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ABSTRACT

Background: Accurate estimation of low-density lipoprotein cholesterol
(LDL-C) is essential for cardiovascular risk assessment and dyslipidaemia
management. Although direct LDL-C measurement is reliable, it is costly and
may be infeasible in resource-limited settings. Several calculation formulas
have been proposed as cost-effective alternatives; however, their agreement
with direct measurement requires validation. Materials and Methods: This
analytical cross-sectional study included 52 participants. LDL-C was
measured directly (by laboratory testing) and calculated using 19 formulas.
Agreement between direct and calculated LDL-C was assessed by correlation
analysis (statistical association), relative error (per cent difference), Bland—
Altman analysis (measurement comparison), and intraclass correlation
coefficient (ICC; reliability). Results: The study population had a mean age of
49.0 £ 11.9 years, with 80.8% males. The mean direct LDL-C was 96.9 + 45.3
mg/dL. Anandaraja, Hattori, Martin/Hopkins, Rao, and Friedewald formulas
produced values closest to direct LDL-C. Ahmadi significantly overestimated
LDL-C, whereas Ephraim, Ghasemi, and Hatta underestimated it. Most
formulas showed relative errors between 4—6%, with the lowest for deCordova
(3.93%). Strong correlations were observed for Martin (r = 0.900) and for
Dansethakul, Friedewald, and Rao (r = 0.899), while Ahmadi showed a weak
correlation (r = 0.348). Bland—Altman and ICC analyses demonstrated the best
agreement for Friedewald, Martin, Rao, and Anandaraja formulas.
Conclusion: Calculated LDL-C closely correlates with direct measurement,
though agreement varies. The Rao, Martin, Friedewald, and Anandaraja
formulas provide reliable, cost-effective alternatives in resource-limited
settings.

INTRODUCTION

The National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults
(Adult Treatment Panel III) guidelines emphasise
the importance of low-density lipoprotein
cholesterol (LDL-C) in the classification and
management of dyslipidaemia.l'! The gold standard
method for measuring LDL-C is B-quantification;
however, this technique is expensive, time-
consuming, and not suitable for routine clinical
use.l In current clinical practice, LDL-C is
commonly estimated using Friedewald’s equation or

measured by direct LDL-C assays.-*'Multiple
formulas provide cost-effective LDL-C estimates.
The Friedewald equation is common, but it has
limitations at higher triglyceride levels. Newer
formulas, such as the Martin—Hopkins and Sampson
formulas, expand applicability.

A recent meta-analysis reported that only a limited
number of formulas demonstrated good correlation
with directly measured LDL-C values, with the
Martin equation performing better than the
traditionally used Friedewald equation.®! In the
present study, 19 different LDL-C calculation
equations (Table 1) were evaluated.Given this
context, this study specifically aimed to assess how
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closely LDL-C values calculated using 19 equations
align with directly measured LDL-C levels in the
local population, thereby determining the reliability
and clinical applicability of each calculation
method.

MATERIALS AND METHODS

This cross-sectional study was conducted in the
Clinical Biochemistry section of the Central
Laboratory, Government Medical College, Thrissur,
over one month (October 2023). Adult patients (>18
years) who underwent complete lipid profile testing
during this period were included. Only samples with
triglyceride (TAG) levels of 250—-400 mg/dL were
analysed. Samples with incomplete lipid profiles or
TAG <250 mg/dL were excluded.

Fasting lipid profiles were analysed on a Beckman
Coulter AU 680 analyser. Total cholesterol was
measured by CHOD-PAP, triglycerides by GPO—
PAP, and HDL-C by a direct enzymatic assay. LDL-
C was measured directly by a homogeneous
enzymatic method and used as the reference
standard. LDL-C was also calculated with 19
established formulas for comparison. Internal and
external quality controls remained within acceptable
limits throughout the study period.

Data were analysed using MedCalc (version 23.4.9).
Descriptive statistics were used to summarise the
data. The relationship between directly measured
and calculated LDL-C values was assessed using
correlation analysis. The agreement was evaluated
using appropriate statistical methods. These
included Bland-Altman analysis and intraclass
correlation coefficient (ICC).

RESULTS

A total of 52 participants were included in the study,
with a male predominance (80.8%). The mean age

was 49.0 + 11.9 years. The mean directly measured
LDL-C level was 96.9 £+ 45.3 mg/dL, with values
ranging from 9 to 237 mg/dL. Comparison of LDL-
C values calculated using 19 different equations
revealed considerable variability across formulas.
The Rao equation produced mean LDL-C values
closest to direct measurement, followed by
Dansethakul, while Anandaraja, Hattori,
Martin/Hopkins, and Friedewald equations also
showed comparable estimates. In contrast, the
Ahmadi equation markedly overestimated LDL-C,
whereas the Ephraim, Ghasemi, and Hatta equations
underestimated LDL-C values.

Most formulas demonstrated relative errors of 4—
6%, indicating acceptable precision, with the lowest
error observed for the deCordova equation (3.93%).
Higher errors were noted with the Ghasemi, Hatta,
and Ephraim equations. Correlation analysis showed
that all formulas had statistically significant
correlation with directly measured LDL-C (p <
0.05). Strong correlations were observed for Martin
(r = 0.900), Dansethakul, Friedewald, and Rao (r =
0.899), and Anandaraja (r = 0.898), whereas
Ahmadi showed a weak correlation (r = 0.348).
Agreement analysis using Bland—Altman plots and
intraclass correlation coefficient (ICC) demonstrated
variable performance among formulas. Specifically,
the Friedewald, Martin/Hopkins, and Anandaraja
equations showed minimal bias, with narrow limits
of agreement and high ICC wvalues (=0.90),
indicating excellent agreement with direct LDL-C.
In contrast, Dansethakul and deCordova showed low
bias but wider limits of agreement, while several
other formulas demonstrated moderate agreement.
Notably, the Ahmadi equation showed poor
agreement with a large bias and a very low ICC.
Overall, the Rao, Martin, Friedewald, and
Anandaraja  equations demonstrated the best
agreement with directly measured LDL-C in this
study population.

Tablel:19 different equations used for calculating LDL

LDL-C CALCULATING
S.NO: EQUATIONS FORMULA
1 Ahmadi’s equation LDL = (TC/1.19) — (HDL/1.1) + (TG/1.9) — 38
2 Anandaraja’s equation LDL = (0.9 x TC) — (0.9 x TG/5) — 28
3 Chen’s equations LDL = (TC —HDL) x 0.9 = (TG x 0.1)
4 Choi’s equations LDL =TC -0.87 x HDL — 0.13 X TG
5 Dansethakul’s equations LDL = 0.9955*TC — 0.9853*HDL-C — 0.1998*TG + 7.1449
6 DeCordova’s equation LDL =0.7516 x (TC-HDL)
7 DeLong’s equation LDL =TC — (HDL +0.16 x TG)
8 Ephraim’s equation LDL (mmol/L) = TC-HDL-TG/4
9 Friedewald’s equation LDL = TC-HDL-(TG/S)
10 Ghasemi’s equation LDL = TC-HDL-TG/4
11 Hatta’s equation LDL = TC-HDL-TG/4
12 Hattori’s equation LDL =(0.94 x TC) — (0.94 x HDL) — (0.19 X TG)
13 Martin-Hopkin’s equation Il;]}?lc;nfine ISICIJB tI;)r(E"E Gladjustable factor
14 Molavi’s equation LDL =(0.97 x TC) — (0.93 x HDL) — (0.19 x TG)
15 Puavilai’s equation LDL = TC-HDL-(TG/6)
16 Rao’s equation LDL =[(4.7 x TC) — (4.364 x HDL-C) — TG]/4.487
17 Sampson’s equation LDL-C =TC/0.948 — HDL-C/0.971 — (TG/8.56) + (TG x (Non-HDLC/2140) — TG2
/16100) — 9.44
18 Teerakanchana’s equation LDL-C =(0.91 x TC) — (0.634 x HDL-C) — (0.111 x TG) — 6.755
19 Vujovic’s equation LDL = TC-HDL-(TG/6.58)
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Table 2: Direct LDL- C and calculated LDL -C values using various equations with corresponding relative errors and
Pearsons coefficient with p- value

Mean SEof Relative Pearsons
S.NO LDL-C mg/dl SD Mean Error (%) coefficient p-value
1 Direct LDL 96.9 453 - - - -
2 Ahmadi’s Equation 332.9 96.3 13.4 4.02 0.348 0.011
3 Anandaraja’s Equation 88.7 42.0 5.83 6.57 0.898 <0.001
4 Chen’s Equation 119.2 40.7 5.65 4.74 0.869 <0.001
5 Choi’s Equation 129.0 45.0 6.23 4.83 0.882 <0.001
6 Dansethakul’s Equation 101.7 43.5 6.03 5.93 0.899 <0.001
7 deCordova’s Equation 134.9 38.2 5.30 3.93 0.775 <0.001
8 DeLong’s Equation 111.8 44.0 6.10 5.46 0.893 <0.001
9 Ephraim’s Equation 73.8 44.0 6.10 8.27 0.891 <0.001
10 Friedewald’s Equation 94.9 43.6 6.05 6.37 0.899 <0.001
11 Ghasemi’s Equation 73.7 44.0 6.10 8.28 0.891 <0.001
12 Hatta’s Equation 73.7 44.0 6.10 8.28 0.891 <0.001
13 Hattori’s Equation 88.4 41.0 5.69 6.43 0.899 <0.001
14 Martin’s-Hopkin’s Equation 95.1 42.4 5.99 6.02 0.900 <0.001
15 Molavi’s Equation 156 60.0 5.89 6.19 0.830 <0.001
16 Puavilai’s Equation 109.0 43.9 6.09 5.59 0.894 <0.001
17 Rao’s Equation 96.3 45.9 6.37 6.61 0.899 <0.001
18 Sampson’s Equation 156.2 60.0 8.33 5.33 0.830 <0.001
19 Teerakanchana’s Equation 119.2 41.5 5.75 4.82 0.881 <0.001
20 Vujovic’s Equation 115.2 44.2 6.13 5.32 0.890 <0.001

Table 3: Bias and 95% LOA between direct LDL-C measurements and calculated LDL-C values

. . Lower Limit of | Upper Limit of .
Equation Bias (mg/dL) Agreement (mg/dL) Agll‘)eemen t (mg/dL) Sample Size (n)
Friedewald 2.05 —37.21 41.31 52
Martin —12.0 —52.3 28.2 52
Rao 0.60 —39.48 40.68 52

Table 4: Intra-Class Correlation coefficient (ICC)

ICC Agreement 95% CI Lower Limit 95% CI Upper Limit
Martin’s /Hopkin’s Equation 0.901 0.796 1.02
Friedewald’s Equation 0.899 0.797 1.01
Rao’s Equation 0.899 0.793 1.02
Dansethakul’s Equation 0.895 0.789 1.01
Anandaraja’s Equation 0.881 0.788 0.988
Hattori’s Equation 0.879 0.777 0.992
Puavilai’s Equation 0.864 0.760 0.981
Molavi’s Equation 0.862 0.695 0.901
DeLong’s Equation 0.847 0.743 0.970
Vujovic’s Equation 0.823 0.717 0.943
Ephraim’s Equation 0.786 0.675 0.913
Ghasemi’s Equation 0.786 0.669 0.917
Hatta’s Equation 0.786 0.670 0916
Teerakanchana’s Equation 0.777 0.667 0.911
Chen’s Equation 0.764 0.641 0.905
Choi’s Equation 0.706 0.595 0.840
deCordova’s Equation 0.544 0.396 0.713
Sampson’s Equation 0.493 0.383 0.623
Ahmadi’s Equation 0.0454 0.00733 0.0847
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Figure 1: Bland-Altman analysis of agreement

between Direct LDL-C and calculated LDL-C values
in Friedewald’s, Martin’s and Rao’s Equation

Figure 2: Mountain plot of Calculated LDL-C (best 6)

with Direct LDL-C
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DISCUSSION

Clinical significance of LDL-C estimation
Low-density lipoprotein cholesterol (LDL-C) is
widely called "bad cholesterol" because it deposits
cholesterol in tissues and arteries, contributing to
atherosclerosis. High LDL-C levels greatly increase
the risk of coronary artery disease. Accurate LDL-C
estimation is essential for cardiovascular risk
assessment and treatment decisions. Direct
measurement is accurate but costly and not always
practical in routine care. Therefore, the National
Cholesterol Education Program (NCEP)
recommends Friedewald’s equation as a practical
way to estimate LDL-C.

Performance of LDL-C estimation formulas

This study found considerable variation in the
accuracy of LDL-C estimation formulas compared
with directly measured LDL-C. Discrepancies, from
overestimation to underestimation, expose the
limitations of indirect calculation methods,
especially with dyslipidaemia or in non-fasting
states.  Overestimation with ~Ahmadi’s and
Sampson’s equations can lead to unnecessary
intensification of lipid-lowering therapy, while
underestimation with the Ephraim, Ghasemi, and
Hatta equations can lead to undertreatment. Precise
LDL-C estimation matters, especially since current
AHA/ACC guidelines call for >50% LDL-C
reduction in high-risk individuals.

In this study, Friedewald, Martin—Hopkins, and Rao
equations showed the highest agreement with
directly measured LDL-C, indicated by minimal
bias and excellent reliability. This aligns with
previous evidence from a meta-analysis of 23 LDL-
C estimation equations, which found that the
Martin/Hopkins method was the most accurate,
correctly classifying LDL-C in up to 89.6% of
cases. In comparison, Friedewald correctly
classified 83.2% of cases, while Sampson, Puavilai,
and DeLong equations also showed relatively good
performance.

Performance of specific formulas and population
relevance

Among the evaluated formulas, the Ahmadi
equation performed poorly in this study population.
It significantly overestimated LDL-C levels, showed
a weak correlation with direct measurement (r =
0.348), poor Bland—Altman agreement, and very
low reliability (ICC = 0.045). These results show the
Ahmadi equation is unsuitable for clinical use here,
likely due to population-specific differences in lipid
profiles. The equation was originally validated in an
Iranian population with triglyceride levels <300
mg/dL, while many in our cohort had higher levels,
including >400 mg/dL. Even when excluding high
triglyceride samples, it performed worse than the
Friedewald equation, highlighting limited
generalizability. This emphasises the need to
validate LDL-C estimation formulas in specific
populations before clinical use.

Limitations

This study has limitations. First, we used directly
measured LDL-C by homogencous assay as the
reference standard, not B-quantification, the gold
standard. However, B-quantification is less clinically
applicable and direct assays are widely used.!'
Second, the study did not cover the full range of
triglyceride levels, which may limit generalizability.
Third, the sample size was small. Finally, although
we evaluated several formulas, we did not include
all LDL-C estimation equations from the
literature.['%]

CONCLUSION

Significant variability exists in LDL-C values
depending on the estimation equation used.
Although most formulas demonstrate strong
correlation with directly measured LDL-C, the
degree of agreement varies considerably. Ahmadi
and Sampson equations showed poor agreement and
may not be reliable for clinical use. In contrast, the
Rao, Martin—Hopkins, Friedewald, Anandaraja, and
Dansethakul equations showed better agreement
with direct LDL-C measurements and may be more
suitable, clinically acceptable alternatives in this
population.
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