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Comparison of Equations for the Calculation of
LDL-Cholesterol in Familial Hypercholesterolemia:
Data from Iranian Registry

Ailesel Hiperkolesterolemide LDL-Kolesterol Hesaplamasi
icin Denklemlerin Karsilastinlmasi: Iran Kayrtlanindan Elde
Edilen Veriler

ABSTRACT

Objective: Low-density lipoprotein cholesterol is the mainstay of diagnosis, treatment, and
follow-up of patients with familial hypercholesterolemia, the most prevalent autosomal domi-
nant disorder among humans. Since the reference measurement method (ultracentrifugation)
is time-consuming and expensive, many formulas emerged to calculate low-density lipopro-
tein cholesterol levels and are commonly used in laboratories.

Methods: To compare the performance of 3 low-density lipoprotein cholesterol calcula-
tion equations with a direct method (enzymatic photometric assay), the lipid profiles of
1148 patients of the registry of familial hypercholesterolemia in Iran were analyzed retrospec-
tively, 270 of which had a possible or definite familial hypercholesterolemia diagnosis according
to Dutch criteria. While measured using the direct method, we calculated the low-density
lipoprotein cholesterol levels using the Friedewald, Chen, and Anandaraja formulas.

Results: Our results showed that all 3 formulas are highly correlated with the direct method,
and the Chen formula showed the highest intra-class correlation coefficient among all
(0.954 among all patients with hypercholesterolemia and 0.947 among the familial hyper-
cholesterolemia population). In addition, the Chen formula was the most sensitive, and the
Friedewald formula was the most specific formula using a low-density lipoprotein cholesterol
cut-off of 100 in familial hypercholesterolemia patients.

Conclusion: Our findings encourage applying the Chen formula in addition to the Friedewald
formula to make better clinical decisions for familial hypercholesterolemia patients.
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OzET

Amag: DUstk yogunluklu lipoprotein kolesterol (LDL-C), insanlar arasinda en yaygin otozomal
dominant bozukluk olan ailesel hiperkolesterolemili (AH) hastalarin tani, tedavi ve takibinin
temelidir. Referans 6lgim yontemi (ultrasantrifijleme) zaman alici ve pahali oldugundan,
LDL-C seviyelerini hesaplamak igin birgok formuUl ortaya gikmis ve laboratuvarlarda yaygin olarak
kullanilmaktadir.

Yontemler: Uc LDL-C hesaplama denkleminin performansini direkt bir yéntemle (enzimatik
fotometrik test) karsilastirmak icin, Iran'da AH kaydina sahip 1148 hastanin Lipid profilleri geriye
donlk olarak analiz edildi, bunlarin 270'i Hollanda kriterlerine gére muhtemel veya kesin AH
tanisi almisti. Direkt yontem kullanilarak 6lctimun yani sira, LDL-C seviyelerini Friedewald, Chen
ve Anandaraja formullerini kullanarak hesapladik.

Bulgular: Sonuglarimiz, her (¢ formulin de direkt yontem ile oldukca iligkili oldugunu ve Chen
formUlintin, timd arasinda en yliksek sinif ici korelasyon katsayisini gosterdigini gosterdi (hip-
erkolesterolemili t&im hastalar arasinda 0.954 ve AH popllasyonu arasinda 0.947). Ayrica, Chen
formUlG en duyarli olandi ve Friedewald formuld, AH hastalarinda 100'lk bir LDL-C cut-off
kullanan en spesifik formdlda.

Sonug: Bulgularimiz, AH hastalarn icin daha iyi klinik kararlar almak icin Friedewald formuUline
ek olarak Chen formUlinin uygulanmasini tesvik etmektedir.

Anahtar Kelimeler: LDL-kolesterol, ailesel hiperkolesterolemi, denklemler, hesaplama
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F amilial hypercholesterolemia (FH) is the most prevalent auto-
somal dominant disorder, affecting 1 in every 313 individuals
characterized by elevated concentrations of low-density lipo-
protein cholesterol (LDL-C)." The life-long burden of extreme
LDL-C leads to accelerated atherosclerosis and cardiovascular
disease (CVD).2 The primary goalin treating FH is to decrease the
cardiovascular risk, which is achieved by lowering LDL-C levels
to <70 and <55 mg/dL according to new guidelines if CVD is
present.3#

Low-density lipoprotein cholesterol is the principal biochemical
parameter for clinical diagnosis and management of FH. LDL-C
levels of 190 or more in patients younger than 20, 220 or more
in patients between the age of 20 and 29, and 250 or more in
patients over 30 are strongly suggestive of FH.2*> These numbers
are calculated by the commonly used Friedewald formula as total
cholesterol (TC)—high-density lipoprotein cholesterol (HDL-C)—
triglycerides (TG). The Friedewald formula is predominantly used
in medical laboratories for estimating LDL-C levels, obviating the
need for the labor-intensive and expensive method of ultracen-
trifugation.® Nevertheless, the use of a fixed factor of 5 as TG
to the very-low-density lipoprotein cholesterol (VLDL-C) ratio
overlooks the variance across different concentrations of TG
and non-HDL-C.” Thus, this formula is considered inaccurate in
patients with very low LDL-C levels, very high or very low TG
levels, or comorbidities such as diabetes mellitus.®® Many other
equations have been developed to overcome the shortcom-
ings of the Friedewald formula, including the Anandaraja and
Chen formulas, but none is precise under all circumstances. The
Anandaraja formula was derived from linear regression analysis
in 2005 as LDL-C=(0.9 x TC) - (0.9 x [TG/5]) - 28 and was
more precise in the Indian population.™ The Chen formula was
developed in 2010 as LDL-C=(0.9 x TC) - (0.9 x HDL-C) -
(0.1 x TG) in a study of 2180 adults and showed closer results to
the direct assay, particularly in hypertriglyceridemia.™

Since LDL-C plays a fundamental role in the screening, diagno-
sis, treatment, and follow-up of FH patients, its precise mea-
surement is of utmost importance. In this study, we compared
LDL-C calculated by the Friedewald, Anandaraja, and Chen for-
mulas with LDL-C measured by direct homogenous assay in a
large sample of FH patients. The results will propose an accurate
formula in FH patients of different TG subgroups.

Methods

Study Design

This study was approved in June 2020 by the Ethics Committee
of Isfahan University of Medical Sciences under approval num-
ber: 297182. The rationale and design of cascade screening and

ABBREVIATIONS

CVvD Cardiovascular disease

DLCNS Dutch Lipid Clinic Network Score

FH Familial hypercholesterolemia

HDL-C High-density lipoprotein cholesterol

ICC Intra-class correlation coefficient

LDL-C Low-density lipoprotein cholesterol

TC Total cholesterol

TG Triglycerides

VLDL-C Very-low-density lipoprotein cholesterol
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registry of FH in Iran have been previously reported.' Briefly, all
patients over 2 years of age who had high LDL-C levels (LDL-C
levels above 190 or 150 under pharmacological treatment) who
were referred from laboratories or health centers or attended
referral cardiovascular centers for percutaneous coronary inter-
ventions due to premature (men under 55 and women under
65) coronary artery disease were included. All participants gave
informed consent and filled out a questionnaire including demo-
graphic data and drug history. Patients were diagnosed with FH
using The Dutch Lipid Clinic Network Score (DLCNS) of 6 or above
which means probable or definite FH. Exclusion criteria include
secondary hyperlipidemia or other genetic hyperlipidemia or any.
Lipid profiles whether measured directly or calculated by formu-
las of 1148 patients were used in our analysis.

Lipid Analysis

Blood samples were obtained after an overnight fast. Lipid
concentrations (TC, HDL-C, LDL-C, and TG) were measured
by the homogenous enzymatic photometric method using
an automatic chemistry analyzer (Hitachi 902, Roche® Basel,
Switzerland) and Parsazma kits (Tehran, Iran). TC was measured
by hydrolyzing cholesterol esters, oxidizing OH groups, and finally
quantifying hydrogen peroxide produced in the latter reaction.
Similarly, hydrogen peroxide resulted from a glycerol oxidase
reaction in triglyceride measurement. HDL-C and LDL-C were
measured by enzymatic photometric assays after removing other
lipoproteins by blocking reagents.™ Indirect LDL-C is estimated
using formulas shown in Table 1.

Statistical Analysis

Statistical Package for the Social Sciences (SPSS) software ver.
21.00 for Windows (IBM Corp., Armonk, NY, USA) was used for
data analyses. Data were categorized into 4 groups based on
TG concentrations, and the sensitivity and specificity of each
formula for identifying LDL-C > 100 mg/dL were calculated.
Additionally, the correlation of calculated and directly measured
LDL-C values was tested by Pearson'’s correlation in each TG sub-
group. The intra-class correlation coefficient (ICC) was reported
by 2-way mixed analysis to investigate the agreement between
different LDL calculation methods and the direct method. Trend
and Common Bland-Altman plots expressed the agreement and
absolute difference between the 3 formulas and the directly
measured LDL-C. A P value less than .05 was considered statis-
tically significant.

Results

A total of 1148 patients (980 males) were included in this study,
279 of which had probable or definite FH diagnosis using DLCNS.
The mean age of the participants at the time of enrollment was
51.3. Other demographic data of participants were reported in
previous reports R. The mean age, lipid values, and calculated

Table 1. Formulas Used to Calculate LDL-C

Formula Equation

LDL-C=TC - HDL-C - (TG/5)

LDL-C=(0.9 x TC) - (0.9 x HDL-C) - (0.1 x TG)
LDL-C=(0.9 x TC) - (0. 9 x [TG/5]) - 28

LDL-C, low-density lipoprotein cholesterol.

Friedewald®
Chen"

Anandaraja™®
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Table 2. Age, Lipid Profile, and Calculated LDL-C Results

Possible, Probable or
Probable, or Definite FH
Definite Patients
Age (year) 51.3+122 50.9 + 14.2
TG (mg/dL) 158.3 + 68.2 163.0 = 70.7
TC (mg/dL) 208.7 £70.8 246.4 +89.2
HDL-C (mg/dL) 472 +11.6 48.6 +12.0
LDL-C, Direct 124.0 + 53.6 152.8 + 69.3
measurement (mg/dL)
LDL-C, Anandaraja (mg/dL) 131.5 £ 62.1 164.4 + 80.0
LDL-C, Chen (mg/dL) 129.7 + 58.6 161.7 £ 74.5
LDL-C, Friedewald (mg/dL) 130.0 + 64.4 165.1 + 82.8

Data are shown as mean + SD.
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein;
LDL-C, low-density lipoprotein; FH, familial hypercholesterolemia.

LDL-C are summarized in Table 2. LDL-C levels were higher when
calculated by all formulas than their actual direct measurement.

Table 3 presents the lipid profiles were divided into 4 groups
considering the TG levels. The sensitivity and specificity of each
formula using an LDL-C cut-off of 100 mg/dL are presented in
Table 3. Chen formula had the highest sensitivity and specific-
ity for detecting LDL-C levels above 100 among all patients.
However, the Friedewald formula was more specific in patients
with probable or definite FH. In TG levels between 51 and 150,
Anandaraja and Chen formulas were 98.5% sensitive among all
patients, with the Chen formula being more specific than the
other 2 formulas. Among FH patients of the same TG range, the
Anandaraja formula was 100% sensitive but only 67.6% spe-
cific. InTG levels between 151 and 200 and above 200, the Chen
formula was the most sensitive, and the Friedewald formula

Vaseghi et al. Comparison of Equations for the Calculation of LDL-C

was the most specific. In FH patients of the same TG range, the
Fridewald formula showed the best overall performance.

The results of regression analyses of direct and estimated LDL-C
are reported in Table 4. All 3 formulas had high correlations with
the direct method. The Chen formula had the highest ICC, and
therefore the strongest correlation with the direct measurement.
In FH patients of all TG levels, the Chen formula had the highest
correlation with the direct method, except for TG levels between
151 and 200, in which the Friedewald formula exhibited a higher
ICC. All 3 formulas showed the least ICCs in TG >200 mg/dL of
all patients and TG between 151 and 200 of FH patients. The
Bland-Altman plots of the direct LDL-C and LDL-C estimated
by the 3 formulas of the overall population and FH patients are
shown in Figures 1 and 2, respectively.®

Discussion

In the present study, the LDL-C levels of 1148 FH registered
patients in Iran have been calculated using Friedewald, Chen,
and Anandaraja formulas then compared to the results of direct
measurement. Among patients with possible or definite FH
diagnosis in our study, the Friedewald formula outperformed
the Chen formula only in TG levels between 150 and 2000ur
results showed that all 3 formulas highly correlate with direct
measurement among all patients, with the Chen formula show-
ing the highest ICC (0.954 compared to 0.939 of Friedewald
and 0.933 of Anandaraja). Our findings are similar to those of
a study among 168,212 Asian individuals that noted the supe-
rior performance of the Chen formula (ICC: 0.977) compared to
the Friedewald and Anandaraja formulas (ICC: 0.975 and 0.901,
respectively).’ However, a previous study in Iran recommended
not to use Chen and Anandaraja formulas, particularly in patients
with high TG, HDL-C, TC, and FBS as the Anandaraja formula
overestimates and underestimates LDL-C in TG levels <300 and
>300 respectively, and Chen formula overestimates LDL-C in all

Table 3. Sensitivity and Specificity of Formulas in LDL-C Calculation (using an LDL-C cut-off of 100 mg/dL) in Different TG

Subgroups
Possible, Probable, or Definite Probable or Definite FH
TG N Sensitivity (%) Specificity (%) N  Sensitivity (%) Specificity (%)
Total LDL-C, Friedewald (mg/dL) 1148 95.5 89.4 279 98.1 79.0
LDL-C, Anandaraja (mg/dL) 95.7 81.1 98.1 70.9
LDL-C, Chen (mg/dL) 97.9 89.5 98.6 74.2
51-150 LDL-C, Friedewald (mg/dL) 599 98.1 86.9 132 98.9 73.5
(mg/dL) LDL-C, Anandaraja (mg/dL) 98.5 76.7 100 67.6
LDL-C, Chen (mg/dL) 98.5 89.8 98.8 76.5
151-200 LDL-C, Friedewald (mg/dL) 281 96.7 92.7 70 100 86.7
(mg/dL) LDL-C, Anandaraja (mg/dL) 94.6 84.4 98.2 66.7
LDL-C, Chen (mg/dL) 98.4 88.5 100 60.0
>200 LDL-C, Friedewald (mg/dL) 259 91.4 96.8 73 96.7 91.7
(mg/dL) LDL-C, Anandaraja (mg/dL) 92.4 96.7 95.1 91.7
LDL-C, Chen (mg/dL) 96.4 88.7 96.7 83.3

Data are shown as the percentage of sensitivity and specificity.

TG, triglycerides; LDL-C, low-density lipoprotein; FH, familial hypercholesterolemia.
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Table 4. Correlation and Intra-Class Correlation Coefficient Between Measured and Calculated LDL

Possible, probable, or definite

Probable or definite

ICC ICC
TG r P (95% CI)** P r P (95% CN* P
Total LDL-C, Friedewald (mg/dL) ~ 0.950  <.001 0.936(0.929, <.001 0930 <.001 0.918(0.880, <.001
0.943) 0.941)
LDL-C, Anandaraja (mg/dL)  0.928 <.001 0917 (0.902, <.001 0.916 <.001  0.905 (0.860, <.001
0.929) 0.933)
LDL-C, Chen (mg/dL) 0.962 <.001 0.958(0.944, <.001 0.939 <.001 0.930(0.891, <.001
0.967) 0.953)
51-150 LDL-C, Friedewald (mg/dL) ~ 0.963  <.001 0.951(0.925, <.001 0936 <.001 0.902(0.722, <.001
(mg/dL) 0.966) 0.953)
LDL-C, Anandaraja (mg/dL)  0.945 <.001 0.922(0.803, <.001 0.933 <.001 0.916(0.810, <.001
0.959) 0.955)
LDL-C, Chen (mg/dL) 0965  <.001 0.961(0.948, <.001 0938 <.001 0.929(0.886, <.001
0.971) 0.954)
151-200  LDL-C, Friedewald (mg/dL) 0.966 <.001 0.948(0.935, <.001 0.929 <.001 0.907 (0.839, <.001
(mg/dL) 0.959) 0.945)
LDL-C, Anandaraja (mg/dL) ~ 0.957  <.001 0.947(0.934, <.001 0917 <001 0.917(0.861, <.001
0.958) 0.950)
LDL-C, Chen (mg/dL) 0.967 <.001 0.962(0.945, <.001 0.931 <001 0.923(0.865. <.001
0.973) 0.954)
>200 LDL-C, Friedewald (mg/dL) 0.938 <.001 0.890(0.857, <.001 0.949 <.001 0.913(0.866, <.001
(mg/dL) 0.915) 0.945)
LDL-C, Anandaraja (mg/dL) ~ 0.936  <.001 0.880(0.836, <.001 0.946  <.001 0.923(0.880, <.001
0.911) 0.951)
LDL-C, Chen (mg/dL) 0.945 <.001 0.937(0.913, <.001 0.952 <.001  0.940(0.938, <.001
0.953) 0.983)

LDL-C, low-density lipoprotein; ICC, intra-class correlation coefficient. (*)<0.05; (**)<0.01

TG levels.”™ Another study that compared the performance of 11
formulas in Iran pointed out that Friedewald and Chen Formulas
had the closest results to direct LDL-C. The Friedewald formula
showed a better correlation than the Chen formula, which was
in contrast to our results.' In a study on the Indian population,
Krishnaveni et al. suggested that Anandaraja and Friedewald for-
mulas correlated maximally with direct measurement in TG lev-
els below 100 and above 100, respectively.”

Our data also suggest that although the Friedewald formula has a
good correlation with the direct method in TG levels above 200,
it does not perform as well as the other 2 formulas. It should be
noted that the Friedewald formula is known to have a debatable

Table 5. Frequency (%) of Probable or Definite FH for each
LDL Definition and Kappa Values for Agreement Between
Measured LDL-C and Different Definitions

accuracy in TG levels above 200 and is invalid in TG levels above
400.® Miller et al®° found high concordance between the
Friedewald formula and the direct method in the total popula-
tion and FH patients (r=0.96 and 0.77, respectively). There is no
data regarding the performance of Chen and Anandaraja formu-
las in the FH population. Our findings propose that LDL-C levels
in FH patients can be calculated by both Chen and Friedewald
formulas, especially in high TG concentrations. One of the most
important limitations of this study is that the reference method
which is ultracentrifugation was not used for LDL-C measure-
ment, and LDL-C was measured only using 1 direct method.
LDL-C levels are not corrected for Lipoprotein (a), leading to
overestimation of LDL-C since FH patients have high Lipoprotein
(a) concentrations too." Only 3 common formulas are compared
in this study, and future research needs to be conducted to eval-
uate the other formulas in the FH population, particularly the
novel 180-cell method.?° Target achievement after therapy can
also be calculated using LDL-C formulas in future studies.

N (%) Kappa + SE
LDL-C, Friedewald (mg/dL) 299 (26.0) 0.880 +0.016
LDL-C, Anandaraja (mg/dL) 307 (26.7) 0.849 + 0.018 Et.hics Committee Apprf)val: Ethic§ committee apprO\I/alw.as receivedlfor
this study from the Ethics Committee of Isfahan University of Medical
LDL-C, Chen (mg/dL) 291(25.3) 0.888 +£0.016 Sciences (Approval Date: June 2020; Approval Number: 297182).
LDL-C, measured(mg/dL) 279 (24.3) Informed Consent: Informed consent was obtained from all participants

LDL-C, low-density lipoprotein; SE, standard error.

who participated in this study.
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Figure 1. In the Bland-Altman plots the difference between the direct LDL-C and the calculated LDL-C by the 3 formulas in FH
patients is plotted against the average of the methods.
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