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and meta‑analysis
Ping Zhao1*  , Qin Yu2, Aijie Zhang2, Fang He3, Songyan Xu4 and Liang Chen1 

Abstract 

Background:  Pulmonary tuberculosis (PTB) remains the world’s deadliest infectious killer. Serum CA-125 test are 
useful in the diagnosis of PTB. Although studies on the relation between CA-125 and PTB have been reported, the 
specificity and sensitivity of serum CA-125 in diagnosing PTB vary widely among different studies. The present study 
was performed to evaluate the accuracy of CA-125 for the diagnosis of PTB via a meta-analysis of data obtained from 
previous studies.

Methods:  English and Chinese medical electronic databases were searched for eligible studies published up to Feb-
ruary 2020. STATA software was used to obtain a pooled estimation of the diagnostic accuracy of CA-125 and analyze 
the heterogeneity of the recruited studies. Quality Assessment of Diagnostic Accuracy Studies-2 (QUADAS-2) was 
used to evaluate the quality of the obtained studies.

Results:  A total of 16 articles were included in this study. The pooled sensitivity and specificity of CA-125 were 0.85 
[95% confidence interval (CI) 0.75–0.91] and 0.87 (95% CI 0.78–0.93), respectively. Moreover, the pooled positive 
likelihood ratio (LR+), negative likelihood ratio (LR−), and diagnostic odds ratio (DOR) of CA-125 were 6.65 (95% 
CI 3.62–12.20), 0.18 (95% CI 0.10–0.31), and 37.82 (95% CI 13.17–108.60), respectively. The area under the summary 
receiver operating characteristic curve (AUC) was 0.93.

Conclusions:  Taken together, the results indicate that serum CA-125 presents potential practical value for diagnosing 
PTB, but its clinical applicability must be further examined.
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Background
Tuberculosis (TB), an important infectious disease 
caused by Mycobacterium tuberculosis (M.tb), remains 
the world’s deadliest infectious killer; indeed, close to 
30,000 new cases and over 4000 deaths from this dis-
ease are recorded worldwide each day [1]. Pulmonary 

TB (PTB) is the most prevalent clinical manifestation 
of TB. Thus, the early diagnosis of PTB is of paramount 
importance in efforts to treat and control the spread of 
the disease. Imaging examination, sputum smear micros-
copy, and culture are among the most commonly used 
methods for diagnosing PTB [2]. However, the sensitiv-
ity of these techniques is usually low and variable [3]. 
Moreover, sputum testing is impossible in cases with 
PTB who are unable to expectorate. Although some 
rapid molecular testing methods with higher sensitivity 
are used in regions with advanced laboratory facilities, 
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these methods are costly and difficult to implement in 
resource-limited settings [2].

Rapid serological diagnostic approaches are essential 
and useful in the diagnosis of PTB. Although a number 
of serological tests, such as interferon gamma release 
assays (IGRAs) and M.tb antibody detection, have been 
developed for the accurate and rapid diagnosis of M.tb 
infection, the test results are not correlated with disease 
activity or treatment responses [4, 5]. Besides IGRAs 
and TB-Ab detection, CA-125 also has been used for 
PTB diagnosis [6–8]. CA-125 is a high-molecular weight 
glycoprotein expressed on mesothelial cells lining the 
pleura, peritoneum, and pericardium and epithelial cells 
of the endometrium and fallopian tubes [9]. Elevated 
serum CA-125 levels can be detected in some patients 
with malignant diseases involving the breasts, lungs, 
ovaries, colon, and pancreas, as well as in others with 
non-malignant diseases, such as endometriosis, uterine 
myomas, ovarian cysts, hepatic cirrhosis, pleural effu-
sions, peritonitis, pancreatitis, and heart failure [8–12]. 
Although studies on the relation between CA-125 and 
PTB have been reported, some scholars believe that the 
results of these studies are biased toward patients with 
pleural effusions [13, 14]. In addition, the specificity and 
sensitivity of serum CA-125 in diagnosing PTB vary 
widely among different studies, and no multicenter study 
with a large sample size has yet been published to con-
firm the value of serum CA-125 in diagnosing PTB.

The aim of the present study is to evaluate the diagnos-
tic performance of serum CA-125 in PTB patients via a 
systematic review and meta-analysis of data collected 
from previous studies.

Methods
Literature search and selection
The present study was conducted in accordance with 
the recommendations of the Cochrane Diagnostic Test 
Accuracy Working Group [15]. The PubMed, Web of 
Science, Embase, Chinese BioMedical databases, China 
National Knowledge Internet (CNKI), Wanfang Data and 
Cochrane Databases were searched by two researchers to 
screen for eligible studies published up to February 2020 
by using the keywords “Tuberculosis”, “CA-125”, “Car-
bohydrate antigen 125”, “Cancer antigen 125”, “Tumor 
marker”, and “Cancer marker” as a combination of free 
text and thesaurus terms. The reference lists of the 
obtained articles were also searched for possible candi-
date studies. No language limits were applied. The inclu-
sion criteria were as follows: studies that assessed the 
diagnostic accuracy of serum CA-125 for PTB diagnosis, 
included PTB and non-PTB participants, and reported 
true-positive, true-negative, false-positive, and false-neg-
ative rates; in the absence of this last criterion, the data in 

the original studies must be sufficient to enable the cor-
responding rates. Studies that failed to meet the inclusion 
criteria or lacked the essential information were excluded 
from the analyses.

Data extraction and quality assessment
Data extraction and quality assessment of the original 
studies were independently performed by two review-
ers. The following information was recorded: author, year 
of publication, language, country, age of participants, 
number of cases, CA-125 detection method, reference 
standard, study design, and CA-125 cut-off, sensitivity, 
specificity, true-positive, true-negative, false-positive, 
and false-negative rates for the diagnosis of PTB.

The modified version of quality assessment of diag-
nostic accuracy studies tool-2 (QUADAS-2) was used to 
assess the methodological quality of the recruited articles 
[16]. Four domains, namely, patient selection, index test, 
reference standard, and flow and timing, were consid-
ered to assess the risk of bias, and three domains, namely, 
patient selection, index test, and reference standard, were 
assessed based on applicability. In this study, some items 
for patient selection in the risk assessment of bias were 
revised; the items used to assess the methodological 
quality of the studies are listed in Table 1.

Discrepancies in article screening, data extraction, 
and quality assessment were resolved by a third reviewer 
through discussion or arbitration.

Statistical analysis
RevMan 5.2 software was used to assess the methodolog-
ical quality of the included studies. STATA 15.1 software 
was used for the statistical analyses and data pooling for 
sensitivity, specificity, positive likelihood ratio (LR+), 
negative likelihood ratio (LR−), and diagnostic odds ratio 
(DOR). The  summary receiver operating characteristic 
(SROC) curve was used to detect the diagnostic perfor-
mance of serum CA-125 in PTB patients. The hetero-
geneity of the recruited studies was analyzed using the 
means of a test for the Q statistic, with the extent of het-
erogeneity determined using the I2 index. Here, I2 values 
of 25%, 50%, and 75% were considered to indicate low, 
moderate, and high heterogeneity, respectively. Meta-
regression analysis by country, language, age of partici-
pants, number of cases, CA-125 detection method, and 
QUADAS-2 items was performed to discover potential 
sources of heterogeneity. Sensitivity analysis was per-
formed to test the robustness of the results by using two 
methods: Cook’s distance was used to identify strongly 
influential studies, and a scatter plot of the standardized 
predicted random effects was used to detect outliers [17]. 
The meta-analysis was repeated to test the robustness 
of the results after the exclusion of strongly influential 
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studies and outliers. Deek’s funnel plot asymmetry test 
was used to evaluate publication bias [18]. A two-tailed 
P-value < 0.05 was considered to indicate significant 
difference.

Results
Literature search
A total of 589 articles (English articles: 334; French arti-
cles: 2; Japanese articles: 2; Chinese articles: 251) were 
screened from above-mentioned databases, and 243 
duplicate articles were removed. The titles and abstracts 
of the remaining 346 articles were reviewed, and 312 arti-
cles on non-pulmonary TB were removed. The remaining 
34 articles on PTB were further evaluated, and 18 articles 
that did not meet the inclusion criteria (they lacked some 
indicators, such as true-positive, false-positive, true-
negative, and false-negative, or these indicators couldn’t 
be calculated from the data in the original studies) were 
excluded. Finally, 16 articles (English articles: 10; Chinese 
articles: 6) meeting the inclusion criteria were recruited 
in the study [6, 7, 19–32] (Fig. 1).

Characteristics of the eligible studies
The characteristics of the 16 recruited studies are listed 
in Table  2. Six articles were published in Chinese from 
2009 to 2019, and 10 articles were published in English 
from 2001 to 2018.

Quality assessment
Two domains were identified as major risks for bias: 
patient selection and index test. Twelve studies indi-
cated a high risk of bias in patient selection [6, 7, 19, 
21–24, 26, 28–30, 32]. For example, whether random or 

consecutive samples of patients were enrolled was not 
clear in two studies [26, 32], the control groups did not 
include other respiratory diseases in eight studies [6, 
7, 21–23, 28, 29, 32], and clear descriptions of whether 
the case groups excluded other combined diseases were 
not provided in seven studies [6, 7, 19, 22, 24, 26, 30]. 
Because none of the studies discussed whether the 
detection results of CA-125 were interpreted with-
out knowledge of the results of the reference standard 
[6, 7, 19–32], these studies were likely to have unclear 
risks of bias in the index test. Thresholds were used in 
all eligible studies, but the corresponding values were 
not specified in 10 studies [6, 7, 20, 23, 25, 27–31]; thus, 
these studies were also likely to have a high risk of bias 
in the index test. Three studies had high applicability 

Table 1  The assessment items of methodological quality of studies

Judgments on Bias

 Patient selection 1. Was a consecutive or random sample of patients enrolled?

2. Did the control group include other respiratory diseases?

3. Did the study include appropriate exclusions?

 Index test 1. Were the index test results interpreted without knowledge of the results of the reference standard?

2. If a threshold was used, was it pre-specified?

 Reference standard 1. Is the reference standards likely to correctly classify the target condition?

2. Were the reference standard results interpreted without knowledge of the results of the index tests?

 Flow and timing 1. Was there an appropriate interval between index test and reference standard?

2. Did all patients receive the same reference standard?

3. Were all patients included in the analysis?

Applicability

 Patient selection Are there concerns that the included patients and setting do not match the review question?

 Index test Are there concerns that the index test, its conduct, or its interpretation differ from the review question?

 Reference standard Are there concerns that the target condition as defined by the reference standard does not match the question?

589 records were identified through electronic database searching

243 articles were removed due to duplicates among 
databases

346 articles were reviewed for titles and abstracts

312 articles on non-pulmonary TB were excluded

34 articles on PTB were further reviewed

18 articles that did not meet the inclusion criteria were 
excluded

16 articles met the inclusion criteria and were included in the present 
meta-analysis

Fig. 1  Flow chart of the process of the search strategy for study 
selection
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concerns in the patient selection domain [6, 7, 22] 
(Fig. 2).

Summary estimates
When all 16 studies were evaluated together, the pooled 
sensitivity, specificity, LR+, LR−, and DOR of CA-125 
were 0.85 [95% confidence interval (CI) 0.75–0.91], 
0.87 (95% CI 0.78–0.93), 6.65 (95% CI 3.62–12.20), 0.18 
(95% CI 0.10–0.31), and 37.82 (95% CI 13.17–108.60), 
respectively (Table 3, Fig. 3). The area under the SROC 
curve (AUC) was 0.93. The SROC curve is displayed in 
Fig. 3.

Exploration of heterogeneity
The threshold effect is one of the main causes of heter-
ogeneity in test accuracy studies. In the present meta-
analysis, the “non-shoulder-arm” plot in the SROC 
space indicated no threshold effect (Fig.  3). In addi-
tion, the proportion of heterogeneity likely due to the 
threshold effect was 0.22; such a low value is indicative 
of the absence of a threshold effect.

The results of heterogeneity analysis for sensitiv-
ity, specificity, LR+, LR−, and DOR showed that all 
P values were less than 0.05 (Table 3), which indicates 
the presence of significant heterogeneity in the meta-
analysis. All I2 values were greater than 75% (Table 3), 
which indicates strong heterogeneity. Meta-regression 
analysis revealed that “pre-specified threshold (Yes/
No)” and “mean or median age ≥ 45  years (Yes/No)” 
were significant sources of heterogeneity in sensitivity 
(P = 0.01 and P < 0.001) and specificity (P = 0.04 and 
P = 0.03); specifically, the pooled sensitivity and speci-
ficity of studies in which these factors were answered 
“Yes” were lower than those of studies in which these 
factors were answered “No” (Table 4). “Control group 
includes other respiratory diseases (Yes/No)” was 
also a significant source of heterogeneity in specific-
ity (P < 0.001), and the pooled specificity of studies in 
which this factor was answered “Yes” was lower than 
that of studies in which this factor was answered “No” 
(Table 4).

Sensitivity analysis
The results of sensitivity analysis revealed that the stud-
ies of Liang et al. [21], Şahin et al. [28], and Yilmaz et al. 
[6] were most influential in the present work (Fig. 4a). 
Among these studies, those of Şahin et  al. [28] and 
Yilmaz et  al. [6] were also identified as outliers with 
highly standardized residuals (Fig.  4b). When these 
three studies were excluded from the meta-analysis, the 
pooled sensitivity and specificity of CA-125 decreased 
from 0.85 to 0.83 and from 0.87 to 0.80, respectively.

Publication bias
In the present study, Deek’s funnel plot asymmetry test 
did not reveal a striking publication bias (P = 0.60), and 
the funnel plot did not exhibit asymmetry (Fig. 5).

Discussion
PTB can be confirmed by the presence of M.tb or its 
DNA in respiratory specimens. However, M.tb in res-
piratory specimens may not be detected in some cases 
of PTB, and respiratory specimens may not always be 
available; in this case, other detection methods, such as 
serological tests, must be used to assist in the diagno-
sis of PTB. CA-125 detection is a potential alternative 
detection method for PTB. CA-125 levels can increase 
in various malignant or non-malignant diseases. Pre-
vious studies suggested that serum CA-125 levels 
increase in patients with extrapulmonary TB [4, 33–
35] and PTB [6, 7, 19–32]. However, to the best of our 
knowledge, the results of these studies have not been 
evaluated systematically.

A systematic review and meta-analysis of 16 stud-
ies were performed in the present work to assess the 

Fig. 2  Summary of methodological quality of studies according to 
the QUADAS-2 tool
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diagnostic performance of serum CA-125 in PTB 
patients. The results indicate that CA-125 detection 
could be beneficial in the diagnosis of PTB.

In addition to recruited studies, the studies that were 
excluded from the present meta-analysis due to lack of 
relevant information on sensitivity and specificity also 
suggested that serum CA-125 levels may assist in the 
diagnosis of active PTB and monitoring of therapeutic 
responses. A study in South Korea demonstrated that the 
mean serum CA-125 level (38.9 ± 41.4 U/ml) of patients 
with PTB is higher than the reference value (35 U/ml); 
however, only 38% of the patients in this study had serum 
CA-125 levels higher than the reference value [8]. The 
same study also suggested that elevated CA-125 levels 

are independently related to women, positive acid-fast 
staining of sputum, cavitary lung lesions, and involve-
ment of more than one lung on chest X-ray, and CA-125 
levels decreased after anti-TB treatment [8]. A study in 
Taiwan, China, also indicated that 45% of PTB patients 
had elevated serum CA-125 levels prior to treatment and 
that serum CA-125 levels decrease with improvements 
in anti-TB treatment outcomes [4]. Ichiki et  al. found 
elevated serum CA-125 levels in 44.4% of patients with 
active PTB; after treatment with antituberculosis drugs, 
mean serum CA-125 levels significantly decreased [36]. 
Tascı et al. from Turkey observed that the serum CA-125 
levels of PTB patients are significantly higher than those 
of healthy controls [37]. A significant decrease in serum 
CA-125 levels was observed after anti-TB treatment; 
however, if the serum CA-125 level was lower than 35 
U/ml prior to treatment, the reduction achieved follow-
ing anti-TB treatment was not significant [37]. The group 
also found that patients with a higher degree of sputum 
smear positivity have higher serum CA-125 levels [37].

Although previous studies suggested that serum 
CA-125 levels could assist in diagnosing active PTB and 
monitoring therapeutic responses [4, 6–8, 20, 21, 27–29, 
32, 37, 38] and may be related to the severity of PTB [7, 
8, 37], caution must be exercised when applying this find-
ing to clinical practice. First, several studies have also 
reported that the proportion of PTB patients with ele-
vated serum CA-125 levels is not especially high (38–45%) 
[4, 8, 36], which suggests that the serum CA-125 levels of 
most PTB patients may not be elevated. One study indi-
cated that differences in CA-125 levels between the PTB 
and healthy control groups are not statistically significant 
[39]. Second, the recruited studies may present some risks 
for bias. For instance, the control groups in 8 studies did 
not include other respiratory diseases, 7 studies did not 
clearly describe whether the case group excluded other 
combined diseases, 10 studies did not provide specific 
thresholds, and all studies failed to illustrate whether the 
index test results were interpreted without knowledge of 
the results of the reference standard. Third, the recruited 

Table 3  Pooled summary estimates of all studies

CI confidence interval; LR+, positive likelihood ratio; LR− negative likelihood ratio; DOR diagnostic odds ratio

Accuracy measure Pooled summary measure 
(95% CI)

Q value for heterogeneity P value for heterogeneity I2 value for 
heterogeneity (95% 
CI)

Sensitivity 0.85 (0.75–0.91) 181.74  < 0.001 91.75 (88.80–94.70)

Specificity 0.87 (0.78–0.93) 232.65  < 0.001 93.55 (91.41–95.69)

LR+  6.65 (3.62–12.20) 168.28  < 0.001 87.83 (87.83–94.35)

LR- 0.18 (0.10–0.31) 210.47  < 0.001 92.87 (90.44–95.31)

DOR 37.82 (13.17–108.60) 1.40E+14  < 0.001 100.00 (100.00–100.00)

Fig. 3  Summary receiver operating characteristics plot of sensitivity 
and specificity. Each circle represents an individual study; solid 
diamond in middle is summary sensitivity and specificity; inner ellipse 
represents 95% confidence region, and outer ellipse represents 95% 
prediction region
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Table 4  Meta-regression analyses of sensitivity and specificity

Q1: Is a consecutive or random sample of patients enrolled? (Yes/No)

Q2: Dose the control group include other respiratory diseases? (Yes/No)

Q3: Dose the study include appropriate exclusions? (Yes/No)

Q5: If a threshold is used, is it pre-specified? (Yes/No)

Q8: Is there an appropriate interval between index test and reference standard? (Yes/No)

Q11: Is the number of cases >50? (Yes/No)

Country: China (Yes) or other country (No)

Language: English (Yes) and Chinese (No)

Method: ECLIA [Electrochemiluminescence immunoassay] (Yes) or other methods (No)

M-age: Mean or median age, ≥ 45 (Yes) or <45 (No)

CI: confidence interval; *: There are statistically significant differences in pooled sensitivity or specificity between the studies with “yes” and the studies with “no” in the 
items, suggesting that these items may be significant sources of heterogeneity in sensitivity or specificity

Parameter Category Number of studies Sensitivity (95% CI) P1 Specificity (95% CI) P2

Q1 Yes 14 0.87 (0.81–0.94) 0.08 0.89 (0.82–0.95) 0.36

Uncertain 2 0.53 (0.18–0.88) 0.73 (0.42–1.00)

Q2 Yes 8 0.80 (0.67–0.93) 0.06 0.73 (0.64–0.82)  < 0.001*
No 8 0.88 (0.79–0.97) 0.94 (0.90–0.98)

Q3 Yes 9 0.81 (0.69–0.94) 0.09 0.89 (0.81–0.97) 0.51

No 7 0.88 (0.78–0.98) 0.84 (0.73–0.96)

Q5 Yes 6 0.74 (0.57–0.91) 0.01* 0.81 (0.67–0.96) 0.04*
No 10 0.89 (0.82–0.96) 0.90 (0.83–0.97)

Q8 Yes 6 0.78 (0.62–0.94) 0.06 0.86 (0.75–0.98) 0.26

Uncertain 10 0.88 (0.80–0.96) 0.88 (0.79–0.96)

Country Yes 8 0.82 (0.69–0.94) 0.11 0.87 (0.77–0.97) 0.24

No 8 0.88 (0.78–0.97) 0.88 (0.78–0.97)

Q11 Yes 5 0.87 (0.75–0.99) 0.61 0.87 (0.76–0.99) 0.39

No 11 0.83 (0.73–0.94) 0.87 (0.78–0.96)

Language Yes 10 0.89 (0.81–0.96) 0.90 0.88 (0.80–0.97) 0.53

No 6 0.76 (0.60–0.93) 0.85 (0.72–0.98)

Method Yes 8 0.82 (0.69–0.94) 0.11 0.87 (0.77–0.97) 0.24

No 8 0.88 (0.78–0.97) 0.88 (0.78–0.97)

M-age Yes 10 0.78 (0.66–0.90)  < 0.001* 0.83 (0.73–0.93) 0.03*
No 6 0.92 (0.86–0.99) 0.92 (0.85–1.00)

1 Du YQ 2014[19];     5 Liu JQ 2009[22];    9 Ozsahin SL 2008[26];    13 Sun YF 2019[30];
2 Du ZX 2017[7];      6 Ma J 2016[23];    10 Rizk E 2018[27] 14 Xu L 2013[31];   
3 Fortún J 2009[20];    7 Mikačić M 2017[24];     11 Şahin F 2012[28]; 15 Yilmaz A 2001[6];
4 Liang MM 2014[21]; 8 Mohammad OI 2016[25];   12 Said AF 2013[29]; 16 Yuan F 2015[32].

Fig. 4  Sensitivity analysis
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studies demonstrated significant heterogeneity. Meta-
regression analysis indicated that the variables “control 
group includes other respiratory diseases,” “pre-specified 
threshold,” and “mean or median age ≥ 45  years” were 
associated with lower diagnostic specificity and/or sensi-
tivity of CA-125 in the diagnosis of PTB.

Because CA-125 is present in mesothelial cells of the 
pleura, pericardium, or peritoneum, especially in areas 
of inflammation, increases in CA-125 are consistently 
observed in diseases involving these structures [9]. 
Serous effusions derived from these structures have 
been associated with increased serum concentrations of 
CA-125 [40–44]. Huang et al. suggested that the serum 
CA-125 levels of patients with tuberculous serositis 
(234.82 ± 279.25 U/ml) are significantly higher than 
those of PTB patients (48.26 ± 53.30 U/ml) [4]. Dia-
betes mellitus and adenocarcinoma may also increase 
serum CA-125 levels. Du et  al. demonstrated that the 
serum CA-125 levels of PTB patients with type 2 DM 
(82.04 ± 82.96 U/ml) are significantly higher than those 
of PTB patients without DM (46.56 ± 42.47 U/ml) in 
initial treatment; moreover, the serum CA-125 levels of 
pulmonary adenocarcinoma patients (287.95 ± 341.64 
U/ml) were also significantly higher than those of 
PTB patients with type 2 DM in initial treatment and 
retreatment, PTB patients without type 2 DM in ini-
tial treatment and retreatment, inactive PTB, bacterial 
pneumonia patients, patients with type 2 DM without 
PTB, and normal controls [7].

Given this background, if the control group does not 
include other respiratory diseases or the case group 

does not exclude other comorbid conditions, the speci-
ficity or sensitivity of CA-125 may be expected to 
increase. Knowledge of the reference standard is likely 
to influence the interpretation of the index test results 
[45], and the potential for bias could be associated with 
the subjectivity of interpreting the index test and order 
of testing [16]. In addition, if the test threshold used in 
the original study on the accuracy of the diagnostic test 
is the optimal result selected on the basis of sensitiv-
ity and/or specificity, then the test performance is also 
likely to be overestimated [16]. In the present study, a 
mean or median age of ≥ 45  years may be associated 
with the lower diagnostic sensitivity and specificity of 
CA-125, thus suggesting that serum CA-125 may have 
better diagnostic value in younger patients than in 
older ones. While only three studies were determined 
as most strongly influential in this meta-analysis and 
two of these studies were identified as outliers with 
high standardized residuals in the sensitivity deter-
mination, exclusion of these three studies did not 
remarkably affect the pooled sensitivity and specificity 
of CA-125. No striking publication bias was detected. 
These findings strengthen the validity of the results of 
our meta-analysis.

The present study presents several limitations. First, 
the meta-analysis did not recruit cohort studies, which 
may lead to overestimation of the test performance of 
serum CA-125. Second, the quality of the recruited 
studies was not high, and significant performance het-
erogeneity was noted; these limitations may affect the 
accuracy of serum CA-125 in the diagnosis of PTB. 
Although the results of the meta-regression analysis 
could explain part of the heterogeneity detected in the 
accuracy estimates, a considerable proportion of the 
heterogeneity observed remained unexplained. Third, 
although no major publication bias was found in this 
study, the possibility of publication bias cannot be com-
pletely excluded because positive results are generally 
more likely to be published than negative ones. Finally, 
although an extensive search for eligible sources was 
conducted, some qualified studies may still have been 
missed.

Conclusions
In conclusion, CA-125 presents potential practical value 
for diagnosing PTB, but its clinical applicability must be 
further examined. The combination of CA-125 with other 
clinical information, such as clinical symptoms, chest 
radiography, microscopy screening, cultivation or molec-
ular testing of M.tb, IGRA, and the tuberculin skin test 
(TST), is recommended in clinical practice. Large, mul-
ticenter, high-quality studies should also be conducted to 
strengthen the case for its use.

1 Du YQ 2014[19]; 7 Mikačić M 2017[24];         13 Sun YF 2019[30];
2 Du ZX 2017[7];       8 Mohammad OI 2016[25];     14 Xu L 2013[31];
3 Fortún J 2009[20];     9 Ozsahin SL 2008[26];        15 Yilmaz A 2001[6];
4 Liang MM 2014[21];   10 Rizk E 2018[27];           16 Yuan F 2015[32].
5 Liu JQ 2009[22];      11 Şahin F 2012[28];

.

Fig. 5  The potential publication bias assessment. The plot shows the 
symmetric distribution of the log of diagnostic odds ratios against the 
inverse root of effective sample sizes (ESS), indicating the absence of 
any publication bias



Page 9 of 10Zhao et al. BMC Infect Dis         (2021) 21:1091 	

Acknowledgements
Not applicable.

Authors’ contributions
ZP and YQ drafted the protocol and developed the search strategy. ZA, HF, CL 
and XS did the electronic searches and selected studies for inclusion. YQ, ZA, 
HF and XS carried out the data extraction and methodological quality assess-
ment. ZP and YQ did the statistical analysis. ZP wrote the original draft, and the 
other authors revised the draft and approved the final version of the paper.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interest.

Author details
1 Department of Clinical Laboratory, Beijing Shijitan Hospital, Capital Medical 
University, Beijing Key Laboratory of Urinary Cellular Molecular Diagnostics, 
NO. 10, Tie Yi Road, Yang Fang Dian, Haidian District, Beijing 100038, China. 
2 Tuberculosis Clinic, Chaoyang District Centre for Disease Control and Preven-
tion, Chaoyang District, Beijing, China. 3 Department of Internal Medicine, 
Shuangqiao Hospital, Beijing, China. 4 Department of Medical Imaging, Beijing 
First Hospital of Integrated Chinese and Western Medicine, Beijing, China. 

Received: 14 June 2021   Accepted: 7 October 2021

References
	1.	 World Health Organization. World tuberculosis day 2020: it’s time to end 

TB! Geneva: WHO; 2020.
	2.	 Lawn SD, Mwaba P, Bates M, Piatek A, Alexander H, Marais BJ, et al. 

Advances in tuberculosis diagnostics: the Xpert MTB/RIF assay and future 
prospects for a point-of-care test. Lancet Infect Dis. 2013;13:349–61.

	3.	 World Health Organization. Early detection of tuberculosis: an overview 
of approaches, guidelines and tools. Geneva: WHO; 2011.

	4.	 Huang WC, Tseng CW, Chang KM, Hsu JY, Chen JH, Shen GH. Usefulness 
of tumor marker CA-125 serum levels for the follow-up of therapeutic 
responses in tuberculosis patients with and without serositis. Jpn J Infect 
Dis. 2011;64(5):367–72.

	5.	 Lalvani A. Diagnosing tuberculosis infection in the 21st century: new 
tools to tackle an old enemy. Chest. 2007;131(6):1898–906.

	6.	 Yilmaz A, Ece F, Bayramgurler B, Akkaya E, Baran R. The value of Ca 125 in 
the evaluation of tuberculosis activity. Respir Med. 2001;95(8):666–9.

	7.	 Du ZX, Liang MM, Sun J, Wang WJ, Liu YH, Yang JH. Clinical significance 
of serum CA-125, CA19-9 and CEA in pulmonary tuberculosis with and 
without type 2 diabetes. Tuberculosis (Edinb). 2017;107:104–10.

	8.	 Kim ES, Park KU, Song J, Lim HJ, Cho YJ, Yoon H, et al. The clinical 
significance of CA-125 in pulmonary tuberculosis. Tuberculosis (Edinb). 
2013;93(2):222–6.

	9.	 Kabawat SE, Bast RC Jr, Bhan AK, Welch WR, Knapp RC, Colvin RB. Tissue 
distribution of a coelomic-epithelium-related antigen recognized by the 
monoclonal antibody OC125. Int J Gynecol Pathol. 1983;2(3):275–85.

	10.	 Jacobs I, Bast RC. The CA 125 tumor-associated antigen: a review of the 
literature. Hum Reprod. 1989;4:1–12.

	11.	 Bergman JF, Bidart JM, George M, Beaugrand M, Levy VG, Bohuon C. 
Elevation of CA125 in patients with benign and malignant ascites. Cancer. 
1987;59:213–7.

	12.	 Lindgren J, Kuusela P, Hellström PE, Pettersson T, Klockars M. The ovarian 
cancer associated CAl25 in patients with pleural effusions. Eur J Clin 
Oncol. 1988;24:737–9.

	13.	 Collazos J. Is the determination of CA-125 serum levels useful for the 
diagnosis of pulmonary tuberculosis? Open Respir Med J. 2010;4:15–6.

	14.	 Ayaslioglu E. CA-125 in the diagnosis of pulmonary tuberculosis. Jpn J 
Infect Dis. 2009;62(6):485.

	15.	 Cochrane Collaboration. Diagnostic Test Accuracy Working Group: hand-
book for DTA reviews. http://​srdta.​cochr​ane.​org/​handb​ook-​dta-​revie​ws.

	16.	 Whiting PF, Rutjes AW, Westwood ME, Mallett S, Deeks JJ, Reitsma JB, 
et al. QUADAS-2: a revised tool for the quality assessment of diagnostic 
accuracy studies. Ann Intern Med. 2011;155:529–36.

	17.	 MIDAS: Stata module for meta-analytical integration of diagnostic test 
accuracy studies [program]. S456880 version: Boston College Depart-
ment of Economics, 2007.

	18.	 Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias 
and other sample size effects in systematic reviews of diagnostic test 
accuracy was assessed. J Clin Epidemiol. 2005;58:882e93.

	19.	 Du YQ, Zhang L, Feng S, Feng RR. Value exploration of T-SPOT.TB, CA-125 
and TB-Ab in diagnosis of sputum bacteria-negative pulmonary tubercu-
losis. China Modern Doctor. 2014;52(32):43–5 ((In Chinese)).

	20.	 Fortún J, Martín-Dávila P, Méndez R, Martínez A, Norman F, Rubi J, et al. 
Ca-125: a useful marker to distinguish pulmonary tuberculosis from other 
pulmonary infections. Open Respir Med J. 2009;3:123–7.

	21.	 Liang MM, Yang JH. Clinical significance of the changes in serum CA125 
and CA199 levels in secondary pulmonary tuberculosis patients receiving 
an initial treatment. Modern Prev Med. 2014;41(10):1832–4 ((In Chinese)).

	22.	 Liu JQ, Sun HB, Liu Y, Zhang LX. Application value of CA125 in the diagno-
sis of active pulmonary tuberculosis. Chin J Antituberc. 2009;31(3):176–7 
((In Chinese)).

	23.	 Ma J, Xia D, Hu J, Fu R, Xu L, Zhang Y, et al. Predictive role of serum tumor 
markers in diagnosis of pulmonary tuberculosis. Iran J Public Health. 
2016;45(4):435–40.

	24.	 Mikačić M, Vasilj I, Vasilj M, Bevanda D, Šimović M, Galić K. Tumor marker 
CA 125 in the diagnosis of active pulmonary tuberculosis-a study of 
adults in mostar. B&H Psychiatr Danub. 2017;29(Suppl 4):841–4.

	25.	 Mohammad OI, Okab AA, El Behisy MM, Sudhom FGT. Value of CA-125 in 
diagnosis and assessment of severity of active pulmonary tuberculosis. 
Egypt J Chest Dis and Tuberc. 2016;65:205–9.

	26.	 Ozsahin SL, Turgut B, Nur N, Dogan OT, Erselcan T, Berk S. Validity of the 
CA125 level in the differential diagnosis of pulmonary tuberculosis. Jpn J 
Infect Dis. 2008;61(1):68–9.

	27.	 Rizk E, Rakha EB, El-Rahman AA, Elshabrawy WO, Saudy N. Pulmonary 
tuberculosis: could tumor markers CA 15–3 and CA 125 be useful for 
diagnosis and evaluation of response to therapy? Comp Clin Pathol. 
2018;27:107–14.

	28.	 Sahin F, Yildiz P. Serum CA-125: biomarker of pulmonary tuberculosis 
activity and evaluation of response to treatment. Clin Invest Med. 
2012;35(4):E223–8.

	29.	 Said AF, Mohamed BI, El-Sharkawy E, Al-Sherif M. Role of cancer anti-
gen 125 in active pulmonary tuberculosis. Egypt J Chest Dis Tuberc. 
2013;62:419–24.

	30.	 Sun YF, Zhang MX, Sui WJ, Yuan L, Tong XJ, Wang SL, et al. Clinical applica-
tion value of γ-IFN release assay combined with CA-125 in diagnosis of 
active pulmonary tuberculosis. Natl Med J China. 2019;99(8):599–604 ((In 
Chinese)).

	31.	 Xu L, Bian W, Gu J, Shen H, Shen C. The differential diagnostic value of 
CA125 in pulmonary tuberculosis and community-acquired pneumonia. 
J Pract Med. 2013;29(8):1276–7 ((In Chinese)).

	32.	 Yuan F, Yan XX, Zheng FJ. The clinical significance of CA125 in the diagno-
sis and treatment of active pulmonary tuberculosis. Internal Med China. 
2015;10(2):203–4 ((In Chinese)).

	33.	 Choi CH, Kim CJ, Lee YY, Kim JS, Song T, Park HS, et al. Peritoneal tuber-
culosis: a retrospective review of 20 cases and comparison with primary 
peritoneal carcinoma. Int J Gynecol Cancer. 2010;20(5):798–803.

	34.	 Kuno Y, Iyoda M, Aoshima Y, Hosaka N, Sanada D, Hirai Y, et al. A case of 
tuberculous peritonitis in a hemodialysis patient with high serum soluble 
interleukin-2 receptor and CA-125 levels. Intern Med. 2010;49(16):1783–6.

http://srdta.cochrane.org/handbook-dta-reviews


Page 10 of 10Zhao et al. BMC Infect Dis         (2021) 21:1091 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	35.	 Ulusoy AN, Karabicak I, Dicle K, Kefeli M, Tosun M, Cetinkaya M, et al. 
Peritoneal tuberculosis in premenopausal patients with elevated serum 
CA 125. Arch Gynecol Obstet. 2010;282(6):639–42.

	36.	 Ichiki H, Shishido M, Nishitani K, Takatsugi K, Nishiyama S, Yano M, et al. 
Evaluation of CEA, SLX and CA125 in active pulmonary tuberculosis. 
Nihon Kyobu Shikkan Gakkai Zasshi. 1993;31(12):1522–7 ([In Japanese]).

	37.	 Tascı C, Ozkaya S, Ozkara B, Tozkoparan E, Ozkan M, Karadurmus N, et al. 
The utility of tumor markers CA 125, CA 15–3, and CA 19–9 in assessing 
the response to therapy in pulmonary and pleural tuberculosis. Onco 
Targets Ther. 2012;5:385–90.

	38.	 Sulaiman S, Tan KH. Markedly-elevated serum CA125 in a woman with 
pulmonary tuberculosis. Singapore Med J. 2009;50(1):e39-40.

	39.	 Xu JL, Liang XY, Nan YG, Sun Y, Shi CB, Yuan B. Researches on the diagno-
sis value of tumor markers combined detection to middle-aged patients 
with pulmonary tuberculosis complicating lung cancer. J Hainan Med 
Univ. 2016;22(14):105–8.

	40.	 Collazos J, Genolla J, Ruibal A. CA 125 serum levels in patients with non-
neoplastic liver diseases. A clinical and laboratory study. Scand J Clin Lab 
Invest. 1992;52:201–6.

	41.	 Touitou Y, Bogdan A. Tumor markers in nonmalignant diseases. Eur J 
Cancer Clin Oncol. 1988;24:1083–91.

	42.	 Bergmann JF, Bidart JM, George M, Beaugrand M, Levy VG, Bohuon C. 
Elevation of CA 125 in patients with benign and malignant ascites. Can-
cer. 1987;59:213–7.

	43.	 Bergmann JF, Beaugrand M, Labadie H, Bidart JM, Bohuon C. CA 125 
(ovarian tumour-associated antigen) in ascitic liver diseases. Clin Chim 
Acta. 1986;155:163–6.

	44.	 Mezger J. Elevated serum CA 125 levels in patients with benign ascites or 
pleural effusions. Tumor Biol. 1988;9:47–52.

	45.	 Whiting P, Rutjes AW, Reitsma JB, Glas AS, Bossuyt PM, Kleijnen J. Sources 
of variation and bias in studies of diagnostic accuracy: a systematic 
review. Ann Intern Med. 2004;140(3):189–202.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Serum CA-125 for the diagnosis of pulmonary tuberculosis: a systematic review and meta-analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Literature search and selection
	Data extraction and quality assessment
	Statistical analysis

	Results
	Literature search
	Characteristics of the eligible studies
	Quality assessment
	Summary estimates
	Exploration of heterogeneity
	Sensitivity analysis
	Publication bias

	Discussion
	Conclusions
	Acknowledgements
	References


