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Abstract 
Introduction: Among the various risk factors for the development of Ischemic heart diseases (IHD) as well as stroke is elevated 

low density lipoprotein cholesterol (LDL-C) levels. This makes accurate reporting of LDL-C crucial in the management of IHD. 

On one hand estimation of LDL-C by direct method is available, but it is expensive and on the other hand the Friedewald’s 

formula is most commonly employed but a method with limitations.  

Aim: Therefore the aim of this study is to evaluate the correlation between calculated LDL-C with direct LDL-C method and 

analyse their appropriateness. 

Materials and Methods: This study was a hospital based cross-sectional study. LDL-C was measured by both Friedewald’s 

formula (FF) and direct LDL method in 501 participants between the age group of 30–70 years. Paired t-test was used to test the 

difference in LDL concentration obtained by a direct method and Friedewald’s formula. The level of significance was taken as P 

< 0.05.  

Results: The mean and standard deviation (SD) of LDL-C estimated by both direct assay and FF showed a significant difference 

(p<0.05) at TG ranges of <150 and 151- 399 mg/ dL respectively but there is no significant difference (p >0.05) at TG range 

>400 mg/dL. There was a discrepancy of 37 out of 501participants (7.38%) classified as cardiac risk groups by the two methods 

used. A significant correlation between LDL-C levels obtained by FF and direct methods, (p value <0.05, r value= 0.8101, CI = 

0.7777 to 0.8382) was observed. 

Conclusion: The study concludes that both methods can be employed depending on TG levels. Direct LDL estimation appears to 

be unreliable at TG concentrations >400 mg/dL but useful when sample is collected from a non-fasting participants. 
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Introduction 
Elevated lipids have been suggested as a risk factor 

for developing Ischemic heart disease (IHD) and stroke. 

The association between total cholesterol (TC) and risk 

of developing IHD has been long established by 

studies.1-3 Most of the cholesterol in circulation is 

carried by low density lipoprotein (LDL), and because 

LDL-cholesterol (LDL-C) is a modifiable risk factor for 

coronary heart disease, its routine measurement is 

recommended in the evaluation and management of 

hypercholesterolemia. The diagnosis and management 

of adults with hypercholesterolemia are principally 

targeting LDL-C levels in circulation.4 The serum LDL-

C concentrations used to classify adults for high risk of 

heart disease are: Desirable <130 mg/dL, Borderline 

high-risk 130-159 mg/dL, High risk >160 mg/dL.2 The 

goal for subjects with two or more risk factors 

(diabetes, family history, hypertension, cigarette 

smoking, low high density lipoprotein cholesterol 

(HDL-C)) is to achieve LDL-C of 100 mg/dL.5 

Therefore accurate and precise measurements of 

subjects LDL-C concentrations are necessary to 

appropriately identify individuals with 

hypercholesterolemia and to monitor the response of 

various treatments as well as lifestyle changes.6 

The LDLs are spherical particles, having a 

hydrophobic oily core of cholesteryl ester and 

triglycerides (TG). These particles have a hydrophilic 

envelop of phospholipids, free cholesterol and 

apolipoproteins. On an average, LDL carries two thirds 

of the total cholesterol (TC) in serum. Each LDL 

particle contains one molecule of apolipoprotein B-100 

(apo B- 100), which is the main apolipoprotein of LDL, 

and the others are minor (apo E and apo C II).7 The 

reference method for determining LDL-C is β-

quantification.2 It requires ultracentrifugation which 

requires large sample quantity. Besides it is a time 

consuming and expensive technique. Therefore, this 

method is not suitable for routine laboratory testing.8 

Hence its use in routine clinical laboratories has 

limitations. In 1972, Friedewald et al. published a 

landmark report describing a formula to estimate LDL-

C as an alternative to ultra-centrifugation.9 As VLDL 

carries most of the circulating TGs, VLDL-C can be 

estimated from measured TGs divided by 5 for mg/dL 

(TG/5). LDL-C is then calculated as TC minus HDL-C 

minus estimated VLDL-C [LDL-C=TC- (HDL-

C+VLDL-C)]. So the most commonly employed 

method in the determination of LDL-C in a clinical 

laboratory is done using the Friedewald’s formula (FF). 



Bijoya P. Chatterjee et al. A comparative analysis of direct LDL-C assay and Friedewald’s formula… 

International Journal of Clinical Biochemistry and Research, October-December, 2018;5(4):541-546 542 

It needs no reagents so cost-effective. Although 

convenient, the FF has its limitations too which are:- 

1. LDL-C= TC- (HDL-C+VLDL-C).This formula 

uses three independent quantifications which 

causes an imprecision in estimating LDL-C 

concentrations. 

2. It is unreliable at TG concentrations >400 mg/dL 

and, 

3. An overnight fasting blood sample is required. 

For these reasons NCEP recommended the 

development of accurate direct LDL-C methods. Earlier 

direct methods had limitations for general use. 

Recently, a new generation of homogeneous method 

capable of full automation has been introduced that uses 

specific reagents to selectively expose and directly 

measure the cholesterol associated with direct LDL-C. 

The aim of this study is therefore to compare 

homogenous enzymatic direct assay using autoanalyser 

with LDL-C obtained by FF in subjects with CVA, IHD 

and hypertension. 

 

Materials and Methods 
Participants of the study fell between 30-70 years 

of age of either sex with clinical findings, brain CT-

scan or MRI indicative of cerebral infraction or intra-

cerebral hemorrhage were enrolled in this study. 

Patients in the same age range diagnosed of IHD and 

hypertension (HTN) were also enrolled in the study. 

ACS refers to a group of clinical symptoms that 

encompass clinical conditions ranging from unstable 

angina pectoris (USAP) to myocardial infarction (non-

ST-segment elevation myocardial infarction (NSTEMI) 

to ST-segment elevation myocardial infarction 

(STEMI). The presence of ACS was classified, based 

on a clinical diagnosis of AMI or USAP was made on 

the basis of classical symptoms, diagnostic 

electrocardiogram (ECG) changes, cardiac injury 

enzymes and/or echocardiographic (ECG) evidences. 

The patients with any underlying diseases especially 

liver disease, renal disease, and hypothyroidism, taking 

anti lipid and sympathomimetic drugs, and the patients 

in whom the cerebral hemorrhage was secondary to 

cerebral tumor, trauma or previous coagulation 

disorders, pregnant women were excluded from the 

study. Data was obtained from the lipid profile analysis 

performed in the Clinical Biochemistry Laboratory of 

M. P. Shah Government Medical College and Guru 

Gobindsingh Government Hospital, Jamnagar. This 

cross sectional study was carried after receiving 

permission from the Institutional Ethical Committee. 

Informed consents were obtained from all participants. 

Biochemical Tests: Five ml of blood sample was 

collected after 10-12 hours of overnight fasting in plain 

vials. The blood samples were allowed to clot. The 

serum was separated by centrifugation for 20 minutes at 

5000 rpm and the following parameters estimated:- 

1. TC by Enzymatic endpoint CHOD-PAP method. 

2. TG by Enzymatic Glycerol Phosphate Oxidase/ 

Peroxidase method. 

3. HDL-C by Homogenous Enzymatic Direct Assay. 

4. LDL-C by Homogenous Enzymatic Direct Assay. 

5. Calculated VLDL-Cholesterol (VLDL-C) obtained 

by Friedewald’s formula. 

6. Calculated LDL-C obtained by Friedewald’s 

formula. 

 

TC (CHOD-PAP Method): Serum TC was determined 

after enzymatic hydrolysis and oxidation. The indicator 

was a quinoneimine dye formed from hydrogen 

peroxideand 4-aminoantipyrine in the presence of 

phenol and peroxidase.10 

TG (GPO-PAP Method): TG was determined after 

enzymatic hydrolysis with lipases. Hydrogen peroxide, 

4-aminophenazoneand 4-cholorophenol reacted to form 

quinoneimine dye by the catalytic action of enzyme 

peroxidase.11 

HDL-C (Homogeneous Enzymatic Direct Method): 

The antigen- antibody complex is formed with all 

serum lipoproteins (LDL-C, VLDL-C, and 

chylomicrons) except HDL-C. This prevented them 

from reacting with enzymes cholesterol esterase and 

cholesterol oxidase. HDL-C was then determined by 

enzymes cholesterol esterase and cholesterol oxidase.12 

LDL-C (Homogeneous Enzymatic Direct Method): 

The LDL–C Direct estimation was done by 

homogeneous assay. LDL-C was converted to hydrogen 

peroxide in the first step. Hydrogen peroxide so formed 

reacted with 4-aminoantipyrin to give a blue coloured 

complex. The absorbance of this blue coloured complex 

gave the LDL-C concentration in the sample upon 

calculation.13 

VLDL-C and calculated LDL-C by Friedewald’s 

Formula (FF): The FFis given by: LDL-C = TC – 

HDL-C –VLDL-C (mg/dL). In this formula TG/5 gives 

a measure of VLDL-C because VLDL carries most of 

the circulating TGs, and so VLDL-C was estimated 

from measured serum TG (TG/5 in mg/dL).9  

 

Statistical Analyses 

Data thus collected was categorized into 3 groups 

based on the serum TG levels. Group I (TG≤150 

mg/dL), Group II (TG 151-399 mg/dL) and Group III 

(TG ≥400 mg/dL). Statistical analysis was done using 

student t test and Pearson’s correlation coefficient. p 

value<0.05 were considered to be statistically 

significant. All statistical analysis was carried out using 

the software known as a Graphpad prism version 5. 

 

Results 
In present study, 501 subject participated out of 

which 29% subjects are from 25-45 years age group, 

59% are from 46-65 years age group and 12% subjects 

are from more than 65 year age group, moreover 60% 

are male and 40% are female (Table 1). 66% subjects 

had a BMI greater than 25 Kg/mt2 (Table 1). The 
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percentage error between calculated LDL-C and Direct 

LDL-C ranged from 2.56% to -20.83% at different TG 

levels. The error was more at TG levels >400 mg% 

(Table 2). The mean and standard deviation (SD) of 

LDL-C estimated by both direct assay and FF showed a 

significant difference (p<0.05) at TG ranges of <150 

and 151- 399 mg/ dL respectively but there is no 

significant difference (p >0.05) at TG range >400 

mg/dL (Table 3). Table 4 shows that there was a 

discrepancy of 37 patients classified as cardiac risk 

groups by the two methods used. In the current study, 

37 out of a total of 501 patients constitute 7.38%.Graph 

1 showed significant correlation between LDL-C levels 

obtained by FF and direct methods, (p value <0.05, r 

value= 0.8101, CI = 0.7777 to 0.8382). Correlation 

between calculated and Direct LDL-C in different TG 

groups are given in table 5. There was statistically 

significant difference in the means of LDL-C levels 

obtained by the two methods at TC levels 100-199 

mg/dL (p<0.05). This difference was not observed at 

TC levels >200 mg/dL (p>0.05) (Table 6). 

 

 
Table 1: Demographic Characteristics of the study population 

Demographic Characteristics Parameters Total Percentage (%) 

Age(yrs) 25-45 144 29 

46-65 297 59 

>65 60 12 

Gender Male 302 60 

Female 199 40 

Dietary habit Veg 470 94 

Non-veg 31 6 

BMI (kg/mt2) 18.5-22.9 74 15 

23-24.9 94 19 

>25 333 66 

Obesity Non-Obese 168 34 

Obese 333 66 

Diagnosis IHD 169 34 

CVA 168 34 

HTN 164 33 

 

Table 2. Percentage error of the means of LDL-C estimated by two methods 

TG range 

(mg/dL) 

Study subjects 

(n= 501) 

Mean of Calculated LDL-

C (mg/dL) 

Mean of Direct LDL-C 

(mg/dL) 

% Error 

≤150 297 133.77 131.21 2.56 

151-399 192 141.28 150.63 -9.35 

≥400 12 130.25 151.08 -20.83 

The percentage error between Calculated LDL-C and Direct LDL-C ranged from 2.56% to -20.83% at different TG 

levels. The error was more at TG levels >400 mg/dL. 

 

Table 3: Comparison of LDL-C Direct with that of LDL-C calculated in each TG range 

Groups TG Range 

 (mg/dL) 

Direct LDL-C 

(mg/dL) ( Mean±SD) 

Calculated LDL-C  

(mg/dL)( Mean±SD) 

P value 

I ≤150; n= 297 131.21 ± 44.28 143.77 ± 48.11 <0.05 

II 151-399; n= 192 150.63 ± 46.04 161.28 ± 45.74 <0.05 

III ≥400; n= 12 151.08 ± 37.73 146.25 ± 51.38 >0.26 

 

Table 4: Classification of patients by the two methods of LDL-C measured  

LDL-C levels By Direct assay (%) By Friedewald estimation (%) 

<130 mg/dL 264 (52.69) 227 (45.31) 

>130 mg/dL 237 (47.31) 274 (54.69) 

Total no. of participants (n) 501 (100) 501 (100) 

 

Table 5: Correlation between calculated and Direct LDL in different TG groups 

TG Ranges (mg/dL) r Value P Value 95% CI 

≤150 0.8542 <0.05 0.8201 to 0.8823 

151-399 0.7575 <0.05 0.6898 to 0.8120 

≥400 0.8339 <0.05 0.4986 to 0.9522 
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Table 6: Comparison of LDL-C Direct with LDL-C calculated in each total cholesterol (TC) range groups 

Groups TC 

(mg/dL) 

Direct LDL-C 

(mg/dL) 

Calculated LDL-C  

(mg/dL) 

P value 

I 100-149 87.13±17.30 76.85±15.16 <0.05 

II 150-199 117.40±27.84 110.20± 16.27 <0.05 

III 200-249 144.54±26.10 147.22±22.45 >0.33 

IV ≥ 250 197.44±34.41 201.49±24.67 >0.30 

Values of Direct LDL-C and Calculated LDL-C have been represented as Mean±SD 

 

Discussion 
According to the report of NCEP Adult Treatment 

Panel, LDL-C is the principle therapeutic target in the 

diagnosis and management of hypercholesterolemia.3 

Hence, accurate reporting of LDL-C of utmost 

importance. In the present study, the percentage error 

between calculated LDL-C and Direct LDL-C is less 

when TG level < 400 mg/dL. More number of patients 

can be screened out at high cardiac risk when calculated 

LDL-C estimation method is used as it not only reduces 

turnaround time but is also found to be highly cost 

effectiveness in comparison to direct estimation with 

the help of enzyme based reagents. 

In the current study, on comparing Friedewald’s 

estimation with direct assay for LDL-C a correlation 

co-efficient of 0.8101 (Graph 1) was observed. A 

significant difference was found in direct method and 

Friedewald’s estimation for LDL-C, particularly in 

categories of different TG levels. It has been reported 

earlier that direct assays tend to have a negative bias at 

the low TG concentrations.14 This perhaps is 

instrumental in misclassification of 

hypercholesterolemia by showing subjects at a lower 

risk level.15 Despite the limitations, direct assays are 

accurate which makes them useful in following subjects 

with higher risk to IHD or stroke.15 Therefore it is used 

when the Friedewald’s formula is not suitable (e.g. type 

3 dysbetalipoprotieinemia and in fasting subject with 

hypertriglyceridemia).16,17 The NCEP Expert Panel 

observed that total analytical variability in calculated 

LDL-C fell between 2.7% and 6.8% for LDL-C 

concentrations between 100- 225 mg/dL in well 

established laboratories.18 In routine laboratories, 

however the variability was much higher (around12%). 

In order to reduce bias the Panel recommended 

development of better methods to reduce the error of FF 

as well as direct LDL-C estimation.18 Currently 

homogenous methods that are available for LDL-C 

estimations are programmable in automated analysers. 

Studies have shown that three out of five homogenous 

methods give results comparable to the Friedewald 

calculation and appear to meet NCEP performance 

criteria.19-23 

According to NCEP, the desirable LDL-C limit is < 

130-mg/dL. In the current study, 37 out of a total of 501 

subjects were found to be at high risk by Friedewald 

estimation and they had no cardiac risk by direct 

homogenous LDL-C measurement. If those 37patients 

as seen by Friedewald estimation were treated as high  

 

risk and were given cholesterol lowering agents that 

would be of no harm but have long term benefits. 

However, if those patients as seen by direct assay were 

classified as low risk and not actively managed, they 

could present with serious irreversible complication of 

IHD and or stroke. This could contribute in morbidity 

and mortality both. In a review study it was concluded 

that LDL-C direct assays could replace Friedewald 

calculation in those cases where calculation is 

unreliable, e.g; TG> 400mg/dL.24 Miller reported that 

the direct LDL-C results do not improve the 

performance of LDL-C calculated by Friedewald 

equation at TG concentrations of <400mg/dL.25-27 This 

is consistent with the current study where significant 

difference in LDL-C levels at lower TG levels (Table. 

3) was seen. Studies have also recommended that non-

HDL Cholesterol levels are more accurate than either 

the directly measured or the calculated LDL-C 

level.26,28 The usefulness of non-HDL Cholesterol for 

IHD subject and its role in the management of Diabetic 

dyslipidemia has been published.28 

There are various studies comparing concentrations 

of LDL-C obtained from direct as well as calculated 

methods. There exists contradiction. While on one hand 

some studies have reported that calculated LDL-C were 

lower when compared to direct LDL-C, others went on 

to observe exactly the opposite.29-33 Similarly Direct 

LDL homogeneous assays are not free from limitations 

either. They exhibit a negative bias as observed in 

studies.14,15 A study has also concluded that error in 

Calculated LDL increases with increase in TGs.34 

 

Conclusion 
The Friedewald’s estimation for LDL-C can be used 

for screening of patients as high or low cardiac risk 

groups. The direct LDL-C assay is an expensive 

method besides it has been observed to classify more 

patients in the low risk group. This can contribute in 

poor management, increased morbidity and mortality. 

Therefore the current study concludes that FF could be 

used to estimate LDL–C and direct LDL estimation 

should be employed only in those cases where in FF 

cannot be used like non fasting samples, patients with 

TGs more than 400 mg/dL, disorders related to 

lipoproteins. Larger data is required to explain the low 

values obtained by direct LDL-C estimation method are 

comparable to Friedewald’s estimation and non-HDL 

Cholesterol. 
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