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ABSTRACT

Objective: The present work is an analytical and prospective study on the
determination of HDL-cholesterol through two different methodologies,
precipitation and direct method, in a group of 51 patients attended by a
school laboratory. Method: For the determination of these analytes, two
methodologies were used: direct method and precipitation method, because
it has been observed experimentally discrepancies in the values referring
to the results of determination of cholesterol-HDL when comparing the
results from the two methodologies, which can lead to a failed therapy.
Result: Of the 51 samples analyzed, 38 (74.5%) were female and 13
(25.5%) were male. The results were divided into groups by age group,
in order to verify a possible difference between the groups, the age range
was 11 to 88 years. When the HDL-cholesterol values obtained by the two
different methods were evaluated, there was a significant difference
(p <0.0001) in the HDL-cholesterol values between the direct method
(56.06 + 1.653) and the precipitation method (39.35 + 1.193). Conclusion:

INTRODUCTION

It is known, in the current context, that cholesterol levels, especially LDL
and HDL fractions are predictors of elevated risk of atherosclerotic
disease, when they are altered.'?

Studies of possible discrepancies between the two methods for HDL-
cholesterol dosing are still scarce, making it impossible to make clear
statements about the subject.

In one study it was possible to observe an increase in the HDL-cholesterol
values by the direct method when compared to the ones found by the
precipitation method, being a significant difference. The same result was
observed when the patients were separated by groups: patients with
normal values of total cholesterol and patients with altered total choles-
terol values.’

These results corroborate a similar study, which also reported that the
variation between the two methodologies implied in statistically signifi-
cant differences in the LDL cholesterol values obtained by Friedewald’s
formula.*

According to the Brazilian Society of Cardiology, from the clinical and
physiological point of view, the most biologically important lipids are
phospholipids, cholesterol, triglycerides and fatty acids. Since phos-
pholipids form the basic structure of cell membranes; cholesterol is a
precursor of bile acids, steroid hormones and vitamin D, besides being
a component of cell membranes that acts on the fluidity of these and the
activation of enzymes found there; and triglycerides, composed of fatty
acids, are one of the most important forms of energy storage in the body.’

For HDL values, it was possible to verify that there is a significant increase
between the HDL-cholesterol values obtained by the direct method in relation
to the method by precipitation independent of variables such as sex and
age group. This way further studies are needed in order to find a pattern
of variation between the methods and allow the adequacy of the results
through a correction factor or even new reference values.
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The consumption of trans and unsaturated fats is proportional to the
increase in plasma cholesterol levels, and cholesterol consumption itself
has less relevance in lipid profile variations.® These habits are stimulated
by the practicality and low cost of consumption of empty calories from
industrialized foods; being these highly palatable and attractive to
consumption, however presenting high levels of carbohydrates and
saturated and trans fats.” The literature reports that the etiology of these
metabolic disorders can also be correlated with genetic characteristics
and life habits that lead to physical and psychological exhaustion such as
alcohol consumption and smoking, as well as sedentary lifestyle.®

The cholesterol and triglycerides ingested daily are transported between
the organs and tissues with the help of lipoproteins, these are composed
of lipids and proteins called apoproteins.® There are five main classes of
lipoproteins: chylomicrons, very low density lipoprotein (VLDL), inter-
mediate density lipoprotein (IDL), low density lipoprotein (LDL) and
high density lipoprotein (HDL), differing from one another, according
to apoprotein composition, density, size and electrophoretic mobility.?
HDL cholesterol has the function of “cleaning” the arteries, transporting
the cholesterol to the liver, where it will be metabolized and its excretion
carried by the bile, thus presenting a beneficial function in the body.’
Each lipoprotein has a specific function within the organism. In the routine
of mostlaboratories, determinations of triglycerides, total cholesterol and
HDL-cholesterol are performed by the colorimetric enzymatic method,
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using specific reagents. It is noteworthy that for HDL-cholesterol two
possible methodologies are available (direct and precipitation method).?

Published data revealed that 40% of the Brazilian population had elevated
cholesterol levels and 12% had these values classified as high, in this
context the quantification of total cholesterol and fractions is presented
as an important tool to prevent cardiovascular risk."

The precipitation method is based on the principle of the separation of
lipoproteins from low (LDL-c) and very low (VLDL-c) densities based
on the selectivity of phosphotungstate and magnesium ions. The samples
are treated with phosphotungstic acid and magnesium chloride, which
promotes the precipitation of all lipoproteins except the HDL fraction.
After this pretreatment, the samples are centrifuged in order to separate
the HDL fraction (supernatant) from the non-HDL fraction (precipitate).
After separation, the HDL-cholesterol contained in the supernatant is
determined in a spectrophotometer by enzymatic-colorimetric method,
similar to the determination of total cholesterol.’?

The direct method, however, allows a direct determination without the
need for previous precipitation or treatment of the sample, since it uses
reagents that perform the selective dosage of HDL-bound cholesterol.
This method consists of a two-step reaction: in the first step human anti-
B-lipoprotein antibodies bind to low molecular weight proteins (LDL-c,
VLDL-c and chylomicrons) leaving HDL-cholesterol free. In the second
step the enzymes cholesterol esterase and cholesterol oxidase act on the
cholesterol linked to the high density lipoprotein (HDL) and, in a
sequence of reactions, they form hydrogen peroxide (H20,). This, in
the presence of the peroxidase and a chromogenic substance, forms a
colored compound, which can be quantified by the conventional analyzers.
Thus the intensity of the staining formed is proportional to the concen-
tration of HDL cholesterol in the sample.>"

Studies report that an increase of 1.0 mg / dL in serum levels of HDL-c
results in reduced risk of coronary heart disease by 2 to 3% (1). Others
report that a decrease of 4.0 mg / dL is related to a 10% increase in the
risk of cardiovascular diseases.'

It is then observed that it is of great importance that the results of HDL
cholesterol determinations are accurate and reliable, especially for
patients with borderline values, where the variation resulting from the
methodology used may interfere with the interpretation of the clinical
picture. Thus, it is important to know the available methodologies, so
that there are no misinterpretations regarding the diagnosis and dyslip-
idemias monitoring.**

Because of this, the laboratories have a new function: to indicate the
methodology used for HDL-c dosage; so that the clinician having the
knowledge of available methodologies can monitor and / or correctly
diagnose changes in serum lipids, avoiding changes of conduct in function
of the different results obtained with the different methodologies available
in the market.>* Considering the above, it is proposed to compare the
results of two methodologies (direct and by precipitation) for the deter-
mination of HDL-cholesterol, verifying if there are discrepancies in the
results of the two methodologies analyzed and estimating a factor that
can be used to relate the results under the two methodologies.

METHODOLOGY

The present study is an analytical and prospective study on the deter-
mination of HDL-cholesterol through two different methodologies, per-
formed at the Laboratory of Clinical and Toxicological Analysis (LCTA)
of the Federal University of Ceara (UFC), in a group of 51 patients who
sought LACT for laboratory tests, including lipid profile (total cholesterol,
fractions of LDL, HDL, triglycerides) and who accepted to participate
in the study, by signing the Informed Consent Term (ICT). All patients
were enrolled in the study, ranging from 11 to 88 years old and excluded
from repeated cases, i.e, no more than one patient was collected. Serum
samples from the patients were analyzed using two HDL-cholesterol
methodologies: precipitation method and direct method.

The method for determination of cholesterol HDL fraction by precipi-
tation is based on the treatment of samples with phosphotungstic acid
and magnesium chloride, which promotes the precipitation of chylomi-
crons, VLDL and LDL, allowing, after centrifugation, the HDL fraction
remaining in the supernatant can be determined by colorimetric enzymatic
reaction. The determinations were made using the recommended
technique and following the recommendations of the manufacturer
(Bioclin®) in semi-automation apparatus.

The direct method for determining the HDL cholesterol fraction allows
a direct determination without the need for previous precipitation or
treatment of the sample. It uses reagents that perform selective dosing
of HDL-bound cholesterol. The low density lipoprotein (LDL), very low
density (VLDL) and chylomicrons surfaces are stabilized by the adsorption
of a polyanion and do not undergo the action of the modified enzymes
present in the reagent. HDL, however, is solubilized by the action of a
detergent, allowing the enzymatic action on the cholesterol attached to
it. In this way, the intensity of the staining is proportional to the HDL
cholesterol concentration in the sample. The determinations were made
using the recommended technique and following the manufacturer’s
recommendations (Bioclin®) in an automation device.

The results obtained from the determination of HDL were compiled
into a table for subsequent analysis of the variables, that is, of the values
obtained for HDL-cholesterol through the two methodologies, using
GraphPad Prism version 6.0 software for Windows and the project was
submitted to Research Ethics Committee of the Federal University of
Ceara by Resolution 466 of the National Health Council - NHC of the
Ministry of Health, considering the respect for human dignity and the
special protection due to the participants of scientific researches involving
human beings, being approved under the opinion number 1,026,288.

RESULTS

Of the 51 samples analyzed, 38 (74.5%) were female and 13 (25.5%) were
male. The age range was 11 to 88 years.

In order to compare the HDL-cholesterol values obtained by the two
methodologies evaluated, the data were initially assessed with mean and
standard deviation (Table 1).

When the HDL-cholesterol values obtained by the two different methods
were evaluated, there was a significant difference (p <0.0001) in the

Table 1: Mean values of HDL-cholesterol in mg / dL obtained by the two methodologies (direct and precipitated).

. HDL-c (mg/dL) Direct HDL-c (mg/dL) Direct-precipitated HDL-c Test t between HDL-c
Variable . ... % change . ..
method Method by precipitation variation (mg/dL) direct-precipitate
General 56,06 + 11,81 39,35 + 8,52 16,71 £ 6,07 29,54 + 7,66 p < 0,0001
Female 57,66 £ 11,46 40,29 + 8,00 17,37 £ 6,57 29,71 £8,20 p < 0,0001
Male 51,38 £ 12,00 36,62 £ 9,691 14,77 £ 3,85 29,05 + 6,08 p < 0,0001
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Figure 1: Comparison between HDL-cholesterol values obtained by direct
and precipitation methods.
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Figure 2: Graphical representation of the comparison of the HDL-cholesterol
dosage by the direct method and by the precipitation method.

Table 2: Mean and standard deviation for HDL-cholesterol values = 40mg / dL.

Variable HDL-c (mg/dL) HDL-c (mg/dL) Direct-precipitated HDL-c % change
Direct method Method by precipitation variation (mg/dL) Test t between HDL-c direct-precipitate
General 64,37 £ 8,99 46,15 £ 4,55 18,22 £ 6,72 27,59 £7,25 p < 0,0001
Female 64,41 9,78 46,05 + 4,55 18,36 + 7,34 27,62 7,79 p < 0,0001
Male 64,20 + 4,82 46,60 + 5,08 17,60 + 3,21 27,46 = 4,75 p < 0,0001
Table 3: Mean and standard deviation for HDL-cholesterol values <40mg / dL.
. HDL-c (mg/dL) HDL-c (mg/dL) Direct-precipitated Test t between HDL-c
Variable i . . % change . ..
Direct method Method by precipitation HDL-c variation (mg/dL) direct-precipitate

General 46,71 + 6,27 31,71 + 4,37 15,00 + 4,83 31,73 £ 7,67 p <0,0001

Female 48,38 + 5,60 32,38 £ 3,69 16,00 + 5,27 32,57 £ 8,11 p <0,0001

Male 43,38 + 6,57 30,38 £5,53 13,00 + 3,21 30,04 + 6,90 p <0,0001

Table 4: Mean and standard deviation for HDL-cholesterol values (mg / dL) according to age group.
. HDL-c (mg/dL) HDL-c (mg/dL) Direct-precipitated HDL-c Test t between HDL-c

Variable i . o % change . .
Direct method Method by precipitation variation (mg/dL) direct-precipitate

< 18 years 60,20 £ 7,22 44,80 + 7,43 15,40 £ 0,89 25,92 £ 3,67 p < 0,0001

19 a 60 years 56,00 + 12,18 40,16 + 8,30 15,84 + 6,17 27,83 7,25 p <0,0001

18,05 + 6,56
> 60 years 55,14 + 12,45 37,10 + 8,61 p < 0,0001
32,43 + 8,08
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Figure 3: Quantitative of patients whose HDL-cholesterol values went from

the desired reference levels with the change from direct to precipitation
methodology.

HDL-cholesterol values between the direct method (56.06 + 1.653) and
the precipitation method (39.35 + 1.193), as shown in Figure 1.

Comparison of methods for HDL cholesterol dosage, direct vs. precipitation
method (y), resulted in the regression equation y = 0.6280x + 4.146. The
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Pearson correlation coefficient (r) between the methods was 0.8706,
indicating a high correlation between the results (Figure 2).

From these data, the values of HDL-cholesterol were separated according
to the reference values described in the literature: normal (> 40mg / dL)
and low (<40mg / dL), considering for the separation of the groups the
values obtained by precipitation method.

For normal HDL-cholesterol values (= 40mg / dL) according to the
precipitation method, the results available in Table 2 were obtained.

For the low values of HDL-cholesterol (<40mg / dL), considering the
values obtained by the precipitation method, the results obtained are
available in Table 3.

It is also worth noting that 42.55% (n = 20) of HDL cholesterol values >
40mg / dL when analyzed by the direct method (n = 47) showed HDL-
cholesterol levels <40mg / dL when analyzed by the method precipitation
(Figure 3).

Finally, the results were divided into groups by age group, in order to

verify a possible difference between the groups, as can be observed in
Table 4.
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DISCUSSION

When analyzed the results found in each of the methodologies tested, an
increase in the HDL-C values could be observed by the direct method
when compared to the ones found by the precipitation method, being
statistically significant this increase. When the groups were separated,
patients with normal values of total cholesterol (<200 mg / dL) and
altered (total cholesterol> 200 mg / dL), the same result was observed.

In the present study, it was observed that there is a tendency of the HDL-
cholesterol values obtained by the direct method to provide higher results
in relation to the precipitation method, considering that it is extremely
important to alert the clinician to possible classification errors in
borderline patients.*

The results of the evaluation between the two methodologies (direct and
precipitated) for HDL-cholesterol obtained in this study were similar
to the findings of another study in which the average HDL-cholesterol
values between the direct and precipitation methods were also higher
for the direct method, representing, on average, 29.54% above the
precipitate.'

Likewise, the results found in this study were also similar to those found
by other authors, according to which the mean HDL-cholesterol values
between the direct and precipitated methods were, on average, 27.75%
higher for the direct method in relation to precipitate.*

Another related study analyzed the results found in each of the method-
ologies tested, an increase in the HDL-cholesterol values was observed by
the direct method when compared to the ones found by the precipitation
method, being statistically significant this increase. When patients with
normal values of total cholesterol (<200 mg / dL) and patients with
altered values (total cholesterol> 200 mg / dL) were separated into
groups, the same result was observed, evidencing that the difference
between the values obtained is not related to the lipid level of the sample,
which allows to affirm that the difference found is due to the methodology.’

The difference between the groups was found to be in groups with HDL
cholesterol by direct method 240 mg / dL and<40 mg / dL, and it was
observed that there was a significant difference (p <0, 0001) among the
methodologies, reinforcing the theory that the results differ according to
the technique used, and does not depend on the reference value at which
the HDL-cholesterol values are found.

When evaluated by the direct method resulting in HDL-cholesterol
levels > 40 mg/dL, 42.55% showed HDL-cholesterol levels <40mg / dL
when analyzed by the precipitation method. Other studies obtained
similar results: 31% for Rocha and Cavalett, 2010 and 21% for Caon and
Tavares, 2013.

Despite the high correlation found between the methodologies (Pearson’s
r=0.8706), several significant differences were observed in the comparison
of the direct and precipitation methods, it is important to emphasize the
importance of knowledge and information of the method used for the
clinical body, to that do not occur changes of conduct in function of the
different results obtained with the different methodologies available in
the market. The same was reported by another study, which obtained
Pearson’s r even more expressive than the one found in the present study
(0, 8933).3

Data were also separated by sex (female and male) and by age group (<18
years; between 19 and 60 years old; > 60 years), for all groups analyzed a
significant difference was observed, with p <0.0001. Again showing that
the observed variations are independent of the variables of the samples,
being correlated only to the differences between the methodologies used.

However, when analyzed by age, a higher rate of change was observed
with increasing age (<18 years - 25.92%, 19-60 years - 27.83, > 60 years
-32.43%).
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Considering that with increasing age there is a reduction in HDL choles-
terol levels and an increase in the prevalence of cardiovascular diseases,
it is possible that the variation in HDL-cholesterol levels is more
significant in patients with lower HDL-cholesterol levels. The same is
also observed when the groups with HDL-cholesterol levels below the
reference value (<40mg / dL) were analyzed, which showed a rate of
change of 31.73%, while those with HDL-cholesterol > 40 mg / dL had a
rate of change of 27.59%.

One of the possible causes proposed for the generation of high HDL
cholesterol results by the direct method may be an incomplete blocking
of chylomicrons, VLDL and LDL by polyanion, which may be related
to elevated triglyceride levels, allowing the enzymes to react with these
fractions. Another reason to be considered is calibration, which can
overestimate the HDL-cholesterol values for the homogeneous assays."

CONCLUSION

It was possible to verify that there is a significant increase (of the order of
30%) between the HDL-cholesterol values obtained by the direct method
in relation to the method by independent precipitation of variables such
as sex and age group; however, it was observed that increasing the rate of
variation between the methods was more expressive; demonstrating the
need to know the available methodologies and to pass this information
on to the clinicians, since HDL-cholesterol and LDL-cholesterol dosages
are routine in the clinical analysis laboratories and both analytes are
extremely important in diagnosis and monitoring of dyslipidemias.

It is up to the laboratories to indicate the methodology used for HDL
cholesterol dosage, so that the clinician having the knowledge of the
available methodologies can monitor and / or correctly diagnose changes
in serum lipids.

Further studies are needed in order to find a pattern of variation between
the methods and allow the adequacy of the results through a correction
factor or even of new reference values, so that both methodologies can be
used correctly displaying the concentrations of HDL-cholesterol for each
patient, guaranteeing an adequate behavior for each situation.
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