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Background: Adenosine deaminase (ADA) is a sensitive marker of tuberculous pleural effusion (TBPE). 
However, in pleural effusion (PE), the detection of ADA alone cannot be used to determine whether the 
increase in the ADA level is caused by the rising proportion of macrophages and lymphocytes in the cell 
components or by the increase in the total cell number. The diagnostic precision of ADA is probably 
restricted due to the false positive and negative results. Thus, we explored the clinical value of the ratio of PE 
ADA to lactate dehydrogenase (LDH) in differentiating between TBPE and non-TBPE.
Methods: Patients hospitalized with PEs between January 2018 and December 2021 were retrospectively 
recruited for this study. We analyzed the values of ADA, LDH, and 10× ADA/LDH in the patients with 
TBPE and non-TBPE. We also determined the sensitivity, specificity, Youden index, and area under the 
curve for 10× ADA/LDH at different ADA levels and evaluated its diagnostic accuracy.
Results: In total, 382 patients with PEs were included in the study. Among whom, 144 were diagnosed 
with TBPE, this supposes a “pre-test probability” >40%. It is quite high, 134 with malignant PEs, 19 with 
parapneumonic PEs, 43 with empyema, 24 with transudate PEs, and 18 with other types of PE of a known 
etiology. The ADA levels were positively correlated with the LDH levels in TBPE. LDH levels usually 
increase in response to cell damage or cell death. The 10× ADA/LDH level was significantly increased in 
the TBPE patients. In addition, the 10× ADA/LDH level increased as the ADA level increased in TBPE. To 
differentiate between TBPE and non-TBPE, the optimal cut-off value of 10× ADA/LDH at different ADA 
levels was assessed using receiver operating curves. At an ADA level >20 U/L, 10× ADA/LDH showed the 
best diagnostic performance, and had a specificity and sensitivity of 0.94 (95% CI: 0.84–0.98) and 0.95 (95% 
CI: 0.88–0.98), respectively.
Conclusions: The 10× ADA/LDH dependent diagnostic index can be used to distinguish TBPE from 
non-TBPE and could be used to guide future clinical decisions.
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Introduction

Tuberculosis (TB) is the leading cause of death from 
infections worldwide (1). About 16% of TB exists in 
extrapulmonary forms, of which the most frequent in 
adults is pleural tuberculosis (PT) (2). PT is difficult to 
diagnose due to the bacillus deficiency in the pleural fluid, 
and histological, microbiological, or molecular tests, which 
require the collection of pleural tissues using invasive 
measures, are occasionally needed to make the diagnosis (3).

Adenosine deaminase (ADA) is an effective indicator 
of tuberculous pleural effusion (TBPE) (4,5). The routine 
cut-off value for pleural fluid ADA is 40 U/L (6). The 
higher the level of ADA, the greater the likelihood that 
an individual has TB. A persistent low pleural fluid ADA 
level during repeated thoracentesis severely denies TB (3). 
However, many patients with tuberculous pleurisy have an 
ADA <40 U/L. In addition, the ADA level may increase to 
>40 U/L in several clinical situations, including in patients 
with parapneumonic effusion (PPE) and empyema (7). ADA 
levels may also be increased by lymphomas, solid tumors, 
and connective tissue diseases (7-11).

ADA, which is involved in purine metabolism, can 

catalytically convert adenosine to inosine and deoxyadenosine 
to deoxy inosine, producing ammonia (12). This enzyme 
exists in diverse cells and is especially critical in lymphoid cell 
differentiation in activated T cells (13). ADA has 2 isoenzymes 
(i.e., ADA1 and ADA2) (12). ADA1 is widespread, especially 
in lymphocytes and monocytes, while ADA2 mainly exists in 
monocytes and macrophages (14). ADA2 represents 88% of 
the total ADA activity in TBPE (15).

TB i s  a  macrophage-mediated  granulomatous 
inflammation. The proportion of macrophages and T cells in 
pleural fluid is significantly increased in TBPE, which results 
in a remarkable increase in the generation of ADA (16). The 
production of ADA can also increase with the accumulation 
of the total cell number in pleural fluids (17). In pleural 
effusion (PE), the detection of ADA alone cannot be used to 
determine whether the increase in ADA level is caused by 
the increased proportion of macrophages and lymphocytes in 
the cell components or by the increase in the total cell count. 
This is why a similar or even higher level of ADA can be 
found in other types of PEs.

ADA is only enriched in some types of cells, such as 
macrophages and T cells (17). Lactate dehydrogenase 
(LDH) usually increases in response to cell damage or 
cell death (18,19). Thus, we used 10× ADA/LDH to 
represent the degree to which mononuclear cells induce cell 
damage or cell death, which better indicates the level of 
granulomatous inflammation in pleural fluids. Specifically, 
this study sought to assess pleural fluid 10× ADA/LDH 
as a new index for distinguishing TBPE from other types of 
PE. We present this article in accordance with the STARD 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-23-383/rc).

Methods

Patients and data collection

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional ethics board of The First 
Hospital Affiliated to the Army Medical University [No. (B)
KY2022119]. Written informed consent was not required 
for this retrospective study. We retrospectively recruited 
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patients who had been hospitalized at the Department of 
Respiratory Medicine, The First Hospital Affiliated to 
the Army Medical University, between January 2018 and 
December 2021. All the included patients suffered from PE. 
The following data were collected: age, gender, smoking 
history, pleural LDH, ADA, etc.

Inclusion and exclusion criteria

To be eligible for inclusion in this study, the patients had 
to meet the following inclusion criteria: (I) have a diagnosis 
of PE by ultrasonography, chest computed tomography, or 
X-ray; (II) have a diagnosis of malignant pleural effusion 
(MPE) by cytology or pleural biopsy; (III) have a diagnosis 
of TBPE based on a finding of chronic granulomatous 
inflammation in pleural tissues; (IV) have a diagnosis of PPE 
based on exudative effusions related to bacterial pneumonia, 
lung abscesses or bronchiectasis, and have been in remission 
and recovery for at least 3 months at the follow-up after 
antibiotic use; or (V) have a diagnosis of another type of PE 
of a known etiology (e.g., a parasite or rheumatoid arthritis) 
based on well-accepted criteria and have received the best 
treatment. Empyema was further diagnosed in cases of pleural 
frank pus. Patients were excluded from the study if they met 
any of the following exclusion criteria: (I) ere aged <18 years; 
(II) were pregnant; (III) had deficient data for the analysis; 
and/or (IV) had PE of unknown etiology. Written informed 
consent was not required for this retrospective study.

Statistical analysis

All t h e  data were analyzed on SPSS 18.0 (SPSS Inc., 
Chicago, USA). The continuous data are reported as the 
mean ± standard deviation (SD) and were compared among 
3 or more groups using a 1-way analysis of variance. The 
non-normally distributed variables were analyzed by non-
parametric tests and were reported as the mean (upper 
and lower quartiles). The categorical data were analyzed 
using the Chi-square test. The diagnostic abilities of the 
indicators were assessed by computing the sensitivity, 
specificity, positive likelihood ratio (PLR), negative 
likelihood ratio (NLR), positive predictive value (PPV), 
negative predictive value (NPV), and Youden index. The 
diagnostic value of the continuous data for TBPE and the 
optimal cut-off point were assessed using receiver operating 
characteristic (ROC) curves. The significance level was set 
at P<0.05.

Results

Characteristics of patients

Of the 382 included patients with PE, 144 were diagnosed 
with TBPE, this supposes a “pre-test probability” >40%. 
It is quite high, 134 with MPE, 19 with PPE, 43 with 
empyema, 24 with transudate PE, and 18 with other types 
of PE of a known etiology, such as a parasite or rheumatoid 
arthritis. The information of the patients is listed in Table 1.  
The age of the TBPE group was younger than that of the 
MPE, PPE, and transudate groups. The proportion of 
females in the TBPE group was lower than that in the MPE 
group and higher than that in the empyema group. The 
proportion of smokers in the TBPE group was lower than 
that in the empyema group and higher than that in other 
types of PE.

Comparison among groups

The approved cut-off value for pleural fluid ADA was 40 U/
L. However, our results showed that only 45.8% (66/144) 
of the TBPE patients had an ADA level >40 U/L (Table 1). 
This data does not match at all with all the previous meta-
analysis performed, accounting for many thousands of 
patients diagnosed with tuberculous pleural effusion: ADA 
showed in all of them a sensitivity and specificity of about 
92% and 90% respectively for the diagnosis of pleural 
TB (20). The discrepancy in sensitivity and specificity 
values observed in the study sample compared to previous 
meta-analyses could be attributed to various factors (21). 
The study sample may be smaller than the ones used in 
previous meta-analyses, which could have an impact on 
the sensitivity and specificity values (22). A larger sample 
size generally provides more accurate and reliable results. 
The demographics of the study population may differ from 
those included in previous meta-analyses (23). Differences 
in age, ethnicity, geographic location, or prevalence of 
co-morbidities might affect the diagnostic accuracy of 
ADA for TBPE. Differences in laboratory techniques and 
equipment used to measure ADA levels might contribute to 
the observed discrepancies. The study design or inclusion 
and statistical analysis might have affected the sensitivity 
and specificity values. In addition, the ADA levels were also 
increased in the non-TBPE patients. The empyema group 
had a higher ADA level than the TBPE group. The TBPE 
group had a higher ADA level than the transudate and MPE 
groups, but no significant difference was found among the 
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TBPE, PPE and other types (Figure 1).
Pleural fluid LDH levels increased significantly as 

the total cell number in the pleural fluids increased. The 
highest and lowest LDH levels were found in the empyema 
and transudate groups, respectively. The pleural fluid 
LDH level in the TBPE group was lower than that in the 
empyema group and higher than that in the transudate 
group. No significant difference in the pleural fluid LDH 
level was found  among the TBPE, MPE, other type, and 
PPE groups (Table 1).

Diagnostic significance of 10× ADA/LDH for TBPE

ADA was only enriched in certain types of cells, such as 
macrophages and T cells (17). However, only an increased 
ADA level caused by an increased proportion of macrophages 
and T cells indicates granulomatous inflammation. Thus, an 
increase in ADA level caused by an increase in the total cell 
number needed to be excluded. Surprisingly, no correlation 
was found between the ADA level and cell number in the 
TBPE patients (Figure 2A). We speculated that this may 
be due to the large number of inactive cells in TBPE. 
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Figure 1 Distribution of pleural ADA levels in different groups. 
In total, 144 patients were diagnosed with TBPE, 134 with MPE, 
19 with PPE, 43 with empyema, 24 with transudate PE, and 18 
with other types of PE of a known etiology. The ADA levels of 
the pleural effusions were detected. ADA, adenosine deaminase; 
TBPE, tuberculous pleural effusion; MPE, malignant pleural 
effusion; PPE, parapneumonic effusion; PE, pleural effusion.

Table 1 The clinical characteristics of the study participants

Characteristic Total TBPE MPE PPE Empyema Transudate Others P

Number 382 144 134 19 43 24 18

Age, years 60.0  

(50.0, 70.0)

58.0  

(42.0, 68.0)

60.5  

(53.75, 70.25)

66.0  

(52.0, 76.0)

63.0  

(54.0, 70.0)

64.5  

(54.0, 76.0)

50.0  

(43.8, 75.5)

0.016

Gender 0.08

Male 279 108 85 17 37 20 12

Female 103 36 49 2 6 4 6

Smoking history <0.01

Yes 201 70 73 11 33 11 3

No 181 74 61 8 10 13 15

Pleural fluid analysis ADA (U/L) 13.7  

(7.6, 44.5)

34.3  

(13.8, 57.0)

8.65  

(5.7, 11.3)

11.4  

(7.6, 34.7)

124.75  

(44.5, 314.0)

5.35  

(3.7, 8.5)

16.0  

(8.2, 48.7)

<0.01

ADA <20 U/L 217 44 121 13 4 24 11

20≤ ADA <30 U/L 33 20 6 1 6 0 0

30≤ ADA <40 U/L 22 14 5 2 0 0 1

ADA ≥40 U/L 110 66 2 3 33 0 6

LDH (U/L) 344.9  

(182.8, 873.3)

290.0  

(185.8, 573.3)

346.05  

(217.9, 679.0)

382.7  

(126.2, 1,798.8)

8,514.1  

(4,555.4, 13,820.0)

83.2  

(71.6, 113.0)

260.1  

(151.7, 2,957.0)

<0.01

Lymphocyte/neutrophil >2.53 119 102 89 13 23 14 6 <0.01

Values are medians (upper quartile, lower quartile) or number. TBPE, tuberculous pleural effusion; MPE, malignant pleural effusion; PPE, 
parapneumonic effusion; ADA, adenosine deaminase; LDH, lactate dehydrogenase.
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However, the ADA level was correlated with the LDH level 
in the TBPE patients (Figure 2B). LDH usually increases 
in response to cell damage or cell death (18). Thus, we 
used 10× ADA/LDH to represent the degree to which the 
mononuclear cells induce cell damage or cell death, which 
better indicates the level of granulomatous inflammation in 
pleural fluids.

The 10× ADA/LDH level was significantly increased 
in the TBPE group compared to the empyema, MPE, and 
transudate groups (Figure 2C). We further estimated the 
diagnostic performance of 10× ADA/LDH for TBPE using 
the ROC curves and the areas under the curve (AUCs) 
(Figure 2D). The AUC of 10× ADA/LDH (0.8358, 95% CI: 

0.7901–0.8814) was larger than that of ADA alone (0.6948, 
95% CI: 0.6397–0.7499).

Cut-off level for 10× ADA/LDH

The 10× ADA/LDH increased as the ADA level increased 
in TBPE (Figure 3A), gradually stabilized at an ADA 
level >20 U/L, and began to decline at an ADA level  
>80 U/L. However, in non-tuberculous pleural fluids, 10× 
ADA/LDH did not change with the increase in the ADA 
level (Figure 3B). We further estimated the diagnostic 
performance of 10× ADA/LDH for TBPE using ROC 
curves and AUCs in different ADA levels (Figure 4). When 

0 50 100 150 0 50 100 150
ADA, U/L

r2=0.01499
P=0.2761
N=81

P<0.001
P<0.001

P<0.001

r2=0.05417
P=0.0365
N=81

ADA, U/L

C
el

l n
um

be
r 

(×
10

9 /L
)

10
×

A
D

A
/L

D
H

LD
H

 (I
U

/L
)

1500
1200

900

8
6
4
2

14000
12000
10000
8000

200

150

100

50

0

2

1

0

3000

2000

1000

0

100

80

60

40

20

0
0 10020 40 60 80

S
en

si
tiv

ity
, %

100−Specificity, %

ADA (AUC =0.6948)

10×ADA/LDH (AUC =0.8358)

ROC curve

TB
PE

Em
pye

m
a

Tra
ns

ud
at

e
M

PE
PPE

Oth
er

s

A B

C D

Figure 2 Diagnostic significance of 10× ADA/LDH for TBPE. (A) The correlation between the pleural ADA level and cell number; (B) the 
correlation between the pleural ADA level and LDH level; (C) distribution of 10× ADA/LDH in the different pleural effusion groups; (D) 
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the ADA level >20 U/L, 10× ADA/LDH had a larger AUC 
(0.9545, 95% CI: 0.9130–0.9959) compared to the ADA 
level >10 U/L (0.8972, 95% CI: 0.8511–0.9432), and all 
ADA levels (0.8358, 95% CI: 0.7901–0.8814).

ROC curves were used to assess the optimal cut-
off value of 10× ADA/LDH at different ADA levels for 

differentiating between TBPE and non-TBPE. The 
statistical results for the sensitivity, specificity, PLR, NLR, 
PPV, NPV, and Youden index are listed in Table 2. We found 
that 10× ADA/LDH had a better diagnostic performance at 
an ADA level >20 U/L than an ADA level >10 U/L and the 
total ADA level. At an ADA level >20 U/L and at cut-off 
level of 10× ADA/LDH >0.44, the sensitivity and specificity 
were 0.95 (95% CI: 0.88–0.98) and 0.94 (95% CI: 0.84–
0.98), respectively. The PPV was 0.96, while the NPV at 
this cut-off was 0.92. The PLR was 15.44, while the NLR at 
this cut-off was 0.05.

Discussion

The molecular diagnosis of TB has advanced remarkably 
in the last 20 years; however, the first choice for diagnosis 
is still mycobacterial cultures of PE or tissues (24). 
Granuloma in pleural biopsy was found in 56% to 
78% of TBPE cases (3). When a tissue culture is linked 
to a histological test, the positivity rises from 39% to  
90% (25). Pleural biopsy is a favorable diagnostic approach 
with high efficacy, but it is invasive, complex and difficult to 
perform. We sought to strengthen the efficiency of TBPE 
identification.

TB is  a  macrophage-mediated  granulomatous 
inflammation (26). ADA is enriched in some types of cells, 
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such as macrophages and T cells (17). The production 
of ADA can increase with the accumulation of 
macrophages and T cells in pleural fluids.

The detection of ADA can indirectly indicate the degree 
of granulomatous inflammation in the pleural fluids, but 
its accuracy may be low due to false positive or negative 
results. In PEs, the detection of ADA alone cannot be 
used to determine whether the increase in the ADA level 
is caused by the increased proportion of macrophages and 
T lymphocytes in the cell components of PE or by the 
increase in the total cell number. Thus, it is impossible 
to determine whether the increase of ADA is mediated 
by the increase in granulomatous inflammation or the 
increase in inflammatory cells according to the severity of 
inflammation.

We found that the ADA level was correlated with the 
LDH level in TBPE. The LDH level usually indicates cell 
damage or cell death (18,27,28). Thus, we used 10× ADA/
LDH to represent the degree to which mononuclear cells 
induce cell damage or cell death, which better indicates the 
level of granulomatous inflammation in pleural fluids. We 
found that 10× ADA/LDH was higher in the TBPE group 
than the other groups and increased more significantly than 
the ADA level. Notably, due to the significantly increased 
cell count in the empyema group, the ADA level was 
significantly lower in the TBPE group than the empyema 
group. However, 10× ADA/LDH in the TBPE group 
significantly surpassed that of the empyema group. These 
results suggest that 10× ADA/LDH indicates the severity of 
granulomatous inflammation in PEs.

In addition, the 10× ADA/LDH gradually increased 

with the increase in ADA level in TBPE, and decreased at 
an ADA level >80 U/L. These results suggest the severity 
of granulomatous inflammation in TBPE will gradually 
increase with the increase of ADA level. When the ADA 
level is >80 U/L, immune exhaustion may occur, resulting 
in a decrease in granulomatous inflammation. In addition, 
ADA >80 (and mostly >120) are more frequent related to 
empyemas and lymphomas, in which LDH levels could be 
proportionally higher.  In this sense, the ratio ADA/LDH 
might gradually decrease in this scenario. However, 10× 
ADA/LDH in the non-TBPE group did not significantly 
increase, and seemingly gradually decreased, but the 
difference was not significant. These results provide further 
evidence that 10× ADA/LDH indicates the severity of 
granulomatous inflammation in PE and may have diagnostic 
significance in TBPE.

We also examined the diagnostic value of 10× ADA/LDH 
at different ADA levels of PE to differentiate TBPE from 
non-TBPE. At different ADA levels, 10× ADA/LDH had a 
larger AUC than ADA alone. These results suggest that 10× 
ADA/LDH has a better diagnostic value at differentiating 
TBPE from non-TBPE than that of the ADA level alone.

We also examined the cut-off value for 10× ADA/LDH 
using ROC curves. At an ADA level >20 U/L and at a cut-
off level of 10× ADA/LDH >0.44, the sensitivity and 
specificity were 0.95 (95% CI: 0.88–0.98) and 0.94 (95% 
CI: 0.84–0.98), respectively, which were higher than those 
of ADA alone. Additionally, at an ADA level >20 U/L, the 
sensitivity and specificity were higher than the total ADA 
and an ADA level >10 U/L and were similar to those at an 
ADA level >30 U/L. Thus, 10× ADA/LDH had excellent 

Table 2 Diagnostic performance of the pleural fluid 10× ADA/LDH ratio and the ADA level for TBPE

Parameter ADA total
10× ADA/LDH

Total ADA >10 U/L ADA >20 U/L ADA >30 U/L

Cut-off value >40 U/L >0.56 >0.45 >0.44 >0.47

Sensitivity (95% CI) 0.47 (0.38–0.56) 0.76 (0.68–0.82) 0.91 (0.83–0.94) 0.95 (0.88–0.98) 0.95 (0.87–0.98)

Specificity (95% CI) 0.82 (0.77–0.87) 0.87 (0.82–0.91) 0.86 (0.78–0.92) 0.94 (0.84–0.98) 0.96 (0.86–0.99)

PPV (95% CI) 0.61 (0.51–0.70) 0.78 (0.70–0.84) 0.86 (0.80–0.93) 0.96 (0.89–0.99) 0.97 (0.90–1.00)

NPV (95% CI) 0.73 (0.67–0.78) 0.86 (0.80–0.90) 0.90 (0.82–0.94) 0.92 (0.82–0.97) 0.93 (0.81–0.98)

PLR (95% CI) 2.65 (1.90–3.71) 5.81 (4.13–8.17) 6.64 (4.13–10.66) 15.44 (5.97–39.93) 24.7 (6.34–96.23)

NLR (95% CI) 0.64 (0.55–0.76) 0.28 (0.21–0.37) 0.11 (0.06–0.19) 0.05 (0.02–0.13) 0.05 (0.02–0.14)

Youden index 0.29 0.63 0.77 0.89 0.91

ADA, adenosine deaminase; LDH, lactate dehydrogenase; TBPE, tuberculous pleural effusion; CI, confidence interval; PPV, positive 
predictive value; NPV, negative predictive value; PLR, positive likelihood ratio; NLR, negative likelihood ratio.
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diagnostic value in differentiating TBPE from non-TBPE 
when the pleural ADA level was >20 U/L.

Limitations

There are some shortcomings in this study. Firstly, this is 
a retrospective study and a portion of prospective follow-
up should be conducted to more accurately confirm our 
conclusions. Secondly, this is a single center study that may 
result in differences in results due to regional differences, 
and multicenter studies should be conducted to confirm our 
results.

Conclusions

We found that 10× ADA/LDH had excellent diagnostic 
value in differentiating TBPE from non-TBPE when the 
pleural ADA level was >20 U/L. These findings may guide 
future clinical decisions.
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