Meta-analysis | 201
@@@@ Content of this journal is licensed under a Creative Commons
e  Attribution-NonCommercial-NoDerivatives 4.0 International License.

Balkan Med ] 2025;42:201-11

The Association Between Serum Pentraxin-3 Level at Admission and
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Background: Acute ischemic stroke (AIS) remains a leading cause of
disability worldwide, placing a significant burden on patients’ quality
of life and healthcare systems. Pentraxin-3 (PTX-3), an inflammatory
biomarker, may be associated with AIS prognosis; however, existing
evidence is inconclusive.

Aims: To examine whether serum PTX-3 levels at admission are linked to
the likelihood of poor functional outcomes in AIS patients.

Study Design: Systematic review and meta-analysis.

Methods: A comprehensive search of PubMed, Embase, Web of Science,
China National Knowledge Infrastructure (CNKI), and Wanfang databases
was conducted to identify studies evaluating PTX-3 levels in AIS patients.
Eligible studies included those that measured PTX-3 within 48 h of
admission and evaluated outcomes using the modified Rankin Scale,
with scores > 2 defined as poor outcomes. A random-effects model
was used to calculate pooled odds ratios (ORs) and corresponding 95%
confidence intervals (Cls).

INTRODUCTION

Acute ischemic stroke (AIS) is a leading cause of death and long-
term disability, affecting millions of people each year and imposing
a substantial burden on healthcare systems worldwide."? Although
treatments such as thrombolysis and thrombectomy have improved
acute stroke care, many AIS patients still experience unfavorable
outcomes, including physical and cognitive deficits.> Functional
outcomes after AlS are typically assessed using the modified Rankin
Scale (mRS), which ranges from 0 (no symptoms) to 6 (death).* A score
> 2 onthe mRSis commonly used to define poor functional outcomes,
reflecting dependency in daily activities and reduced quality of life.>
This level of disability not only affects patients directly but also places
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Results: Ten cohort studies involving1202 AIS patients were included.
Higher PTX-3 levels at admission were significantly associated with
an increased risk of poor functional outcomes (OR, 2.06; 95% Cl, 1.72-
2.47; p < 0.001), with no significant heterogeneity (> = 0%). Meta-
regression showed that using higher PTX-3 cutoff values reported
stronger associations (p < 0.05). Subgroup analyses confirmed consistent
associations across study designs, patient characteristics, and timing of
outcome assessment. The association was more pronounced in studies
using a PTX-3 cutoff > 3.3 ng/mL compared to those with a cutoff < 3.3
ng/mL.

Conclusion: Elevated serum PTX-3 levels at admission may serve as a
prognostic biomarker for poor functional outcomes in AlS. Differences
in PTX-3 cutoff values and potential residual confounding should also
be considered. Further multicenter studies involving diverse populations
are necessary to confirm these results and establish PTX-3 as a reliable
prognostic indicator in clinical practice.

asignificant burden on families and healthcare services, highlighting
the importance of identifying reliable predictors of post-stroke
outcomes to support timely treatment and rehabilitation planning.®’

The prognosis of AlS is affected by various factors, including patient
demographics, existing health conditions, and stroke severity.®?
Commonly recognized predictors of poor outcomes include age,
stroke severity, comorbidities, and delays in treatment initiation.™
However, these conventional factors do not fully explain the
differences in patient outcomes, indicating the potential role of
additional variables that may reflect biochemical changes and
inflammation related to stroke.” Emerging biomarkers may enhance
the ability to predict outcomes more accurately and support earlier,
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targeted interventions.”? Pentraxin-3 (PTX-3), an inflammatory
protein, has gained interest for its possible prognostic significance
in AIS.">" PTX-3 belongs to the PTX family and, although structurally
different from C-reactive protein, is also involved in immune and
inflammatory responses.™ It is produced locally at inflammation
sites by vascular cells and is believed to reflect both endothelial
activation and tissue injury, making it a potential indicator of stroke
outcomes.'®

PTX-3 may have an important role in the development and
progression of AIS by regulating inflammatory and immune
responses that affect brain injury and recovery. Its levels increase
quickly following ischemic damage and inflammation, potentially
worsening vascular and neuronal injury through its effects on the
complement system, leukocyte activation, and degradation of the
extracellular matrix.’ These processes can lead to disruption of
the blood-brain barrier (BBB), cerebral edema, and neuronal cell
death, all of which may contribute to poorer functional outcomes.”
Moreover, research has shown that PTX-3 levels are elevated in
patients with more severe ischemic injury, indicating that PTX-3
may function not only as a marker of disease severity but also as
a contributor to the progression of injury, potentially influencing
both short- and long-term outcomes.?

Although PTX-3 has emerged as a potential prognostic biomarker
in AlS, current studies examining its relationship with post-stroke
functional outcomes have vyielded inconsistent findings.?"3°
Variations in PTX-3 cutoff values and differences in the timing
of measurement have contributed to these discrepancies. Some
studies have reported that higher PTX-3 levels at admission are
associated with worse outcomes.?'?22¢2 while others have found
no significant association.??2>2% In light of these conflicting results
and the ongoing need for reliable prognostic indicators in AIS, a
comprehensive evaluation of existing evidence is warranted.
Therefore, we conducted a meta-analysis to assess the relationship
between serum PTX-3 levels at admission and the risk of poor
functional outcomes in patients with AlS.

MATERIALS AND METHODS

This study was conducted in accordance with the PRISMA 2020
guidelines® and the Cochrane Handbook for Systematic Reviews
and Meta-Analyses®, covering study design, data extraction,
statistical analysis, and interpretation of findings. The study protocol
was registered with PROSPERO under the registration number
CRD42024613606.

Literature search

To identify relevant studies for this meta-analysis, we performed
a comprehensive search of the PubMed, Embase, Web of Science,
China National Knowledge Infrastructure, and Wanfang databases.
The search strategy used a combination of the following terms:
1) “pentraxin-3” OR “pentraxin 3" OR “PTX-3"; and 2) “stroke”
OR “transient ischemic attack” OR “cerebral infarction” OR
“cerebrovascular disorders.” Only studies involving human subjects
were included, and the search was limited to full-text articles
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published in English or Chinese in peer-reviewed journals. Detailed
search strategies for each database are provided in Supplementary
File 1. Additional relevant studies were identified by manually
screening the reference lists of key original and review articles. The
search covered all records from database inception up to October
12, 2024.

Inclusion and exclusion criteria
Inclusion criteria were established using the PICOS framework:

P (population): Adults (18 years or older) diagnosed with AIS,
confirmed by clinical assessment and neuroimaging (computed
tomography or magnetic resonance imaging), regardless of the
treatment received.

I (exposure): Serum PTX-3 levels measured within 48 h of admission.
Patients with elevated baseline PTX-3 levels were classified as the
exposure group, based on the measurement methods and cutoff
values reported in each original study.

C (comparison): Patients with lower PTX-3 levels at admission were
considered as the comparison group.

0 (outcome): The incidence of poor functional outcomes, defined
as mRS score >2% was compared between high and low PTX-3 level
groups. No restrictions were placed on follow-up duration, which
typically ranged from hospital discharge to 3 months post-stroke.

S (study design): Both prospective and retrospective cohort studies
were eligible.

Studies were excluded if they were reviews, editorials, meta-
analyses, preclinical studies, or cross-sectional in design. Additional
exclusion criteria included studies not focused on AIS patients,
those lacking serum PTX-3 measurements as an exposure variable,
or those that did not report functional outcomes during follow-up.
When multiple studies used overlapping populations, only the study
with the largest sample size was included in the meta-analysis.

Study quality assessment and data collection

Two authors independently performed the literature search,
study selection, quality assessment, and data extraction. Any
disagreements were resolved through discussion until consensus
was achieved. The quality of included studies was assessed using the
Newcastle-Ottawa Scale (NOS)**, which rates studies on a scale of 1-9
based on selection of participants, control of confounding factors,
and outcome assessment, with a score of 9 indicating the highest
quality. The extracted data included the following: first author, year
of publication, country, study design, patient characteristics (sample
size, age, and sex), timing and methods used to measure serum PTX-
3 levels, cutoff values used to define elevated PTX-3, duration of
follow-up, number of AIS patients with poor functional outcomes,
and the variables adjusted for in multivariate models evaluating the
relationship between PTX-3 levels and stroke prognosis.

Statistical analysis

The relationship between serum PTX-3 levels and poor functional
outcomes in AlS was evaluated using odds ratios (ORs) with 95%
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confidence intervals (Cls), comparing patients with elevated PTX-
3 levels at admission to those with lower levels. ORs and their
standard errors were calculated from reported Cls or p values,
followed by logarithmic transformation to stabilize variance.
Heterogeneity among studies was assessed using the Cochrane
Q test and the I? statistic,> with 1> values above 50% indicating
significant heterogeneity. A random-effects model was applied
to account for differences in study populations and PTX-3 cutoff
definitions.?? Sensitivity analysis was conducted by sequentially
removing individual studies to assess the robustness of the
findings.?> Univariate meta-regression was used to identify potential
effect modifiers based on study characteristics, such as sample size,
mean age, sex distribution, PTX-3 cutoff values, prevalence of poor
outcomes, and NOS quality scores.>? Predefined subgroup analyses
were also carried out to assess the influence of study design, mean
age, proportion of male participants, PTX-3 thresholds, follow-up
periods, and study quality, using median values of continuous
variables for subgroup classification. Publication bias was evaluated
using funnel plots, visual inspection for asymmetry, and Egger’s
regression test.® All statistical analyses were performed using
RevMan (Version 5.1, Cochrane Collaboration) and Stata (Version
17.0, Stata Corporation).

RESULTS

Study inclusion

The study selection process is summarized in Figure 1. The initial
database search identified 453 records, from which 189 duplicates
were removed. After screening titles and abstracts, 240 studies were
excluded for not meeting the objectives of the meta-analysis. The
full texts of the remaining 24 articles were independently reviewed
by two authors, and 14 studies were excluded based on the
predefined inclusion and exclusion criteria outlined in Figure 1. In
total, 10 cohort studies met the eligibility criteria and were included
in the final quantitative analysis.?"3°

Overview of study characteristics

Table 1 provides a summary of the key characteristics of the
studies included in the meta-analysis. In total, three prospective
cohort studies®?”3% and seven retrospective cohort studies?'-2+26:28629
were included, comprising 1202 AIS patients. These studies were
published between 2015 and 2024 and all conducted in China. All
studies focused on AIS patients, with participant ages ranging from
58.7 to 75.0 years and the proportion of male participants ranging
from 45.9% to 75.5%. Serum PTX-3 levels were measured within 48
h of admission in all included studies. High serum PTX-3 level were
defined using the different methods: the median value of PTX-3 in
seven studies,?22+272930 the third tertile of PTX-3 in one study,” and a
cutoff derived from receiver operating characteristic curve analysis
in another study.”® The PTX-3 cutoff values for high levels ranged
from 0.68 to 5.56 ng/mL. Functional outcomes were evaluated using
the mRS at discharge in two studies,?** at 1 month post-stroke in
two studies,?"?? and at 3 months post-stroke in six studies.?325%7-9
All studies used multivariate analysis to evaluate the association
between admission PTX-3 levels and poor functional outcomes,
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adjusting for potential confounders such as age, sex, comorbidities,
and baseline National Institutes of Health Stroke Scale scores. The
NOS scores for these studies ranged from 6 to 9, indicating moderate
to high study quality (Table 2).

Serum PTX-3 levels at admission and functional outcomes
after stroke

A meta-analysis of 10 cohort studies?’*° showed that higher serum
PTX-3 levels at admission were significantly associated with a
greater risk of poor functional outcomes after AlS (OR, 2.06; 95% Cl,
1.72-2.47; p < 0.001; Figure 2a), with no significant heterogeneity
(Cochrane Q test p = 0.52; 1> = 0%). Sensitivity analysis, performed
by removing each study one at a time, confirmed these results (OR
range, 1.92-2.20; p < 0.05 for all). Meta-regression analysis revealed
a positive correlation between higher PTX-3 cutoff values and
stronger associations with poor outcomes (coefficient = 0.17, p =
0.04; Table 3; Figure 2b). Other study factors, including sample size,
mean age, male proportion, incidence of poor outcomes, and NOS
scores, did not significantly impact the results (p > 0.05 for all; Table
3). Subgroup analyses showed no significant differences between
retrospective and prospective studies (p = 0.50; Figure 3a), patients
with mean ages < 63 years versus > 63 years (p = 0.39; Figure 3b), or
those with male proportions < 55% versus > 55% (p = 0.80; Figure
4a). As suggested by meta-regression, a stronger association was
found in studies with PTX-3 cutoff values > 3.3 ng/mL compared
to those with lower cutoffs (OR, 2.44 vs. 1.60; p = 0.03; Figure 4b).
Further subgroup analyses revealed similar results across studies
evaluating functional outcomes at 1 month or 3 months post-stroke
(p = 0.90; Figure 5a) and between studies with NOS scores of 6-7
versus 8-9 (p = 0.97; Figure 5b).

Publication bias

Visual inspection of the funnel plots for the meta-analysis on serum
PTX-3 levels and poor functional outcomes after AIS showed a
symmetrical distribution, suggesting a low probability of publication
bias (Figure 6). Additionally, Egger's regression test confirmed a
minimal risk of publication bias (p = 0.75).

DISCUSSION

This meta-analysis reveals a significant association between elevated
serum PTX-3 levels at admission and an increased risk of poor
functional outcomes in AIS patients. Our findings suggest that PTX-3,
an inflammatory biomarker associated with vascular and immune
responses, may serve as a predictor of AIS prognosis. These results
align with existing research, where higher PTX-3 levels have been
linked to worse outcomes in various vascular conditions, supporting
its potential as a prognostic marker for poor recovery in AlS.
Subgroup and meta-regression analyses showed that studies using
higher PTX-3 cutoffs were more likely to find a stronger association
with poor outcomes, highlighting the need to standardize PTX-3
cutoff levels to improve predictive accuracy.

PTX-3 contributes to poor functional outcomes in AIS through several
interconnected molecular mechanisms, including complement
activation, inflammatory  amplification, and  endothelial

Balkan Med J, Vol. 42, No. 3, 2025
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[ Identification of studies via databases and registers ]

Records identified from:
Databases (n = 453)
PubMed 103

Records removed before screening:

Embase 183

Web of Science 85
Wanfang 39

CNKI 43

Identification

A 4

Records screened

Duplicate records removed
(n =189)

Records excluded (n = 240)
Reviews

(n = 264)

4

Reports sought for retrieval

Editorials
Irrelevant studies
Preclinical studies

Reports not retrieved

(n = 24)

A4

Screening

Reports assessed for eligibility
(n=24)

A4

Studies included in review
(n=10)

[ Included ] [

FIG. 1. Flowchart of the database search and study selection process.
CNKI, China National Knowledge Infrastructure.

dysfunction.” As an acute-phase protein, PTX-3 can enhance
complement system activation by binding to Clq, triggering the
classical complement cascade, which amplifies immune responses
and leads to endothelial damage, BBB disruption, and neuronal
apoptosis.®*3 In addition to complement activation, PTX-3 may
interact with pro-inflammatory cytokines such as tumor necrosis
factor-alpha, interleukin-6 (IL-6), and IL-1B, which play key roles in
post-stroke inflammation.®# By reinforcing cytokine signaling, PTX-
3 cansustaininflammation, worseningischemicinjuryand hindering
neurovascular recovery.*’ Furthermore, PTX-3 may influence matrix
metalloproteinase (MMP) activity, particularly MMP-9, which breaks
down extracellular matrix components, causing BBB disruption,
increased vascular permeability, and further neuroinflammation.*
Additionally, PTX-3 is quickly produced by vascular endothelial cells
afterischemia, where it interferes with nitric oxide signaling, disrupts
cerebral autoregulation, and reduces microvascular perfusion, all of
which contribute to secondary infarction and impaired neurological
recovery.® Together, these mechanisms suggest that PTX-3 is not just
a marker of inflammation but also actively contributes to ischemic
injury, highlighting the need for future research on therapeutic
interventions targeting PTX-3-related pathways to improve post-
stroke outcomes.
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[ ]

(n=0)

Reports excluded:

Not in patients with AIS (n = 2)

®  Serum pentraxin-3 not
measured (n = 3)

®  Serum pentraxin-3 not
analysed as exposure (n = 2)

®  Functional outcome during
follow-up not reported (n = 6)

®  Overlapped patient population
(n=1)

Our subgroup and meta-regression analyses emphasize the
importance of PTX-3 cutoff values in predicting functional outcomes
after AIS. Studies using higher PTX-3 thresholds were more likely to
report significant associations, suggesting that elevated levels are
necessary to accurately reflect clinically significant inflammation
and endothelial damage. Nevertheless, the association between PTX-
3 levels and outcomes remained consistent across other subgroup
analyses, suggesting that PTX-3’s role in poor functional outcomes
is likely robust across different patient profiles. These consistent
results reinforce the potential of PTX-3 as a reliable biomarker for
adverse outcomes in AlS. Our analysis also considered multivariate
studies, confirming that the association between PTX-3 levels and
functional outcomes is independent of established prognostic
factors such as age and baseline stroke severity.

This meta-analysis has several strengths, including the inclusion
of cohort studies that provide a longitudinal view of PTX-3 levels
and functional outcomes, as well as multivariate adjustments in
most studies to control for confounding factors. These study designs
improve the reliability of our findings, as the cohort data establish
a temporal link between PTX-3 levels at admission and subsequent
functional outcomes. The consistency of the results across studies
further supports the value of PTX-3 as a predictive biomarker.
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TABLE 1. Characteristics of the Included Cohort Studies.
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Qu et China RC 90
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Liu et China RC 195
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Ao et China PC 82
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Mean age
(years)

D
D
N

75

63.3

NR

60.8

NR

60.4

61.2

58.7

63.1

Men (%)

56.3

45.9

63.8

63.3

75.5

NR

47.2

48.9

57.3

54.7

Timing of PTX-3
measurement

Within 24 h
after admission

Within 24 h
after admission

At admission

At admission

Within 48 h
after admission

At admission

At admission

Within 24 h
after admission

At admission

Within 24 h
after admission

Methods of PTX-
3 measurement

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

ELISA

determining the

PTX-3 cutoff
Y1 Cut-off of PTX-3

Ul
D

Methods for

Median

NR
13

Median

Median

Median

ROC
curve
analysis
derived

Median

Median

Median

(ng/mL)

0.68

2.98

3.13

3.31

1.42

411

o
S cw
=25
2%§
e E

1

1

3

3

3

At discharge

No. of patients
with poor
functional
outcome

D
[e=}

45

NR

57

31

54

23

21

5.19 Atdischarge 26

Variables
adjusted

Age, sex, hsCRP, TC/HDL-C,
WBC, FBG, and NIHSS at
admission

Age and sex

Age, sex, comorbidities, and
NIHSS at admission

Age, sex, comorbidities, FBG,
and time from disease onset
to thrombolysis

Age, sex, comorbidities,
NIHSS at admission, and
stenosis of ICA > 50%

Age and sex

Age, sex, comorbidities,
NIHSS at admission, and
time from disease onset to
thrombolysis

Age, sex, NIHSS at admission,
and size of the infarction

Age, sex, comorbidities,
NIHSS score at admission,
and time from disease onset
to intervention

Age, sex, AF, NIHSS at
admission

RC, retrospective cohort; PC, prospective cohort; AlS, acute ischemic stroke; PTX-3, pentraxin-3; NR, not reported; ELISA, enzyme-linked immunosorbent assay; NIHSS,
National Institute of Health Stroke Scale; ICA, intracranial artery; T3, the third tertile; ROC, receiver operator characteristics; hsCRP, high-sensitivity C-reactive protein; TC,
total cholesterol; HDL-C, high-density lipoprotein cholesterol; WBC, white blood cell; FBG, fasting blood glucose; AF, atrial fibrillation.

TABLE 2. Study Quality Evaluation Using the Newcastle-Ottawa Scale.

Study

Zhang and Qi*
Lin et al.”
Zhang et al.®
Quetal®
Zhang et al.®
Pan et al.?®

Liu et al.®®
Jiang et al."?
Ao et al.

Liu et al.?®

Representativeness

of the exposed
cohort

0
0
1
0
1
0
0
0
1
1

Selection

of the Ascertainment Outcome Control
nonexposed of the not present for age
cohort exposure at baseline  and sex
1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

1 1 1 1

Control

for other
confounding
factors

1

N Y s SR G G S

Enough  Adequacy
Assessment long of follow-
of the follow-up up of the
outcome  duration cohort Total
1 0 1 7
1 0 1 6
1 1 1 9
1 1 1 8
1 1 1 9
1 1 0 6
1 1 1 8
1 1 1 8
1 1 1 9
1 1 1 9
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Odds Ratio
IV, Random, 95% CI

Odds Ratio
IV, Random, 95% CI

a

udy or Subgr log[O: Ratio] SE_Weight
Zhang 2015 1.033184 0.42153162  4.8%
Lin 2015 1.272566 0.52743883  3.1%
Zhang 2018 -0.21072  1.4378105  0.4%
Qu 2019 0.978326 0.6961047  1.8%
Zhang 2021 0.683097 0.49543198  3.5%
Pan 2022 0.536493 0.18947554 23.7%
Liu 2024 1.081805 0.34714399  7.1%
Miao 2024 0.207014 0.27905775 10.9%
Ao 2024 0.824175 0.14360524 41.2%
Wang 2024 0.797507 0.47907457 3.7%
Total (95% Cl) 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 8.17, df =9 (P = 0.52); I = 0%

Test for overall effect: Z = 7.85 (P < 0.00001)

1.5

In(OR)

2.81[1.23, 6.42]
3.57 [1.27, 10.04]
0.81[0.05, 13.56]
2.66 [0.68, 10.41]
1.98 [0.75, 5.23] .
1.71[1.18, 2.48]
2.95[1.49, 5.83]
1.23[0.71, 2.13]
2.28[1.72,3.02]
2.22[0.87, 5.68]

-
-
L4

2.06 [1.72, 2.47]

005 0.2 1 5 20

T T

2 3

—

4

-
(o)}

Cutoff for high serum PTX-3 (ng/mL)

FIG. 2. Forest plots for the meta-analysis on the relationship between serum PTX-3 levels at admission and poor functional outcomes after AIS.
a, forest plots for the overall meta-analysis; b, plots showing the correlation between PTX-3 cutoffs and the natural logarithm of the OR (LnOR),
illustrating the association between PTX-3 levels and poor functional outcome after AlS.

PTX-3, pentraxin-3; AlS, acute ischemic stroke; OR, odds ratio.

TABLE 3. Results of the Univariate Meta-Regression Analysis.

OR for the association between circulating
PTX-3 and functional outcomes after AIS

Variables Coefficient 95% Cl p values
Sample size 0.00091 -0.00525-0.00708 0.74
Mean age (years) 0.016 -0.059-0.091 0.64
Men (%) 0.0069 -0.0309-0.0446 0.69
Cutoff value of PTX-3  0.17 0.01-0.33 0.04
(ng/mL)

Incidence of poor 0.012 -0.013-0.037 0.30
functional outcome

(%)

NOS 0.024 -0.199-0.248 0.81

PTX-3, pentraxin-3; AlS, acute ischemic stroke; OR, odds ratio; Cl, confidence
interval; NOS, Newcastle-Ottawa Scale; 3.1 [JP].
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However, there are limitations that should be considered when
interpreting these findings. One major limitation is that all
included studies were conducted in China, which may limit the
generalizability of our results to other populations. Differences in
genetic factors, lifestyle, and environmental influences could affect
PTX-3 levels and its role in stroke pathophysiology. Additionally,
variations in healthcare systems and stroke management practices
across regions could influence the prognostic value of PTX-3 in
different populations. The lack of ethnic diversity in the study
population limits our ability to determine whether PTX-3 has the
same predictive value across different racial and ethnic groups.
Future research including multiethnic cohorts from various regions
is needed to confirm these findings and explore the influence of
geneticand environmental factors on the relationship between PTX-
3 and stroke outcomes. Standardizing PTX-3 measurement methods
and cutoff values across diverse populations will be essential for
broader clinical applicability. Additionally, the variability in PTX-3
cutoff values across studies may introduce heterogeneity, though
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our meta-regression analysis showed that higher PTX-3 thresholds
were associated with stronger links to poor outcomes. Standardizing
PTX-3 measurements and defining clinically relevant cutoff values
would enhance its role as a prognostic biomarker. Furthermore,
as with all meta-analyses of observational studies, there may be
residual confounding factors. While most studies adjusted for
important variables like age, stroke severity, and comorbidities,
unmeasured factors, such as differences in stroke management
protocols and rehabilitation, could have influenced the observed
associations. The retrospective design of several studies also presents
a risk of selection bias.* Lastly, this meta-analysis focused on PTX-
3 levels at admission, and we could not assess changes in PTX-3
levels over time. Longitudinal studies tracking PTX-3 levels during
both the acute and recovery phases of AIS would provide valuable
information about its role in stroke progression and recovery.

From a clinical standpoint, these findings suggest that measuring
PTX-3 levels at admission could provide valuable prognostic
information for AIS patients, helping to identify those at high risk for
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poor functional recovery. PTX-3 measurements could complement
traditional prognostic factors, such as age and baseline severity
scores, to develop a more comprehensive risk profile for individual
patients. This approach could facilitate targeted interventions to
reduce inflammation and vascular damage early in treatment.
However, due to the lack of standardized PTX-3 cutoff values, further
research is needed to establish clinically meaningful thresholds for
risk stratification and treatment planning. Future studies should
focus on validating these findings in diverse populations and
exploring potential therapeutic strategies targeting PTX-3 pathways.
Randomized controlled trials investigating anti-inflammatory agents
that modify PTX-3 or its downstream effects in AIS could provide
insights into whether PTX-3 is just a marker or an active participant
in the pathological process. Additionally, longitudinal studies
with repeated PTX-3 measurements could clarify how PTX-3 levels
change during the recovery period and whether these changes are
linked to long-term outcomes. Understanding these patterns could
enhance our ability to use PTX-3 as a real-time indicator of recovery
potential. Moreover, given the strong association between elevated

a Odds Ratio 0Odds Ratio
Study or Subgroup __log[Odds Ratio] SE Weight V. Rand 95% CI IV, Rand 95% CI
1.2.1 Retrospective
Zhang 2015 1.033184 0.42153162 4.8% 2.81[1.23,6.42]

Lin 2015 1.272566 0.52743883 3.1% 3.57[1.27,10.04] -
Zhang 2018 -0.21072  1.4378105 0.4% 0.81[0.05, 13.56]

Qu 2019 0.978326 0.6961047 1.8% 2.66[0.68, 10.41] ]

Pan 2022 0.536493 0.18947554 23.7% 1.71[1.18,2.48] =

Liu 2024 1.081805 0.34714399 71% 2.95[1.49, 5.83] -
Miao 2024 0.207014 0.27905775 10.9% 1.23[0.71, 2.13] I
Subtotal (95% CI) 51.6% 1.96 [1.45, 2.66] <&
Heterogeneity: Tau? = 0.03; Chi? = 7.22, df = 6 (P = 0.30); * = 17%

Test for overall effect: Z = 4.39 (P < 0.0001)

1.2.2 Prospective

Zhang 2021 0.683097 0.49543198  3.5% 1.98[0.75, 5.23] T
Ao 2024 0.824175 0.14360524 41.2% 2.28[1.72,3.02] -
Wang 2024 0.797507 0.47907457  3.7% 2.22[0.87, 5.68] T
Subtotal (95% CI) 48.4% 2.25[1.74,2.92] L 4
Heterogeneity: Tau? = 0.00; Chi? = 0.08, df = 2 (P = 0.96); I> = 0%

Test for overall effect: Z=6.13 (P < 0.00001)

Total (95% Cl) 100.0% 2.06 [1.72, 2.47] ¢
Heterogeneity: Tau? = 0.00; Chiz = 8.17, df = 9 (P = 0.52); I* = 0% t f t y
Test for overall effect: Z = 7.85 (P < 0.00001) 005 02 1 5 20
Test for subaroup differences: Chi? = 0.45. df = 1 (P = 0.50). I? = 0%

b Odds Ratio Odds Ratio
_Study or Subgroup _ log[Odds Ratioc]  SE Weight IV. Random, 95% CI 1V, Random, 95% CI

1.3.1 Mean age < 63 years
Zhang 2021 0.683097 0.49543198  4.6% 1.98[0.75, 5.23] b

Liu 2024 1.081805 0.34714399  9.5% 2.95 [1.49, 5.83] -
Miao 2024 0.207014 0.27905775 14.6% 1.23[0.71, 2.13] T
Ao 2024 0.824175 0.14360524 55.2% 2.28[1.72,3.02] '
Subtotal (95% CI) 84.0% 2.02[1.42, 2.87] L 4
Heterogeneity: Tau? = 0.05; Chi2 = 4.97, df = 3 (P = 0.17); 12 = 40%

Test for overall effect: Z = 3.90 (P < 0.0001)

1.3.2 Mean age = 63 years

Zhang 2015 1.033184 042153162  6.4% 2.81[1.23, 6.42] —
Lin 2015 1.272566 0.52743883  4.1% 3.57 [1.27, 10.04]

Zhang 2018 -0.21072  1.4378105 0.6% 0.81[0.05, 13.56]

Wang 2024 0.797507 0.47907457  5.0% 2.22[0.87, 5.68] T
Subtotal (95% CI) 16.0% 2.66 [1.58, 4.49]

Heterogeneity: Tau? = 0.00; Chi? = 1.15, df = 3 (P = 0.76); I = 0%

Test for overall effect: Z = 3.67 (P = 0.0002)

Total (95% Cl) 100.0% 2.17 [1.76, 2.68] *
Heterogeneity: Tau? = 0.00; Chi? = 6.81, df = 7 (P = 0.45); I = 0% o ’05 sz ; 5 2’0

Test for overall effect: Z = 7.27 (P < 0.00001)

Test for subaroup differences: Chi? = 0.74. df = 1 (P =0.39). 2 = 0%

FIG. 3. Forest plots for subgroup analyses of the association between serum PTX-3 levels at admission and poor functional outcomes after AlS. a,
subgroup analysis based on study design; b, subgroup analysis based on the mean age of the patients.

PTX-3, pentraxin-3; AlS, acute ischemic stroke; Cl, confidence intervals.
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a Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 Men < 55%

Lin 2015 1.272566 0.52743883  4.0% 3.57[1.27, 10.04]

Liu 2024 1.081805 0.34714399  9.2% 2.95[1.49, 5.83] -

Miao 2024 0.207014 0.27905775 14.3% 1.23[0.71, 2.13] T

Wang 2024 0.797507 0.47907457 4.9% 2.22[0.87, 5.68] T
Subtotal (95% Cl) 324%  2.13[1.27,3.59] >
Heterogeneity: Tau? = 0.13; Chi? = 5.53, df = 3 (P = 0.14); I> = 46%

Test for overall effect: Z = 2.86 (P = 0.004)

1.4.2 Men = 55%

Zhang 2015 1.033184 0.42153162  6.3% 2.81[1.23,6.42] -
Zhang 2018 -0.21072  1.4378105  0.5% 0.81[0.05, 13.56]

Qu 2019 0.978326 0.6961047  2.3% 2.66 [0.68, 10.41] ]

Zhang 2021 0.683097 0.49543198  4.5% 1.98 [0.75, 5.23] T

Ao 2024 0.824175 0.14360524 54.0% 2.28[1.72,3.02] L J

Subtotal (95% Cl) 67.6% 2.30 [1.79, 2.95] L 2
Heterogeneity: Tau? = 0.00; Chi2 = 0.89, df = 4 (P = 0.93); I = 0%

Test for overall effect: Z = 6.48 (P < 0.00001)

Total (95% Cl) 100.0% 2.18 [1.78, 2.69] ‘
Heterogeneity: Tau? = 0.00; Chi? = 6.89, df = 8 (P = 0.55); 12 = 0% t t t t
Test for overall effect: Z = 7.40 (P < 0.00001) 005 02 1 5 20
Test for subaroup differences: Chi? = 0.06. df = 1 (P = 0.80). I> = 0%

b Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV. Random, 95% CI IV, Random, 95% ClI
1.5.1 Cutoff of PTX-3 < 3.3 ng/ml
Zhang 2018 -0.21072  1.4378105  0.4% 0.81[0.05, 13.56]

Qu 2019 0.978326 0.6961047  1.8% 2.66[0.68, 10.41] ]

Zhang 2021 0.683097 0.49543198  3.5% 1.98 [0.75, 5.23] T
Pan 2022 0.536493 0.18947554 23.7% 1.71[1.18, 2.48] =
Miao 2024 0.207014 0.27905775 10.9% 1.23[0.71, 2.13] I
Subtotal (95% CI) 40.2% 1.60 [1.20, 2.13] ‘
Heterogeneity: Tau? = 0.00; Chi? = 1.95, df = 4 (P = 0.74); I? = 0%

Test for overall effect: Z = 3.24 (P = 0.001)

1.5.2 Cutoff of PTX-3 = 3.3 ng/ml

Zhang 2015 1.033184 0.42153162  4.8% 2.81[1.23,6.42] -
Lin 2015 1.272566 0.52743883  3.1% 3.57[1.27, 10.04]

Liu 2024 1.081805 0.34714399  7.1% 2.95[1.49, 5.83] -
Ao 2024 0.824175 0.14360524 41.2% 2.28[1.72,3.02] =
Wang 2024 0.797507 0.47907457  3.7% 2.220.87, 5.68] T
Subtotal (95% CI) 59.8% 2.4411.93, 3.08] L 2
Heterogeneity: Tau? = 0.00; Chi? = 1.19, df = 4 (P = 0.88); I = 0%

Test for overall effect: Z = 7.49 (P < 0.00001)

Total (95% Cl) 100.0% 2.06 [1.72, 2.47] ¢
Heterogeneity: Tau? = 0.00; Chiz = 8.17, df = 9 (P = 0.52); I2= 0% 0_‘05 sz ; 5 2=0

Test for overall effect: Z = 7.85 (P < 0.00001)

Test for subaroup differences: Chi? = 5.02. df = 1 (P = 0.03). I?=80.1%

FIG. 4. Forest plots for subgroup analyses of the association between serum PTX-3 levels at admission and poor functional outcomes after AlS. a,
subgroup analysis based on the proportion of male participants; b, subgroup analysis based on the cutoff value for defining high PTX-3 levels.

PTX-3, pentraxin-3; AlS, acute ischemic stroke; Cl, confidence intervals.

PTX-3 levels and poor functional outcomes in AIS, therapeutic
strategies aimed at modifying PTX-3 pathways may offer potential for
improving stroke recovery. One approach could focus on targeting
PTX-3-mediated complement activation, as excessive complement
cascade activation has been linked to secondary ischemic injury.*
Inhibitors of complement components, such as Clq blockers or
complement pathway inhibitors, may help reduce PTX-3-driven
neuroinflammation and endothelial dysfunction.*® Additionally,
anti-inflammatory agents that suppress PTX-3 production, such as
corticosteroids or IL-6 inhibitors, could reduce its harmful effects
on BBB integrity and neuronal survival.¥” Another potential strategy
is regulating MMP activity, especially MMP-9, which is influenced
by PTX-3 and contributes to BBB breakdown. MMP inhibitors, such
as minocycline or other neuroprotective agents, could lessen PTX-
3-induced vascular damage and enhance neurological recovery.*
Although these approaches are still mainly investigational, future

Balkan Med J, Vol. 42, No. 3, 2025

research should investigate whether pharmacological modulation
of PTX-3 or its downstream pathways can provide clinical benefits
for AIS patients.

In conclusion, this meta-analysis confirms that elevated serum
PTX-3 levels at admission are associated with a higher risk of poor
functional outcomes in AIS patients. PTX-3 shows potential as a
prognostic biomarker due to its involvement in inflammatory and
endothelial injury pathways, which may worsen ischemic damage
and hinder recovery. While the consistency of our findings across
multiple subgroups strengthens the results, limitations related to
study design and generalizability highlight the need for further
validation. Standardizing PTX-3 cutoff values and examining its role
in AIS pathophysiology through targeted therapies may improve its
clinical utility in predicting and potentially enhancing outcomes in
AlS.
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Odds Ratio Odds Ratio
Study or Subgroup __log[Odds Ratio] SE_Weight IV, Random, 95% CI IV, Rand 95% ClI
1.6.1 Within 1 months
Zhang 2015 1.033184 0.42153162 4.8% 2.81[1.23, 6.42]
Lin 2015 1.272566 0.52743883 3.1% 3.57 [1.27, 10.04]
Pan 2022 0.536493 0.18947554 23.7% 1.71[1.18, 2.48] -
Wang 2024 0.797507 0.47907457 3.7% 2.22[0.87,5.68] T
Subtotal (95% Cl) 35.2% 2.00 [1.48, 2.72] L 2
Heterogeneity: Tau? = 0.00; Chi? = 2.59, df = 3 (P = 0.46); I>= 0%
Test for overall effect: Z = 4.48 (P < 0.00001)
1.6.2 3 months
Zhang 2018 -0.21072  1.4378105 0.4% 0.81[0.05, 13.56]
Qu 2019 0.978326  0.6961047 1.8% 2.66 [0.68, 10.41] 1
Zhang 2021 0.683097 0.49543198 3.5% 1.98 [0.75, 5.23] 1T
Liu 2024 1.081805 0.34714399 71% 2.95[1.49, 5.83] -
Miao 2024 0.207014 0.27905775 10.9% 1.23[0.71, 2.13] T
Ao 2024 0.824175 0.14360524 41.2% 2.28[1.72,3.02] b
Subtotal (95% Cl) 64.8% 2.06 [1.58, 2.68] L 2
Heterogeneity: Tau? = 0.01; Chi? = 5.53, df = 5 (P = 0.35); I = 10%
Test for overall effect: Z = 5.36 (P < 0.00001)
Total (95% CI) 100.0% 2.06 [1.72, 2.47] ¢
Heterogeneity: Tau? = 0.00; Chi? = 8.17, df = 9 (P = 0.52); I = 0% t t t y
Test for overall effect: Z = 7.85 (P < 0.00001) 005 02 1 5 20
Test for subaroup differences: Chi? = 0.02. df = 1 (P = 0.90). I? = 0%

Odds Ratio Odds Ratio

r re I Rati E_Weight 1V, Random, 95% CI V. 95% Cl

1.7.1 NOS 6-7
Zhang 2015 1.033184 0.42153162 4.8% 2.81[1.23,6.42]
Lin 2015 1.272566 0.52743883 3.1% 3.57 [1.27, 10.04]
Pan 2022 0.536493 0.18947554 23.7% 1.71[1.18, 2.48] -
Subtotal (95% CI) 31.5% 2.12[1.39, 3.22] <&
Heterogeneity: Tau? = 0.04; Chi? = 2.54, df =2 (P = 0.28); I?=21%
Test for overall effect: Z = 3.50 (P = 0.0005)
1.7.2 NOS 8-9
Zhang 2018 -0.21072  1.4378105 0.4% 0.81[0.05, 13.56]
Qu 2019 0.978326  0.6961047 1.8% 2.66 [0.68, 10.41] ]
Zhang 2021 0.683097 0.49543198 3.5% 1.98 [0.75, 5.23] I
Liu 2024 1.081805 0.34714399 71% 2.95[1.49, 5.83] -
Miao 2024 0.207014 0.27905775 10.9% 1.23[0.71, 2.13] T
Ao 2024 0.824175 0.14360524 41.2% 2.28[1.72,3.02] L
Wang 2024 0.797507 0.47907457 3.7% 2.22[0.87,5.68] T
Subtotal (95% CI) 68.5% 2.10[1.69, 2.61] *
Heterogeneity: Tau? = 0.00; Chi? = 5.54, df = 6 (P = 0.48); I* = 0%
Test for overall effect: Z = 6.66 (P < 0.00001)
Total (95% Cl) 100.0% 2.06 [1.72, 2.47] ¢
Heterogeneity: Tau? = 0.00; Chi? = 8.17, df = 9 (P = 0.52); 12 = 0% 0_505 sz ; 5 2’0

Test for overall effect: Z = 7.85 (P < 0.00001)
Test for subaroup differences: Chi* = 0.00. df = 1 (P = 0.97). 1= 0%

FIG. 5. Forest plots for the subgroup analyses of the relationship between serum PTX-3 levels at admission and poor functional outcomes after AlS.
a, subgroup analysis based on follow-up duration; b, subgroup analysis based on NOS scores.
PTX-3, pentraxin-3; AlS, acute ischemic stroke, NOS, Newcastle-Ottawa Scale, Cl, confidence intervals.
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