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ÖZET

HDL/LDL oranı: Transüda-eksüda ayrımında kullanışlı bir parametre

Plevral efüzyonların tanısını koymada ilk basamak transüda-eksüda ayrımının yapılmasıdır. Çalışmamızda, plevral sıvıda
hesaplanan HDL/LDL oranının transüda-eksüda ayrımındaki yerini araştırmayı amaçladık. Yirmisekizi transüda, 93’ü ek-
süda olmak üzere 121 plevral sıvı analiz edildi. Plevra sıvılarında kolesterol, HDL ve LDL düzeyleri ölçüldü. HDL/LDL ora-
nı hesaplandı. HDL/LDL oranı transüdalarda eksüdalara oranla anlamlı ölçüde yüksek bulundu (p= 0.001). “Receiver Ope-
rating Characteristic (ROC)” eğrisi ile “cut-off” değer bulundu. HDL/LDL oranının maksimum sensitivite ve spesifisite ile
transüda tanısı koyduran değeri saptandı. Transüdaları eksüdalardan ayıran HDL/LDL oranı 0.6 olarak belirlendi (sensiti-
vite: %89, spesifisite %79). Plevral sıvılarda HDL ve LDL ölçümü ile HDL/LDL oranı hesaplanması, serum örneği almaya ge-
rek kalmadan transüda-eksüda ayrımının yapılmasında uygun bir yöntemdir.
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SUMMARY 

HDL/LDL ratio: a useful parameter for separation of pleural transudates from exudates
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The first diagnostic step in pleural effusions is the separation of transudates from exudates. We aimed in present study to
investigate the value of HDL/LDL ratio for distinguishing between pleural exudates and transudates. Pleural fluids (PF)
from 121 patients, including 28 transudates and 93 exudates were analyzed. The levels of cholesterol, HDL cholesterol and
LDL cholesterol in PF were measured. The HDL/LDL ratio was calculated. HDL/LDL ratio found significantly higher in tran-
sudates than exudates (p= 0.001). Receiver operating characteristic (ROC) curves were generated and the cut off points de-
termined to the highest level of accuracy and precision. The HDL/LDL ratio was to maximize sensitivity over specificity in



The presence of pleural effusion in the pleural
space is a common diagnostic problem in clini-
cal routine. The first diagnostic step in pleural
effusions is the separation of transudates from
exudates. The criteria of Light et al have been
used for the differentiation of transudative and
exudative pleural effusions for the past 3 deca-
des. According to these criteria; an exudate is
characterized by a pleural fluid (PF) protein- to-
serum protein ratio greater than 0.5, a PF lacta-
te dehydrogenase (LDH) - to- serum LDH ratio
greater than 0.6 or a PF LDH level greater than
200 IU (1). Since these criteria originally were
proposed, other tests for the separation of tran-
sudates and exudates have been proposed. One
proposed test is the level of total cholesterol in
the PF (2-4). The first article in this subject writ-
ten by Hamm et al., showed the diagnostic use-
fulness of the cholesterol content in PF (2).

Cholesterol is not found free in blood but, rather,
is linked to lipoproteins. The preponderance of
serum cholesterol (90%) is carried in the low-
density lipoproteins (LDL) (52% of LDL weight is
due to cholesterol) and high-density lipoproteins
(HDL) (19% of HDL weight is due to choleste-
rol). It is supposed that PF cholesterol also is re-
lated to LDL and HDL (5).

In Pfalzer’s study, all transudates and exudates
were correctly classified by using a dividing line
of 55 mg/dL for cholesterol and it suggested that
the low cholesterol content in transudates is the
result of the constantly low levels of LDL partic-
les in these effusions. An other words, useful-
ness of cholesterol measurement in effusions is
based on the lack of LDL in transudates and the
higher appearance in exudates (6).

We aimed in present study to measure the value
of PF HDL and LDL levels and investigate the
value of HDL/LDL ratio for distinguishing betwe-

en pleural exudates and transudates. It was
hypothesized that the increase in capillary per-
meability and the reduced lymphatic removal le-
aded to the accumulation of large particles,
such as LDL and PF HDL/LDL ratio would tend
to be lower if the permeability of the pleura was
higher.

MATERIALS and METHODS

A prospective study of 129 consecutive patients
admitted for pleural effusion was carried out. All
patients gave informed consent for participation
in the study, which was approved by the Ethics
Committee of the Gazi University. PF samples
were obtained by thoracentesis from patients
admitted to our department. Eight cases were
excluded because either no cause was definitely
found, or more than one cause was present. The
remaining 121 cases composed the study gro-
up, and they were classified on the basis of cli-
nical and laboratory diagnosis. The patients who
had pulmonary embolism were classified on the
basis of only Light’s criteria.

The diagnosis of the disease causing the effusi-
on was considered to be confirmed when the fol-
lowing conditions were met:

1. Congestive heart failure: Presence of an en-
larged heart with clinical or echocardiographic
evidence of cardiac dysfunction, and one or mo-
re of following alterations: elevated venous pres-
sure, peripheral edema, tachycardia, or ventri-
cular gallop, response to optimal medical treat-
ment. Patients suspected of having respiratory
infections, pulmonary emboli, or persistence of
the effusion after adequate treatment of the car-
diac insufficiency, were excluded,

2. Nephrotic syndrome: Presence of proteinuria
greater than 3.5 g/day, edema and hypoalbumi-
naemia (less than 3.5 mg/dL),
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the diagnosis of a transudative effusion. The usefulness of HDL/LDL ratio for identifying transudates was evaluated in terms
of sensitivity and specificity. The value of pleural HDL/LDL ratio that best differentiated between transudates and exudates
was 0.6 (sensitivity 89%, and specificity of 79%). Measurement of HDL and LDL in PF and calculating of HDL/LDL ratio can
be proposed to aid for differentiation between pleural exudates and transudates with advantage of not requiring serum le-
vels.
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3. Pleural malignancy: Cytological or histologi-
cal demonstration of pleural involvement,

4. Tuberculosis: Presence of tuberculosis granu-
lomas in pleural biopsy specimen or positive
smear or culture of acid-fast bacilli,

5. Parapneumonic effusion: Clinically and radi-
ologically confirmed pneumonia with no direct
or indirect evidence of bacterial invasion of the
effusion,

6. Pulmonary embolism: Presence high proba-
bility ventilation-perfusion scan and strong clini-
cal suspicion and absence of malignancy, respi-
ratory infection or heart failure.

PFs from 121 patients, including 28 transudates
and 93 exudates were analyzed. Venous blood
samples were obtained after an overnight fas-
ting on the same day as thoracentesis. After
clotting at room temperature, the samples were
centrifuged for 10 minutes at 3000 g and stored
at -70°C. Effusion samples were prepared in the
same way, only material from the first thoracen-
tesis was used. For each patient, the levels of
cholesterol, HDL cholesterol and LDL choleste-
rol in PF were measured. The HDL/LDL ratio
was calculated.

Total cholesterol levels were measured at Abbott
Aeroset autoanalyzer using original reagents
which is based on the formulation of Allain et al
and modification of Roeschlau. In this method,
cholesterol esters are hydrolyzed by cholesterol
esterase to cholesterol and free fatty acids. Free
cholesterol, including that originally present, is
then oxidized by cholesterol oxidase to cholest-
4-en-3-one and hydrogen peroxide. The hydro-
gen peroxide combines with hydroxybenzoic
acid and 4-aminoantipyrine to form a chromop-
hore which is quantitated at 500 nm (7,8).

HDL cholesterol levels were measured at Abbott
Aeroset autoanalyzer using Scil Diagnostic re-
agents which is based on the enzymatic assay (9).

LDL cholesterol levels were calculated from the
following formula by Friedewald et al.

LDL= Total cholesterol - [HDL + (Triglyceri-
de/5)] (10).

Statistical Analysis

Means and standard deviations were calculated
by conventional statistical methods. The compa-
rison of the means was determined from the
Mann-Whitney U test. Receiver operating cha-
racteristic (ROC) curves were generated and the
cut off points determined to the highest level of
accuracy and precision. The sensitivities and
specificities were determined from the ROC cur-
ves. The 95% confidence intervals, positive and
negative predictive values were calculated using
standard methods. The data were analyzed via
computer software (SPSS, version 11.0). p< 0.05
was considered to be statistically significant.

RESULTS

The 121 patients studied consisted of 39 women
and 82 men with a mean age of 52.4 ± 19.8 years
(range 16-98 years). Among the 28 (23.1%) pati-
ents with transudates, 9 (32.1%) were women and
19 (67.9%) were men, with a mean age of 63.9 ±
16.6 years (range 25-98 years). Among the 93
(76.9%) patients with exudates, 30 (32.3%) were
women and 63 (67.7%) were men, with a mean
age of 48.9 ± 19.4 years (range 16-84 years). The
causes of the effusions are listed in Table 1. The
mean HDL level was 21.37 ± 11.87 in exudates,
17.79 ± 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). For each pati-
ent the HDL/LDL ratio was calculated and found
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Table 1. The causes of the effusions.

Frequency (n) Percent (%)

Transudates

Nephrotic syndrome 3 10.7

Congestive heart failure 24 85.7

Pulmonary embolism 1 3.6

Total 28

Exudates

Tuberculosis 38 40.8

Parapneumonic 18 19.4

Pleural malignancy 33 35.5

Pulmonary embolism 4 4.3

Total 93



significantly higher in transudates than exudates
(p= 0.001). The mean HDL/LDL ratio was 2.87
± 1.98 in transudates and 0.46 ± 0.37 in exuda-
tes. The HDL/LDL ratio was to maximize sensi-
tivity over specificity in the diagnosis of a tran-
sudative effusion, different cut off levels for
HDL/LDL ratio were applied as shown Table 2
and Figure 1. The value of pleural HDL/LDL ra-
tio that best differentiated between transudates
and exudates was 0.59 (sensitivity 89%, and
specificity of 80%).

The usefulness of HDL/LDL ratio for identifying
transudates was evaluated in terms of sensitivity
and specificity (Table 3). PF HDL/LDL ratio
(0.6) measurement was equally good at diffe-
rentiating between exudates and transudates. PF
HDL/LDL ratio misclassified 22 of the 121, con-
sisting of 19 exudates and 3 transudates with a
sensitivity of 89%, a specificity of 79%, and an
accuracy of 82%.

DISCUSSION

The known lipoproteins are chylomicron, very
low-density lipoproteins (VLDL), LDL, HDL and
intermediate-density lipoprotein. Approximately
90% of the cholesterol in the blood is associated
with LDL and HDL. LDL is synthesized in the
vessels while HDL is synthesized in both the liver

and the vessels. These lipids have an important
role in cellular metabolism. But, the importance
of the lipids in pleural physiology and in pleural
disease remains to be determined (5).

For distinguishing between pleural transudates
and exudates the most analyzed parameters ha-
ve been the PF cholesterol level and the PF to
serum cholesterol ratio. Hamm et al reported
that cholesterol level was superior to Light’s cri-
teria in distinguishing transudates from exudates
(2). The application of a cut off of 60 mg/dL yi-
elded a sensitivity and specificity of 90 and
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Table 2. The sensitivity and specificity of the cut-
off values of HDL/LDL ratio.

Positive if
greater or
equal than to Sensitivity 1-Specificity

0.5 0.89 0.25

0.51 0.89 0.24

0.53 0.89 0.23

0.55 0.89 0.22

0.56 0.89 0.21

0.59 0.89 0.20

0.63 0.85 0.20

0.64 0.85 0.19

0.68 0.85 0.18

0.73 0.85 0.17

0.74 0.85 0.16

Table 3. Statistical analysis of the parameters
used to classify transudates and exudates, exp-
ressed as percentage (95% confidence intervals).

PF HDL/LDL ratio

Cut off 0.6

Sensitivity 89%

Specificity 79%

Accuracy 82%

Cut off value was obtained from ROC analysis. Sensitivity
is TP/(TP + FN), specificity is TN/(TN + FP), accuracy is
(TP + TN)/(TP + TN + FP + FN), where TP is the number of
true positive diagnoses (number of transudates correctly di-
agnosed), TN is the number of true negative diagnoses
(number of exudates correctly diagnosed), FP is the number
of false positive diagnoses (number of exudates undiagno-
sed), and FN is the number of false negative diagnoses (the
number of transudates undiagnosed).

Figure 1. The receiver operator curves (ROC) for
HDL/LDL ratio for separation between transudates
and exudates.
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100%, respectively. Valdes et al, later confirmed
this results, adopting a cut off point of 55 mg/dL
(sensitivity 91%, specificity 100%) (11). In the
other series, different cut off values were used
(12-14). Gazquez et al, in spite of others authors,
found pleural cholesterol to be a poorer method
than the criteria of Light et al. Thus, applying the
best cut off level (50 mg/dL), a sensitivity, speci-
ficity and accuracy of 84% was found (3). Pleural
cholesterol is not standardized and the best cut off
level for cholesterol in PF should be attained for
each particular laboratory before introducing it in
routine work-up.

It was recognized as early as at 1961 by Kellogg
and Mann that, LDL level in exudates depends
on pore size (15). Reports on lipid and lipopro-
tein analyses in PF were remained rare by this ti-
me. Cholesterol measurement has been used
early in the diagnosis of chyliform pleural effusi-
ons. Lipoprotein electrophoresis and triglyceride
determination have been suggested for the diffe-
rentiation of chylothorax from nonchylous effu-
sions (16).

In present study, we found that the mean LDL le-
vel was significantly lower in transudates than
exudates. The mean level of HDL was also lower
in transudates than exudates, but this difference
was not significant. Therefore, the mean
HDL/LDL ratio was found significantly higher in
transudates than exudates. This can be expla-
ined by increased pleural permeability in exuda-
tes, which allows transporting of large molecules
like LDL. Nevertheless, there was no significant
difference between transudates and exudates in
relation with HDL, which was also large molecu-
le. So, there may be some other mechanisms af-
fecting lipoprotein levels in PF.

When we reviewed other studies investigating
these mechanisms, Vaz et al recently demonst-
rated that cholesterol levels in PF were related to
serum cholesterol levels and to the permeability
of the pleura. They found that the percentage of
cholesterol associated with LDL and HDL in the
PF was much lower than that associated with
LDL and HDL in serum, suggesting that lipopro-
teins are modified once they enter the pleural
space (5).

Pfalzer et al investigated the pathophysiologic
mechanisms of cholesterol in pleural effusions
and the possible diagnostic differences between
inflammatory and malignant exudates. In conc-
lusion of their study they suggested that the HDL
was modified in PF (6).

Rerabek reported high LDL levels in 20 effusions
caused by bacterial pleurisy and discussed the
dependence of LDL level on the pore size of the
inflamed pleural membrane. They concluded
that the cholesterol content in pleural exudates
simply reflect serum levels (17).

Raymond have described alterations of LDL level
in interstitial inflammatory fluid that lead to en-
hanced degradation by macrophages. They de-
monstrated that leukopenia suppresses the mo-
dification of LDL and concluded that leukocytes
were essential for modification (18). According
to this suggest, the inflamed pleural space is a
condition where leukocytes and protease are
strongly activated and LDL level is higher.

In summary, the diagnostic usefulness of choles-
terol measurement in effusions is based on the
lack of LDL in transudates and the higher appe-
arance in exudates. The low cholesterol content
in transudates is the result of the constantly low
levels of LDL particles in these effusions. Finally,
we showed that the mean HDL/LDL ratio was
significantly higher in transudates than exuda-
tes. The value of pleural HDL/LDL ratio that best
differentiated between transudates and exudates
was 0.6 (sensitivity 89%, and specificity of
79%). In other words, measurement of HDL and
LDL in PF and calculating of HDL/LDL ratio can
be proposed to aid PF differentiation with advan-
tage of not requiring serum levels. For evalu-
ating the mechanism of lipoproteins in pleural
effusions, the further studies are needed.
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