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ABSTRACT

Background: This study aimed to assess whether total cholesterol (CHOL), low-density lipoprotein cholesterol (LDL), and
high-density lipoprotein (HDL) are sensitive markers for discriminating between transudative and exudative pleural effusions
(PE).

Materials and Methods: In this study CHOL, LDL, HDL, TG, protein and LDH were analyzed in PE and serums of 119
patients with pleural effusion out of which 49 had transudative and 70 had exudative pleural effusion. Sensitivity, specificity,
and area under the curve (AUC) of CHOL, LDL and HDL were measured by receiver operating characteristic curve (ROC).
Results: Pleural fluid CHOL, LDL and HDL levels were significantly lower in the transudate group compared to the exudate
(29.6 £16.3 mg/dl versus 65.24 + 25.9 mg/dl, p<0.001; 17 +14.8 mg/dl versus 43.94 + 21.6 mg/dl, p<0.001; and 9.2 + 4.8
mg/dl versus14.9 + 6.3 mg/dl, p<0.001, respectively). Sixty-seven percent of cases with pleural transudates were secondary
to heart failure, while 41% and 39% of those with pleural exudates were of parapneumonic effusion and neoplastic origin,
respectively. Pleural fluid CHOL, LDL and HDL levels were significantly higher in malignant pleural effusion (71.5+18.6,
48.1x17.4 and 16.1+6.6mg/dl, respectively), and in parapneumonic effusion (70.7+28.5, 49.4+22.4 and 14.7+6.4 mg/dl,
respectively) than in heart failure (30.6£11.9, 17.5+10.4 and 9.6 +5.4 mg/dl, respectively). The optimum cut-off value for
pleural fluid CHOL level of 238 mg/dL had a sensitivity of 87% and 80% specificity, for LDL pleural fluid level a cut-off value
of 2 22.5 mg/dl had a sensitivity of 87% and 78% specificity, and for HDL pleural fluid a cut-off value of 2 10.5 mg/dl had a
sensitivity of 70% and 69% specificity. AUC values were 0.906, 0.883, and 0.783, for CHOL, LDL, and HDL of pleural fluid,
respectively.

Conclusion: We conclude that pleural fluid CHOL, LDL and HDL are significantly increased in exudative effusions compared
to the transudative ones. Measurement of CHOL, LDL and HDL concentrations in pleural effusions is useful in distinguishing
exudates from transudates. (Tanaffos 2008; 7(4): 37-43)
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INTRODUCTION

Pleural effusions, classified into transudates and
exudates, develop in different thoracic or systemic
diseases (1, 2).

When encountering this finding, it is necessary to
determine its etiology in order to treat the disease.
The distinction between exudative and transudative
pleural effusions is the basis for defining the
etiology. In a classic article by Light et al, presence
of one or more of the following test results was
defined as diagnostic clues for pleural exudates:
pleural fluid to serum protein ratio > 0.5, pleural fluid
LDH > 200 IU, and a pleural fluid to serum LDH
ratio > 0.6 (3).

This has been reported as the best method for
discriminating exudates from transudates (4),
although others (5) have modified the cut-off points
used by Light et al (3). A considerable number of
other biochemical markers have been compared with
Light’s criteria. These include measuring pleural
fluid cholesterol, albumin gradient, and
serum/pleural fluid bilirubin ratio (6-10).

For better assessment of the role of PE cholesterol
level in discrimination of transudates from exudates,
a deeper understanding of the relationship between
the CHOL level in serum and PE would be useful.

Cholesterol and other lipids are carried in body
fluids by lipoproteins. The plasma lipoproteins are
classified into five major groups based on their
relative densities: chylomicrons, very low-density
lipoprotein (VLDL), intermediate-density lipoprotein
(IDL), low-density lipoprotein (LDL), and high-
density lipoprotein (HDL). LDL is the major
cholesterol-carrying lipoprotein in the plasma which
consist nearly 70% of total plasma cholesterol. It is
composed of approximately 75% lipid and 25%
protein. HDL contains about 50% lipid and 50%
protein (11).

There are a few studies focusing on the
relationship between serum and pleural fluid
lipoproteins. Pfalzer et al. reported that in

transudative pleural effusion the level of LDL

represented 16% of serum levels, whereas
inflammatory and malignant pleural effusions
exhibited high levels of LDL, with 67% and 69% of
serum levels, respectively (12). In another study Vaz
et al. reported that cholesterol levels in pleural
effusion were related to serum cholesterol levels and
the permeability of the pleura (13).

The purpose of this study was to determine the
sensitivity and specificity of CHOL, LDL and HDL
measurements in distinguishing exudative from

transudative pleural effusions.

MATERIALS AND METHODS

This cross-sectional study was performed on 119
adult patients with pleural effusion admitted to
Shahid Beheshti Hospital, Kashan University of
Medical Sciences, between March 2004 and
February 2005. The diagnosis was made based on
physical examination, chest x-ray, and
ultrasonography if necessary. Along with pleural
fluid aspiration, blood sample was obtained and
cholesterol, lipoproteins and triglyceride levels were
measured by autoanalyzer system (Technicon RA-
100). The pleural fluid samples were also sent to the
laboratory for cytology and microbiology tests and
study of acid fast bacillus. This study was approved
by the ethics committee of Kashan University of
Medical Sciences, and all patients signed a consent
form prior to enrollment. The distinction between
exudative and transudative pleural effusion was made
by using Light's criteria (3). The presence of one or
more of the following test results was considered to
be indicative of exudative PE: -pleural fluid to serum
LDH ratio over 0.6, -pleural fluid LDH level > 67%
of serum LDH level; -pleural fluid to serum protein
ratio > 0.5. Cholesterol, LDL, and HDL levels in
transudative and exudative pleural effusions were
also recorded.
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Statistical analysis:

Results were presented as the mean +SD.
Differences in quantitative variables between groups
were assessed by using an unpaired t test.

Receiver operating characteristic (ROC) curves
and areas under the ROC curves (AUC) with 95%
confidence intervals were calculated for each
criterion in order to evaluate the optimum cut-off
points. In addition to using the cut-off points derived
from ROC curves, the use of each criterion for
identifying exudates was evaluated by calculating its
sensitivity and specificity in distinguishing the
pleural exudates from transudates. The optimum cut-
off level was determined by selecting points of test
values that provided the greatest sum of sensitivity
and specificity. A p-value <0.05 was considered

significant.

RESULTS

One hundred-nineteen cases including 52 (43.7%)
males and 67 (56.3%) females were enrolled in this
study. The mean age was 63.5+15 years (range 18-89
years). Pleural fluid was exudative in 70 cases
(58.8%), and transudative in 49 (41.2%). Causes for
exudative pleural effusion were thoracic malignancy
in 27, parapneumonic effusion in 30, pulmonary
embolism in 4, tuberculosis in 2, and cardiac failure
in 7 patients. The causes for transudative pleural
effusion were cardiac failure in 33, chronic liver
disease in 7, and renal failure in 9 cases. Patients
with unknown or more than one diagnosis were
excluded from the study. The average levels of
biochemical parameters in pleural fluid were higher
among the exudative group than the transudative
patients. The means and standard errors of
cholesterol, LDL, and HDL in pleural effusion were
evaluated in transudative and exudative effusions
(Table 1). For each test, the differences in mean
values between the transudate and the exudate groups
were statistically significant (t-test, p<0.001).
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Table 1 Pleural fluid biochemical parameters in patients with exudative
and transudative pleural effusion*.

Pleural effusion Exudative Transudative
Biochemical (70 cases) (49 cases) P value
Parameters
PE Cholesterol, mg/d 65.24 £25.9 29.6 £16.3 <0.001
Serum cholesterol, mg/dl 1515+ 456 1435+48 0.363
PE LDL, mg/di 43.94 +21.6 17 £14.8 <0.001
Serum LDL, mg/d 89.64+ 33.6 90.9+ 35.6 0.845
PE HDL, mg/dl 149+6.3 92+48 <0.001
Serum HDL, mg/d| 35.77£ 118 328+ 10 0.146
PE VLDL, mg/dl 6.1+36 3724 0.905
Serum VLDL, mg/dl 26.5+17.3 23.4+17.8 0.184
PE Triglyceride, mg/dl 32.6 £20.6 21.8+21.4 0.158
Serum Triglyceride, mg/dl 130.2£ 73.2 126.5+ 1175 0.241

*Data are presented as Mean + SD. PE: pleural effusion

The cut-off value, sensitivity and specificity of
pleural cholesterol, pleural LDL, and pleural HDL in
discriminating exudative from transudative pleural
effusions were obtained by using ROC curve (Fig. 1
and Table 2).

Table 2. The value of pleural cholesterol, LDL, and HDL in the
differential diagnosis of exudative and transudative pleural effusion.
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Figure 1. Receiver-operating characteristic curves of pleural

cholesterol, pleural LDL, and pleural HDL for discriminating exudative
from transudative pleural effusion. The areas under the ROC curve of
pleural cholesterol, LDL, and HDL were 0.906, 0.883, and 0.763,
respectively.
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The area under the ROC curve for pleural fluid
cholesterol was 0.906 (95% CI =0.855-0.957). The
optimal cut-off value for pleural fluid cholesterol was
determined to be greater than 38 mg/dl, with a
sensitivity of 87.1%, and a specificity of 79.6%. The
area under the ROC curve for pleural fluid LDL was
0.883 (95% CI =0.822-0.944); at a cut-off limit of
greater than 22.5 mg/dl, the sensitivity was 87.1%,
and the specificity was 77.6%. The area under the
ROC curve for pleural fluid HDL was 0.763 (95%
CI=0.674-0.852); at a cut-off limit of greater than
10.5 mg/dl, the sensitivity was 70 %, and the
specificity was 69.4%.

In comparison of both pleural cholesterol and
pleural LDL, pleural HDL had lower sensitivity

Table 3. Lipoproteins levels by diagnostic groups.

(70%) and lower specificity (69%).

Table 3 demonstrates the meant+ SD values and
confidence interval of CHOL, LDL, and HDL
lipoproteins according to various etiologies of
exudative and transudative pleural effusions. As
shown in Table 3, levels of CHOL, LDL, and HDL
lipoproteins ~ were  significantly  higher in
parapneumonic and malignant pleural effusions than
cardiac failure or other causes of transudative pleural
effusion.

The areas under the ROC curve for discriminating
exudative from transudative pleural effusions for
cholesterol, LDL and HDL of pleural effusion were

0.909, 0.883, and 0.763; respectively.

Diseases Cholesterol LDL HDL
Meanx SD Cl Meanx SD Cl Meanx SD Cl

Parapneumonic efusion ~ 70.7£28.5 60.1 81.3 49.4422.4 41 577 14.7+6.4 123 17.1
Malignancy 71.5+18.6 64.1 78.9 48.1+17.4 412 55 16.146.6 135 187
Pulmonary embolism 40.3+1.9 37.2 433 24425 20.1 279 11.8+3 7 165
Tuberculosis 94+2.3 68.6 119.4 7147.1 75 1345 12.5+5 32 57
Cardiac failure 30.6+11.9 268 344 17.5+104 142 208 9.6+5.4 78 113
Chronic liver disease 19.1+4.8 147 236 6.4+4.5 23 106 10.9+4.2 7 147
Renal failure 28.9+169 159 419 16.1+16.8 32 29 9.745.8 53 141

Values are expressed as mean=SD (95% confidence interval).

DISCUSSION

This study showed that measurement of CHOL,
LDL and HDL concentrations in pleural effusions
was useful in distinguishing exudates from
transudates. There are elevated levels of pleural fluid
cholesterol, LDL, and HDL lipoproteins in patients
with parapneumonic and malignant pleural effusions
compared to those with heart failure.

The known lipoproteins are chylomicron, VLDL,
LDL, HDL and IDL.

Approximately 90% of blood cholesterol is

associated with LDL and HDL. LDL is synthesized
in the vessels while HDL is synthesized in both liver
and vessels. These lipids have an important role in
cellular metabolism.

The role of LDL is to transport cholesterol to
peripheral tissues and regulate de novo cholesterol
synthesis. About 70% of total plasma cholesterol is
in LDL (11). Cholesterol is not found free in blood
linked to

preponderance of serum cholesterol (90%) is carried

but, rather, is lipoproteins.  The
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in the LDL (52% of LDL weight is due to
cholesterol) and HDL (19% of HDL weight is due to
cholesterol).It is believed that PE cholesterol is also
related to LDL and HDL (13).

Lipoproteins are bound to some specific cell
membrane receptors. Liver takes up some
lipoproteins, then they are released into intestines via
gallbladder. It is expected that pleural fluid
cholesterol be composed of LDL and HDL. Pleural
thought to be

degenerating cells and vascular leakage from

cholesterol s derived from
increased permeability. Measurement of pleural
cholesterol has been used to improve the accuracy of
differentiating transudative and exudative effusions.
For distinguishing between pleural transudates
and exudates the most analyzed parameters have
been the PE cholesterol level and the PE to serum
cholesterol ratio. A pleural cholesterol level of
greater than 45 mg/dL is not by itself a definitive
criterion for an exudate, but does figure in the two
and three-test rules as noted above (10). In other
studies, different cut-off values were reported (5, 10,
14). Hamm et al. reported that cholesterol level was
Light’s
transudates from exudates (7). The application of a
cut-off of 60 mg/dL yielded a sensitivity and
specificity of 90 and 100%, respectively. Hamm et

superior to criteria in distinguishing

al. concluded that measurement of pleural fluid
cholesterol level is a simple and cost-effective aid in
differentiating exudative from transudative pleural
effusions (7).

Several recent studies evaluated the diagnostic
utility of measuring lipoproteins in pleural fluid.

Vaz et al. demonstrated that cholesterol levels in
PE were related to serum cholesterol levels and to the
permeability of the pleura (13). They found that the
percentage of cholesterol associated with LDL and
HDL in the PE was much lower than that associated
with LDL and HDL in serum, suggesting that
lipoproteins are modified once they enter the pleural
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space (13).

Pfalzer et al. reported that LDL levels in effusions
correlated with serum levels in exudates but did not
correlate with those in transudates (12). In his study,
transudates had a low cholesterol content of 35 + 12
mg/dl (mean £ SD) because of low levels of low-
density lipoprotein (LDL) cholesterol--representing
16% of
exudates (cholesterol 92 + 26 mg/dl) and malignant
exudates (cholesterol 86 + 6 mg/dl) exhibited high
levels of LDL, with 67% and 69% of serum levels,
respectively. Pfalzer et al. concluded that:

serum levels--whereas inflammatory

1) LDL levels in effusions correlated with serum
levels in exudates but did not correlate with those in
transudates.

2) Alterations of lipoproteins occur in chronic
inflammation and in malignancy with possible de
novo synthesis of apolipoprotein E by tumor cells.

3) LDL levels in effusions correlated with serum
levels in exudates but did not correlate with those in
transudates.

4) A abnormal HDL Ilevel with
accumulation of cholesterol was found in a long-

strongly

standing tuberculous effusion (12). Regarding the
origin of cholesterol in pleural effusion, Hamm et al.
reported that, in inflammatory effusions of recent
onset most cholesterol was bound to LDL with
corresponding apoprotein B levels (15). The chronic
tuberculous exudate showed a shift of cholesterol
binding towards HDL. In the chyliform effusion most
cholesterol was found in the HDL region (15).

In the present study, we found that the mean LDL
level was significantly lower in transudates than
exudates. The mean level of HDL was also lower in
transudates. This can be explained by increased
pleural permeability in exudates, which allows
transporting of large molecules like LDL.

Pleural permeability is determined on the base of
PE/S ratio of proteins, because proteins are not
metabolized or concentrated in pleural fluid (6).
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It means that pleural permeability for proteins is
higher than lipids, which might be due to the larger
size of lipids versus proteins (16). Some studies
indicated that lipid metabolization is the reason for
its reduced levels in pleural fluid (12, 13, 17). Other
studies related to the investigation of these
mechanisms are reviewed. According to a study by
Raymond et al. on alterations of LDL, inflamed
pleural space was a condition where leukocytes and
protease were strongly activated and LDL level was
elevated (18). Rerabek et al. reported that the
cholesterol content in pleural exudates simply
reflected serum levels (19). In a study conducted by
Vaz et al. other factors such as permeability of the
pleura may also be involved in the pleural fluid lipid
levels (13).

In the current study, sensitivity, specificity and
AUC® of cholesterol and LDL for discrimination of
exudative and transudative pleural effusions were
87.1% versus 87.1%, 79.6% versus 77.6% and 0.906
versus 0.883, respectively, which are higher than
those of HDL: 70%, 69.4% and 0.763, respectively.
These findings indicated that cholesterol and LDL
lipoproteins could substitute HDL for distinction of
exudative and transudate pleural effusions.
Measurement of HDL and LDL in PE and calculating
HDL/LDL ratio

between

can be suggested to aid

differentiation pleural exudates and
transudates with the advantage of not requiring
serum levels (20). Koukturk et al. concluded that the
mean HDL level was 21.37£11.87 in exudates
and17.79+7.64 in transudates (p=0.17). The mean
LDL level was 58.69+29.8 in exudates and
12.32+13.08 in transudates (p=0.001). In our study,
the mean HDL level was 17£14.8 in exudates and
9.2+4.8 in transudates (p<0.001). The mean LDL
level was 43.94 + 21.6 in exudates and 14.9 £6.3 in
transudates (p<0.001). Koukturk et al. concluded that

the value of pleural HDL/LDL ratio that best

differentiated between transudates and exudates was
0.6, with the sensitivity of 89%, and specificity of
79% (20).

Transudative effusions from patients with heart
insufficiency and nephrotic syndrome had
significantly lower levels of cholesterol, LDL, and
HDL. As shown in Table 3, the mean values of
cholesterol, LDL, and HDL in cardiac failure were
28.9, 16.1 and 9.7 mg/dl, respectively; but in renal
failure these rates were 30.6, 17.5, and 9.6 mg/dl,
respectively. In our study the highest level of LDL
was seen in parapneumonic effusion (49.4+22.4), and
level of HDL in malignant pleural effusion was more
than that in other causes of pleural effusion (Table 3).
Similar to our study, Jenss et al. reported that higher
than average values were found for HDL-cholesterol
in patients with malignant diseases and for LDL-
cholesterol in patients with pneumonia (21).

Our analyses yielded two important observations.
First,  transudative  fluids were  apparently
characterized by low levels of cholesterol and its
lipoproteins. Second, CHF-related pleural effusions
could be differentiated from parapneumonic and
malignant pleural effusions by the low levels of
cholesterol, LDL, and HDL.

In conclusion, diagnostic usefulness of cholesterol
and LDL in discrimination of exudative and
transudative pleural effusions was higher than HDL.
The value of cholesterol for this differentiation was:
38 mg/dl ( 87% sensitivity and 80% specificity), and
for LDL was 22.5 mg/dl (87% sensitivity, and 78%
specificity).
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