDL(7).  Repeated spinning and slicing are employed until LDL is 

separated. As this method was time consuming and required high expertise and expensive machinery, it was soon 

replaced by other indirect methods. Since the publication of a landmark report by Friedewald in 1972, Friedewald’s 

equation which used three independant parameters namely Total cholesterol (TC) level, Triacylglycerol (TG) level 

and High density lipoprotein (HDL) level is used widely for estimating LDL-C level indirectly. According to 

Friedewald’s equation, LDL- C = TC- HDL- (TG/5)(8). TC represents the
 combination of LDL, VLDL, and HDL. 

Friedewald’s equation was put forwardbased on the average ratio of triglyceride (TG) to cholesterol in VLDL. 

Amount of cholesterol in VLDL is assumed to be equal to 1/5th of the total TG concentration as majority of TG in 

serum. Friedewald assumed that, when TC and HDL are directly measured, taking the value for VLDL level as 

TG/5, would provide a fairly accurate method for deriving LDL level, theoretically (9).
Friedewald and colleagues 

noted that simply dividing triglyceride values by 5 does not give an accurate estimate of VLDL-C (7). The TG/5 

term, which serves as an estimate of cholesterol in VLDL is highly variable and unsuitable in (1) samples that have 

triglyceride concentrations above 400 mg/dL, (2) samples that contain significant amounts of chylomicrons 

(nonfasting specimen), or (3) patients with dysbetalipoproteinemia. In such cases, the factor TG/5 does not provide 

an accurate estimate of VLDL and can lead to large errors in calculated LDL cholesterol(8,9). Friedewald’s equation 

will overestimate VLDL-C and underestimate LDL-C, if TG rich chylomicrons and chylomicron remnants are 

present in the serum sample, necessitating a fasting sample. The use of this formula is not recommended for type 2 

diabetes, nephrotic syndrome and chronic alcoholic patients because accompanying abnormalities in lipoprotein 

composition render the underlying assumptions invalid for assessment of cardiovascular risk in these patients. The 

NCEP working group on lipoprotein measurements has recommended that the LDL-C analysis methods should have 

a total analytical error not exceeding 12% (≤4% imprecision (CV) and ≤4% inaccuracy) to guarantee correct patient 

classification into NCEP risk categories(10). It is difficult to obtain this analytical quality with Friedewald’s formula 

(FF) because each component’s analytical error is added (7).  

 

Later, several methods were developed to measure LDL-C level in serum directly in order to overcome the 

shortcomings of both these methods (11). These homogenous assays that used a combination of solubilisation and 

precipitation using different surfactants and binding molecules, selectively measured cholesterol from LDL 

fraction(12). Many studies have shown that calculation of LDL-C level using Friedewald’s formula (FF) correlates 

well with directly measured LDL-C level. But in order to replace FF by direct homogenous assay for LDL-C 

estimation, its cost-effectiveness and advantages have to be established by comparative studies as direct assay kits 

are more expensive and increase the cost of lipid profile estimation. The aim of this study is to compare the LDL-C 

levels obtained by calculation using Friedewald’s formula and by direct assay. 

 

Materials And Methods:- 

Study was conducted after obtaining approval from Institutional ethics committee. Data obtained from lipid profile 

analysis of 410 aseptically drawn venous blood samples were studied. The specimens were allowed to clot for 30 

minutes at room temperature. Serum was separated bycentrifugation at 3,000 rpm for 15 minutes. In all the samples, 

Total Cholesterol (TC),  Triglycerides (TG), HDL-Cholesterol (HDL-C) and LDL-Cholesterol  were estimated using 

CE certified kits manufactured by Erba Mannheim ltd. OnEM 360 Clinical Chemistry Analyzer, (TransAsia Bio-

Medicals Ltd, Mumbai, Maharashtra, India). Simultaneously, in all samples, LDL-Cholesterol  was calculated by 

using Friedewald’s formula according to which, LDL-C = TC – HDL – (TG/5) mg/dL. 

 

LDL-Cholesterol estimated by  Homogenous Enzymatic Direct Assay was designated as D-LDL-C and LDL-

Cholesterol obtained by Friedewald equation was designated as F-LDL-C. TC was estimated by Enzymatic endpoint 

CHOD- PAP method. TG was estimated  by Enzymatic Glycerol Phosphate Oxidase/ Peroxidase method. HDL-

Cholesterol (HDL-C) was estimated by Homogenous Enzymatic Direct Assay. Means and standard deviations were 

compared by paired t test. Correlation between D-LDL-C and F-LDL-C was assessed by Pearson’s correlation. 
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Comparison of F-LDL-C and D-LDL-C were done at different Triglyceride ranges of < 100, 101-200, 201-300 and 

301-400 mg/dL. Similarly, comparison was done at Total cholesterol ranges of 50-99, 100-149, 150-199, 200-249 

and >250 mg/dL ranges. These ranges were selected based on the NCEP ATP III guidelines for management of 

patients with hypercholesterolemia (10). Mean percentage difference between F-LDL-C and D-LDL-C was 

calculated as %ΔLDL.  

 

Results:- 
410 samples were analysed initially, out of which 4 samples having TG > 400mg/dL and 3 incomletelyanalysed 

samples were excluded from the study, making the number of total analysed samples 403.  

 

Pearson’s correlation between F-LDL-C and D-LDL-C showed significant correlation (correlation coefficient = 

0.81,at 0.01 level, 2-tailed) as shown in Table 1 and Figure 1. 

 

Table 1:- Correlation between LDL-C levels estimated by Friedewald’s formula (F-LDL-C) and by direct assay (D-

LDL-C). 

 F-LDL-C D-LDL-C 

F-LDL-C Pearson Correlation 1 .871
**

 

Sig. (2-tailed)  .000 

N 403 403 

D-LDL-C Pearson Correlation .871
**

 1 

Sig. (2-tailed) .000  

N 403 403 

**. Correlation is significant at the 0.01 level (2-tailed). 

 

Fig 1:- Scatter plot showing LDL-C levels Friedewald’s vs Direct assay. 

 
At the same time, mean and standard deviation of LDL-C estimated by Direct assay and by Friedewald formula 

showed statistically significant difference at all ranges of Triglyceride level as shown in Table 2.  Calculation by 

Friedewald formula showed lower level than direct assay in 75% of samples. There was underestimation of LDL-C 

level when calculated by FF at all levels of TG which is evident from Figure 2. Underestimation was maximum at 

TG level >200mg/dL. 
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Table 2:- Comparison of LDL-C levels – Friedewald’s vs Direct assay in different ranges of Triglyceride levels. 

 

 

 

Figure 2:- Bar chart showing F-LDL-C and D-LDL-C levels at different categories of Triglycerides. 

 
The mean difference between LDL-C  levelestimated by FF and directly measured LDL-C was6.08 +/- 22.64 mg/dL 

in TGlevel<100mg/dL,10.99 +/- 23.43 mg/dL in TG level 101-200mg/dL, 23.77 +/- 38.38 mg/dL in  TG level 201-

300mg/dL and23.68 +/- 25.77 mg/dL in TG level301-400mg/dL level.   The mean % difference between  the two 

values (%ΔLDL) ranged from 5.9% to 14.88% . Highest  %ΔLDL was seen in TG range 201-300mg/dL group. 

(Table 3) 

 

Table 3:- Mean % Difference of LDL-C between F-LDL-C and D-LDL-C. 
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n F-LDL-C Mean +/- SD 

(mg/dL)  

D-LDL-C Mean +/- SD 

(mg/dL) 

p value 

1-100 95 97.0 +/- 43.37 103.08 +/- 30.04 0.045 

101-200 242 108.43 +/- 43.41 119.42 +/- 33.84 0.000 

201-300 54 106.53 +/- 79.53 130.31 +/-52.29  0.000 

301-400 11 135.46 +/- 50.42 159.15 +/- 32.50 0.012 

TG level 

(mg/dL) 

n 

F-LDL-C Mean +/- 

SD (mg/dL)  

D-LDL-C Mean +/- SD 

(mg/dL) 

Difference 

(dir – cal f)  

Mean +/- SD 

%ΔLDL 

1-100 95 97.0 +/- 43.37 103.08 +/- 30.04 6.08 +/- 22.64 5.90 
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On comparing D-LDL-C and F-LDL-C levels between different categories of TC, the difference between the two 

values was found to decrease with increase in TC level. Statistically significant difference was seen in all categories 

except when TC > 250mg%.  (Table 4, Figure 3)  

 

Table 4:- Comparison of LDL-C levels – Friedewald’s vs Direct assay in different ranges of Total Cholesterol 

levels. 

TC level 

(mg/dL) 

n F-LDL-C Mean +/- 

SD mg/dL)  

D-LDL-C Mean 

+/- SD mg/dL) 

Difference 

(dir – cal f)  

P value 

50-99 8 36.49 +/- 9.51  59.91 +/- 23.88 23.42 0.028 

100-149 75 61.82 +/- 16.60 78.05 +/- 14.50 16.23 0.000 

150-199 155 95.48+ - 18.41 108.03 +/-16.55  12.55 0.000 

200-249 118 131.56 +/- 18.62 137.32 +/- 23.67 5.75 0.003 

=/>250 47 181.11+/- 41.69 176.61 +/- 39.30 -4.49 0.314 

 

Figure 3:- Bar chart showing F-LDL-C and D-LDL-C levels at different categories of Total Cholesterol. 

 
When patients were categorised based on D-LDL-C level, as per NCEP ATP III guidelines (9), 127 patients 

(31.44%) showed optimal LDL-C levels, 130 patients (32.18%) showed Near optimal/above optimal levels, 94 

patients (23.27%) showed Borderline high levels, 37 (9.16%) patients showed High levels and 12 (2.97%) patients 

showed Very high LDL-C levels.  At the same time, when categorisation of patients was done based on F- LDL-C 

level, 183 patients (45.30%) showed optimal LDL-C levels, 103 patients (25.50%) showed Near optimal/above 

optimal levels, 74 patients (18.32%) showed Borderline high levels, 35 (8.66%) patients showed High levels and 7 

patients (1.73%) showed Very high LDL-C levels. (Table 5) 
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Table 5:- Categorisation of patients according to F-LDL-C and D-LDL-C levels. 

LDL Cholesterol level 

mg/dL 

Categorisation as per 

NCEP ATP III guidelines 

No. of patients by      F-

LDL-C level 

No. of patients by       D-

LDL-C level 

<100  Optimal 177 (43.81%) 127 (31.44%) 

100-129  Near optimal/above optimal 104 (25.74%) 131 (32.43%) 

130-159  Borderline high 73 (18.07%) 95(23.51%) 

160-189  High 36 (8.91%) 38 (9.41%) 

>190  Very high 13 (3.22%) 12 (2.97%) 

 

Discussion:- 
There are several studies that compare LDL-C levels estimated by direct homogenous assay and calculated by 

Friedewald formula (12,13,14,15,16). Correlation between F-LDL-C and D-LDL-C was significant in our study 

(correlation coefficient =0.81). Similar results were seen in other studies also (12,13,17). 

 

Friedewald equation is based on the assumptions that, in fasting state, 1)  chylomicrons are not present in circulation 

and total plasma cholesterol concentration is carried in VLDL, LDL, and HDL forms 2) almost all plasma TG are 

carried by VLDL 3) TG /cholesterol ratio in VLDL is constant and 4) Cholesterol concentration of VLDL (VLDL-

C) is one fifth of TG concentration (18). 

 

Various studies have demonstrated that the assumptions of Friedewald in deriving the formula are not always 

correct. Variation in TG/cholesterol ratio can be seen in different situations like type 2 diabetes, nephrotic syndrome 

and chronic alcoholic patients in whom there will be accompanying abnormalities in lipoprotein composition. These 

abnormalities in lipoprotein composition can make the basic assumptions of Friedewald’s formula invalid for 

assessment of cardiovascular risk in these patients(19). In such cases, as Friedewald’s formula becomes unreliable 

and calculation of LDL-C by Friedewald’s formula can produce erroneous results even when TG levels are between 

200 and 400 mg/dl(20). Comparison of LDL-C results at different levels of TGs by Waradeetal showed statistically 

significant difference (P<0.001) between measured values and those calculated by Friedewald’s formula (18). In 

their study, Gupta et al reported underestimation of LDL by FF at all levels of TG (19), similar to the findings in our 

study. Lindsey etal found that comparison of these two methods demonstrated an underestimation of C-LDL of 19.5 

± 11.8 mg/dl. In their study, the degree of underestimation increased as the triglyceride level increased (p<0.05) (9). 

Kannan S etal also have noted that LDL-C estimation by Friedewald formula can underestimate LDL-C values 

especially in those having high TG levels (21). Agrawal also has stated in his study that there is substantial lack of 

agreement between D-LDL-C and C-LDL-C when he compared LDL-C values calculated by Friedewald formula 

with that obtained by using three different direct homogenous assay kits (22). But in a study by Sahuet al.,(12) they 

have noted that the mean LDL calculated by FF was significantly higher than the direct LDL measurement at TG 

between 1 and 300 mg/dl. In his study, Reignier also noted overestimation of calculated LDL-cholesterol level with 

respect to measured LDL-cholesterol (16). Such discrepancies in calculating LDL-C level by using Friedewald’s 

formula must be owing to errors that can happen during measurement of TG, TC or HDL levels separately which 

can add up during the calculation (20). 
 

 

In our study, when TC was >250 mg%, LDL-C level calculated by Friedewald formula was found to be higher than 

direct estimation unlike when TC was <250mg%. But this overestimation by  Friedewald formula cannot be 

considered significant as the number of samples belonging to this category was low (n=47). 
 

 

It was in an effort to overcome these discrepancies that several other formulas were derived by different study 

groups like the Modified Friedewald’s formula (23), Anantharaja formula (24), Puavilai formula (25), Hata formula 
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(26), Martin formula (27) etc. Hata and Puavilai have used different ratios for calculation of VLDL cholesterol level, 

in an attempt to overcome the  (25,26). Modified Friedewald’s formula, Hata formula and Martin formula used 

different ratios between TG and cholesterol in different categories of TG level after finding that the same factor is 

not applicable to all levels of TG (23,26,27). Hata has found that triglyceride/cholesterol ratio in VLDL in Japanese 

population ranges from 3 to 5 depending on Trigleride level (26). Anantharaja obtained a new formula by multiple 

regression analysis which excluded HDL from the calculation, which they claimed to be more accurate than 

Friedewald formula in Indian population (24).In a study comparing 4 different formulas for calculating LDL-C 

values from TG, TC and HDL, Chowdary suggests that use of Martin formula is seen to correlate best with Directly 

measured LDL-C levels in Indian patients (28). These studies have shown that using different factors for estimating 

VLDL-C levels and deriving at LDL-C estimation accordingly provided more accurate estimation of LDL-C and 

better classification of subjects.
 

 

Even if the difference between D-LDL-C level and F-LDL-C level is not statistically significant, it can have varied 

effects on patient’s management and 
outcomeas can be interpreted from our study.

According to our study, 

estimation of LDL-C by Friedewald’s formula will place more patients in the “optimal” LDL-C category, thus 

leading to a delay in initiation of therapeutic life style changes (TLC) which can be benefitial if started early, in 

hyperlipidemia. At the same time, falsely placing patients into “near/above optimal” category by Direct homogenous 

assay of LDL-C will only lead to earlier introduction of TLC which cannot be considered harmful. Naucketal also 

give similar opinion in their study (29). Thus, replacing indirect estimation of LDL-C by direct assay using third 

generation homogenous assay kits can be considered in clinical laboratories, especially in patients having 

hypertriglyceridemia, where calculation by Friedewald’s formula can be inaccurate. 
Mora etal also opine that 

underestimation of LDL-C can lead to delay in initiation of adequate lipid-lowering therapy in high-risk patients. 

Similarly, overestimation of LDL-C can result in unnecessary pharmacological therapy as the patient is mistakenly 

placed in a higher risk strata (21, 30).  

 

Thus, considering all the above factors, use of homogenous direct assay kit for lipid profile studies can be 

considered only after conducting more studies involving more samples in each category of TG and TC. Non-HDLC 

which can be derived from routine lipid profile panel itself should be considered in clinical biochemistry 

laboratories instead of using formula derived LDL-C values for CHD work up of patients in risk categories. As non-

HDL can be calculated easily from routine lipid profile parameters, it does not involve additional expenditure. Non 

HDL can thus be considered for patients in whom F-LDL-C is expected to be inaccurate, as stated by Baruch (31). 

NCEP ATP III also recommends using Non-HDLC as a secondary target of lipid lowering, after adequate control of 

LDL-C is achieved and if TGs are elevated ( 200 mg/dl) (10).  

 

Conclusion:- 
Use of Friedewald formula for estimation of LDL-C is not suitable in all cases. In samples showing 

hypertriglyceridemia,  direct homogenous assay was found to be better for CHD risk assessment and management. 

 

Limitations 

The number of patients included in higher ranges of Total cholesterol and Triglyceride were less when compared to 

lower range as patients were included before serum analysis. This made statistical correlation in higher range 

categories less significant. Clinical details, treatment details or outcomes of our patients were not available to us 

during the study. Grouping of patients and their potential implications were based on lipid profile only.  
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