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ABSTRACT

Introduction: An important aspect of the assessment of
cardiovascular risk for a dyslipidemic subject is the estimation of
serum Low-Density Lipoprotein Cholesterol (LDL-C). There are
many homogenous assays currently available for the estimation
of serum LDL-C. Most clinical laboratories determine LDL-C
(mg/dL) by Friedewald’s formula (FF), LDL-C = (TC) - (HDL-C)
- (TG/5). Recently Anandaraja and colleagues have derived a
new formula for calculating LDL-C, AR-LDL-C = 0.9 TC- (0.9
TG/5)-28.

Aim & Objectives: The aim of the study was: a) to determineif, and
to what extent, LDL-C level was underestimated/overestimated
when it was calculated using the formulae compared with
direct measurement of LDL-C, and b) to determine which of the
calculated formulae show maximum correlation with direct LDL
cholesterol method at different TG levels.

Setting & Design: A cross-sectional study.

Original Article

Assessing the Validity of Friedewald’s
Formula and Anandraja’s Formula For
Serum LDL-Cholesterol Calculation

Materials and Methods: Record analysis was done from the
370 (TG <400mg/dl) lipid profile reports of patients above 18
years. LDL-C estimation was done by homogenous assay and
also calculated using the Friedewald’s Formula and Anandaraja’s
Formula.

Results: The mean LDL-C levels were 105.17+ 43.4, 102.98
+42.5, and 98.20 +43.7 mg/dl for D-LDL-C, F-LDL-C and AR-
LDL-C, respectively. A good correlation was found between the
calculated LDL-C methods and Direct Low-Density Lipoprotein
Cholesterol method (D-LDL-C) assay, that is, F-LDL-C versus
D-LDL-C (r = 0.937) and AR-LDL-C versus D-LDL-C (r= 0.918).
Bland-Altman plot for FF-LDL-C & AR-LDL-C showed minimal
negative bias.

Conclusion: FF-LDL-C correlated maximally with D-LDL-C
estimation at all levels of triglycerides except at TG < 100mg/
dl. At TG < 100mg/dl, Anandaraja’s Formula works better.
FF-LDL-C can be used in place of D-LDL-C when the direct
method cannot be afforded.

Keywords: Cardiovascular risk, Cholesterol calculation, Direct assay, Dyslipidemia,

Homogenous assay, Low density lipoprotein, Method comparison

INTRODUCTION

Elevated serum Low-Density Lipoprotein Cholesterol (LDL-C)
concentration is a well-known atherogenic risk factor with a
high predictive value for coronary heart disease [1]. The National
Cholesterol Education Programme (NCEP) Adult Treatment Panel
Il (ATP 1) recommends a goal of maintaining serum LDL-C
concentration < 100mg/dL as optimal. Serum LDL concentration is
also the basis for initiating appropriate treatment and patient’s risk
stratification [2]. Therefore, it is important for the analysis of serum
LDL-C levels to be precise and accurate.

The gold standard for measuring LDL-C level is beta (B) quantification
(the separation of lipoproteins by combining ultracentrifugation and
precipitation with poly-anions) [3]. Beta quantitation is not suited for
routine use, as it is expensive, laborious, requires ultracentrifugation,
requires large volumes of samples, is time consuming and requires
expensive instruments [4]. Therefore, its use is confined to research
and specialized laboratories [5].

Homogenous assays for direct LDL cholesterol (D-LDL-C)
estimation were developed in 1998 [3]. The Cholesterol Reference
Method Laboratory Network of the Centres for Disease Control
and Prevention has approved the use of five commercially available
homogenous assays for LDL-C estimation [3]. The high cost of these
assays, however, limits their use in most of the Indian laboratories.

In routine practice, most clinical laboratories estimate LDL-C
concentrations in  serum by Friedewald formula from the
concentrations of Total Cholesterol (TC), Triglyceride (TG), and High-
Density Lipoprotein Cholesterol (HDL-C). The calculation of LDL-C
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by the traditional Friedewald’s formula (F-LDL-C) is: F-LDL-C (mg/
dl) = TC-HDLC - TG/5 [6]. The LDL-C calculated using Friedewald’s
formula correlates well with LDL-C measured by beta quantification,
but doesn’t come without any limitations. The Friedewald’s formula
cannot be used for LDL-C calculation when the subject is not
fasting, when serum TG >400 mg/dl or < 100mg/dL [7] or in
patients with type lll or type | hyperlipoproteinaemia [8]. A fasting
sample is mandatory for F-LDL-C because the Friedewald formula
assumes that the triglyceride to cholesterol ratio in Very Low Density
Lipoprotein (VLDL) is constant. This ratio is altered in non-fasting
samples (containing chylomicrons and chylomicron remnants).
Consequently, if a non-fasting sample is used for F-LDL-C, there
would be an overestimation of VLDL-C and underestimation of
LDL-C [B]. The use of this formula is also not recommended for
Type Il diabetes mellitus, nephrotic syndrome and chronic alcoholic
patients, because, in these conditions too, the triglyceride to
cholesterol ratio in VLDL is altered [9-11].

Recently, a new formula for calculation of LDL-C has been
proposed by Anandaraja et al., The calculation of LDL-C proposed
by Anandaraja et al., (AR-LDL-C) is AR-LDL-C = 0.9 TC- (0.9 TG/5)-
28 [12]. The use of only two variables- TG and TC in this formula
is more likely to reduce analytical errors that are expected when
Friedewald’s Formula is used.

Many studies done to compare the direct methods of estimation
of serum LDL cholesterol with LDL cholesterol calculation by
Friedewald’s and Anandaraja’s formulas have shown conflicting
results [13-15].
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This study was therefore undertaken, to determine if, and to what
extent, LDL-C level is underestimated/overestimated when it is
calculated using the formulae compared with direct measurement
of LDL-C (D-LDL-C) and to determine which of these calculated
formulae (F-LDL-C, AR-LDL-C) show maximum correlation with
D-LDL-C method at different TG levels.

MATERIALS AND METHODS

A cross-sectional study was undertaken after obtaining clearance
from the Ethical committee of the Institution. Data was collected
from lipid profile reports, after analysis of the serum samples
received from patients who had come for lipid profile investigation
to the biochemistry laboratory of our institutional hospitals. The
study period was from June 2015 to August 2015. A record
analysis from these reports was done. All subjects above the age of
18 years who came to the biochemistry laboratory for a complete
lipid profile investigation were included in the study. Subjects with
Serum Triglycerides > 400 mg/dl were excluded. The sample size
of a minimum of 159 subjects was calculated based on a study by
Ahmadi et al., [7], observed that the correlation coefficient between
direct and indirect (Friedewald’s formula) method was r=0.976. In
the present study expecting to get similar result with 90% power,
95% confidence level and population correlation coefficient as
0.96, it was decided that the study requires a minimum of 159
subjects. Serum samples of patients who came for a complete lipid
profile investigation was collected and processed as per standard
laboratory protocols, with due aseptic precautions, after confirming
10-12 h of overnight fasting, in plain vacutainer vials. The serum
was separated by centrifugation and analysed subsequently on
Roche Cobas 6000, ¢501 autoanalyser as per standard laboratory
practices. The following tests constitute a complete lipid profile
in our laboratory: Total cholesterol [16], HDL [17] and D-LDL-C
[6] measured by enzymatic colorimetric methods and triglyceride
measured by enzymatic method with glycerol blank. After the
lipid profile analysis and report despatch, the data was collected
and LDL-C calculated using Friedewald’s formula (F-LDL-C) and
Anandaraja’s formula (AR-LDL-C).

STATISTICAL ANALYSIS OF DATA

The data obtained was entered into Microsoft Excel sheet and
statistical analysis was performed with the same. The results were
analysed and presented as numbers and meanz+standard deviation
(SD). The study subjects were divided into four groups based on
the serum Triglycerides (TG) levels (mg/dL) -group |: TG - <100mg/
dL, group Il: TG - 100-199 mg/dL, group lll: TG - 200-299 mg/
dL & group IV: TG — 300-399mg/dL. LDL-C assay and calculation
using the different formulae was compared at different levels of
TG. The mean difference and mean percentage difference (PD)
was calculated as was done by a previous study [18], using the
formula: PD calculated LDL-C = (calculated LDL-C — D-LDL-C)/
D-LDL-C x 100. Student t-test and Pearson’s correlation was used
for comparing the differences in LDL-C concentrations. The level of
significance was taken as p < 0.05. Bland-Altman graphical plots
were used in order to measure or analyse the degree of agreement
between the direct LDL-C assay method and formulae for LDL-C
calculation.

RESULTS

The comparative study was done on lipid profile records of 370
patients. There were 125, 121, 81and 43 patients in group |, II, Il
& IV respectively. Out of the 370 samples for which analysis was
done, 212 (57.3%) were received from the male patients and 158
(42.7%) were from females. The mean age of the patients was 48.4
+ 14.9years. The mean TC was 173.32 + 48.7 mg/dl. The mean
LDL-C levels were 105.17+ 43.4, 102.98 +42.5, and 98.20 +43.7
mg/dl for D-LDL-C, F-LDL-C and AR-LDL-C, respectively [Table/
Fig-1]. The calculated formulae underestimate LDL-C by 2.2 mg/
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Total number of subjects included in the study 370
No. of males 212
No. of females 158
Mean Age of subjects in years 48.4 +14.9
Mean+SD Serum TC (mg/dL) 173.32 +48.7
Mean+SD Serum TG (mg/dL) 165.47 + 93.7
Mean+SD Serum HDL-C (mg/dL) 37.24 + 14.7
Mean+SD Serum D-LDL-C(mg/dL) 105.17+ 43.4
Mean+SD Serum F-LDL-C (mg/dL) 102.98 +42.5
Mean+SD Serum AR-LDL-C (mg/dL) 98.20 +43.7
[Table/Fig-1]: Demographic detail of study subjects

Mean difference in | Mean Percentage Correlation (r)

mg/dL difference

F-LDL-C vs D-LDL-C -2.19 -2.07 0.937
AR-LDL-C vs D- LDL-C -6.97 -6.62 0.918

[Table/Fig-2]: Showing Mean Percentage Difference and Pearsons Correlation
coefficient

Scatter plot of Friedewald Formula LDL vs Direct LDL
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[Table/Fig-3]: Scatter plot of Friedewald’s LDL cholesterol against direct LDL
cholesterol There was a correlation of r = 0.937
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[Table/Fig-4]: Scatter plot of Anandraja’s LDL cholesterol against direct LDL

cholesterol. There was a correlation of r = 0.918

dL and 7 mg/dL by Friedewald’s and Anandaraja’s respectively, in
comparison to the direct method.

On calculating the mean PD, it was found that F-LDL-C differs by
2.07% from the D-LDL-C which was much lower in comparison
to AR-LDL-C (6.62) [Table/Fig-2]. A strong correlation was found
between all calculated LDL-C methods and D-LDL-C assay, that
is, F-LDL-C versus D-LDL-C (r= 0.937) [Table/Fig-3] and AR-LDL-C
versus D-LDL-C (r= 0.918) [Table/Fig-4].

To find the agreement between the direct and calculated LDL
methods, Bland-Altman Plot was prepared [Table/Fig-5,6] but the
negative bias in them indicates that although they correlate to one
another they cannot be used in place of direct LDL except the
Friedewald’s method where the negative bias was minimum.
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Bland-Altman plot for LDL cholesterol estimated directly
and by Friedewald's calculation
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[Table/Fig-5]: Bland-Altman plot for direct LDL-C and LDL-C calculated by

Friedewald’s formula showing negative bias. Mean: —2.2 (negative bias), standard
deviation (SD): 15.29, mean +2 SD: +27.8, mean -2 SD: -32.2

Bland-Altman plot for LDL cholesterol (LDL-C) estimated
directly & by Anandaraja’s calculation (AR-LDL
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[Table/Fig-6]: Bland-Altman plot for direct LDL-C and LDL-C calculated by

Anandraja’s formula showing negative bias. Mean: -6.96 (negative bias), standard
deviation (SD): 17.63, mean +2 SD: +27.6, mean -2 SD: —41.5

F-LDL-C vs | F-LDL-C vs | F-LDL-C AR- AR- AR-
D-LDL-C D-LDL-C Vs LDL-C vs LDL-C vs LDL-C
Mean Mean D-LDL-C | D-LDL-C D-LDL-C vs
difference | Percentage | p value Mean Mean D-LDL-C
in mg/dL difference difference | Percentage | p value
inmg/dL | difference | * p<0.05
TG<100 -6.72 7.0 0.34 -3.57 -3.70 0.21
n=125
TG 100-199 -6.14 -5.25 0.25 -10.85 -9.29 0.01*
n=121
I(_38§007299 -3.05 -2.8 0.10 -13.84 -12.94 0.01*
1?4‘2007399 -8.30 -8.60 0.19 -22.01 -22.81 0.25

[Table/Fig-7]: Mean difference and percentage difference between Direct LDL-C

with calculated LDL-C at different levels of TG

Comparison of LDL-C results at different levels of TGs showed
statistically significant difference (p<0.001) between measured
values and those calculated by Friedewald’s and Anandaraja’s
formulae [Table/Fig-7,8]. There was underestimation of LDL-C
by calculation at all the levels of TGs. This underestimation was
maximum at TG levels of 300-399 mg/dl for both the formulae. The
mean difference between Friedewald’s Formula LDL and Direct LDL
Cholesterol was highest (8.30 mg/dL) at TG levels 300-399mg/dL
and least (3.05mg/dL) at TG levels 200-299mg/dL respectively. The
mean difference between Anandaraja’s Formula LDL and Direct LDL
Cholesterol was highest (22.01 mg/dL) at TG levels 300-399mg/dL
and least (8.57mg/dL) at TG levels<100mg/dL respectively.

DISCUSSION

It is imperative for the analysis of serum LDL-C levels to be precise
and accurate. This is because serum LDL-C concentration is a well
known atherogenic risk factor. It is also the basis for risk stratification
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Comparison of Direct LDL-C with calculated LDL-C at
different levels of Serum Triglycerides
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AR-LDL-C 92.2
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116.79 106.91 96.51

110.65 103.85 88.2

105.94 93.06 74.49

[Table/Fig-8]: Comparison of direct LDL-C with calculated LDL-C at different Levels

of Serum Triglyceride

of Coronary Heart Disease as well as the deciding factor for
treatment strategies. The relationship between LDL-Cholesterol
levels and Coronary heart disease risk is continuous over a broad
range of LDL levels from low to high [1,2]. This cross-sectional
study was untaken to assess the validity of using Friedewald’s
and Anandaraja’s formulae to report a person’s serum LDL-C
level. A good correlation was observed between the calculated
parameters and directly measured LDL-C levels. The correlation
was 0.937 between F-LDL-C and D-LDL-C. This finding is similar
to that found in a study done by Kapoor et al., and other studies
where the correlation ranged between 0.78 to 0.93 [13,18,19]. The
correlation was 0.918 between AR-LDL-C and D-LDL-C in the
present study which is also similar to other studies [13,18,19]. Bland
Altman plots showed a negative bias in spite of the good correlation
mentioned above. This could be due to a difference in the results
obtained by the direct and calculated methods. Friedewald’s and
Anandaraja’s formulae underestimated the D- LDL-C by 2.2% and
7% respectively. This is similar to a study done by Kamezaki et al.,,
which found an underestimation of D-LDL-C of 5.9% with FF LDL-C
and a study by Gasko et al.,, where it was found that D-LDL-C was
underestimated by F-LDL-C by 3.44% [15,20]. At different levels of
TG, the study found that calculated LDL was always lower than the
directly measured LDL-C. This difference increases at higher levels
of TGs. This is similar to other studies [13]. The mean difference
between F-LDL-C and D-LDL-C was highest (8.30 mg/dL) at TG
levels 300-399mg/dL and least (3.05mg/dL) at TG levels 200-
299mg/dL respectively. The mean difference between AR-LDL-C
and D-LDL-C was highest (22.01 mg/dL) at TG levels 300-399mg/
dL and least (3.57mg/dL) at TG levels<100mg/dL respectively. A
study done by Kamal et al., has similar findings[19].

LIMITATIONS

A major drawback in the present study was that we did not take into
consideration the co-morbidities of each study subject. These co-
morbidities could also have a role in influencing calculated LDL-C
levels. The performance of the Friedewald’s formula under the
different HDL-C levels could also have been studied.

CONCLUSION

We conclude that, calculated LDL-C results and D-LDL-C show
good correlation. The negligible negative bias causes a statistically
significant difference in results on comparing measured and
calculated LDL. AR-LDL-C gives a higher percentage of error
compared to F-LDL-C, especially at high TG levels but works better
than F-LDL-C only at TG levels < 100mg/dL. Therefore, Friedewald’
s formula is better than Anandaraja’ s formula for calculating LDL-C
in 2 more cost effective manner and can be used in large population
studies.
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