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Abstract: Background and Objectives: Accurate determination of LDL-C is important for the identification and 
management of patients at risk of CHD. The limitations of the Friedwald’s equation led to the expensive direct 
homogenous assays and an interest in non-HDL-C as markers of risk of CHD, particularly in patients with elevated 
triglycerides. There are conflicting reports on whether the Friedwald’s underestimates LDL-C in comparison to direct, 
so this study compared the two methods in 800 out patients. Also, comparison of CHD risk detection was done by 
LDL-C direct, LDL-C calculated and non-HDL-C. Methods and Results: LDL-C by direct method was significantly higher 
than calculated (mean difference 7.75 mg/dl) and the difference was progressively higher across all categories of TG 
and TC. The Friedwald’s calculation underestimated 570 (71.25%) compared to direct method. Using NCEP risk 
categorization for LDL-C (<130mg/dl low risk) and non-HDL-C risk categorization of 30mg/dl above that of LDL-C, 
those at higher risk of CHD numbered 320 (40%) by the direct, 270(33.75%) by non-HDL-C and 220(27.5%) by the 
calculated method. Overall, 660 (82.5%) out of 800 were similarly classified by all three methods. Conclusion: 
Although the Friedwald’s calculation performs reasonably well, it underestimates LDL-C compared to direct method. 
It misses identifying a significant number of patients at risk of CHD by direct LDL-C and by non-HDL-C. [Biswas S 
NJIRM 2017; 8(4):27-31] 
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Introduction: Low density lipoprotein cholesterol 
(LDL-C) has strong association with atherosclerosis 
and coronary heart disease (CHD).1, 2 Hence, accurate 
determination of LDL-C is important for the 
identification and management of patients at risk of 
CHD. The Report of the National Cholesterol Education 
Programme’s Adult Treatment Panel III (NCEP-ATP III) 
found LDL-C  appropriate to classify patients into three 
categories of risk for CHD,  low risk <130 mg/dl, 
borderline high risk 130–159 mg/dl and high risk 160 
mg/dl or more.3 However, in the presence of two or 
more risk factors like diabetes, family history, 
hypertension, smoking, low high density lipoprotein 
cholesterol (HDL-C), it recommended that LDL-C 
should be kept below 100 mg/dl.  
 
LDL-C measurement based on ultracentrifugation 
(beta-quantification method) is accurate but not 
feasible in routine use as it is costly and labour 
intensive.4 The Friedwald’s equation for calculated 
LDL-C is recommended by the NCEP as a reliable 
method of LDL-C measurement in routine practice.5 
However, it can be used only in the fasting state and 
cannot be used when triglycerides are above 
400mg/dl.6 These limitations led to the development 
of expensive direct homogenous assays which could 
be applied even in the non-fasting state or in presence 
of hypertriglyceridaemia.7 

 
Further non-high density lipoprotein-cholesterol (non-
HDL-C) is now regarded as a very effective marker of 

risk of CHD in patients with elevated triglycerides (> 
200 mg/dl) as it represent cholesterol present in all 
atherogenic lipoproteins. The targeted goal for non-
HDL-C has been established at 30 mg/dl above the 
patient's LDL-C for every risk category, based upon the 
observation that when triglyceride levels are ≤150 
mg/dl, VLDL-C values are usually ≤30 mg/dl.8 

 
Studies carried out in India comparing the 
performance of Friedwald’s equation with the direct 
assay have reported conflicting results. 
Underestimation of LDL-C has been reported by both 
the Friedwald’s calculation9 and the direct method.10 

Since the Friedwald’s calculation is in routine use, 
underestimation of LDL-C by it has significant 
implication in delaying identification of patients at risk 
of CHD.  
 
We therefore, carried out this study to compare 
measurement of LDL-C by the direct and calculated  
methods. In addition, we compared the CHD risk 
detection by LDL-C direct, LDL-C calculated and non-
HDL-C. 
 
Methods: This study was carried out on 800 
outpatients who came for lipid profile estimation. It 
had 540 males and 260 females of mean age 50.02 + 
12.84 in the age range of 20 to 85. Prior permission 
was obtained from the Institutional Ethical Committee 
and informed consent was taken from the patients. 
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Twelve hour overnight fasting venous blood samples 
were collected in plain vial and centrifuged.  
 
Serum total cholesterol (TC) was measured by Accurex 
CHOD-PAP kit and serum triglyceride (TG) was 
measured by Erba GPO-Trinder kit, both based on 
enzymatic end point methods.11,12 Samples with 
TG>400mg/dl were excluded from analysis. Direct 
HDL-C and Direct LDL-C were estimated by the 
AutoPure T HDL-C and AutoPure T LDL-C kit 
respectively, based on selective solubilization of HDL-C 
or LDL-C by a detergent enabling its measurement by 
a conventional enzymatic reaction with cholesterol 
esterase, cholesterol oxidase and peroxidase.13 All the 
samples were processed on Biosystems A25 fully 
automated analyzer.  Friedwald’s formula was applied 
to obtain calculated LDL-C.14 Non-HDL-C was obtained 
by subtraction of HDL-C from TC. 
 
NCEP-ATP III categorization was used to classify 
patients into two categories of risk for CHD, low risk 
<130 mg/dl, else at higher risk, fusing the last two 
categories.3 Risk of CHD categorization by non-HDL-C 
was made 30mg/dl above that of LDL-C i.e < 160 
mg/dl was considered as low risk, else at higher risk.8  
Paired ‘t’ test and Pearson correlation were used for 
statistical analysis, which were done by IBM SPSS-16.  
 
Results: The study group had mean TC 185.20 + 43.82, 
mean TG 179.80 + 82.51, mean HDL-C 39.98 + 08.45, 
mean non-HDL-C 145.23 + 42.96, mean LDL-C by direct 
method 116.71 + 40.24 and mean LDL-C by 
Friedwald’s calculation 109.17 + 36.72. Overall, 290 
(36.2%) had TC more than 200 mg/dl and 440 (55%) 
had TG more than 150 mg/dl. 
 
Correlation between LDL-C estimated by direct 
method and by Friedwald’s calculation was significant 
(r = 0.954 and p<0.001). There was significantly higher 
LDL-C by direct method compared to Friedwald’s 
calculation (mean difference 7.75 mg/dl, p< .001). This 
significant underestimation of LDL-C by Friedwald’s 
calculation was present across all categories of TG and 
TC and the mean difference increased progressively in 
the higher categories of TG and TC (Table 1 and 2). 
Overall, compared to the direct, the Friedwald’s 
calculation underestimated LDL-C of 570 (71.25%) and 
overestimated of 230 patients (28.75%) (Table 3). In 
only 15%, the mean difference between two methods 
was restricted to + 5mg/dl. In different ranges of 

mean difference, the highest distribution of patients 
i.e. 22% was in the range between 5 to 10 mg/dl.  
 
Those at at risk of CHD numbered 220 (27.5 %) by the 
Friedwald’s calculation, 320 (40%) by the direct 
method and 270 (33.7% by non-HDL-C risk 
categorization. (Table 4).   
 
Taking all three criteria combined together, 660 
(82.5%) were similarly classified by the three methods.  
Of these, 210 (26.2%) were at risk of CHD by all three 
criteria, and 450 (56.2%) were not at risk by any of the 
three criteria. Those that were not similarly classified 
were 140 (17.5%) and these were at risk by at least 
one of the three criteria (Table 5)  
 
Table 1:  LDL-C by two methods at different ranges of 

serum TG 

Serum 
TG 

N LDL-C 
Direct 

LDL-C 
Calculated 

Mean 
Difference 

95% CI 

1-100 190 103.95 99.78 4.17** 3.11 - 
5.22 

101-
200 

330 115.88 110.08 5.80*** 4.37 - 
7.23 

201-
300 

210 119.86 110.40 9.46*** 7.91 - 
11.00 

301-
400 

70 145.86 126.66 19.20*** 16.39 - 
22.01 

Overall 800 116.71 109.17 7.75*** 6.70 - 
8.39 

**p < .01,   ***p < .001, n=number of patients 
 
Table 2:  LDL-C by two methods at different ranges of 

serum cholesterol 

Serum 
TG 

N LDL-C 
Direct 

LDL-C 
Calculated 

Mean 
Difference 

95% 
CI 

101-
105 

190 74.53 70.81 3.72** 2.13-
5.30 

151-
200 

320 104.53 98.06 6.47*** 5.14-
7.80 

201-
250 

200 145.50 135.29 10.21*** 8.56-
11.86 

>250 90 185.11 171.58 13.53*** 11.03-
16.04 

Overall 800 116.71 109.17 7.75*** 6.70 -
8.39 

 **p < .01, ***p < .001, n= number of patients 
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Table 3: Distribution of mean difference of LDL-C 

Differences in LDL-C  by two 
methods (Range) 

n (%) 

< - 10 mg/dl                                                        100 (12.5%) 

-10mg/dl to -5mg/dl                                             50 (6.2%) 

> -5mg/dl to 0 mg/dl                                            80 (10.0%) 

> 0mg/dl to 5 mg/dl                                             40 (5.0%) 

> 5mg/dl to 10 mg/dl                                         180 (22.5%) 

> 10 mg/dl to 15 mg/dl                                       130 (16.2%) 

> 15 mg/dl to 20 mg/dl                                       110 (13.7%) 

> 20mg/dl                                                           110 (13.7%) 

n= number of patients 
 

Table 4: CHD risk detection by the three criteria 

Higher CHD risk 
criterion 

Higher Risk n 
(%) 

Low risk n (%) 

Direct LDL-C > 
130 mg/dl                    

320 (40%) 480 (60%) 

Calculated LDL-
C > 130 mg/dl             

220 (27.5%) 580 (72.5%) 

Non-HDL-C > 
160 mg/dl                      

270 (33.7%) 530 (66.25%) 

  n= number of patients 
 

Table 5: Combined CHD risk detection by three 
criteria 

Criterion for assessment of CHD risk n (%) 

At higher risk by atleast one of the 3 
criteria                     

350 (43.8%) 

At higher risk by all 3 criteria                                            210 (26.2%) 

At low risk by all 3 criteria                                                450 (56.2%) 

Categorization  agreement by all  3 
criteria                       

660 (82.5%) 

Categorization  disagreement by any 
one of 3 criteria      

140 (17.5%) 

Three criteria: non-HDL-C, direct & calculated LDL-C, 
n=number 
 
Discussion: The accuracy of LDL-C has relevant 
consequences in establishing a risk profile of CHD for 
appropriately adjusting the dietary and treatment 
strategies.3 Friedwald had reported high correlation 
coefficients of calculated LDL-C with the reference 
ultra centrifugation method.14 In routine practice, 
NCEP accepts the Friedwald calculation as a cheap, 
effective and reliable method of estimating LDL-C that 
can be used for classifying patients into at risk 
categories.13   
 

On the other hand, the Direct homogenous assay for 
LDL-C has higher positive predictive value and 
negative predictive value and it is able to meet the 
more stringent NCEP requirements for precision 
(CV<4%) and accuracy (bias<4%).15 It also shows very 
high correlation with the reference beta-
quantification method and its clinical utility is largely 
unaffected by hypertriglyceridaemia.13 

 
In our study, correlation coefficient of LDL-C 
estimation by the Friedwald calculation with the direct 
method was 0.95. Most studies have reported high 
correlation of LDL-C by direct and calculated 
methods.10,16,17 

 
The underestimation of LDL-C by the calculated 
method found in our study progressively increased 
across all categories of TG and TC. Bansal et al 
reported similar underestimation by the calculation 
which was higher at higher levels of TC and TG. Evans 
et al reported that the calculated method 
underestimates and the direct method overestimates 
LDL-C compared to the reference ultracentrifuation  
method.18 Baruch et al reported that when compared 
to the direct method, the calculated method 
underestimated LDL-C by more than  5 mg/dl in 60% 
and by more than 15mg/dl in one third.19  In our 
study, the direct overestimation was more than  
5mg/dl in 66% and more than 15mg/dl in 27%. In a 
large Korean study, Jun et al reported 96% had higher 
direct LDL-C with overall  mean direct LDL-C being 
higher by  9mg/dl.20  In our study, overall 71% had  
higher direct  LDL-C and overall mean direct LDL-C was  
higher by 7.75 mg/dl. 
 
Bansal et al  and  Anwar et al also reported 11% 
additional CHD risk detection by direct method 
compared to calculated. 9,16 In our study, there was 
additional 12.5% CHD risk detection by the direct 
method compared to the calculated method ( 40% vs 
27.5%).  Friedwald’s calculation missed 100 subjects  
that were detected as high risk by the direct method 
(detected only 220 compared to 320 by direct 
method).  
 
Friedwald’s calculation of of LDL-C is prone to error as 
it involves three independent lipid estimations, TC, TG 
and HDL-C; and assumes a fixed relationship among 
them. VLDL carries most of the circulating TG in the 
fasting state, hence the Friedwald calculated VLDL-C 
as TG/5 and then calculated LDL-C as TC-(HDL-C + 
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VLDL-C). However, it does not take into account the 
presence of chylomicrons or intermediate density 
lipoproteins (IDL), which also carry TG in it. The values 
calculated by it can therefore be erroneous if there 
are alterations in IDL, as reported in diabetes mellitus, 
chronic renal failure, CHD etc. 6  Likewise, in the 
presence of chylomicrons, it results in overestimation 
of VLDL and  underestimation of  LDL-C.15 

 
In general, reliability of the Friedwald’s calculation 
decreases with hypertriglyceridaemia. In comparison 
to the reference ultracentrifugation method, Nauck et 
al reported that the percent of subjects with 
reasonable accuracy (defined as deviation < 10%) by 
calculated method decreased from 86-92% at TG < 
200mg/dl to 41% at TG between 400-500 mg/dl.15 

 

However, antagonistic results of LDL-C 
underestimation by the direct method have also been 
reported by some. Mora et al reported that mean 
fasting direct LDL-C was lower by 5.6 mg/dl.21 Sahu et 
al reported 6% lower  risk categorization by direct 
method.10 Some authors tried to correct this 
underestimation of LDL-C by the direct method  with  
new formulas. 22,23 

 
The risk detection by the non-HDL-C cut point was 
intermediate (270, in between 220 by calculated and 
320 by direct). Baruch et al reported that non-HDL-C 
corrected similarly by 30mg/dl had intermediate 
values between direct and calculated LDL, but the 
clinical discordance (defined as placement in different 
ATP III goal cut point ranges or difference > 12% or > 
10mg/dl) was greater between non-HDL-C and direct 
LDL-C rather than between  non-HDL-C and calculated 
LDL-C.24  Non-HDL-C is now  regarded as a cheap 
alternative calculation of atherogenic risk that does 
not assume normal lipoprotein composition, has no 
requirement for a fasting sample, and reflects the 
entire serum cholesterol carried by all of the 
potentially atherogenic lipoproteins-LDL, VLDL, IDL 
and remnant lipoproteins.25 Cui et al reported that 
non-HDL-C was in fact a somewhat better predictor of 
cardiovascular disease mortality than LDL-C.26 
However, non-HDL-C is affected by age, race and 
gender.25 Also, attainment of non-HDL-C goal still 
remains poor in patients due to deficiency of 
provider’s awareness and poor patient tolerance or 
compliance to higher doses of statins.8  Prospective 
study with CHD as outcome and all three as markers 

of CHD is required to verify the relative predictive 
values of these markers.   
 
In conclusion, our study found that although the 
Friedwald’s calculation performs reasonably well, it 
underestimates LDL-C compared to the direct method 
and misses identifying a significant number of patients 
at risk of CHD by both the direct method and by non-
HDL-C. 
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