
INTRODUCTION

v i d e n c e  f r o m  s e v e r a l Eepidemiological and Mendelian 
randomization studies establishes 

the fact that LDL-C is the major 
biomarker and causal risk factor for the 
deve lopment  o f  a therosc le ro t i c 

1,2
cardiovascular disease (ASCVD).  LDL-
C has been recognized as a target for the 
initiation or adjustment of lipid-lowering 
i n t e r v e n t i o n s ;  h e n c e ,  a c c u r a t e 

3
measurement of LDL-C is crucial.  The 
reference gold standard method for 
measuring LDL-C is � quantification, 
which involves the separat ion of 
lipoproteins by ultracentrifugation; 
however, this technique could be 
l abor ious ,  t ime-consuming ,  and 

4
expensive.  Alternatively, fully automated 
homogeneous assays are also utilized for 
accurate LDL-C measurement; however, 

5
their cost remains a challenge.  Clinical 
laboratories particularly those in the 
developing countries routinely calculate 
LDL-C with the help of equations, based 

6
on the lipid profile panel.

Friedewald equation is the most widely 
and frequently used equation for the 
calculation of LDL-C, however the 
accuracy of  Fr iedewald equat ion 
compared to direct measurement 
methods could be influenced by high 

5,7,8triglyceride (TG) levels.  The equation 
proposed by Sampson and colleagues can 
provide accurate estimation of LDL-C at 

9TG levels as high as 9.0 mmol/L.  Several 
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other equations proposed over the years 
have been val idated for dif ferent 
populations; however, most of these are 
not routinely employed for calculating 

9 – 1 9
L D L - C .  P r e v i o u s l y,  i t  w a s 
demonstrated that the Teerakanchana 
equation provided better accuracy for 
calculating LDL-C in Pakistani and Indian 
popu l a t ions  compared  to  o ther 

20,21
equations.  

The variations in cholesterol metabolism 
or genetic factors across populations or 
ethnicities can lead to differences in the 

22
LDL-C and other lipid parameters.  
However, no equation has been derived 
and validated on datasets from the 
Pakistani population. The present study 
aimed to derive and validate a modified 
equation based on large datasets from the 
Pakistani population to accurately 
calculate LDL-C and to assess its 
performance compared to other standard 
equations.    

METHODS

The study was approved by Institutional 
Review board and Ethics Committee 
( IRB&EC),  Sh i fa  Tameer-e-Mi l l a t 
University, Islamabad, Pakistan (IRB # 
0194-22). Two anonymized lipid profile 
datasets including direct LDL-C (dLDL-
C), high-density lipoprotein (HDL-C), 
Triglycerides (TG) and total cholesterol 
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ABSTRACT

OBJECTIVE: To derive an equation for accurate estimation of low-density 
lipoprotein cholesterol  (LDL-C) in the Pakistani population. 

METHODS: A modified equation was derived on the dataset (n = 59,148) from 
the Pakistani population, comprising directly measured LDL-C (dLDL-C) and 
other lipids using a regression model. The equation was validated on an internal (n 
= 29,633) and external dataset (n = 385,434), and the results were compared 
with the standard equations being used in the Pakistani population: Friedewald 
and Teerakanchana equation. The concordance between the dLDL-C and 
calculated LDL-C (cLDL-C) was determined by median difference (MD) and the 
agreement between dLDL-C and cLDL-C was analyzed by Bland Altman 
graphics. 

RESULTS: The modified equation (M.Eq) displayed best correlation (r = 0.974) 
and MD of -0.07 mmol/L on the derivation dataset. Similarly, the equation 
provided the best correlation and least MD on the internal (r = 0.970, MD = -
0.13) and external validation datasets (r = 0.953, MD = -0.02). The Bland-
Altman plot for the modified equation displayed the least bias in the derivation (-
0.0012 mmol/L), internal validation (-0.13 mmol/L), and external validation (-
0.02 mmol/L).

CONCLUSION: The modified equation can be utilized for clinical settings in 
Pakistan that do not facilitate direct measurements of LDL-C. 
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(TC) of 59,148 (from January 2019- 
March 2022) and 29,633 (from April 
2022- May 2023) outpatients, were 
obtained from Shifa International 
Hospital, Islamabad. The first dataset was 
employed as derivation dataset while the 
second dataset was used as an internal 
validation dataset. The dLDL-C and lipid 
profile was measured by a homogenous 
enzymatic method (Cobas 8000 c502 
module, Roche, USA). The new equation 
was also validated on external datasets. 
For the external validation dataset, lipid 
profile data of 385,434 individuals (from 
January 2021-December 2022) was 
obtained from Chughtai Laboratories, 
Lahore, measured on Abbott Alinity ci 
analyser. The data from Chughtai 
Laboratories covered the population of 
the entire country. 

We developed a modified equation 
(M.Eq) for LDL-C calculation using 
multiple linear regression model. The 
modified equation was developed based 
on the Friedewald equation. For the 
derivation of the equation, cLDL-C was 
taken as the dependent variable and TG, 
TC and HDL were independent variables 
in the regression equation y= a +b1(x1) 
+b2(x2) +b3(x3) +ei. The best fitted 
regression line was obtained using the 
method of least square by minimizing the 
sum of square of residuals in the 
estimation of cLDL-C, y= a +b1(x1) 
+b2(x2) +b3(x3). This equation was 
utilized for our data cLDL-C=a +b1 (TC) 
+b2 (HDL) + b3 (TG). Getting the values 
of (b1, b2, b3) from best fitted regression 
equation and presented the modified 
formula to estimate the cLDL-C values as;

M.Eq cLDL-C=0.920 (TC)-0.763 (HDL)-
0.117 (TG) + 5.445

According to the above modified formula 
total cholesterol had the maximum 

contribution. The newly derived equation 
was validated on an internal and external 
da ta se t  and  compared  w i th  the 
Friedewald and Teerakanchana equations;

Friedewald cLDL-c= TC – HDL − (TG / 
2.2)

Teerakanchana cLDL-C = 0.910×TC 
− 0.634×HDL-C − 0.111×TG − 6.755

Statistical analysis was performed by using 
SPSS version 27 and Python v 3. 10.7. The 
normality of the study variables was 
checked by Kolmogorov-Smirnov test. 
S ince the data was not normal ly 
distributed, the values are presented as 
median and IQR. The Wilcoxon sign rank 
test was used to check the difference 
between dLDL-C and cLDL-C calculated 
by different equations. The Spearman 
rank correlation between the different 
methods was analyzed and the level of 
significance was fixed at 5%.  The 
agreement between dLDL-C and cLDL-C 
was analysed by Bland Altman and plotted 
where differences between the dLDL-C 
and cLDL-C on the y-axis and means on 
the x-axis.

RESULTS

The distributional characteristics of the 
datasets used for this study are given in 
Table I. The median differences of M.Eq, 
Friedewald, Teerakanchana equations 
compared to dLDL-C on derivation data 
set (-0.07, 0.38, 0.12 mmol/L), internal 
validation (-0.13, 0.28, 0.06 mmol/L) and 
external validation datasets (-0.02, 0.37, 
0.18 mmol/L), respectively. The cLDL-C 
from all the equations was significantly 
different from dLDL-C (P<0.005). The 
results also suggested that M.Eq provided 
good rank correlation with dLDL-C on 
the derivation (r = 0.974), internal 
validation (r = 0.970) and external 
validation (r = 0.953) datasets (Table II).

M.Eq had a minimum median difference 
for all TG ranges on the derivation and 
validation data set.  For TG range (< 1.69 
mmol/L) ,  M.Eq showed the best 
Spearman rank correlation with dLDL-C 
on derivation, internal validation, external 
validation (r=0.974, r=0.984, r=0.953). 
For TGs ranged between 1.69-2.24 
mmol/L,  M.Eq provided the best 
correlation on derivation (r=0.967) and 
external validation data sets (r=0.963). 
Friedewald equation showed good 
correlation for TG >5.64 mmol/L on 
derivation (r=0.813), internal (r=0.800) 
and external validation dataset (r=0.820), 
however it displayed a large median 
differences as compared to M.Eq and 
Teerakanchana equation (Table III).

The  B land  A l tman p lots  for  the 
comparison of dLDL-C and cLDL-C 
showed that M.Eq had the least estimated 
bias in the derivation (-0.0012), internal 
validation (-0.13mmol/L) and external 
validation (-0.02 mmol/L) at 95 % of limit 
of agreement (Figure 1). When compared 
with other equations, M.Eq had the least 
mean bias on derivation and validation 
datasets (Figure 1). 

DISCUSSION

The present study aimed to derive a 
modified equation for estimating LDL-C 
in Pakistani population. The equation was 
derived using the least square regression 
model on a dataset of 59,148 individuals 
and compared to dLDL-C measured by 
homogeneous assays. The validity of the 
equation was determined on a dataset 
(n=29,633) from the same laboratory 
and analyser, while further validation was 
determined on data from external 
laboratory (n=385,434) using a different 
analyser. The results of the study showed 
that the M.Eq provided least median 
difference and good rank correlation with 
dLDL-C. . The Bland Altman plots 
displayed a higher degree of concordance 
with the dLDL-C. 

Fr iedewald equat ion is  the most 
commonly used equation utilized by 
clinical diagnostic laboratories all over 
Pakistan for estimating LDL-C. The 
results from the studies conducted in 
Pakistan for determining its validity shows 
moderate correlation or misclassifications 
d u e  t o  u n d e r e s t i m a t i o n  o r 

20,23
overestimation of LDL-C.  Several 
other modified equations have been 
derived over the years but most of them 
were not validated in large populations. 
The equation developed by Martin and 
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Table I: Distributional characteristics of the study population
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Dataset Parameters
Minimum 
(mmol/L)

Maximum 
(mmol/L)

Median
(mmol/L)

IQR
(mmol/L)

TC 

TG 

HDL-C

TC 

TG

HDL-C 

TC 

TG

HDL-C

0.83

0.29

0.08

0.47

0.14

0.16

0.72

0.08

0.13

31.65

80.93

3.41

27.31

61.50

4.22

25.47

86.93

7.14

3.98

1.35

1.06

4.55

1.72

1.06

4.76

1.76

1.01

4.96-2.56

2.14-1.10

1.13-0.95

5.32-3.80

2.47-2.14

1.24-0.90

5.51-4.01

2.50-1.28

1.16-0.85

IQR- Interquartile range, TC- Total cholesterol, TG- Triglycerides, HDL-C- High-density lipoprotein cholesterol

Derivation 
dataset 

(n=59,148)

Internal 
validation dataset 

(n=29,633)

External 
validation dataset 

(n=385,434)
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Table II: Median, IQR, median difference values of calculated LDL-C by the equations on the three data sets 
(derivation, internal validation, and external validation) 

Parameters

Derivation (n=59,148) Internal Validation (n=29,633)

dLDL-C

M.Eq 

cLDL-C

Friedewald

cLDL-C

Teerakanchana 

cLDL-C

External Validation (n=385,434)

Median
(IQR) 

(mmol/L)

Median
(IQR) 

(mmol/L)

Median
Difference
(mmol/L)

Median
Difference
(mmol/L)

Correlation 
(r)

Correlation 
(r)

Correlation 
(r)

Median
Difference
(mmol/L)

Median
(IQR) 

(mmol/L)

2.43

(1.42-3.33)

2.50

(1.39-3.31)

2.05

(0.99-2.91)

2.31

(1.20-3.11)

-

-0.07

0.38

0.12

-

0.974

0.963

0.973

2.81

(2.14-3.49)

2.94

(2.31-3.57)

2.53

(1.84-3.21)

2.75

(2.12-3.38)

-

-0.13

0.28

0.06

-

0.970

0.956

0.969

3.15

(2.43-3.85)

3.17

(2.54-3.79)

2.78

(2.11-3.44)

2.97

(2.34-3.59)

-

-0.02

0.37

0.18

-

0.953

0.902

0.940

IQR- Interquartile range, dLDL-C- direct low-density lipoprotein cholesterol, M.Eq cLDL-C- Modified equation calculated low-density lipoprotein cholesterol, cLDL-C- 
calculated low-density lipoprotein cholesterol  

A modified equation for calculating low density lipoprotein cholesterol in Pakistani population

Figure 1: Bland-Altman plots between dLDL and cLDL-C for the M.Eq (a,b,c) (a) derivation dataset (n= 59,148); b) internal validation dataset (n=
29,633) and c) external validation dataset (n= 385,434); Teerakanchana equation (d, e, f)  (d) derivation dataset (n= 59,148); e) internal validation 
dataset (n=29,633) and f) external validation dataset (n= 385,434) and Friedewald equation (g, h, i) (g) derivation dataset (n= 59,148); h) internal 
validation dataset (n=29,633) and i) external validation dataset (n= 385,434). The solid line shows mean difference and the dotted lines show the 
limit of agreement between dLDLC-C and cLDL-C. Abbreviations: dLDL-C- direct LDL-C, M.Eq cLDL-C- Modified equation calculated LDL-C

colleagues focuses on the interindividual 
variance and relies on a novel factor for 
e a c h  i n d i v i d u a l  a n d  h a s  b e e n 
recommended for use by the American 
Heart Association Guidelines, however it 

might not perform well for higher TG 
24,25levels.  The efficiency of Sampson 

equation in calculating LDL-C even at high 
TG levels have been validated in several 

26-28
studies.  However, it did not perform 

well on Pakistani population compared to 
2 0other  equa t ions .  Recen t l y  the 

Teerakanchana equation that was derived 
on the Thai population outperformed 
other equations for calculating LDL-C in 

h) i)
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Table III: Median, median difference and correlation values of calculated LDL-C by the equations on 
the three data sets (derivation, internal validation, and external validation) at TG stratifications

A modified equation for calculating low density lipoprotein cholesterol in Pakistani population

TG Levels 
(mmol/L)

Median
(IQR)

Median 
Difference

Correlation 
(r)

Median
(IQR)

Median 
Difference

Correlation 
(r)

Median
(IQR)

Median 
Difference

Correlation 
(r)

Derivation (n=36,571) Internal Validation (n=14,328) External validation (n=178,805)

2.43

(1.42-3.33)

2.50

(1.39-3.31)

2.05

(0.99-2.91)

2.31

(1.20-3.11)

TG<1.69

dLDL-C

M.Eq

Friedewald

Teerakanchana

-

-0.07

0.38

0.12

-

0.974

0.963

0.973

2.81

(2.14-3.49)

2.94

(2.31-3.57)

2.53

(1.84-3.21)

2.75

(2.12-3.38)

-

-0.13

0.28

0.06

-

0.984

0.982

0.981

3.15

(2.43-3.85)

3.17

(2.54-3.79

2.78

(2.11-3.44)

2.97

(2.34-3.59)

-

-0.02

0.37

0.18

-

0.953

0.902

0.940

Derivation (n=9,061) Internal Validation (n=6,140) External validation (n=83,907)

Derivation (n=12,527)

Derivation (n=989)

Internal Validation (n=8,323) External validation (n=112,427)

Internal Validation (n=842) External validation (n=10,235)

IQR- Interquartile range, dLDL-C- direct low-density lipoprotein cholesterol, M.Eq cLDL-C- Modified equation calculated low-density lipoprotein cholesterol, cLDL-C- calculated low-density lipoprotein cholesterol

TG 1.69-2.24

dLDL-C

M.Eq

Friedewald

Teerakanchana

TG 2.25-5.64

dLDL-C

M.Eq

Friedewald

Teerakanchana

TG>5.64

dLDL-C

M.Eq

Friedewald

Teerakanchana

3.10

(2.43-3.75)

3.07

(2.48-3.67)

2.69

(2.05-3.34)

2.87

(2.28-3.47)

-

0.03

0.41

0.23

-

0.967

0.967

0.967

-

-0.11

0.28

0.14

-

0.979

0.979

0.980

-

0.04

0.40

0.25

-

0.963

0.961

0.962

2.97

(2.27-3.64)

3.08

(2.44-3.71)

2.69

(2.00-3.36)

2.83

(2.24-3.50)

3.34

(2.61-4.03_

3.30

(2.27-3.90)

2.94

(2.27-3.60)

3.09

(2.47-3.70)

3.18

(2.48-3.87)

3.15

(2.51-3.79)

2.60

(1.90-3.29)

2.95

(2.32-3.59)

-

0.03

0.58

0.23

-

0.955

0.948

0.955

3.05

(2.35-3.74)

3.15

(2.49-3.82)

2.59

(1.87-3.32)

2.95

(2.30-3.62)

-

-0.10

0.46

0.10

-

0.963

0.957

0.963

3.34

(2.64-4.03)

3.38

(2.57-4.02)

2.85

(2.16-3.55)

3.18

(2.55-3.81)

-

-0.04

0.49

0.16

-

0.940

0.938

0.940

2.63

(1.91-3.43)

2.84

(2.11-3.65)

1.58

(0.60-2.44)

2.68

(1.94-3.49)

-

-0.21

1.05

-0.05

-

0.784

0.813

0.779

2.43

(1.70-3.18)

2.72

(2.01-3.53)

1.39

(0.34-2.27)

2.58

(1.89-3.37)

-

-0.29

1.04

-0.15

-

0.786

0.800

0.785

2.48

(1.84-3.23)

2.68

(2.12-3.68)

1.58

(0.59-2.48)

2.72

(1.96-3.51)

-

-0.20

0.90

-0.24

-

0.796

0.820

0.793

20
Pakistani population.  Moreover, other 
equations developed based on South 
Asian population are either not validated 
on large datasets or are not well 

29,30
known.  However, no equation has 
been derived specifically for Pakistani 
population, keeping in view heterogeneity 
in the population.  

The Friedewald equation is widely 
employed in routine clinical settings 
across the country, however as previously 
mentioned it can lead to misclassification 
particularly at high TG levels. This was 
also observed in the present study where 
Friedewald equation despite a stronger 
correlation resulted in a high median 

difference at TG above 5.64 mmol/L, 
however the modified and Teerakanchana 
equations despite weaker correlation 
provided least median di f ference 
compared to Friedewald equation. 
O v e r a l l ,  t h e  m o d i f i e d  e q u a t i o n 
outperformed other equations presented 
in the study. The LDL-C levels are 

31
influenced by race and ethnicity.  The 
greatest strength of the modified 
equation presented in this study was 
derived and validated on a large dataset 
from Pakistan. Moreover, this equation 
can be automatically calculated by the 
information systems available at the 
laboratories without additional needs of 

software up gradation and maintenance. 

One of the major limitations of this study 
is that this equation was derived and 
validated based on dLDL-C measured by 
direct homogeneous assays, instead of the 
recommended gold standard method of 
beta quantification. To the best of our 
knowledge, this method is not utilized 
anywhere in Pakistan mostly due to 
economic constraints. Moreover, this 
equation is based on fixed factors, so it 
does not take inter individual variance into 
account. The data on other clinical 
parameters, metabolic status or therapy 
of the included population were not 
known, therefore the impact of these 
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factors on lipid levels was not known. 
Finally, this equation was derived and 
validated on data from the Pakistani 
population, the performance in other 
populations needs further validation.

CONCLUSION

We derived and validated a modified 
equation named as for LDL-C estimation 
based on the lipid profile in Pakistani 
popu la t ion ,  wh ich  can  be  eas i l y 
implemented without any additional 
costs. This equation can be utilized for 
clinical settings where no opportunities 
for direct assays are available. However, 
the external validation of this equation is 
required to assess its clinical use and 
implementation. 
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