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ABSTRACT - Objective: Parapneumonic effusion (PPE), a pneumonia-related complication, can progress to compli-
cated PPE (CPPE) and often requires invasive treatment. Although early differentiation is essential, the diagnostic role of
hematological inflammatory markers remains unclear. This study evaluated hematological inflammatory markers to dis-
tinguish between pleural effusion types, particularly CPPE and uncomplicated PPE (uCPPE), in order to identify the most
reliable biomarkers.

Materials and Methods: This retrospective study analyzed 94 cases of pleural effusion classified as transudative,
malignant, tuberculous, or PPE. PPE was further divided into CPPE and uCPPE. C-reactive protein (CRP) and procalcitonin
(PCT) levels, systemic immune-inflammation index (Sll), systemic inflammation response index (SIRl), CRP/albumin-glob-
ulin ratio (CAGR), albumin-globulin ratio (AGR), neutrophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio
(MLR), and platelet-lymphocyte ratio (PLR) were analyzed. Receiver Operating Characteristic (ROC) curve analysis was
used to determine the diagnostic accuracy via the area under the curve (AUC) and optimal cut-off values.

Results: Inflammatory markers effectively differentiated pleural effusion types, with CAGR showing the highest ac-
curacy for PPE diagnosis (AUC, 0.866; cut-off: 13.75; sensitivity = 93.8%, specificity = 51.1%). Among the CPPE and uCPPE
markers, MLR demonstrated the best performance (AUC: 0.707; cut-off: 3.615; sensitivity: 87.5%; specificity: 77.8%), fol-
lowed by NLR (AUC: 0.702) and PLR (AUC: 0.704), whereas SIRI and Sl had modest utility. Although MLR showed superior
accuracy, the addition of Sl improved the sensitivity.

Conclusions: This study demonstrates that among hematological markers, CAGR is the most accurate for diagnosing
PPE, while MLR best distinguishes CPPE from uCPPE. However, the limited specificity of CAGR highlights the need for the
combined use of biomarkers. Prospective multicenter studies are warranted to validate and refine these findings.

KEYWORDS: Systemic immune inflammation index, Systemic inflammation response index, CRP-albumin-globulin ratio,
Empyema, Monocyte lymphocyte ratio.

INTRODUCTION space. While various conditions contribute to
its etiology, the most prevalent are congestive

Pleural effusion is characterized by patho- heart failure, malignant effusion, and parap-
logical accumulation of fluid within the pleural neumonic effusion (PPE):. PPE occurs in ap-

®®) This work is licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License

[

387


https://creativecommons.org/licenses/by-nc-sa/4.0/

o .

388 N.A.YETKIN, .M. SIMSEK, B. BARAN, B. RABAHOGLU, N. TUTAR, i. GULMEZ

Diagnostic Value of CRP/Albumin-Globulin Ratio and Monocyte-to-Lymphocyte Ratio
in Differentiating Parapneumonic Effusion Types

The aim of this study is to evaluate the diagnostic utility
of hematological inflammatory markers in
distinguishing parapneumonic effusion (PPE) from other
pleural effusion types and in differentiating complicated
PPE (CPPE) from uncomplicated PPE (uCPPE).

Yetkin NA, Simsek FM, Baran B, Rabahoglu B, Tutar N, Gulmez i. Diagnostic value of hematological inflammatory
markers in differentiating pleural effusion subtypes.

A retrospective analysis of 94 pleural effusion cases was conducted, assessing
inflammatory biomarkers such as CRP, procalcitonin, systemic immune-
inflammation index (Sll), systemic inflammation response index (SIRI),
CRP/albumin-globulin ratio (CAGR), albumin-globulin ratio (AGR), neutrophil-
to-lymphocyte ratio (NLR), monocyte-to-lymphocyte ratio (MLR), and platelet-

to-lymphocyte ratio (PLR).

* CAGR was the most accurate marker for identifying PPE (AUC: 0.866, cut-
off: 13.75, sensitivity: 93.8%, specificity: 51.1%).

* MLR was the best marker for distinguishing CPPE from uCPPE (AUC: 0.707,
cut-off: 3.615, sensitivity: 87.5%, specificity: 77.8%).

* CRP (AUC: 0.843) was also effective for PPE detection but had limited value
in CPPE differentiation.

« Sll and SIRI showed moderate diagnostic value, with Sll improving
sensitivity when combined with MLR for CPPE classification.

 , Routine hematological inflammatory markers provide valuable diagnostic insights for pleural effusions. CAGR is the most reliable
) marker for PPE identification, while MLR is optimal for distinguishing CPPE from uCPPE.
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Graphical Abstract. The diagnostic performance of hematological inflammatory markers, including CRP/albumin-globulin
ratio (CAGR) and monocyte-to-lymphocyte ratio (MLR), in differentiating parapneumonic effusion (PPE) from other pleural
effusion types and in distinguishing complicated PPE (CPPE) from uncomplicated PPE (uCPPE). Violin plots illustrate marker
distributions across effusion subtypes, with key findings highlighting the superior diagnostic accuracy of CAGR for PPE

identification and MLR for CPPE classification.

proximately 40% of patients with pneumonia?.
Initially uncomplicated, PPE may progress to
complicated parapneumonic effusion (CPPE) if
inflammation advances and pathogens invade
the pleural cavity. Close monitoring, antibiotic
therapy, and, when necessary, repeated tho-
racentesis are essential. In CPPE cases, rapid
drainage and potentially invasive interventions,
such as intrapleural fibrinolytics, may be neces-
sary to prevent empyema3.

Although various inflammatory markers have
been investigated in the context of PPE, none
have demonstrated superiority over conven-
tional pleural biochemical parameters in clinical
practice. Therefore, pH, lactate dehydrogenase
(LDH), and microbiological gram staining are es-
sential*®. C-reactive protein (CRP) and procalci-
tonin (PCT), which are easy to use and cost-ef-
fective, have been reported to play a role in
distinguishing uncomplicated parapneumonic
effusions (UCPPE) from CPPE in both serum and
pleural fluids®®. A serum CRP level greater than
100 mg/l demonstrated a sensitivity of 72% and
a specificity of 89% in differentiating CPPE from
uCPPE®. Although CRP and procalcitonin (PCT)
are cost-effective and widely used, their limita-
tions in reliably distinguishing CPPE from uCPPE
highlight the need for additional inflammato-
ry biomarkers. Hematologic indices such as

the systemic immune-inflammation index (Sll),
systemic inflammation response index (SIRI),
albumin-to-globulin ratio (AGR), and CRP-to-al-
bumin-to-globulin ratio (CAGR) are recognized
indicators of systemic inflammation, but their
comparative utility in adult pleural effusion —
particularly in differentiating CPPE from uCPPE
— remains insufficiently studied!*3. This study
examined the efficacy of inflammatory mark-
ers in distinguishing CPPE, uCPPE, and PPE from
other types of effusion.

MATERIALS AND METHODS

This retrospective observational study was
conducted in the Department of Chest Diseas-
es at the Erciyes University Hospital, following
approval by the Health Sciences Research Eth-
ics Committee of Erciyes University, under pro-
tocol number 2024/116, dated August 4, 2024.
The medical documentation of 141 patients di-
agnosed with pleural effusion who underwent
thoracentesis for differential diagnosis between
September 2016 and September 2024, was ex-
amined.

Patients with a history of trauma, recent
surgery, blood transfusion, prolonged cortico-
steroid use (more than five days), connective
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tissue disease, chylothorax, thoracic surgery,
sepsis, COVID-19 pneumonia, active malignan-
cy under treatment, or severe hepatic or renal
dysfunction were excluded from the study. Ad-
ditionally, individuals with chronic inflammato-
ry or autoimmune diseases, such as rheumatoid
arthritis and systemic lupus erythematosus,
were also excluded to minimize confounding ef-
fects on serum CRP levels, as these conditions
are known to independently elevate CRP and
other inflammatory biomarkers. After applying
the exclusion criteria, 94 patients with com-
plete thoracentesis data were included in the
final analysis.

The diagnostic workup for pleural effusion in
our study followed a standard institutional pro-
tocol aligned with international guidelines, par-
ticularly the SEPAR (Sociedad Espafiola de Neu-
mologia y Cirugia Toracica) recommendations®.
At the time of presentation, all patients under-
went both diagnostic thoracentesis and chest
computed tomography (CT) to comprehensively
assess the presence, extent, and complexity of
pleural effusion. At the time of presentation, all
patients underwent diagnostic thoracentesis un-
der ultrasound (USG) guidance. Clinical manage-
ment decisions, including the initiation of empir-
ical antibiotic therapy and chest drainage, were
made based on pleural fluid pH, LDH levels, and
microbiological findings, following the criteria
for CPPE as defined by current evidence-based
standards.

Pleural effusions are classified into four etio-
logical types: transudative, malignant, tubercu-
lous, and parapneumonic. The classification of
effusions as exudative or transudative was de-
termined using Light’s criteria and subsequently
confirmed by expert clinicians (NAY and NT).

Parapneumonic effusion was defined as pleu-
ral fluid accumulation associated with pneumo-
nia, presenting clinically with fever, purulent
sputum, and radiological pulmonary infiltration
without an alternative explanation. Parapneu-
monic effusion cases were further classified as
uCPPE or CPPE according to established clinical
and laboratory criteria. Uncomplicated parap-
neumonic effusion was defined by a pleural flu-
id glucose concentration greater than 60 mg/
dL, a pH level exceeding 7.20, and an LDH level
below 1,000 IU/L, with negative results for mi-
crobiological staining and culture, indicating no
detectable microorganisms. In contrast, compli-
cated parapneumonic effusion was character-
ized by a pleural fluid pH lower than 7.20 and/or
an LDH level exceeding 1,000 IU/L. Additionally,
the presence of microorganisms was confirmed
by positive microbiological staining or culture of
the pleural fluid.
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Malignant effusion is characterized by the
detection of cytologically confirmed malignant
cells in pleural fluid.

Tuberculous effusion was diagnosed based on
one or more of the following criteria: positive
staining or culture for Mycobacterium tubercu-
losis in pleural fluid, sputum, or biopsy; histo-
pathological evidence of granulomas with ca-
seating necrosis in biopsy samples; or a pleural
fluid adenosine deaminase (ADA) level >40 U/L
accompanied by clinical improvement following
antituberculosis therapy.

For all included patients, blood samples used
for biomarker analysis were obtained at the ini-
tial presentation, before the initiation of anti-
biotic therapy. At the time of diagnosis, labora-
tory data were recorded, including serum CRP,
albumin, globulin, LDH, PCT, and white blood
cell (WBC), neutrophil, lymphocyte, monocyte,
and platelet counts. The derived inflammatory
indices included the neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR),
monocyte-to-lymphocyte ratio (MLR), systemic
immune-inflammation index (calculated plate-
let count x neutrophil/lymphocyte), and sys-
temic inflammation response index (calculated
neutrophil x monocyte/lymphocyte). In addi-
tion, the AGR and CAGR were calculated.

Statistical analysis

Continuous variables were expressed as mean
+ standard deviation (SD) for normally distribut-
ed data and as median (minimum-maximum) for
non-normally distributed data, based on the re-
sults of the Shapiro-Wilk normality test. Categor-
ical variables were presented as frequencies and
percentages. Differences between groups were
assessed using the one-way analysis of variance
(ANOVA) or the Kruskal-Wallis test for continu-
ous variables, and the Chi-square test or Fisher’s
exact test for categorical variables, as appropri-
ate. A p-value < 0.05 was considered statistically
significant.

Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the diag-
nostic performance of systemic inflammatory
markers — including SlI, SIRI, CRP, NLR, PLR, MLR,
AGR, and CAGR - in identifying PPE and in dis-
criminating between uCPPE and CPPE. For each
biomarker, the area under the curve (AUC) was
calculated with 95% confidence intervals (Cl),
and optimal cut-off values were determined us-
ing the Youden index to maximize sensitivity and
specificity.

All statistical analyses were conducted using
SPSS software, version 16.0 (SPSS Inc., Chicago,
IL, USA).

O AND MONOCYTETO-LYMPHOCYTE RATIO IN DIFFERENTIATING PPETYPES
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RESULTS

Demographic and laboratory characteristics

The study included 94 patients diagnosed with
pleural effusion, categorized into four groups:
transudative (n=12), malignant (n=25), tubercu-
losis (n=8), and PPE (n=49). Among the PPE cases,
29 patients were classified as having CPPE and
20 as having uCPPE. The mean age differed sig-
nificantly across the groups (p < 0.001), with the
highest mean age observed in the transudative
group. No statistically significant differences in
sex distribution were observed between groups
(p >0.05).

Markers of inflammation and immune re-
sponses varied significantly across the groups.
The median SIRI values ranged from 1.79 in the
tuberculosis group to 4.87 in the PPE group (p
= 0.021). The median Sll was highest in the PPE
group, with a value of 2110 (p = 0.029).

WBC and neutrophil counts were markedly el-
evated in the PPE group, with median values of
11.5 x 10%/L and 8.49 x 10°/L, respectively (both p
< 0.001). Lymphocyte counts also showed signifi-
cant variation, with a median of 1.14 x 10°/L over-
all (p = 0.045). Hemoglobin levels were the highest
in the tuberculosis group, with a mean of 14.1 g/
dL (p = 0.014). The monocyte and platelet counts
were similar between the groups (p > 0.05).

NLR exhibited significant variation across
groups (p = 0.037), whereas PLR and MLR did not
(p = 0.558 and p = 0.602, respectively). Among
the serum markers, albumin levels were signifi-
cantly different between groups (p = 0.027),
whereas PCT levels were markedly elevated in
the PPE group (p = 0.006). Similarly, the CRP and
CAGR levels were significantly higher in the PPE
group (both p < 0.001).

The demographic and laboratory characteris-
tics of the study population are summarized in
Table I.

When we compared the PPE groups, the CAGR,
AGR, CRP, PLR, and PCT levels were comparable
between the two groups (p > 0.05). In contrast,
SIRI and SlI levels were significantly higher in the
CPPE group than in the uCPPE group (p = 0.011
and p = 0.028, respectively), whereas lympho-
cyte counts were significantly lower (p = 0.004).
Additionally, NLR and MLR levels were elevated
in the CPPE group compared with those in the
uCPPE group (p = 0.028 and p = 0.018, respec-
tively).

ROC analysis for identifying
parapneumonic effusions

ROC analysis demonstrated that CAGR had the
highest diagnostic accuracy for PPE, with an AUC
of 0.866 (95% confidence interval [Cl]: 0.794-

0.938, p < 0.001) and a cut-off value of 13.75.
CRP also showed a high diagnostic accuracy, with
an AUC of 0.843 (95% Cl: 0.765-0.920, p < 0.001)
and an optimal cut-off of 21.5, yielding a sensitiv-
ity of 93.8% and a specificity of 51.1% (Table Il).
PCT (AUC: 0.681, 95% Cl: 0.574-0.788, p = 0.003)
and SIRI (AUC: 0.672, 95% Cl: 0.563-0.781, p =
0.004) had moderate diagnostic utility. SII, NLR,
and MLR showed lower performance, character-
ized by lower AUCs. The ROC curve of markers
used to distinguish PPEs from other types of ef-
fusion is shown in Figure 1. PLR and AGR did not
significantly discriminate between PPE types (p >
0.05) (Figure 2).

ROC analysis for classifying
parapneumonic effusions

Among all the biomarkers, MLR exhibited the
highest diagnostic performance for differen-
tiating CPPE from uCPPE, with an AUC of 0.707
(95% Cl: 0.560-0.855, p = 0.015). At the optimal
cut-off value of 3.615, MLR achieved a sensitiv-
ity of 87.5% and a specificity of 77.8%, indicat-
ing strong discriminative capacity. Similarly, NLR
(AUC: 0.702; 95% CI: 0.550-0.854; p = 0.018) and
PLR (AUC: 0.704; 95% Cl: 0.548-0.860; p = 0.017)
demonstrated moderate diagnostic utility. SIRI
(AUC: 0.671; p = 0.045) and SII (AUC: 0.675; p
= 0.040) demonstrated modest performance,
whereas PCT, CRP, and AGR demonstrated lower
diagnostic utility.

A graphical representation of the compara-
tive diagnostic performance of MLR and CAGR
is provided in the graphical abstract. Overall,
MLR, with its optimal threshold, outperformed
the other biomarkers in distinguishing CPPE from
uCPPE (Figure 3 and Table Il1).

DISCUSSION

The primary finding of this study was that he-
matological inflammatory markers derived from
routine blood tests may support the differenti-
ation of infectious pleural effusions from other
etiologies. Among these markers, CAGR showed
the highest diagnostic accuracy for identifying
PPE, with sensitivity and specificity of 93.8%
and 51.1%, respectively. However, this moderate
specificity indicates the potential for false-posi-
tive results, which may limit its diagnostic value.
Combining CAGR with CRP, which also demon-
strates high sensitivity, may improve diagnostic
accuracy by reducing the risk of misclassification.
In distinguishing CPPE from uCPPE, MLR achieved
the best diagnostic performance, with an AUC
of 0.707, sensitivity of 87.5%, and specificity of
77.8%. While MLR provides balanced accuracy,
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Table I. Baseline demographic, clinical, and laboratory characteristics of patients with different types of pleural effusion. Data are presented as median (inter-
quartile range) or number (percentage), as appropriate. Comparisons across groups were performed using the Kruskal-Wallis test for continuous variables and the

chi-square test for categorical variables.

Transudative Malign Tuberculosis Parapneumonic Overall
(n=12) (n=25) (n=8) (n=49) (N=94) p
Age, Mean (SD) 74.4(9.15) 63.3(17.8) 43.4(12.1) 59.2 (14.9) 60.9 (16.4) <0.001°
WBC, Median [Min, Max] 6.32[2.62,17.9] 9.94[3.63,15.3] 6.72 [5.15, 10.2] 11.5 [3.15, 36.3] 10.0[2.62, 36.3] <0.001°
Neutrophil, Median [Min, Max] 471[1.97,17.1] 7.57[2.39,14.3] 4.36[2.74,6.30] 8.49[1.15, 33.2] 7.43[1.15,33.2] <0.001°
Lymphocyte, Median [Min, Max] 0.755 [0.430, 1.82] 1.00[0.430, 2.81] 1.44[0.820, 3.58] 1.16 [0.170, 4.63] 1.14[0.170, 4.63] 0.045?
Hb, Mean (SD) 10.5 (2.08) 12.2 (2.35) 14.1(2.03) 12.0 (2.49) 12.1(2.48) 0.014°
Monocyte, Median [Min, Max] 0.455 [0.170, 1.59] 0.630[0.0500,1.82]  0.685 [0.300, 0.890] 0.760 [0.0700, 2.33] 0.690[0.0500, 2.33] 0.054°
MPV, Mean (SD) 10.2 (1.64) 9.93 (1.17) 9.73 (1.39) 9.76 (1.17) 9.85 (1.24) 0.751°
Platelet, Median [Min, Max] 230151, 358] 286 [120, 620] 364 [218, 626] 306 [58.0, 637] 296 [58.0, 637] 0.174°
NLR, Median [Min, Max] 5.35[1.24, 38.9] 5.94[1.36, 26.1] 2.67[1.76,5.77] 6.65 [0.980, 55.1] 5.78[0.980, 55.1] 0.037
PLR, Median [Min, Max] 269 [166, 833] 264 [112, 883] 246 [82.4, 645] 225 [54.4,923] 246 [54.4, 923] 0.558°
MLR, Median [Min, Max] 0.700[0.240, 1.19] 0.490[0.0800,1.84]  0.485 [0.0800, 0.780] 0.540[0.100, 2.65] 0.535 [0.0800, 2.65] 0.602°
Total protein, Mean (SD) 6.30(1.02) 6.37 (0.550) 6.98 (0.825) 6.43 (0.950) 6.44 (0.864) 0.304°
Albumin, Mean (SD) 3.40(0.483) 3.46 (0.471) 3.84(0.510) 3.19(0.698) 3.34(0.628) 0.027°
Procalcitonin, Median [Min, Max] 0.0950[0.0100,2.63]  0.190[0.0100,3.72]  0.0500 [0.0200, 0.370] 0.285[0.0200, 32.0] 0.190[0.0100, 32.0] 0.006°
Globulin, Median [Min, Max] 2.68[0.540, 4.36] 2.78 [0.0200, 4.26] 3.31[2.33,3.77] 3.26[1.85,5.12] 3.04[0.0200, 5.12] 0.036°
CRP, Median [Min, Max] 12.5[1.59, 130] 39.0[4.00, 164] 39.5[1.00, 135] 141 [4.71, 435) 68.0 [1.00, 435] <0.001°
AGR, Median [Min, Max] 1.35[0.890, 1110] 1.23[0.630, 200] 1.13[1.02, 1.71] 0.970 [0.260, 2.10] 1.13[0.260, 1110] 0.004°
CAGR, Median [Min, Max] 9.98 [1.06, 100] 29.5[0.0450, 159] 32.1[1.12,121] 161 [3.14, 609] 59.6 [0.0450, 609] <0.001°
Serum LDH, Median [Min, Max] 304 [222, 1030] 298 [162, 1930] 330[170, 640] 230121, 829] 261 [121, 1930] 0.012°
SIRI, Median [Min, Max] 3.33[0.534,12.1] 2.83[0.577,11.1] 1.79[0.528, 4.39] 4.87[0.634, 35.0] 3.59[0.528, 35.0] 0.021°
SlI, Median [Min, Max] 1130 [376, 4430] 1520 [371, 6760] 947 [519, 3010] 2110217, 14400] 1710 [217, 14400] 0.029°

Kruskal-Wallis test, "ANOVA test. WBC: White blood count, MPV: Mean platelet volume, CRP: C-reactive protein, CAGR: CRP/albumin-globulin ratio, LDH: Lactate dehydrogena-
se, AGR: albumin-globulin ratio, SIRI: Systemic inflammation response index, Sll: Systemic immune-inflammation index, NLR: neutrophil-to-lymphocyte ratio, MLR: Monocyte-
to-lymphocyte ratio, PLR: Platelet-to-lymphocyte ratio.
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Table II. Diagnostic performance of systemic inflammatory biomarkers in identifying parapneumonic pleural effusion (PPE),
based on ROC curve analysis. The table presents the area under the curve (AUC), 95% confidence intervals, optimal cut-off va-
lues, sensitivity, and specificity (as 1-specificity). Biomarkers with higher AUC values demonstrate better diagnostic accuracy.

Asymptotic 95% confidence interval

Test result Std. Asymptotic

variable(s) Area Error Sig. Lower bound Upper bound Cut-off  Sensitivity 1-Specificity
NLR .613 .059 .060 499 728 3.01 0.854 0.222
PLR 436 .060 .289 .319 .553 152.32 0.771 0.178
MLR .540 .060 511 422 .657 2.965 0.875 0.222
PCT .681 .055 .003 .574 .788 0.097 0.771 0.467
CRP .843 .039 .000 .765 .920 21.5 0.938 0.489
AGR .276 .052 .000 174 .379 1.135 0.313 0.378
CAGR .866 .037 .000 .794 .938 13.75 0.938 0.489
SIRI .672 .056 .004 .563 781 3.9152 0.604 0.644
Sl .650 .058 .012 .537 .764 930.715 0.813 0.267

ROC: Receiver Operating Characteristic Curve, NLR: Neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, MLR: Monocyte to
lymphocyte ratio, SIRI: Systemic Inflammation Response Index, SII: Systemic Immune-Inflammation Index, CRP: C-reactive protein, PCT:
procalcitonin, AGR: Albumin-globulin ratio, CAGR: C-Reactive Protein/Albumin-globulin ratio.

SlI, with an AUC of 0.675, may be more suitable
in clinical situations where avoiding missed diag-
noses is prioritized, despite its lower specificity.
The combined use of MLR and SII may offer com-
plementary strengths, enhancing diagnostic pre-
cision through their respective advantages.

CRP remains a commonly used acute-phase
reactant for evaluating inflammatory disorders,
including PPE®. In this study, CRP demonstrated
substantial diagnostic accuracy (AUC: 0.843; 95%
Cl: 0.765-0.920), supporting earlier findings that
pleural fluid CRP may outperform serum CRP in
diagnosing PPE!. However, consistent with pre-
vious reports, CRP exhibited limited discrimina-
tive ability between CPPE and uCPPE when com-
pared with classical biochemical markers such as
pH, LDH, and glucose”®. Previous scholars'® have
reported that PCT levels in pleural fluid are in-
sufficient for the diagnosis of empyema, where-
as a combination of CRP and presepsin provides
greater diagnostic value. Although its sensitivity
was high, the moderate specificity at the optimal
threshold value (21.5 mg/L) restricted its utility
in reliably distinguishing PPE types.

As a negative acute-phase protein, albumin de-
creases in infectious states, and albumin-based
ratios have shown clinical value in evaluating
systemic inflammation. Although the albu-
min-to-globulin ratio (AGR) also showed statisti-
cally significant differences across effusion types,
its standalone diagnostic performance was limit-
ed, possibly due to the dominant influence of CRP
in the composite ratio. Similarly, in patients with
severe COVID-19, low serum albumin levels have
been suggested as a marker of disease severity,
and the CRP-to-albumin ratio has been found to

be more predictive of prognosis than albumin
alone?. In our study, CAGR proved to be the most
reliable biomarker for identifying PPE, achiev-
ing an AUC of 0.866. A post-hoc power analysis
confirmed the robustness of this finding, with a
calculated power of 99.9%, thereby supporting
its substantial diagnostic value in this context.
These findings are consistent with recent studies
in other infection-related settings. For example,
Ji et al® demonstrated the diagnostic utility of
CAGR in detecting periprosthetic joint infections,
reporting an AUC of 0.780 with a cutoff value of
15.35, emphasizing its role as a systemic inflam-
matory marker. The clinical applicability of CAGR
is further supported by its ease of calculation and
cost-effectiveness, making it suitable for wide-
spread clinical use, particularly in resource-limit-
ed settings. In our cohort, however, CAGR’s ability
to differentiate between CPPE and uCPPE was lim-
ited (AUC 0.707), with a corresponding post-hoc
power of 52.2%, suggesting that its discriminatory
power may vary according to the inflammatory
spectrum. This highlights the potential value of
combining CAGR with additional inflammatory
markers to enhance diagnostic precision. While
previous studies have reported that the CRP-to-al-
bumin ratio is a stronger prognostic indicator than
albumin alone in patients with severe COVID-19,
the CAGR was not evaluated in this context'®. Our
study highlights the potential of CAGR as a novel
and potentially superior biomarker in the diagno-
sis of inflammatory pleural effusions. Notably, as
our analysis was based on serum samples, future
investigations should assess whether pleural flu-
id-based calculations of CAGR may further en-
hance diagnostic accuracy.
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Figure 1. Violin plots illustrating the distribution and variability of systemic inflammatory biomarkers across different types of pleural effusion (transudative, malignant, tuberculosis-relat-
ed, and parapneumonic). Each subplot represents a specific biomarker: A, NLR (Neutrophil-to-Lymphocyte Ratio); B, PLR (Platelet-to-Lymphocyte Ratio); C, MLR (Monocyte-to-Lymphocyte
Ratio); D, SII (Systemic Immune-Inflammation Index); E, SIRI (Systemic Inflammation Response Index); F, CAGR (CRP/Albumin-Globulin Ratio). These plots allow visual comparison of median
values, interquartile ranges, and distribution patterns of biomarkers among effusion subtypes.
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Figure 2. Receiver Operating Characteristic (ROC) curves of individual systemic inflammatory biomarkers for identifying para-
pneumonic pleural effusion (PPE) among all pleural effusion types. Each curve represents a biomarker’s diagnostic perfor-
mance, evaluated by the area under the curve (AUC), sensitivity, and specificity. CAGR demonstrated the highest discrimina-

tive ability for PPE.

Novel hematologic indices, such as the Sll and
SIRI, offer a broader perspective on systemic im-
mune activation. Recent evidence highlights the
diagnostic relevance of MLR in pneumonia-relat-
ed complications, particularly as an independent
predictor of stroke-associated pneumonia and a
correlate of severity assessed by the pneumonia
severity index score!®?°, Consistent with these
findings, our analysis — conducted in an extend-
ed adult cohort and incorporating additional in-
dices such as SIRI — revealed that MLR outper-
formed other systemic inflammatory markers in
distinguishing CPPE from uCPPE. These results
reinforce the potential of MLR as a practical and
robust adjunctive biomarker in the stratification
of parapneumonic effusions.

Additionally, unlike PLR and NLR, which are
predominantly influenced by systemic inflamma-
tory responses, MLR may offer a more refined
reflection of localized pleural inflammation.

This interpretation aligns with previous studies
that identified MLR as a robust biomarker of im-
mune activity across a variety of pathological
conditions, including tuberculosis and malignan-
cies??2, The superior sensitivity and specificity
of MLR in detecting disease severity and compli-
cations in parapneumonic effusions may, there-
fore, be attributable to the distinct immunologi-
cal role of monocytes.

In contrast to neutrophils and platelets —which
are key effector cells in acute inflammation —
monocytes are centrally involved in chronic in-
flammation and sustained immune responses.
Their relatively longer lifespan and capacity for
antigen presentation may contribute to the en-
hanced diagnostic performance of MLR, partic-
ularly in CPPE, which often exhibits features of
prolonged or unresolved inflammation®.

Although NLR ranked second in overall diag-
nostic performance, its utility as an adjunctive
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Figure 3. Receiver Operating Characteristic (ROC) curves of selected systemic inflammatory biomarkers for distinguishing com-
plicated parapneumonic effusions (CPPE) from uncomplicated parapneumonic effusions (uCPPE). The figure illustrates the di-
agnostic performance of each biomarker based on area under the curve (AUC), with corresponding sensitivity and specificity
values. Among the biomarkers analyzed, MLR showed the highest discriminative accuracy for identifying complicated cases.

Table Ill. Diagnostic performance of systemic inflammatory biomarkers in differentiating complicated parapneumonic effusions
(CPPE) from uncomplicated parapneumonic effusions (UCPPE), based on ROC curve analysis. The table presents the area under

the curve (AUC), 95% confidence intervals, optimal cut-off values, sensitivity, and specificity (expressed as 1-specificity). Higher
AUC values indicate greater discriminative ability. MLR showed the highest diagnostic accuracy in this subgroup analysis.

Asymptotic 95% confidence interval

Test result Std. Asymptotic

variable(s) Area Error Sig.’ Lower Upper Cut-off  Sensitivity 1-Specificity
NLR .702 .078 .018 .550 .854 0.525 0.679 0.3
PLR 704 .080 .017 .548 .860 121.62 0.571 0.3
MLR .707 .075 .015 .560 .855 3.615 0.71 0
PCT .595 .084 .268 429 .760 0.55 0.5 0.15
CRP .610 .083 .198 448 172 215 0.5 0.2
AGR .368 .082 122 .208 .528 1.745 0.71 0
CAGR .641 .081 .099 482 .800 215 0.5 0.2
SIRI .671 .077 .045 .520 .822 15.3234 0.321 0
Sl .675 .078 .040 .521 .829 930.715 0.929 0.65

ROC: Receiver Operating Characteristic Curve, NLR: Neutrophil to lymphocyte ratio, PLR: Platelet to lymphocyte ratio, MLR: Monocyte to
lymphocyte ratio, SIRI: Systemic Inflammation Response Index, SlI: Systemic Immune-Inflammation Index, CRP: C-reactive protein, PCT:
procalcitonin, AGR: Albumin-globulin ratio, CAGR: C-Reactive Protein/Albumin-globulin ratio.
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marker in the identification of CPPE remains
noteworthy. Nevertheless, further prospective
and multi-center studies are warranted to val-
idate the clinical applicability of both MLR and
NLR, especially when integrated into multimark-
er diagnostic algorithms.

PCT, a serum biomarker indicative of bacteri-
al infection, demonstrated moderate diagnos-
tic accuracy for PPE in this study. This finding
is consistent with previous meta-analyses®
reporting pooled areas under AUCs of 0.84 for
serum PCT and 0.80 for pleural fluid PCT. How-
ever, its diagnostic performance was inferior to
that of serum CRP and CAGR, thereby limiting
its clinical utility in routine practice. As in ear-
lier studies, PCT showed limited effectiveness
in differentiating complicated from uncompli-
cated parapneumonic effusions, likely due to
overlapping serum concentrations between
these groups?*?®. Furthermore, the strong cor-
relation previously reported between serum
and pleural fluid PCT levels suggests that con-
current measurement of both does not pro-
vide significant incremental diagnostic value?’.
In contrast to CRP, the diagnostic performance
of PCT does not appear to improve substantial-
ly when included as part of a composite bio-
marker assessment.

Limitations

This study has several limitations. This retro-
spective single-center design restricts the find-
ings’ generalizability and precludes any causality
inference. Although the sample size provided
adequate statistical power, validating these find-
ings requires prospective multicenter studies
with larger and more heterogeneous popula-
tions. The exclusive reliance on serum-based
biomarkers without parallel analysis of pleural
fluid parameters may have limited the depth of
diagnostic interpretation. A notable limitation
of our study is the absence of comprehensive
pleural fluid characterization and detailed radio-
logical assessment, such as specific gravity, total
protein levels, or imaging-based quantification
of loculation or pleural thickness. The inclusion
of such data could have allowed for a more ro-
bust correlation between systemic inflammato-
ry markers and local pleural pathology. Future
studies incorporating pleural fluid profiles and
imaging features alongside systemic biomarkers
may provide a more integrated diagnostic frame-
work. Furthermore, the lack of adjustment for
potential confounders, such as comorbid condi-
tions or concurrent infections, and the absence
of follow-up data hindered the evaluation of the
prognostic relevance of the assessed biomark-

ers. These limitations underscore the need for
future research involving more diverse cohorts
and comprehensive biomarker profiling to con-
firm and extend the current findings.

CONCLUSIONS

In conclusion, this study identified CAGR as
the most diagnostically accurate marker for de-
tecting parapneumonic effusions and MLR as
the most effective indicator for differentiating
complicated from uncomplicated PPE. Although
CRP remains a reliable marker for PPE diagno-
sis, its discriminatory capacity in distinguish-
ing CPPE from uCPPE is limited. These findings
emphasize the potential clinical benefit of inte-
grating pleural fluid biomarkers with peripheral
blood indices to improve diagnostic precision.
Future prospective multicenter studies incorpo-
rating both serum and pleural fluid biomarker
analyses are required to validate and expand
upon these results.
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