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Abstract- The accurate and precise estimation of LDL-cholesterol is of utmost importance in the patients of coronary heart disease.
Friedewald’s formula is the most commonly used method for the measurement of LDL-cholesterol in routine clinical laboratories. This
formula has certain limitations and to overcome these limitations, several modifications in this classical formula have been suggested and
validated against the directly measured LDL-cholesterol values. In this article the utility of these modified formulas has been discussed.
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l. INTRODUCTION

LDL-cholesterol (LDLc) is considered as a major risk factor in the development of coronary heart disease [1, 2] and as the
primary basis for diagnosis, treatment and risk classification of patients with hyperlipidemia [3, 4]. Therefore, the accurate and
precise estimation of LDLc is of utmost importance in the patients of coronary heart disease.

The reference method for serum LDLc is B-quantitation procedure (BQ) [5] which involves ultracentrifugation technique. This
procedure is time consuming, expensive and requires large volume of serum. Moreover, the technique is not suitable for routine
purpose and is not available in routine laboratories. The two commonly used methods used in clinical laboratories for
quantification of LDLc are (i) by calculation using Friedewald’s formula which incorporates the value of total cholesterol,
triglyceride and HDL-cholesterol, and (ii) by direct homogeneous assays for LDLc measurement. In this article the utility of
calculated LDLc using the landmark Friedewald’s formula and other modified formulas is discussed.

Il. FRIEDEWALD'S FORMULA

Friedewald et al. [6] in 1972 first described a formula for LDLc calculation using serum total cholesterol (TC), HDL-
Cholesterol (HDLc) and triglycerides (TG) values. This formula became a landmark for LDLc estimation as an alternative to ultra
centrifugation technique. This formula is:

LDLc =TC —HDLc - TG/5
(mg/dI)

In this formula TG/5 gives a measure of VLDL-cholesterol (VLDLc) because VLDL carries most of the circulating TG. Hence
VLDLc can be estimated reasonably well from measured serum TG (TG/5 for mg/dl and TG/2.2 for mmol/L). This is the method
of choice for routine quantification of LDLc by most clinical laboratories due to its simplicity, reliability and cost effectiveness.
However, this formula has some limitations such as: (i) presence of chylomicrons and TG concentration >400 mg/dl results in
under-estimation of LDLc. A greater difference in the Friedewald estimated LDLc versus directly measured LDLc occurred at
lower LDLc and higher TG levels [7] and this equation gives overestimation of LDLc in sera having low TG and high TC levels [8,
9]. (i) in Type Il HLP or dysbetalipoproteinemia. this formula gave over estimation of LDLc as compared to BQ [10, 11], (iii) the
calculation is not recommended for type Il diabetics, nephrotic syndrome and chronic alcoholic patients due to increased TG levels
and lipoprotein alterations [12-14], (iv) each component’s (TC, HDLc¢ and TG) analytical error is added, hence it is difficult to
achieve the recommended [15] total analytical error (not exceeding +12% with <4% imprecision and <4% inaccuracy or bias), (v)
this formula can be applied in fasting serum specimen only.

To overcome these limitations, several modifications in this formula have been suggested in Table 1.

TABLE 1 SUMMARY OF FRIEDEWALD’S AND OTHER MODIFIED FORMULAS FOR CALCULATION OF LDLC
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Formula

Reference

Advantages

Disadvantages/Limitations

LDLc=TC-HDLc-TG/5

Friedewalde et al.

[6]

Extensive experience, used in many clinical
studies, well established clinical significance,
convenient and inexpensive

Not valid in samples having
TG >400 mg/dl, over estimation in
sera with low TG and high TC, not

recommended in diabetics,
alcoholics and nephrotic syndrome,

not applicable in non-fasting
specimens.

LDLc=3/4 ( TC-HDLc)

Cordova and
Cordova [16]

Can be used in non-fasting specimen, validated in
large number (10664) of Brazilian individuals with
wide range of TC, HDLc and TG levels

Did not performe better than
Friedewald’s formula in healthy
south African population, to be

validated in other populations also.

LDLc=nonHDLcX90%-TGX10%

Chen et al. [18]

Validated in 2180 Chinese subjects, correlated well
with directly measured LDLc even when TG>
400mg/dl

To be validated in other populations.

LDLc=TC-TG/6.85-HDLc

Vujovic et al. [19]

Validated in 1043 Serbian patients, better than
Friedewald’s and Anandaraja’s formulas.

To be validated in other populations,
not validated in specimens with
TG>400mg/d|.

LDLc=TC-TG/5-
HDLc+(15.3XTG:TC-12.4)

Saiedulla et al.
[21]

Validated in Bangladesi population with TG up to
1000mg/dl, better correlated with directly
measured LDLc in high TG specimens

To be validated in other populations
and to be used with caution in high
risk individuals.

LDLc=TC/1.19+TG/1.9-
HDLc/1.1

Ahmadi et al. [9]

Validated in Iranian population, worked well with
low TG specimens

Validated in too less subjects (115)
and only in sample with TG up to
300 mg/dl only.

LDLc=0.9TC-0.9TG/5-28

Anandaraja et al.
[23]

HDLc value not needed (economical), validated in
1008 Indian subjects, also validated in Brazilian
and Greek population, low total error due to
omission of HDLc.

Not worked better than Friedewald’s
equation in another Indian study
[24]

LDLc=TC-HDLc-TG/6

Puavikai et al. [27]

Validated in 1079 fasting samples, better than
Friedewald’s formula when TG was > 200 mg/dl
(200-499)

To be validated in other populations.
Authors suggested to do direct
LDLc in patients with
hypertriglyceridemia in the
treatment of LDLc in high risk
cardiovascular disease.

LDLc=0.41TC-
0.32TG+1.70ApoB-0.27

Planella et al. [29]

HDLc not required, LDLc estimate was more close
to the value estimated by ultracentrifugation
method as compared to Friedewald’s formula, can
be used in specimen with high TG value.

To be validated in other populations,
costly due to incorporation of Apo
B.

LDLc=0.358TC+0.776Apo B-
0.149TG

Wagner et al. [32]

Exhibited a lower bias against LDLc by BQ as
compared to Friedewald’s formula.

Validated in only 64 diabetic
patients, to be Validated in other
populations, costly due to Apo B.

LDLc=0.94TC-0.94HDLc-
0.19TG

Hattori et al. [33]

Better correlated with Ultracentrifugation data
from 2179 Japanese subject.

To be validated in other populations.

A. Cordova and Cordova [16]

These authors have suggested most recently a new formula based on a large Brazilian database containing directly measured
lipid values from 10664 fasted individuals comprising of healthy, hyperlipidemic, diabetics and other metabolic conditions with
every possible range and combination of TG, TC, HDLc and LDLc.

LDLc = 3/4 (TC - HDLc)

This formula out performed several other LDLc formulas including the classical Friedewald’s formula over a wide range of TC,
HDLc and TG values in Brazilian population. This formula could be suitable for non-fasting specimens also as it incorporates only
TC and HDLc and these two parameters are not much affected by non-fasting conditions. However, the authors have suggested
validating this formula in other populations. Onyenekwu et al. [17] found that Friedewald formula showed better agreement with
direct LDLc than the Cordova formula in healthy South African population.

B. Chenetal. [18]

LDLc =non HDLc x 90% - TG x 10%
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(mg/dl)

This formula was validated in 2180 cases from Chinese population. Chen et al. found that LDLc calculated by both
Friedewald’s and this modified formula correlated well with directly measured LDLc when TG was < 400 mg/dl but when TG was >
400 mg/dl the modified formula correlated better with directly measured LDLc. This modified formula had a stable LDLc/non-
HDLc ratio and the interference caused by hypertriglyceridemia might be significantly diminished.

C. Vujovicetal. [19]
LDLc=TC-TG/6.85—-HDLc
(mg/dl)

Vujovic et al. validated this new formula for LDLc calculation in 1043 patients form Serbian population with TG < 400 mg/dl.
LDLc values by this formula were compared with directly measured LDLc, Anandaraja’s formula and Friedewald’s formula. The
values of LDLc by direct measurement were found to be highest followed by the modified formula LDLc, Anandaraja’s LDLc and
Friedewald’s LDLc. The modified formula of Vujovic et al. was better correlated with direct LDLc as compared to Anandaraja’s
and Friedewald’s LDLc in these Serbian patients. However, most recently Anwar et al. [20] found that both Friedewald’s and
Vujovic modified formula did not have a uniform performance as compared to direct homogeneous assay for LDLc estimation at
different TG levels in 300 healthy Pakistani subjects.

D. Saiedullah et al. [21]

These authors suggested a simple modification of Friedewald’s formula to calculate LDLc up to serum TG concentration of
1000 mg/dl. The modification was based on the absolute differences between direct LDL-cholesterol and LDL-cholesterol
calculated by Friedewald formula and the linear regression equation of the absolute difference with serum triglyceride to total
cholesterol ratio. The modified equation was:

LDLc=TC - TG/5- HDLc + (15.3 X TG: TC — 12.4)

(mg/dl)

Parvin et al. [22] further validated this formula in 309 sera (fasting) from Bangladeshi population having TG up to 1000 mg/dl
and TG/TC < 4 and found that LDLc calculated by this modified formula and by the original Friedewald’s formula correlated
strongly and significantly with measured LDLc within and above the valid TG range of Friedewald’s formula. However, LDLc by
Friedewald’s formula was significantly lower than the measured value of LDLc in both TG <400 mg/dl and >400 mg/dl sera but no
difference was observed between LDLc by modified formula and the measured LDLc. Hence, this formula can be used to calculate

LDLc in Bangladesh population even in sera having TG>400 mg/dl. However, the authors have suggested that this formula should
be used with caution in case of high risk individuals.

E. Ahmadi et al. [9]
Ahmadi et al. proposed a new formula for LDLc calculation:
LDLc=TC/1.19 + TG/1.9-HDLc/1.1
(mg/dI)
LDLc=TC/1.19 + TG/0.81 — HDLc/1.1 -0.98
(mmol/L)

This formula was validated in two groups of 115 Iranian subjects each, one with TG<100 mg/dl (Group A) and the other with
TG 150 -300 mg/dl (Group B) and compared the LDLc calculated by the new formula with directly measured LDLc and
Friedewald’s LDLc. Statistical analysis showed that when TG was <100 mg/dl the Friedewald’s calculated LDLc was significantly
overestimated whereas when TG was 150-350 mg/dl no significant difference between calculated and measured LDLc was
observed. However, the modified formula compensated this overestimation caused by low triglycerides. Therefore, to correct the
positive effect (overestimation) of low TG this modified formula may be used. However, Onyenekwu et al. [17] found that
Friedewald formula performed better than this formula at very low TG levels in healthy South African population.

F. Anandaraja et al. [23]
LDLc=0.9TC -0.9 TG/5 -28
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(mg/dl)

In this formula only TC and TG were used. However, they have not included sera having TG > 350mg/dl. The new formula
appeared to be more accurate than Friedewald’s formula in Indian population. However, Shalini et al. [24] reported that
Friedewald’s formula was better in agreement with measured LDLc (Direct homogeneous method) than Anandaraja’s formula in
Indian subjects. Interestingly, this new formula was found to be working well in Brazilian [25] and Greek population [26]. But
most recently Cordovea and Cordova [16] found that their formula (LDLc = % (TC — HDLc) out performed Anandaraja’s formula
in Brazilian population.

G. Puavikai et al. [27]
LDLc=TC - HDLc - TG/6
(mg/dl)

This modified formula was validated in 1079 samples (fasting) and the values of LDLc were compared with direct LDLc and
Friedewald’s LDLc. The comparative values by these three methods were:

Direct LDLc > Modified formula LDLc > Friedewald’s formula LDLc

The modified formula gave better correlation with direct LDLc when TG was > 200 mg/dl (200-499). Puavikai et al. [28]
further validated this formula in sera having TG < 300mg/dl but regard less of time from last food intake. The modified formula
had 83.8% accuracy when compound to directly measured LDLc + 10mg and this equation was more accurate than the
Friedewald’s equation with OR of 2.63. The authors offer that to save the cost this new modified formula should be used to
calculate LDLc. Then direct LDLc measurement could be reserved for patients with hypertriglyceridemia in the treatment of LDLc
in high risk cardiovascular disease.

H. Planella et al. [29]

Proposed a formula which incorporated ApoB but excluded HDLc. Using this formula the estimated LDLc was more close to
that estimated by ultracentrifugation method as compared to Friedewald’s formula in patients with dyslipidemia. Others also found
that this formula provides better estimate of LDLc in hypertriglyceridemic samples [30, 31]. However, inclusion of ApoB means
higher cost of the test.

LDLc =0.41TC - 0.32TG + 1.70ApoB-0.27
(mmol/L)

I. Wagner et al. [32]

Wagner et al. also suggested a formula incorporating ApoB and found that it exhibited a lower bias against LDLc by BQ as
compared to bias by Friedewald’s formula against BQ in Type II diabetic patients.

LDLc =0.358TC + 0.776ApoB - 0.149TG
(mg/dl)

J. Hattori etal. [33]
LDLc =0.94TC - 0.94HDLc - 0.19TG
(mg/dl)

This formula was validated using ultracentrifugation data from 2179 subjects and was found to give better estimate of the
corrected LDLc.

Another less studied formula incorporates ApoA:

K. Wallduis et al. [34]
LDLc =18.53+0.99TC - 0.1TG - 0.61ApoA - 1
(mg/dl)

Thus we can see that now so many modifications of original Friedewald’s formula are available and these modified formulas do
provide some improvements in overcoming the limitations of Friedewald’s equation. However, most of these modified formulas
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were validated against direct homogeneous assays for LDLc estimation and not compared with accurate reference method. Most of
the modified formulas correlated well with directly measured LDLc when serum TG was < 400 mg/dl. These direct methods do
have some advantages over calculated LDLc such as:

(i) total imprecision is better than calculated LDLc;
(if) non-fasting samples can be assayed for LDLc;
(iii) the interference by TG is considerably decreased.

Despite these advantages the direct methods are not the perfect ones because (i) the composition of lipoproteins influences the
ability of direct methods to specifically measure the cholesterol contents of one lipoprotein class in presence of other types of
lipoproteins [35], (ii) only 5 of 8 direct method for LDLc measurement met NCEP total error goals for non diseased individuals but
all the 8 method failed in diseased individuals [35], (iii) In most cases directly measured LDLc values are overestimated which
would result in more drug usage, thus exposing patient to more potential adverse effects and at a much greater cost with little
evidence of benefit [36]. On the other hand some direct method give underestimation of LDLc [37, 38], thereby misclassify many
individual into a lower NCEP category and thereby these individuals may miss drug intervention for prevention of cardiovascular
event, (iv) the LDLc estimation by direct method is costly (almost equal to the combined cost of TC, HDLc and TG).

I1l.  CONCLUSION

1. Friedewald’s formula still has an upper hand over the modified equations especially when TG is < 200mg/dl because
Friedewald’s formula has the advantage of extensive experience, used in many clinical studies, well established clinical
significance, convenient and inexpensive when TC, HDLc and TG are measured [39]. Some modified formulas have shown better
performance in sera with high TG concentration but these are to be validated in different populations and compared with reference
method.

2. Since LDLc is considered as the primary basis for diagnosis, treatment and risk classification of patients with hyperlipidemia
one can argue that estimation of only LDLc by direct method is sufficient but since lipid lowering drugs not only reduce LDLc but
also affect TG and HDLc levels, many physicians would like to know all the changes in these lipid parameters [39]. Moreover,
NCEP (ATP I1I) recommendation included TC, TG and HDLc as well as LDLc in screening all adults does not favor replacing
calculation with a direct LDLc measurement.

3. The different modified formulas have been validated in different population and each formula was found suitable for a
particular population, hence it is imperative to validate all these formulas in various populations, both normal healthy and diseased,
and then only the best formula can be chosen. Till then it would be better to calculate LDL by Friedewald’s formula (to reduce the
cost) up to TG concentration of < 200 mg/dl or preferably < 150 mg/dl and use direct homogeneous method for sera having TG >
150 mg/dl.
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