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Abstract

Background: Various formulas are available to estimate serum low-density lipoprotein (LDL)
cholesterol. All of these are serum triglycerides (TG) dependent. But very recently de Cordova
et al developed a simple formula (CF) to calculate LDL cholesterol without using serum TG
and claimed it to be more accurate than Friedewald's formula (FF). Objective: The objective
of the present study was to evaluate the performance of the CF for the calculation of LDL
cholesterol in a Bangladeshi population. Materials and Methods: Three hundred and sixty
adult Bangladeshi subjects were purposively included in this study. Serum total cholesterol
(TC), TG, high-density lipoprotein (HDL) cholesterol and LDL cholesterol were measured by
direct automated methods. LDL cholesterol was also calculated by CF and FF. Results were
expressed in conventional unit as mean = SD and compared by two-tailed paired t test, bias
against measured LDL cholesterol, Pearson’s correlation coefficient (r), Passing & Bablok
regression and accuracy within £10% of the measured LDL cholesterol. Results: The mean
values of directly measured LDL cholesterol, LDL cholesterol calculated by CF and FF were
117.7 £ 31.0, 111.8 + 31.0 and 108.9 + 39.7 mg/dL respectively. Bias of calculated LDL
cholesterol against measured LDL cholesterol was —5.2% for CF and —9.6% for FF. The
correlation coefficients of measured LDL cholesterol were 0.9796 (p<0.001) for CF and
0.9525 (p<0.001) for FF. Passing & Bablok regression yielded the equation y = 0.9938x — 6.2
for CF and y = 1.2774x — 40.9 for FF. Accuracy within £10% of measured LDL cholesterol
was 81% for CF and 49% for FF. Conclusion: This study revealed better performance of the
de Cordova’s formula than Friedewald’s formula for approximate calculation of LDL
cholesterol without using serum triglycerides.
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Introduction

Serum low-density lipoprotein (LDL) cholesterol
concentration is positively related to the incidence of
coronary heart disease (CHD)!»? and increased level
of serum LDL cholesterol strongly correlates with
the extent of atherosclerotic lesions.> Lowering of
LDL cholesterol decreases the incidence of major
cardiovascular events.*> Therefore, measurement of

LDL cholesterol is crucial for the prevention and
management of cardiovascular diseases (CVD). The
reference method for the measurement of serum
LDL cholesterol is the preparative ultracentrifu-
gation, i.e., B-quantification. The ultracentrifugation
method is time-consuming, costly, labor-intensive
and requires expensive ultracentrifuges, rotors and
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tubes and only a few number of specimens can be
investigated a day. Hence, its use in clinical practice
is limited.® To overcome these problems, several
direct methods have been developed to measure
serum LDL cholesterol. But all are expensive and not
suitable for developing countries like ours.

Several formulas®-9 have been developed and used to
calculate LDL cholesterol. Among these, Friede-
wald’s formula (FF)7 is used worldwide to estimate
LDL cholesterol in routine clinical practice. All these
formulas require the measurement of serum total
cholesterol (TC), serum triglycerides (TG) and high-
density lipoprotein (HDL) cholesterol at fasting
condition and are limited to fasting serum TG
concentration up to 400 mg/dL.

Studies in Bangladeshi population reported a
remarkable underestimation of LDL cholesterol by
Friedewald’s formula and Anandaraja’s formula.!0-14
de Cordova et al'> recently published a new, simpler
and less expensive formula (LDL cholesterol =
0.7516 x [total cholesterol — HDL cholesterol])
independent of serum TG by analyzing lipid profiles
of a large cohort of Brazilian population in fasting
condition. It opens a new door to calculate LDL
cholesterol in nonfasting state, since serum TG
concentrations differ significantly and serum TC and
HDL cholesterol concentrations differ minimally
(<5%) between fasting and nonfasting states.!%17
The aim of this study was to evaluate the
performance of de Cordova’s formula (CF) in a
Bangladeshi population.

Materials and Methods

This cross-sectional study was conducted in the
department of Applied Laboratory Sciences,
Bangladesh University of Health Sciences (BUHS),
Dhaka, Bangladesh during the period of January to
June 2013. Venous blood specimens were collected
for lipid analysis from the outpatient department of
Bangladesh Institute of Health Sciences (BIHS)
General Hospital from adult Bangladeshi subjects
after 12 hours fast. After centrifugation, serum was
separated and analyzed. Each specimen was
preserved at —80°C for the measurement of LDL
cholesterol directly. All lipid parameters were
measured by Dimension RxL Max autoanalyzer
(Siemens Healthcare Diagnostics, Inc., USA). All
kits, calibrators and quality control materials were
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obtained from Siemens Healthcare Diagnostics, Inc.,
USA through local distributor. LDL cholesterol was
also calculated by de Cordova’s formula and
Friedewald’s formula.

Blood specimens were collected purposively from
400 adult subjects. Forty subjects were excluded due
to high serum TG concentration (>400 mg/dL) and
the remaining 360 were considered as study subjects
(TG<400 mg/dL). Results of the estimated LDL
cholesterol were compared with the measured LDL
cholesterol. For comparison, two-tailed paired ¢ test,
Pearson’s correlation coefficient and Bland-Altman
plots!3-20 against measured LDL cholesterol and
Passing & Bablok?! regression were applied.
Accuracy of the estimated LDL cholesterol within
+10% of measured LDL cholesterol was also
determined. For statistical analysis MedCalc®
version 11.4 for Windows was used.

Results

A total of 360 lipid profiles were included in this
study. The mean age of the study subjects was 49 +
14 years. Among them 216 (60%) were males and
144 (40%) were females. The means of TC, TG,
HDL cholesterol and measured LDL cholesterol
were 188 = 44 mg/dL, 199 £ 76 mg/dL, 39.0 £+ 8.2
mg/dL and 117.7 + 31.0 mg/dL respectively. The
mean values of LDL cholesterol calculated by CF
and FF were 111.8 + 31.0 and 108.9 + 39.7 mg/dL
respectively. Compared to measured LDL choles-
terol, de Cordova’s LDL cholesterol was 6.0 = 6.3
mg/dL lower (p<0.001). The mean value of
Friedewald’s LDL cholesterol was 8.9 + 13.9 mg/dL
lower (p<0.001) than measured LDL cholesterol. Fig
1 shows the Bland-Altman plots of de Cordova’s
LDL cholesterol and Friedewald’s LDL cholesterol
against measured LDL cholesterol. The bias was
—5.2% for CF and —9.6% for FF.

The correlation coefficients of de Cordova’s LDL
cholesterol and Friedewald’s LDL cholesterol were
0.9796 (p<0.001) and 0.9525 (p<0.001) respectively.
Fig 2 shows the Passing & Bablok regression of de
Cordova’s LDL cholesterol and Friedewald’s LDL
cholesterol against measured LDL cholesterol. de
Cordova’s LDL cholesterol yielded the regression
equation y = 0.9938x — 6.2 and Friedewald’s LDL
cholesterol yielded the regression equation, y =
1.2774x — 40.9 when calculated LDL cholesterol
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concentrations were plotted in y-axis against
measured LDL cholesterol plotted in x-axis.
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When percentages of differences are computed
against measured LDL cholesterol, 291 (81%) of de
Cordova’s LDL cholesterol fall within £10% of
measured LDL cholesterol. On the other hand, 175
(49%) of Friedewald’s LDL cholesterol fall within
+10% of measured LDL cholesterol.

The correlation coefficients of measured LDL
cholesterol with TC, TG and HDL cholesterol were
0.962 (p<0.001), 0.356 (p<0.001) and 0.216
(p<0.001) respectively. Univariate linear regression
analysis considering measured LDL cholesterol as
dependent variable and non-HDL cholesterol as
independent variable showed that the coefficient of
non-HDL cholesterol was 0.7541 for measured LDL
cholesterol ($=0.974, p<0.001).

Discussion

The correlation coefficient of LDL cholesterol
calculated by the de Cordova’s formula with the
measured LDL cholesterol was statistically highly
significant and better than the correlation coefficient
of Friedewald’s LDL cholesterol with measured LDL
cholesterol (r=0.9796 vs 0.9525, p<0.001). Though
mean values of both de Cordova’s LDL cholesterol
and Friedewald’s LDL cholesterol differed
significantly from measured LDL cholesterol, mean
difference and bias against measured LDL
cholesterol were lower for de Cordova’s LDL
cholesterol compared to that of Friedewald’s LDL
cholesterol (-5.2% vs —9.6%). Accuracy of de
Cordova’s formula within £10% of measured LDL
cholesterol was also higher than Friedewald’s
formula (81% vs 49%) and it was closer to the
proportion (87%) obtained by the regression
equation'? developed for this population (data not
shown). Passing & Bablok regression equation
clearly indicates the better performance of the de
Cordova’s formula compared to Friedewald’s
formula.

Studies done on Bangladeshi population in different
settings showed remarkable underestimation of LDL
cholesterol by Friedewald’s formula.'%13 In this
study the ratio of LDL cholesterol to non-HDL
cholesterol was 0.7541 which is very similar to that
of the de Cordova’s study (0.7516)'° (data not
shown). Moreover, measured LDL cholesterol
showed stronger relationship with TC (r=0.962,
p<0.001) compared to the relationship of measured
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LDL cholesterol with Friedewald’s LDL cholesterol
(r=0.940, p<0.001). This result indicates that lower
performance of Friedewald’s formula may be
associated with the variability of TG.

Most of the common formulas used the measurement
of serum TC, serum HDL cholesterol and serum TG
to estimate LDL cholesterol and requires the lipid
measurement at fasting state.®19 This limitation is
due to inclusion of serum TG which significantly
differs between fasting and nonfasting states.!0!!
The others (TC, HDL cholesterol and LDL
cholesterol) remain within acceptable range in
fasting and nonfasting states.!6:17 Hence, LDL
cholesterol should be measured by direct method if
lipid profiles are needed to be measured at
nonfasting state. But most of the third world
countries have no such ability. Since the de
Cordova’s formula has performance close to direct
method and better performance than Friedewald’s
formula and is independent of serum TG and
produces similar accuracy as the regression equation!?
developed for this population, it may be helpful for
the approximate calculation of LDL cholesterol at
fasting and nonfasting states. However, more studies
are recommended regarding its use in the calculation
of LDL cholesterol in both fasting and nonfasting
states in our population.
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