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Previous studies have proposed multiple diagnostic criteria based on cholesterol and lactate 
dehydrogenase (LDH) levels to differentiate pleural exudates from transudates. However, these 
criteria have not been widely validated, and no study has compared their diagnostic accuracies 
within the same population. This study recruited patients from retrospective (BUFF) and prospective 
(SIMPLE) cohorts. Pleural biopsy, microbiological culture, and effusion cytology were used to verify 
the causes of exudates or transudates. The diagnostic accuracy of pleural cholesterol and LDH levels in 
identifying exudates was evaluated using receiver operating characteristic (ROC) curves. Subsequently, 
the accuracies of seven previously reported cholesterol- and LDH-based classification criteria 
were compared with those of Light’s criteria. Pleural fluid cholesterol levels and LDH activity were 
significantly higher in exudates than in transudates. The area under the ROC curve (AUC) for pleural 
fluid cholesterol and LDH levels was 0.90 (95% CI: 0.86–0.94) and 0.87 (95% CI: 0.82–0.92) in combined 
cohort, respectively. We found that the diagnostic accuracy of the combination of pleural fluid 
cholesterol > 1.04 mmol/L (40 mg/dL) or pleural LDH > 0.6 upper limit of serum LDH reference interval 
was comparable to that of Light’s criteria, whereas the other criteria were less accurate. Combining 
pleural fluid cholesterol and LDH levels using the preceding thresholds has comparable accuracy to 
Light’s criteria for separating exudates from transudates. 
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Pleural effusions can be classified as exudates or transudates, based on their pathophysiological mechanisms1. 
Exudative pleural effusions result from increased pleural membrane permeability due to inflammation, whereas 
transudative pleural effusions arise from elevated hydrostatic pressure or decreased oncotic pressure2,3. Common 
causes of exudates include malignancy, pneumonia, and tuberculosis, whereas congestive heart failure is the 
leading cause of transudates4,5. Accurate differentiation between exudates and transudates is the first step in the 
etiological diagnosis of pleural effusions6. Patients with transudative effusions typically do not require further 
diagnostic workup and can be managed with systemic therapy alone, whereas exudative effusions necessitate 
invasive procedures to establish the underlying cause3. Light’s criteria are the most widely used method for 
distinguishing exudates from transudates, with a sensitivity approaching 100% for identifying exudates, but 
with a specificity of approximately 70%7,8,9. Up to one-third of transudates may be misclassified as exudates, 
particularly in patients receiving diuretic therapy10–12. Therefore, improved methods for distinguishing between 
exudative and transudative pleural effusions are needed8,13.
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Previous studies have suggested that pleural cholesterol can aid in differentiating exudates from 
transudates14,15. Several diagnostic criteria have been proposed based on pleural fluid cholesterol and lactate 
dehydrogenase (LDH) levels16–22. However, these criteria have not been validated widely. Moreover, no previous 
study has simultaneously compared these criteria in the same patient cohort. In this study, we systematically 
evaluated and compared the diagnostic accuracies of various cholesterol- and LDH-based classification criteria 
for pleural effusion differentiation within the same cohort. This study followed the Standards for Reporting of 
Diagnostic Accuracy Studies (STARD) guidelines23.

Results
A total of 156 patients with undiagnosed pleural effusions were included in the BUFF cohort, and 145 patients 
in the SIMPLE cohort. In the BUFF cohort, 122 exudates and 34 transudates were observed. The SIMPLE cohort 
comprised 120 exudates and 25 transudates. In the two combined cohorts, 242 exudates were included, with 
the following causes: 74 cases of parapneumonic effusion, 97 cases of malignant pleural effusion, 61 cases of 
tuberculous pleuritis, 4 cases of pulmonary embolism, and 6 cases of other diseases (2 interstitial lung diseases, 
1 pneumothorax, 2 mixed connective tissue diseases, and 1 idiopathic pleural effusion). The 59 transudate cases 
included 54 cases of congestive heart failure, 4 cases of hypoproteinemia, and 1 case of cirrhosis (Table 1).

 Pleural fluid cholesterol and LDH levels in transudates and exudates
As shown in Fig. 1, the median pleural fluid cholesterol level in patients with exudative pleural effusions from the 
BUFF cohort was 1.76 (1.11–2.25) mmol/L [68 (43–87) mg/dL], whereas in patients with transudative pleural 
effusions, it was 0.68 (0.43–0.79) mmol/L [26 (17–31) mg/dL], and the difference was statistically significant 
(P < 0.001). In the SIMPLE cohort, the median pleural fluid cholesterol level for exudates was 1.69 (1.21–2.23) 

Fig. 1.  Pleural fluid cholesterol and LDH levels in transudates and exudates (combined cohort).

 

The BUFF cohort (n = 156) The SIMPLE cohort (n = 145) The Combined cohort (n = 301)

Transudate 
(n = 34)

Exudate 
(n = 122) p Transudate (n = 25) Exudate (n = 120) p

Transudate 
(n = 59) Exudate(n = 242) p

Age, years 78 (69–83) 65 (54–75) < 0.001 78 (65–84) 72 (65–78) 0.122 78 (68–83) 69 (60–77) < 0.001

Sex, n (%) 0.068 0.385 0.873

 Female 7 (21) 40 (33) 11 (44) 39 (32) 18 (31) 79 (33)

 Male 27 (79) 82 (67) 14 (56) 81 (68) 41 (69) 163 (67)

Pleural fluid LDH, U/L 112 (77–151) 370 (174–820) < 0.001 84 (62–103) 246 (168–464) < 0.001 93 (68–137) 318 (171–649) < 0.001

Pleural fluid protein, 
g/L 13 (10–18) 28 (20–42) < 0.001 15 (10–20) 37 (28–43) < 0.001 14 (10–20) 34 (23–42) < 0.001

Pleural fluid 
cholesterol, mmol/L 0.68 (0.43–0.79) 1.76 (1.11–2.25) < 0.001 0.53 (0.41–0.81) 1.69 (1.21–2.23) < 0.001 0.67 (0.43–0.80) 1.76 (1.15–2.24) < 0.001

Serum LDH, U/L 242 (192–293) 201 (174–240) 0.012 240 (208–277) 207 (175–240) 0.003 241 (205–292) 204 (175–241) < 0.001

Serum protein, g/L 60 (56–65) 65 (60–70) 0.003 56 (52–62) 61 (56–66) 0.022 59 (54–63) 63 (58–79) < 0.001

 Etiologies CHF: 31
HP: 3

PPE: 45
MPE: 35
TPE: 42

CHF: 23
HP: 1
LC: 1

PPE: 29
MPE:62
TPE: 19
PE: 4
Others: 6

CHF: 54
HP: 4
LC:1

PPE: 74
MPE:97
TPE: 61
PE: 4
Others: 6

Table 1.  Clinical and biochemical characteristics of the participants. Data are presented as numbers 
(percentages) or medians (interquartile ranges) as appropriate. CHF, congestive heart failure; HP, 
hypoproteinemia; LC, liver cirrhosis; LDH, lactate dehydrogenase; MPE, malignant pleural effusion; TPE, 
tuberculous pleural effusion; PE, pulmonary embolism; PPE, parapneumonic pleural effusion.
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mmol/L [65 (47–86) mg/dL], and for transudates, it was 0.53 (0.41–0.81) mmol/L [20 (16–31) mg/dL], with a 
statistically significant difference (P < 0.001). Similar results were observed in the combined cohort (p < 0.001). 
The median pleural fluid LDH level in patients with exudative pleural effusion was significantly higher than that 
in patients with transudative pleural effusion in both the BUFF and SIMPLE cohorts (both p < 0.05). Specifically, 
in the BUFF cohort, the median LDH levels were 370 IU/L (174–820 IU/L) for exudates and 112 IU/L (77–151 
IU/L) for transudates. In the SIMPLE cohort, the median LDH levels were 246 IU/L (169–471 IU/L) for exudates 
and 84 IU/L (62–103 IU/L) for transudates. Similar results were observed in the combined cohort (p < 0.001).

Figure 2 shows the ROC curves for pleural fluid cholesterol and LDH levels in the differentiation of exudates 
and transudates across cohorts. In the BUFF cohort, the AUC for pleural cholesterol was 0.88 (95% CI: 0.81–
0.94). In the SIMPLE cohort, the AUC for pleural cholesterol was 0.93 (95% CI: 0.86–0.97). In the combined 
cohort, the AUC for pleural cholesterol was 0.90 (95% CI: 0.86–0.94). For LDH, the AUC in the SIMPLE cohort 
was 0.90 (95% CI: 0.83–0.97), 0.85 (95% CI: 0.78–0.91) in the BUFF cohort, and 0.87 (95% CI: 0.82–0.92) in the 
combined cohort.

When the two cohorts were combined and the pleural cholesterol cutoff value was set at 1.04 mmol/L (40 
mg/dL), according to Lépine’s study16, the diagnostic sensitivity for cholesterol was 0.81 (95% CI: 0.75–0.85) 
and specificity was 0.86 (95% CI: 0.75–0.93). Similarly, when the LDH cutoff was set at 144 IU/L (60% of the 
upper limit of the serum reference range), the diagnostic sensitivity and specificity for LDH were 0.82 (95% CI: 
0.77–0.86) and 0.78 (95% CI: 0.68–0.88), respectively. The sensitivity of the combined determination of pleural 
fluid cholesterol and LDH, with an “or” rule, was 0.91 (95% CI:0.87–0.94), and the specificity was 0.73 (95% 
CI:0.60–0.83).

Comparison of light’s criteria and other cholesterol- and LDH-based criteria
Table 2 presents the diagnostic performance of the previously reported cholesterol- and LDH-based classification 
criteria for differentiating exudates from transudates in our combined cohort. Among the existing criteria, only 
Lépine’s criteria showed a diagnostic sensitivity and specificity comparable to those of Light’s criteria. The overall 
diagnostic accuracy of the other criteria was generally lower than that of Light’s criteria, particularly with respect 
to the sensitivity.

Discussion
Light’s criteria are the preferred method for differentiating exudates from transudates8. However, this method 
requires the simultaneous collection of serum and pleural fluid from patients, followed by biochemical 
analysis, making the process relatively cumbersome. Consequently, many studies have attempted to develop 
improved alternatives using fewer parameters to differentiate between exudates and transudates. The criteria 
based on effusion chemistry (e.g., albumin and protein) are valuable because serum collection was avoided. 
Pleural cholesterol level is a potential diagnostic marker for this differentiation. According to a meta-analysis, 
the sensitivity and specificity of cholesterol for differentiating exudates and transudates were 0.88 and 0.96, 
respectively24, indicating that cholesterol has a high value for distinguishing between effusion types.

Differentiating between exudates and transudates is crucial for managing pleural effusions. Transudates 
do not require further investigation and can be managed with diuretic therapy, whereas exudates may require 
invasive procedures, such as pleural biopsy, to identify the underlying cause. Therefore, the most critical aspect 
in the differentiation of exudates and transudates is minimizing the misdiagnosis of exudates, while avoiding 
unnecessary invasive procedures in transudate patients. Consequently, sensitivity is more significant than 
specificity in the diagnostic process of differentiating exudates from transudates, which explains why Light’s 

Fig. 2.  Receiver operating characteristic curves of pleural fluid cholesterol and LDH levels in the three cohorts. 
AUC, area under the curve.
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criteria employ disjunctive (“or ”) rather than conjunctive (“and ”) rather than conjunctive rules in their 
composite tests.

The AUC for pleural fluid cholesterol was 0.90 in our combined cohort. When used alone, the specificity 
is inevitably lower to maintain high sensitivity. Therefore, cholesterol levels should be combined with other 
parameters, such as protein and LDH levels, to preserve a reasonable specificity. Currently, seven cholesterol- 
and LDH-based diagnostic criteria have been described for differentiating exudates from transudates, with 
cholesterol cutoff values typically ranging from 40 mg/dL (1.04 mmol/L) to 60 mg/dL (1.55 mmol/L)16–22. In 
diagnostic tests, there is a trade-off between the sensitivity and specificity25. Lower cholesterol or LDH cut-off 
values can improve sensitivity. If only LDH and cholesterol are combined, the joint sensitivity when selecting a 
cutoff can be calculated as:

Sen = 1 - (1 - Sencho) × (1 - SenLDH),
where Sencho and SenLDH represent the sensitivity of cholesterol and LDH, respectively. When the sensitivities 

of both parameters are 0.80, the combined sensitivity can reach 0.96, which is roughly equivalent to Light’s 
criteria. In our study, when the cutoff for cholesterol was set at 40 mg/dL, the sensitivity and specificity for 
differentiating exudates were 0.81 and 0.86, respectively. When the cutoff for serum LDH was set at 60% of 
the upper limit of the reference range (144 IU/L), the diagnostic sensitivity and specificity were 0.82 and 0.78, 
respectively. The combination of pleural cholesterol and LDH provided a high diagnostic sensitivity of 0.97. The 
low sensitivities of the criteria proposed by Kummerfeldt et al.17, Gonlugur et al.18, Gázquez et al.19, Garcia-
Pachón et al.21, Heffner et al.20, and Costa et al.22 are primarily attributable to the elevated cholesterol cutoff 
values, despite the achievement of higher specificity. The reason why Lépine’s criteria16 achieved a sensitivity of 
0.91, comparable to Light’s criteria, is primarily because the cholesterol cutoff was set at approximately 40 mg/dL, 
and the LDH cutoff was set at 0.6 of the normal serum LDH reference range upper limit. Therefore, we believe 
that these cutoff values have the potential to be applied in clinical settings.

Although this study is the first to directly compare the accuracy of seven cholesterol- and LDH-based diagnostic 
criteria for differentiating exudates and we ultimately found that only Lépine’s criteria were comparable to Light’s 
criteria, there are some limitations to our study. First, it was a single-center study. In particular, the reliability 
of our proposed cutoff values, with cholesterol at 40 mg/dL and LDH at 0.6 of the serum reference range upper 
limit, needs to be validated by other centers. Second, in our study, the sensitivity of Light’s criteria was only 0.91, 
which was somewhat lower than that reported in previous studies. We speculate that this discrepancy may be 
attributed to differences in the study population (e.g., ethnicity and age), which could explain why our findings 
diverge from those of prior studies. Furthermore, a formal statistical comparison among the various cholesterol 
and LDH criteria was not conducted because of the requirement for an exceptionally large sample size, which 
would have been impractical to obtain26.

In conclusion, our study demonstrates that pleural cholesterol levels have high diagnostic accuracy for 
exudative pleural effusions. Cholesterol- and LDH-based diagnostic criteria for differentiating exudates can 
serve as alternatives to Light’s criteria. Among these, Lépine’s criteria are the most reliable.

Methods
Participants
This study included patients from the BUFF and SIMPLE cohorts. The BUFF cohort was a retrospective cohort 
of patients who presented to the Affiliated Hospital of Inner Mongolia Medical University (AHIMMU) between 
July 2017 and July 201827. The SIMPLE cohort was a prospective cohort of patients who visited AHIMMU 
between September 2018 and July 202128. The inclusion criteria for both cohorts were as follows: (i) undiagnosed 

Criteria Items combined using an “or” rules
Sensitivity
(95 CI%)

Specificity
(95 CI%)

LR+
(95 CI%)

LR-
(95 CI%)

DOR
(95 CI%)

Light criteria7
● Ratio of pf-protein to s-protein > 0.5
● Ratio of pf-LDH to s-LDH > 0.6
● LDH > 2/3 the upper limit of RI

0.90 (0.86–0.94) 0.73 (0.60–0.83) 3.34 (1.63–6.83) 0.13 (0.06–0.27) 25.59 (12.49–52.41)

Lepine PA et al.16 ● LDH > 0.6 upper limit of RI
● Cholesterol > 1.04 mmol/L [40 mg/dL] 0.91 (0.87–0.94) 0.73 (0.60–0.83) 3.37 (1.63–6.97) 0.12 (0.06–0.25) 28.28 (13.66–58.56)

Kummerfeldt CE et al.17 ● LDH > 2/3 the upper limit of RI
● Cholesterol > 1.17 mmol/L [45 mg/dL] 0.86 (0.81–0.90) 0.81 (0.69–0.90) 4.63 (2.19–9.82) 0.17 (0.08–0.36) 27.64 (13.04–58.57)

Gonlugur U et al.18 ● LDH > 207 IU/L
● Cholesterol > 1.17 mmol/L [45 mg/dL] 0.84 (0.79–0.89) 0.86 (0.74–0.94) 6.22 (2.73–14.14) 0.18 (0.08–0.41) 34.22 (15.05–77.85)

Gazquez I et al.19 ● LDH > 307 IU/L
● Cholesterol > 1.55 mmol/L [60 mg/dL] 0.74 (0.68–0.80) 0.93 (0.83–0.98) 10.97 (3.82–31.52) 0.27 (0.10–0.79) 39.92 (13.90–114.68)

Heffner JE et al.20 ● LDH > 0.45 of upper limits of RI
● Cholesterol > 1.17 mmol/L [45 mg/dL] 0.93 (0.88–0.95) 0.58 (0.44–0.70) 2.18 (1.08–4.42) 0.13 (0.06–0.26) 16.92 (8.36–34.26)

Garcia-Pachon E et al.21 ● LDH > 2/3 upper limits of RI
● Cholesterol > 1.30 mmol/L [50 mg/dL] 0.84 (0.79–0.88) 0.83 (0.71–0.91) 4.95 (2.31–10.60) 0.19 (0.09–0.42) 25.51 (11.91–54.62)

Costa M et al.22 ● LDH > 200 IU/L
● Cholesterol > 1.17 mmol/L [45 mg/dL] 0.84 (0.79–0.89) 0.85 (0.73–0.92) 5.53 (2.51–12.17) 0.19 (0.08–0.41) 29.82 (13.54–65.69)

Table 2.  Direct comparison of established criteria with effusion LDH and cholesterol for separating exudate 
and transudate. AUC, area under the curve; CI, confidence interval; RI, reference interval; LDH, lactate 
dehydrogenase; LR+, positive likelihood ratio; LR-, negative likelihood ratio; DOR, diagnostic odds ratio.
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pleural effusions and (ii) patients who underwent diagnostic thoracentesis. The exclusion criteria were as 
follows: (i) age < 18 years, (ii) pleural effusions caused by trauma, (iii) undetermined diagnosis at discharge, (iv) 
incomplete pleural fluid or serum biochemical data, and (v) pregnancy.

Both cohorts were approved by the Ethics Committee of Inner Mongolia Medical University (Approval 
Numbers 2021014 and 2018011). Given the retrospective nature of the BUFF cohort study, the need for informed 
consent was waived. All participants in the SIMPLE cohort provided informed consent. The study complied with 
the Declaration of Helsinki.

Diagnostic criteria
All enrolled patients underwent etiological diagnosis, which included a detailed clinical history, physical 
examination, and ancillary investigations. These investigations comprised hematological, biochemical, 
radiological, histological, and microbiological assessments29. The final diagnosis was independently determined 
by two senior clinicians (Zhi-De Hu and Li Yan). In cases of disagreement, a consensus was reached through 
discussion.

Pleural fluid and serum biochemical analysis
Pleural fluid and serum biochemical results at the time of hospital presentation were extracted from electronic 
medical records. Biochemical analyses of pleural fluid and serum were performed using AU5800 or Roche C8000 
analyzers, which demonstrated a high intersystem consistency. The upper reference limit for serum LDH level 
in our laboratory was 240 IU/L. The clinical data of the participants were blinded to the laboratory technician 
responsible for the measurement.

Statistical analysis
Continuous variables are expressed as medians and interquartile ranges (IQR). The Kolmogorov-Smirnov test 
was used to determine the normality of the data distribution. We used t-test or one-way analysis of variance 
(ANOVA) to compare data with a normal distribution. For skewed distributed data, we used the Mann-Whitney 
or Kruskal-Wallis tests for comparison. Categorical data were compared using the chi-square test or Fisher’s 
exact probability test. The diagnostic accuracy of pleural fluid cholesterol and LDH for differentiating exudates 
from transudates was evaluated using a receiver operating characteristic (ROC) curve. All statistical analyses and 
graphical presentations were performed using R software. Statistical significance was set at P < 0.05.

Data availability
The datasets generated and/or analyzed during the current study are not publicly available due to ethical restric-
tions but are available from the corresponding author upon reasonable request.
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