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Background. Both malignant pleural effusion (MPE) and tuberculous pleural effusion (TPE) are common etiologies of pleural
effusion; the present study was conducted to establish the diagnostic value of platelet parameters in the differential diagnosis of
MPE and TPE. Methods. This retrospective study enrolled patients with lung adenocarcinoma-associated MPE and TPE.
Platelet parameter data, including platelet count (PLT), mean platelet volume (MPV), plateletcrit (PCT), platelet distribution
width (PDW), and platelet-larger cell ratio (P-LCR), were collected. Principal component analysis and multiple logistic
regression modelling were carried out to assess the diagnostic value of these platelet parameters. Results. The MPE group and
the TPE group enrolled 270 and 433 patients, respectively. Demographic characteristics of patients were more female and
higher age in the MPE group. MPV, PDW, and P-LCR were significantly higher in MPE patients, while PLT and PCT were
significantly higher in TPE patients. Principal component analysis generated two principal components (PCs) based on above
platelet parameters. After adjusting for confounding factors including gender and age, multiple logistic regression showed
positive association between PC1 and MPE. Conclusion. Platelet parameters were potential biomarkers in distinguishing lung
adenocarcinoma-associated MPE from TPE. A patient with lower PLT and PCT and higher MPV, PDW, and P-LCR was more
likely to be diagnosed as the former. Principal component analysis and multiple logistic regression performed well in
improving multicollinearity, adjusting confounding factors, and identifying important risk factors for MPE.

1. Introduction

Pleural effusion results from an imbalance between produc-
tion and absorption. It is a common complication of the
body in response to systemic disorders such as cancer, infec-
tion, or inflammation [1, 2]. Both malignant pleural effusion
(MPE) and tuberculous pleural effusion (TPE) are common
etiologies. Most MPEs are secondary to pleural metastases of
tumors from other sites, usually from lung or breast, and
adenocarcinoma is the most common cell type [1–3]. TPE
may be a manifestation of primary Mycobacterium tubercu-
losis (MTB) infection or related to tuberculosis reactivation
[4, 5]. The management and prognosis of pleural effusion

vary dramatically by etiologies. Therefore, the correct identi-
fication of MPE and TPE is important.

The confident diagnosis of MPE is dependent on the
presence of malignant cells in pleural effusion or pleural tis-
sues. Both pleural effusion cytology and pleural biopsy
pathology diagnose MPE with 100% specificity, but the sen-
sitivity is limited to some extent [6, 7]. Some patients may
also be not tolerant of thoracentesis or thoracoscopy. A
series of biomarkers are shown to diagnose MPE with a little
invasiveness, but the diagnostic value is still limited by many
factors such as sensitivity, specificity, accessibility, and
affordability [8–10].
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Definitive diagnosis of TPE requires histopathological
evidence of granulomatous inflammation in pleura or
microbiological evidence of the organism on culture or
smear [4, 5]. However, pleural biopsy is an invasive proce-
dure [11]. Pleural effusion culture has a long time to positiv-
ity. The positive rate of acid-fast bacilli is low in pleural
effusion smear [4]. Interferon-gamma release assays
(IGRAs) and molecular tests of MTB are novel methods in
diagnosing TPE. The former is an in vitro blood test that
measures the interferon gamma released by T cells following
stimulation by antigens specific to MTB. But these methods
are limited by their moderate performance, high cost, and
technical requirements [12].

The general platelet parameters include platelet count
(PLT), mean platelet volume (MPV), plateletcrit (PCT),
platelet distribution width (PDW), and platelet-larger cell
ratio (P-LCR). These parameters are routinely detected in
clinical practice. Changes of platelet parameters are often
observed in lung cancer patients; some platelet indices are
reported to be potentially diagnostic and prognostic markers
of lung cancer [13–15]. The application of platelet-
associated indices is also reported in the diagnosis and man-
agement of pulmonary tuberculosis [16–19]. However, the
value of platelet parameters in the differential diagnosis of
lung adenocarcinoma-associated MPE and TPE is still
unclear. In this study, we performed principal component
analysis and multiple logistic regression to characterize the
association between platelet parameters and the risk of MPE.

2. Materials and Methods

2.1. Study Population. This is a retrospective study con-
ducted in the Affiliated Hospital of Southwest Medical Uni-
versity from July 2013 to May 2021. The diagnoses of
malignant pleural effusion (MPE) and tuberculous pleural
effusion (TPE) were made according to corresponding diag-
nostic criteria. Data of platelet count (PLT), mean platelet
volume (MPV), plateletcrit (PCT), platelet distribution
width (PDW), and platelet-larger cell ratio (P-LCR) were
collected in these patients. The study protocol was approved
by the ethics committee of the Affiliated Hospital of South-
west Medical University.

2.2. Inclusion and Diagnostic Criteria of Participants. The
pleural effusion would be diagnosed as MPE when pleural
effusion cytology or pleural biopsy pathology was positive
for malignant cells. MPE would be classified as lung adeno-
carcinoma associated when the malignant cell was judged as
adenocarcinoma cell according to morphological features,
and the primary tumor site was judged as lung according
to immunohistochemical evidences or radiological evalua-
tion. The patient would be excluded when (1) the pleural
effusion was not MPE or not lung adenocarcinoma associ-
ated; (2) antineoplastic treatments, including chemotherapy,
radiotherapy, immunotherapy, and targeted therapy, were
received before MPE was diagnosed in our hospital; (3) data
of platelet parameters were missed.

The pleural effusion would be diagnosed as TPE when
(1) positive mycobacterial culture, acid-fast staining, or

polymerase chain reaction (PCR) in pleural effusion or pleu-
ral biopsy tissues, and (2) granuloma in pleural biopsy, with
or without caseous necrosis, in the absence of other causes of
granulomatous lung disease. Patients with missed data of
platelet parameters were excluded.

2.3. Sample Acquisition, Preparation, and Laboratory
Analysis. Pleural biopsy was conducted by experienced doc-
tors through medical thoracoscopy. Lateral decubitus posi-
tion was taken in the patient postartificially induced
pneumothorax. A semirigid thoracoscope was inserted into
the pleural space postlocal infiltration anesthesia and thora-
cotomy. Biopsy was then performed in abnormal sites of the
parietal pleura under direct visualization of the pleural
space. The pleural biopsy tissues were stored in formalde-
hyde and sent for pathological diagnosis.

In pleural effusion cytology, thoracentesis was conducted
in patient directed by the ultrasound. Approximately 100ml
pleural effusion was collected in the sterile container and
centrifuged at 1500 rpm for 15min at room temperature.
The liquid supernatant was removed, and the pellet was
recollected and resuspended. Then, smears were prepared
from ThinPrp®2000 (Hologic Inc., USA), stained with
hematoxylin-eosin staining, and sent for cytological
diagnosis.

For platelet parameter test, approximately 3-4ml venous
blood sample was collected in an EDTA-K2 anticoagulant
tube on admission. Platelet parameters, including PLT,
MPV, PCT, PDW, and P-LCR, were measured using Mac-
cura (XN-9000, China) according to the manufacturer’s
protocols.

2.4. Statistical Analysis. The normality of all quantitative
data was tested by the Kolmogorov–Smirnov test. Normally
distributed data were presented as mean ± standard
deviation (SD); comparisons between groups were carried
out using Student’s t-test. Nonnormally distributed data
were presented as median and interquartile range; compari-
sons between groups were carried out using the Mann–
Whitney U test. Qualitative data was analyzed through chi-
square test. Principal component analysis was carried out
to determine and solve the multicollinearity between platelet
parameters. Multiple logistic regression was carried out to
screen clinically significant eigenvalues and identify con-
founding factors. All statistical analyses were performed
using GraphPad Prism 9.0.2 Software (San Diego, CA,
USA). P < 0:05 was considered to be statistically significant.

3. Results

3.1. General Characteristics of Enrolled Participants. The
present study retrospectively enrolled patients with lung
adenocarcinoma-associated MPE and TPE in the Affiliated
Hospital of Southwest Medical University between July
2013 and May 2021. A total of 382 patients were initially
diagnosed as MPE, of whom 102 were excluded for nonlung
adenocarcinoma-associated or previous antineoplastic treat-
ments, and 10 patients were excluded for missed data of
platelet parameters. Finally, 270 eligible patients were
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enrolled in the MPE group. The diagnosis of lung
adenocarcinoma-associated MPE was evidenced by pleural
effusion cytology in 188 patients, which was evidenced by
pleural biopsy in 31 patients. Other 51 patients were sup-
ported by both pleural effusion cytology and pleural biopsy
pathology. In the TPE group, 433 eligible patients were
enrolled postexclusion of 20 patients for missing data. All
of the 433 patients were positive for granulomatous inflam-
mation in parietal pleura, of whom 90 and 66 patients were
also positive for TB-DNA detected by PCR and caseous
necrosis in pleural tissues, respectively.

As it was listed in Table 1, the present study
included two groups: lung adenocarcinoma-associated
MPE group (n = 270, including 143 male and 127
female) and TPE group (n = 433, including 296 male
and 137 female). Both the age and gender composition
were significantly different between two groups, with
higher age and proportion of female patients in the
MPE group (P < 0:0001). In platelet parameters, no data
satisfied the normal distribution. MPV, PDW, and P-
LCR in the MPE group were significantly higher than
those in the TPE group (P < 0:0001), while PLT and
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Figure 1: Principal component analysis of platelet variables. (a) Proportion of variance plot of PCs. (b) Score plot of PCs with symbol fill
color of diagnosis. (c) Loading plot of PCs.

Table 1: Comparison of clinical features and platelet parameters between two groups.

Variable MPE group TPE group P value

Number of patients 270 433

Gender (male/female) 143/127 296/137 <0.0001
Age (years) 65 (54-73) 45 (28-59) <0.0001
PLT (×109/l) 279.0 (221.8-335.3) 325.0 (266.0-392.5) <0.0001
MPV (fl) 10.1 (9.275-11.0) 9.6 (8.75-10.5) <0.0001
PCT 0.28 (0.23-0.33) 0.31 (0.26-0.37) <0.0001
PDW (%) 15.75 (12.38-16.3) 15.3 (10.85-16) <0.0001
P-LCR (%) 26.45 (20.85-33.65) 22.2 (16.9-28.9) <0.0001
Quantitative data were presented as medians (25th to 75th percentiles).
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PCT showed significantly higher values in the TPE
group (P < 0:0001).

3.2. Principal Component Analysis of Platelet Parameters. All
platelet parameters showed significant differences between
lung adenocarcinoma-associated MPE group and TPE group,
with higher MPV, PDW, and P-LCR in the former and higher
PLT and PCT in the latter. Principal component analysis
(PCA) was therefore carried out to estimate and eliminate
the multicollinearity between above variables. Principal com-
ponents (PCs) were selected based on parallel analysis.

The model generated five PCs; corresponding eigenvalue
in PC1 to PC5 was 2.731, 1.408, 0.776, 0.069, and 0.015,
respectively. PC1 together with PC2 explained cumulative
82.79% of the variation within the dataset (Figure 1(a)).
Therefore, PC scores of PC1 and PC2 were then selected
for further logistic analysis. Based on distribution features
of plots in PC scores, capacity seems to be comparable
between PC1 and PC2 in distinguishing MPE from TPE
(Figure 1(b)). Eigenvectors and component loadings of
PC1 and PC2 were listed in Table 2. Except for the low abso-
lute value of 0.018 between PC2 and PDW, absolute values
of eigenvectors between PCs and other variables were com-
parable. Accordingly, PC1 was characterized by PLT, MPV,
PCT, PDW, and P-LCR, while PC2 was mainly character-
ized by PLT, MPV, PCT, and P-LCR. Positive component
loadings were obtained between PLT as well as PCT and
PC1; this means that PC1 may increase when PLT or PCT
increased. Negative component loadings between other var-
iables and PCs showed negative correlations between them.
The absolute value of loading was just 0.022 between PC2
and PDW; this further evidenced the aforementioned poor

coefficient of PDW. Besides, eigenvector between MPV and
PCs was comparable to that between P-LCR and PCs; com-
ponent loading between MPV and PCs was also comparable
to that between P-LCR and PCs; this showed possibly strong
multicollinearity between MPV and P-LCR (Figure 1(c) and
Table 2).

3.3. Multiple Logistic Regression of PCs and Demographic
Data. Multicollinearity of platelet parameters was shown in
principal component analysis and then PCs were produced.
Consequently, PCs instead of initial platelet parameters were
included in variables of the multiple logistic regression.
Demographic data of gender and age were also included in
the modelling to adjust to potential confounding factors.
Positive and negative outcome of Y was, respectively, repre-
sented by lung adenocarcinoma-associated MPE and TPE.
Gender, age, PC1, and PC2 was then set as X1, X2, X3,
and X4, respectively. According to the logistic regression
modelling, variance inflation factor (VIF) was 1.019, 1.072,
1.068, and 1.023, respectively, in X1 to X4. After adjusting
for potential confounding factors of gender and age, positive
association was showed between PC1 and risk of MPE with
an odds ratio of 1.292 (P < 0:0001), while no significant
association was found between PC2 and MPE (P > 0:05,
Table 3). With a classification cutoff value of 0.5, the positive
and negative predictive power of this model was 78.1% and
68.1%, respectively (Figure 2(a)). An ROC (receiver operat-
ing characteristic) curve was also generated in the logistic
regression modelling, and an AUC (area under the curve)
of 0.8235 was obtained (Figure 2(b)). Akaike’s corrected
information criterion (AICc) of 704.3 and 938.4 was, respec-
tively, calculated in selected model and intercept-only
model; this means that the selected model fit the included
data. The Hosmer-Lemeshow test also showed that this
model was fit (P > 0:05).

4. Discussion

In the present study, significantly higher MPV, PDW, and P-
LCR while lower PLT and PCT were observed in lung
adenocarcinoma-associated MPE patients. The MPE group
also had significantly higher age and proportion of female
patients than the TPE group. The two PCs generated by
principal component analysis contributed to 82.79% of the
total variance of all platelet variables. After adjusting for
potential confounding factors including age and gender,
multiple logistic regression showed positive association
between PC1 and MPE. Accordingly, increased MPV,
PDW, and P-LCR and decreased PLT and PCT correlated
with higher suspicious of lung adenocarcinoma-associated
MPE.

Pleural effusion is the pathological accumulation of fluid
in pleural space. Both MPE and TPE are common etiologies
of it and generally lead to exudate, but their treatment strat-
egies and prognoses are quite different [20]. Lung adenocar-
cinoma is responsible for most MPEs [2, 3]. Accurate
etiological diagnosis is essential for further management.
Pleural effusion cytology and pleural biopsy pathology help
to determine malignant cell types and molecular genetic

Table 2: Eigenvectors and component loadings of PCs.

PC1 PC2

Eigenvectors

PLT 0.518 -0.398

MPV -0.480 -0.462

PCT 0.381 -0.646

PDW -0.342 -0.018

P-LCR -0.490 -0.458

Component loadings

PLT 0.856 -0.472

MPV -0.793 -0.548

PCT 0.63 -0.767

PDW -0.565 -0.022

P-LCR -0.809 -0.544

Table 3: Results of multiple logistic regression analysis.

Odds ratios 95% confidence interval P value

Gender (male) 2.383 1.629-3.511 <0.0001
Age 0.929 0.916-0.941 <0.0001
PC1 1.292 1.152-1.454 <0.0001
PC2 0.928 0.796-1.081 0.3397
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profiles of MPE. But the diagnostic sensitivity of cytology is
limited and varies with underlying cancer types [6, 7, 21].
Pleural biopsy has higher sensitivity, but it is limited by cost,
invasiveness, and expertise availability [6]. Many noninva-
sive biomarkers including tumor markers are also reported
in diagnosing MPE. However, the accuracy is insufficient
to confirm MPE when these biomarkers are used either
alone or in combination [8, 9, 22].

The confident diagnosis of TPE is based on microbiolog-
ical or histopathological evidences of MTB infection [23, 24].
But smear and culture of MTB from pleural effusion are,
respectively, limited by low positive rate and long time to
positivity. Pleural biopsy is requisite to make histopatholo-
gical diagnosis, but it is an invasive procedure and unavail-
able in many hospitals as described above [23]. Novel
methods such as molecular tests are limited by affordability,
accessibility, and diagnostic performance [24]. The differen-
tial diagnosis of MPE and TPE is therefore still a challenging
problem. Traditional diagnostic approaches need improve-
ment and optimization.

Platelet plays important roles in the regulation of hemo-
stasis and thrombus formation. It also regulates inflamma-
tion, innate immunity, antimicrobial host defense,
atherogenesis pathogenesis, tumor growth, and metastasis
[25–27]. Platelet parameters including PLT, MPV, PCT,
PDW, and P-LCR can be easily obtained from routine labo-
ratory work. These platelet parameters are demonstrated to
help diagnosing a series of vascular, inflammatory, meta-
bolic, and malignant diseases [28–31]. The interaction of
tumor cells and platelets is a prerequisite for successful
hematogenous metastatic dissemination. Significantly higher
PLT, MPV, PCT, and PDW have been reported in lung can-
cer patients when compared with healthy controls [32–34].
Elevated PLT was also associated with higher risk of pleural
metastasis and poorer prognosis of lung cancer patients [35,
36]. This revealed potentially diagnostic and prognostic
value of these platelet parameters in lung cancer. In terms
of MTB infection, pulmonary tuberculosis patients were
reported to have significantly higher PLT, MPV, PCT, and
PDW than healthy controls or other benign lung diseases

patients [19, 37]. Above platelet parameters are therefore
also possibly diagnostic biomarkers of pulmonary
tuberculosis.

However, data of these platelet parameters in pleural
effusion patients with different etiologies is unavailable in
most reported studies. Their diagnostic value in distinguish-
ing MPE from TPE remains unclear. In the present study, we
verified the hypothesis that platelet parameters are potential
biomarkers in the differential diagnosis of lung
adenocarcinoma-associated MPE and TPE. The results
revealed significant differences of all platelet parameters
between two groups and accordingly indicated their diag-
nostic value. Principal component analysis together with
multiple logistic regression helped to identify and adjust
the impact of confounding factors and multicollinearity
between parameters. The model produced in the regression
concluded that all platelet parameters are potentially diag-
nostic biomarkers. Patients with higher MPV, PDW, and
P-LCR and lower PLT and PCT are more likely to be diag-
nosed as lung adenocarcinoma-associated MPE rather than
TPE. MPV and P-LCR have strong multicollinearity and
comparable diagnostic value; this may be explained by the
fact that both MPV and P-LCR are indexes reflecting the size
of platelet [38].

The present study has some limitations. First, this was a
retrospective study of patients with MPE and TPE, and pos-
sibility of some bias could not be completely excluded. Sec-
ond, the study population was enrolled from a single
center with limited cohort size, so it could not fully represent
populations from other regions and countries. Third, prog-
nostic data such as overall survival of these patients was
unavailable. A multicenter prospective study that enrolled
more participants is therefore warranted to further confirm
these results and clarify corresponding mechanisms.

5. Conclusions

In summary, the present study revealed for the first time that
platelet parameters are promising biomarkers for the differ-
ential diagnosis of lung adenocarcinoma-associated MPE
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Figure 2: Multiple logistic regression of PCs postadjustments of confounding factors. (a) Predicted vs. observed graph of the logistic
regression modelling. (b) ROC curve of the logistic regression modelling.
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and TPE. Lung adenocarcinoma-associated MPE patients
tend to have higher MPV, PDW, and P-LCR but lower
PLT and PCT than TPE patients. The diagnostic value of
PLT, MPV, and P-LCR is superior to that of PCT and PDW.

Data Availability

The raw data required to reproduce these findings cannot be
shared at this time as the data also forms part of an ongoing
study.

Disclosure

The work in this article is original and has not been pub-
lished previously, and the article is not under consideration
for publication by any other journal.

Conflicts of Interest

I am authorized on behalf of all the authors of this article to
confirm that no author has any conflict of interest to dis-
close, and all of the authors have approved the version sub-
mitted for publication.

Authors’ Contributions

Ling Ai, Jingyuan Li, and Ting Ye were responsible for inves-
tigation, data curation, writing—original draft preparation,
conceptualization, methodology, and software; Wenjun
Wang and Yuying Li were responsible for visualization, writ-
ing—reviewing, validation, and supervision.

Acknowledgments

This work was supported by the Research Projects Fund of
Southwest Medical University (No. 2020ZRQNB001) and
the Project Fund of Affiliated Hospital of Southwest Medical
University (No. 20091).

References

[1] G. Karpathiou, D. Stefanou, and M. E. Froudarakis, “Pleural
neoplastic pathology,” Respiratory Medicine, vol. 109, no. 8,
pp. 931–943, 2015.

[2] K. Skok, G. Hladnik, A. Grm, and A. Crnjac, “Malignant pleu-
ral effusion and its current management: a review,” Medicina,
vol. 55, no. 8, p. 490, 2019.

[3] R. Asciak and N. M. Rahman, “Malignant pleural effusion:
from diagnostics to therapeutics,” Clinics in Chest Medicine,
vol. 39, no. 1, pp. 181–193, 2018.

[4] L. Antonangelo, C. S. Faria, and R. K. Sales, “Tuberculous
pleural effusion: diagnosis & management,” Expert Review of
Respiratory Medicine, vol. 13, no. 8, pp. 747–759, 2019.

[5] J. A. Shaw, A. H. Diacon, and C. F. N. Koegelenberg, “Tuber-
culous pleural effusion,” Respirology (Carlton, Vic), vol. 24,
no. 10, pp. 962–971, 2019.

[6] V. Kaul, D. J. McCracken, N. M. Rahman, and O. Epelbaum,
“Contemporary approach to the diagnosis of malignant pleu-
ral effusion,” Annals of the American Thoracic Society,
vol. 16, no. 9, pp. 1099–1106, 2019.

[7] H. B. Grosu, F. Kazzaz, E. Vakil, S. Molina, and D. Ost, “Sen-
sitivity of initial thoracentesis for malignant pleural effusion
stratified by tumor type in patients with strong evidence of
metastatic disease,” Respiration; international review of tho-
racic diseases, vol. 96, no. 4, pp. 363–369, 2018.

[8] M. Zhang, L. Yan, G. Lippi, and Z. D. Hu, “Pleural biomarkers
in diagnostics of malignant pleural effusion: a narrative
review,” Translational lung cancer research, vol. 10, no. 3,
pp. 1557–1570, 2021.

[9] Y. Yang, Y. L. Liu, and H. Z. Shi, “Diagnostic accuracy of com-
binations of tumor markers for malignant pleural effusion: an
updated meta-analysis,” Respiration; international review of
thoracic diseases, vol. 94, no. 1, pp. 62–69, 2017.

[10] J. M. Porcel, “Biomarkers in the diagnosis of pleural diseases: a
2018 update,” Therapeutic Advances in Respiratory Disease,
vol. 12, p. 175346661880866, 2018.

[11] S. Anevlavis, C. Varga, T. H. Nam et al., “Is there any role for
thoracoscopy in the diagnosis of benign pleural effusions,” The
Clinical Respiratory Journal, vol. 13, no. 2, pp. 73–81, 2019.

[12] M. Zhang, D. Li, Z. D. Hu, and Y. L. Huang, “The diagnostic
utility of pleural markers for tuberculosis pleural effusion,”
Annals of translational medicine, vol. 8, no. 9, p. 607, 2020.

[13] M. Oncel, A. Kiyici, M. Oncel, G. S. Sunam, E. Sahin, and
B. Adam, “Evaluation of platelet indices in lung cancer
patients,” Asian Pacific Journal of Cancer Prevention : APJCP,
vol. 16, no. 17, pp. 7599–7602, 2015.

[14] J. J. Wang, Y. L. Wang, X. X. Ge et al., “Prognostic values of
platelet-associated indicators in resectable lung cancers,” Tech-
nology in Cancer Research & Treatment, vol. 18,
p. 153303381983726, 2019.

[15] J. U. Lim, C. D. Yeo, H. S. Kang et al., “Prognostic value of
platelet count and lymphocyte to monocyte ratio combination
in stage IV non-small cell lung cancer with malignant pleural
effusion,” PLoS One, vol. 13, no. 7, article e0200341, 2018.

[16] M. Y. Lee, Y. J. Kim, H. J. Lee, S. Y. Cho, and T. S. Park, “Mean
platelet volume in Mycobacterium tuberculosis infection,”
BioMed Research International, vol. 2016, 7508764 pages, 2016.

[17] H. Goto, N. Horita, K. Tashiro et al., “The platelet count can
predict in-hospital death in HIV-negative smear-positive pul-
monary tuberculosis inpatients,” Internal medicine (Tokyo,
Japan), vol. 57, no. 10, pp. 1391–1397, 2018.

[18] D. Kahase, A. Solomon, and M. Alemayehu, “Evaluation of
peripheral blood parameters of pulmonary tuberculosis
patients at St. Paul’s Hospital Millennium Medical College,
Addis Ababa, Ethiopia: comparative study,” Journal of blood
medicine, vol. Volume 11, pp. 115–121, 2020.

[19] F. Sahin, E. Yazar, and P. Yıldız, “Prominent features of plate-
let count, plateletcrit, mean platelet volume and platelet distri-
bution width in pulmonary tuberculosis,” Multidisciplinary
Respiratory Medicine, vol. 7, no. 1, p. 38, 2012.

[20] B. Jany and T. Welte, “Pleural effusion in adults-etiology, diag-
nosis, and treatment,” Deutsches Ärzteblatt International,
vol. 116, no. 21, pp. 377–386, 2019.

[21] J. M. Porcel, “Diagnosis and characterization of malignant
effusions through pleural fluid cytological examination,” Cur-
rent Opinion in Pulmonary Medicine, vol. 25, no. 4, pp. 362–
368, 2019.

[22] Q. L. Liang, H. Z. Shi, X. J. Qin, X. D. Liang, J. Jiang, and H. B.
Yang, “Diagnostic accuracy of tumour markers for malignant
pleural effusion: a meta-analysis,” Thorax, vol. 63, no. 1,
pp. 35–41, 2008.

6 Disease Markers



[23] V. S. Skouras and I. Kalomenidis, “Pleural fluid tests to diag-
nose tuberculous pleuritis,” Current Opinion in Pulmonary
Medicine, vol. 22, no. 4, pp. 367–377, 2016.

[24] C. M. Lo Cascio, V. Kaul, S. Dhooria, A. Agrawal, and
U. Chaddha, “Diagnosis of tuberculous pleural effusions: a
review,” Respiratory Medicine, vol. 188, p. 106607, 2021.

[25] T. Gremmel, A. L. Frelinger 3rd, and A. D.Michelson, “Platelet
physiology,” Seminars in Thrombosis and Hemostasis, vol. 42,
no. 3, pp. 191–204, 2016.

[26] M. Holinstat, “Normal platelet function,” Cancer Metastasis
Reviews, vol. 36, no. 2, pp. 195–198, 2017.

[27] M. Schlesinger, “Role of platelets and platelet receptors in can-
cer metastasis,” Journal of Hematology & Oncology, vol. 11,
no. 1, p. 125, 2018.

[28] A. Korniluk, O. M. Koper-Lenkiewicz, J. Kamińska,
H. Kemona, and V. Dymicka-Piekarska, “Mean platelet vol-
ume (MPV): new perspectives for an old marker in the course
and prognosis of inflammatory conditions,” Mediators of
Inflammation, vol. 2019, 9213014 pages, 2019.

[29] Z. Zhou, H. Chen, M. Sun, and H. Ju, “Mean platelet volume
and gestational diabetes mellitus: a systematic review and
meta-analysis,” Journal of Diabetes Research, vol. 2018,
1985010 pages, 2018.

[30] Y. U. Budak, M. Polat, and K. Huysal, “The use of platelet indi-
ces, plateletcrit, mean platelet volume and platelet distribution
width in emergency non-traumatic abdominal surgery: a sys-
tematic review,” Biochemia medica, vol. 26, no. 2, pp. 178–
193, 2016.

[31] N. Sansanayudh, T. Anothaisintawee, D. Muntham,
M. McEvoy, J. Attia, and A. Thakkinstian, “Mean platelet vol-
ume and coronary artery disease: a systematic review and
meta-analysis,” International Journal of Cardiology, vol. 175,
no. 3, pp. 433–440, 2014.

[32] F. Şahin and A. F. Aslan, “Relationship between inflammatory
and biological markers and lung cancer,” Journal of Clinical
Medicine, vol. 7, no. 7, p. 160, 2018.

[33] X. Zhu, Y. Chen, and Y. Cui, “Absolute neutrophil count and
mean platelet volume in the blood as biomarkers to detect lung
cancer,” Disease Markers, vol. 2020, 1371965 pages, 2020.

[34] S. Goksel, N. Ozcelik, G. Telatar, and C. Ardic, “The role of
hematological inflammatory biomarkers in the diagnosis of
lung cancer and in predicting TNM stage,” Cancer Investiga-
tion, vol. 39, no. 6-7, pp. 514–520, 2021.

[35] Y. Yuan, H. Zhong, L. Ye et al., “Prognostic value of pretreat-
ment platelet counts in lung cancer: a systematic review and
meta-analysis,” BMC Pulmonary Medicine, vol. 20, no. 1,
p. 96, 2020.

[36] M. Ohuchi, S. Inoue, Y. Ozaki, and K. Ueda, “Platelet count
and mean platelet volume are associated with not only bone,
soft tissue, and lymph node metastases but also with malignant
pleural effusion in lung cancer patients,” Neoplasma, vol. 64,
no. 1, pp. 140–147, 2017.

[37] E. Tozkoparan, O. Deniz, E. Ucar, H. Bilgic, and K. Ekiz,
“Changes in platelet count and indices in pulmonary tubercu-
losis,” Clinical Chemistry and Laboratory Medicine, vol. 45,
no. 8, pp. 1009–1013, 2007.

[38] V. V. Bodrova, O. N. Shustova, S. G. Khaspekova, and A. V.
Mazurov, “Platelet reticulated forms, size indexes, and func-
tional activity. Interactions in healthy volunteers,” Platelets,
vol. 33, no. 3, pp. 398–403, 2022.

7Disease Markers


	Use of Platelet Parameters in the Differential Diagnosis of Lung Adenocarcinoma-Associated Malignant Pleural Effusion and Tuberculous Pleural Effusion
	1. Introduction
	2. Materials and Methods
	2.1. Study Population
	2.2. Inclusion and Diagnostic Criteria of Participants
	2.3. Sample Acquisition, Preparation, and Laboratory Analysis
	2.4. Statistical Analysis

	3. Results
	3.1. General Characteristics of Enrolled Participants
	3.2. Principal Component Analysis of Platelet Parameters
	3.3. Multiple Logistic Regression of PCs and Demographic Data

	4. Discussion
	5. Conclusions
	Data Availability
	Disclosure
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

