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ABTRACT
Background: ADA levels in PF of 290 individuals were tested 
to investigate pleural effusion. Based on a positive pleural bi-
opsy, each patient was assessed for age, sex, and the presence 
of tuberculosis (TB). The Kruskal-Wallis one-way analysis of vari-
ance was used to analyze differences in ADA levels between 
groups. The likelihood of TB was also predicted using logistic 
regression analysis. Utilizing the receiver operating characteris-
tic (ROC) curve, ADA cut-off levels were chosen.
Aims & Objective: Our study aims to establish an ADA cutoff 
value for the population and explore the possibility that patient 
variables may affect ADA.
Methods & Materials: We conducted a retrospective analysis 
of 309 M pleural effusion patients admitted to Santosh Uni-
versity, Ghaziabad, between 2016 and 2018. Information was 
gathered from patients’ medical records. Age, sex, and whether 
or not a pleural biopsy for TB was positive were all recorded.
Results: When compared to non-tuberculous pleural patients, 
the mean PF ADA level was considerably higher in the tubercu-
lous pleural group (63.3 ± 6.29 IU/l vs. 19.6 ± 31 IU/l, P, 0.001). 
Age and PF ADA levels were significantly correlated; for pa-
tients older than 745 years, the ROC curve for ADA had an 
area under the curve of 0.89. A 29 IU/l ADA level produced a 
sensitivity and specificity of 87.4% and 90.3%, respectively.
Conclusion: Age and PFADA level have a substantial nega-
tive association. The quantity of false-negative outcomes is de-
creased by using a lower ADA cut-off.
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INTRODUCTION
A widespread medical illness with a number of eti-

ologies is pleural effusion. Patients with pneumonia 
and pulmonary embolism are more likely to develop 
exudative and neutrophilic effusions. [1] The most 
frequent causes of effusion with lymphocytic predom-
inance are pleural tuberculosis (TB) and metastatic 
neoplasia. One of the extra-pulmonary TB’s most wide-
spread symptoms, pleural TB, is very common in un-
derdeveloped nations. [2–4] The diagnostic process for 
exudative pleural effusions must include pleural fluid 
(PF) investigation and closed pleural biopsy. The yield 
of PF culture for mycobacteria for the diagnosis of tu-
berculous pleural effusion (TPE) is modest, at about 
36%. [5] Although the combined sensitivity of the bi-
opsy and PF culture can reach 90%, [6] closed pleural 
biopsy is an invasive operation that requires a lengthy 
wait for the results of the culture. Therefore, PF mark-
ers have been thoroughly researched as a possible pleu-
ral biopsy substitute. The most economical PF marker, 
adenosine deaminase (ADA), is frequently used as a 
screening test, primarily in nations where tuberculosis 
is widespread. 1 Various ADA cutoff values, with sen-
sitivities and specificities varying, have been employed 
in research, ranging from 30 to 100 international units 
(IU)/l. [7] The prevalence of TB in diverse study popu-
lations, variations in the ADA analysis methodologies, 
and variations in the study population characteristics 
might all contribute to discrepancies in the results. [8,9] 
This implies that patient demographic variables might 
have an impact on PF ADA levels. Few researches, 
however, have examined the impact of patient variables 
such age, sex, and race on PF ADA levels.

METHODS AND MATERIALS
We conducted a retrospective analysis of 309 M 

pleural effusion patients admitted to Santosh Univer-
sity, Ghaziabad, between 2016 and 2018. Information 
was gathered from patients’ medical records. Age, sex, 
and whether or not a pleural biopsy for TB was posi-
tive were all recorded. In the absence of other causes 
of granulomatous lung disease, a pleural biopsy was 
deemed positive for TB if the histological examina-
tion revealed granuloma with caseous necrosis or if 
the pleural biopsy culture contained Mycobacterium 
tuberculosis. The study only included individuals who 
presented with untreated illness and were at least 18 
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years old. Each patient underwent a complete physical 
examination, radiographic analysis, and meticulous 
history taking. All PF was collected during a routine 
thoracocentesis and sent to the laboratory. The labo-
ratory information were used to compile a list of pa-
tients with PF ADA who had previously been referred 
for analysis. Giusti and Galanti’s spectrophotometric 
approach, which was used to measure PF ADA levels, 
was used. [10] 

Diagnoses for pleural effusions were categorized 
into groups. Based on previously released standards, 
definitions were utilized to diagnose pleural effusion. 
[8,11,12] According to diagnostic standards, there 
are two subclasses of TPE: (1) confirmed pleural TB 
effusion (CPTE), which is defined as the presence of 
bacilli in PF, sputum, or pleural biopsy using stain or 
culture, or (2) probable pleural TB effusion (PPTE), 
which is defined as the presence of clinical and radio-
logical evidence of TB, including exudates containing. 
In the absence of any other obvious cause linked to 
pleural effusions, the presence of 75% lymphocytes, 
the absence of neoplastic cells, and a positive response 
to an entire course of anti-tuberculosis treatment must 
be confirmed through outpatient follow-up of at least 
12 months. After two doctors from the department 
of pneumology evaluated the patients and gave their 
consent, they were included to the PPTE group. 

Positive PF cytology or pleural biopsy histology 
results were used to confirm that pleural effusions 
were malignant. Based on clinical and radiographic 
characteristics consistent with acute lung infection 
and the exclusion of other sources of pleural effusion, 
pneumonic effusions were identified. If effusions were 
transudate and exhibited consistent clinical signs, they 
were diagnosed as congestive heart failure (CHF). 
Pleural biopsy was used to confirm additional causes 
of effusion. SPSS 18.0 statistical software was used to 
conduct the statistical analysis. While categorical vari-
ables are expressed as a number and a percentage of a 
group, continuous variables are expressed as mean SD.

In order to compare group means and analyze dif-
ferences in ADA levels between groups, Kruskal-Wal-
lis one-way analysis of variance was used. The Pear-
son’s correlation coefficient was used to measure the 
correlation between the ADA and the given factors. 
Correlation coefficients (r) of less than 0.3 regarded as 
weak, 0.4–0.6 moderate, as and higher than 0.6 strong. 
A receiver operating characteristics (ROC) curve was 
used to determine the ideal ADA cut-off value for 

TPE diagnosis. Additionally, a logistic regression anal-
ysis was carried out to forecast the occurrence of TB. 
P<0.05 with two tails was regarded as statistically sig-
nificant.

RESULTS
Table 1 displays the baseline characteristics of the 

290 patients examined in this investigation. The TPE 
group included 146 patients (57.4%), 64 CTPE, and 53 
PPTE. The non-TB group included 44.9%) patients, 
92 of whom had malignant effusions, 21 had parap-
neumonic effusions, and four had ‘Other’ effusions.

These 4 instances were divided into 2 CHF-related 
cases, 1 amyloidosis case, and 1 non-specific chron-
ic pleuritis case. Between CPTE and PPTE patients, 
the mean ADA levels in the TPE group did not dif-
fer statistically (61.5 IU/l 6 22.2 vs. 65.4 IU/l 6 33.4, 
P = 0.747). The TPE group’s mean PF ADA was sub-
stantially greater than the non-TPE group’s (63.3 6 29 
IU/l vs. 19 6 31 IU/l, P, 0.001) (63.3 6 29 IU/l vs. Tol-
erance intervals (TI)1 were calculated for each group 
to improve the evaluation of ADA results considerable 
overlap across groups.

Table 1
Baseline characteristics

 All 
n/N 

TPE
n/N 

 Non-TPE
n/N 

 P-value

Male  146/290  82/161  64/129 >0.03

Age, years, 
mean 6 SD

44.3±18.7 4.7±13.4 56.9±17.1 <0.04

Patients 
aged,45 
years

181 103  31 <0.04

Patients 
aged 745 
years

109 58  98 <0.03

ADA level, 
IU/l, mean 
6 SD

43.6±36.5 62.8±27.4 19.5±30.3 <0.04

There was a moderate negative correlation between 
age and pleural ADA (r¼0.445, P, 0.001),indicating 
that PF ADA levels decrease with age (Figure 2). PF 
ADA levels in the TPE and non-TPE groups are shown 
in Table 2. PF ADA levels in patients aged 745 years 
in the TPE group were not significantly lower than in 
those aged,45 years, and were not significantly differ-
ent by sex. A logistic regression analysis was performed 
and showed significant correlation of age and ADA 
with pleural TB. For each unit increase in ADA level, 
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the possibility of having pleural TB increased by 1.08 
times. Furthermore, in the oldest patient groups, the 
likelihood of having pleural TB falls to 1.064 (Table 3).

An ROC curve for ADA was plotted for the study pop-
ulation. The area under the curve (AUC) was 0.905 (95% 
confidence interval [CI] 0.86–0.94) (Figure 2). According 

to the ROC curve, an ADA level of 29 IU/l would have a 
sensitivity of 90.2% and a specificity of 85.2%, a positive 
predictive value (PPV) of 88.6% and a negative predictive 
value (NPV) of 87% for the diagnosis of TPE. The differ-
ence between the ROC curves for patients with and with-
out pleural biopsy was not significant (P =0.945).

Figure 1: Tolerance analysis for ADA: A) pleural tuberculosis group; B) control group. ADA ¼ adenosine deaminase. This image can 
be viewed online in colour at http://www.ingentaconnect. com/content/iuatld/ijtld2014/00000018/00000011/art00019
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Figure 2: Correlation between ADA and age. ADA ¼ adenosine 
deaminase; TPE ¼ tuberculous pleural effusion. This image can 
be viewed online in colour at http://www. ingentaconnect.com/
content/iuatld/ijtld2014/00000018/ 00000011/art00019.

The association between age and ADA in our study 
was similar to that reported by Yeon et al. from Ko-
rea and Tay et al. from Singapore.8,18 These studies 
showed that the ADA cut-off level for the diagnosis of 
TPE in the older group was much lower than for the 
younger group (25.9 IU/l vs. 49.1 IU/l and 26 IU/l vs. 
72 IU/l, respectively). 

The ROC for ADA exhibited an AUC of 0.91 (95% 
CI 0.841-0.978) for individuals who were 745 years old 
(Figure 5). For the diagnosis of TPE, an ADA of 29 
IU/l would have the following characteristics: 88.6% 
sensitivity, 91.3% specificity, 75.4% PPV, and 93.5% 
NPV. Using 55 as the age cut-off, we also estimated the 
ideal PF ADA level for pleural TB diagnosis. The ROC 
for ADA revealed an AUC of 0.852 (95%CI 0.777-
0.926) for people over the age of 55. For the diagnosis 
of TPE, a PF ADA level of 37 IU/l would have 86.8% 
sensitivity, 79.6% specificity, 93% PPV, and 91% NPV. 
The ROC for ADA exhibited an AUC of 0.846 (95%CI 
0.705-0.987) for individuals who were 755 years old. 
In order to diagnose TPE, an ADA of 46 IU/l would 

have a sensitivity of 73.3%, a specificity of 96.2%, a 
PPV of 78.5%, and an NPV of 95%.

DISCUSSION
The presence of M. tuberculosis in PF or pleural 

biopsy samples is required for a conclusive diagno-
sis of TPE; however, the development of granulomas 
in the parietal pleura can also support a diagnosis of 
TPE with good certainty. In about 80% of instances, 
granulomas can be found with a closed pleural biop-
sy. On the basis of histological analysis, thoracosco-
py provides a diagnosis yield of almost 100%. [2,12] 
However, it is not practical to do a pleural biopsy on 
every suspected case of pleural TB in Brazil. The ad-
vantages of ADA testing over other options include 
its lengthy history of effective application, simplicity, 
low cost, and 24-hour turnaround time for results. 
[14,15] Results may differ depending on the type of 
ADA analysis used or the prevalence of TB, as well 
as the features of the study population. [16] The cur-
rent study expands on the knowledge offered by the 
relatively few articles published on PFADA conducted 
among populations in Latin America. It is one of the 
only studies that we are aware of that established an 
ADA cut-off point for the diagnosis of TPE in various 
age groups. In contrast to the meta-analysis published 
in 2008 in Brazil, which indicated an ADA level of 40 
IU/l, our study demonstrated an ADA cut-off value of 
29 IU/l in a community with a high prevalence of tu-
berculosis. 17 The variability of the studies included in 
the meta-analysis, only two of which fully met the au-
thors’ standards for sampling, methodology, and out-
comes, may be one explanation for this discrepancy. 
According to the authors, the criteria used in patient 
selection, mainly regarding the inclusion or not of pu-
rulent effusions, showed the greatest heterogeneity in 
the nine studies.

Table 2
ADA analysis and correlation with study variables for different subgroups

IU/l Mean ±SD  P-value  Mean±SD  P-value  Mean±SD  P-value
Sex

Male 44.8±41.2 <0.63 53.4 ±31.5 0.48 18.3 ±21.5 0.49
Female 49.6±41.6 58.9 ±37.4 19.1 ±39.4

Age (yrs)
<45 61.5 ±36.4 <0.001 63.2 ±28.3 0.376 37.5 ±56.8 0.007
≥45 24.6±28.8 61.1 ±30.4 13.9 ±15.6
Age correlation coefficient (r)  -0.43 0.001 0.01 0.907  – 0.26 0.001
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Only a few research have examined the variables 
influencing pleural ADA levels. Age and pleural ADA 
levels were connected in our study, however in the 
subgroup of TPE patients, the correlation between age 
and ADA was not significant. One possibility is that 
the TPE group’s population was less representative be-
cause there were very few senior patients (mean age, 
745 years) there.

Our investigation found a correlation between age 
and ADA that was comparable to that found by Kore-
an researchers Yeon et al. and Singaporean research-
ers Tay et al. 8,18 These studies demonstrated that, in 
comparison to the younger group, the older group’s 
ADA cut-off level for the diagnosis of TPE was sub-
stantially lower (25.9 IU/l vs. 49.1 IU/l and 26 IU/l vs. 
72 IU/l, respectively).

We did not see the same tendency (46 IU/l vs. 37 
IU/l) when we utilised the same cut-off (55 years) as 
Tay et al. Other investigations have found significantly 
greater levels of PF ADA in young TPE patients, which 
is consistent with the results of our study. 19 The mean 
ADA level among patients with TPE in a cohort of 
35-year-old patients was 111.1 IU/l. 19 In a paediat-
ric (18-year-old) population with TPE, Merino et al. 
reported a mean ADA level of 73.8 IU/l, with ADA 
levels of 40 IU/l in all but two cases. 20 According to 
Tay et al., the decline in ADA levels with ageing is not 
continuous across all age groups and only becomes 
apparent at a particular age.[8] However, our logistic 
regression model showed a close correlation between 
age and ADA values (Table 3).

Table 3
Logistic regression analysis to determine the correlation of age 
and ADA levels with pleural tuberculosis

Factor Coefficient Standard 
deviation

P value Odds ratio

Intercept 0.4642 0.6441 0.469
ADA 0.0789 0.0093 0.001 1.080
Age 0.0658 0.0124 0.001 0.940

Clinical application of our study’s findings would 
be the interpretation of PFADA levels, also taking age 
into account. If ADA cut-off levels are assumed to be 
40 IU/l,17 we would have 27 (15.5%) false-negative re-
sults in the TB group, whereas the use of a cut-off level 
of 29 IU/l would result in 17 (9.7%). As PF ADA levels 
decrease with age, the number of false-negative results 
in diagnosing TPE would be higher if a fixed cut-off 
level were used in an older than in a younger popu-

lation. In our study, if the widely accepted standard 
ADA cut-off level of 40 IU/l was used,176 of the 33 
patients (18.5%) with TPE in the 745 years age group 
would have a false-negative result. If a cut-off level of 
29 IU/l was used, 4 (12%) would have a false-negative 
result. This reduction in false-negative results may ap-
pear small, but in high TB prevalence countries, small 
reductions can translate into a correct diagnosis in a 
large number of patients.

Our study has some limitations: as it was retro-
spective, diagnoses based on clinical evidence were 
included. Although this is not optimal, it is considered 
acceptable.[19] Another limitation was that the physi-
cians were not blinded to ADA values when deciding 
whether or not to include patients in the PPTE group. 
We observed that the administration of empirical an-
ti-tuberculosis treatment among patients with lym-
phocytic exudates and high PF ADA levels when there 
is a clinical suspicion of TB is common practice in in-
termediate-to-high TB burden settings, such as Brazil.
[12] Moreover, the determination of ADA levels in all 
PF samples, the absence of significant differences in 
mean levels in the two diagnostic groups (CPTE and 
PPTE), the lack of statistical significance between the 
ROC curves of patients with and without pleural bi-
opsy confirming TPE and the follow-up of all patients 
diagnosed with TPE undergoing antituberculosis 
treatment until complete recovery are strengths, and 
enhance the validity of our study.

CONCLUSION
We conclude that ADA is an effective test for the 

diagnosis of pleural TB; ADA values varied with age 
in our study population. The use of a lower ADA cut-
off could reduce the number of false-negative results. 
Future large prospective studies are needed to validate 
these findings.
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