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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a significant public health issue
characterized by progressive and irreversible airflow limitation. The aim of this meta-
analysis was to determine the association between changes in serum galectin-3 levels and
COPD and to assess the relationship between serum galectin-3 levels and acute exacerbations
of COPD (AECOPD). Relevant observational studies were retrieved from electronic
databases, including PubMed, Web of Science, Embase, Wanfang, and China National
Knowledge Infrastructure (CNKI). A random-effects model was used,to combine the data,
incorporating the influence of between-study heterogeneity. Twelve Case-control studies
were included. The pooled results showed a significantly higherserum evel of galectin-3 in
patients with COPD compared to controls (standardized mean d§fference [SMD] 0.60; 95%
confidence interval [CI] 0.40 - 0.80; P < 0.001; If = 68%)."Further meta-analysis suggested

higher levels of serum galectin-3 in patients OPD compared to those with stable

COPD (SMD 0.33; 95% C1 0.20 - . P <0.001; I> = 0%). Subgroup analyses according

to the mean age of the participants, the prgportion of males, and study quality scores did not

significantly change the (P ubgroup differences all > 0.05). In conclusion, patients
with COPD were fou haverhigher serum levels of galectin-3, with levels further elevated
in patients wi compared to those with stable COPD.

Keywords: Chronic obstructive pulmonary disease; galectin-3; acute exacerbation;

biomarker.



INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a significant public health issue, often
characterized by progressive and irreversible limitation of airflow [1-3]. The persistent
airflow restriction is mainly due to bronchiolitis causing irreversible obstruction but could
also be exacerbated by the destruction of lung tissue (emphysema) and excessive production
of mucus (chronic bronchitis) [4]. Patients with COPD experience repeated episodes of
greatly increased symptoms (acute exacerbations), which involve more pronounced local and
systemic inflammation, leading to temporary deterioration in lung function, reduced quality
of life, hospitalization, and increased risk for further disease pr , 6]. Due to the
complex nature of COPD's pathophysiology, there is i@' rest in identifying
potential biomarkers that can assist in both diagnosing @nd managing this condition [7, 8].

Galectin-3, a protein that binds to f-galactosidesfphas becOffie a promising candidate due to

its role in inflammation, fibrosis, tissue remo and immune function [9-11]. An initial

study involving patients with sever PD indicated an elevated expression of galectin-3

and accumulation of neutrophids in the small airway epithelium [12]. This was found to be
ion

&

investigation also su ed

linked to epithelial pro airway obstruction [12]. A subsequent preclinical

at exposure to cigarette smoke might trigger the release of
galectin-3 in u isway epithelial cells, potentially contributing to the development of
COPD [13]. However, previous studies examining changes in serum levels of galectin-3
among COPD patients have vyielded conflicting findings [14-25]. While some studies
reported higher serum levels of galectin-3 compared to healthy controls [18, 20, 23-25],
others did not observe this difference [14, 17, 21, 22]. Given these uncertainties we aim to
investigate the link between serum levels of galectn-3 and COPD through a meta-analysis.
MATERIALS AND METHODS

The Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA)

statement (2020) [26, 27] was followed in this study. The Cochrane Handbook [28] for
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systematic review and meta-analysis was referenced throughout the study. The study has
been registered in Open Science Framework with the registration number of
10.17605/OSF.1I0/WYCP7.

Search strategy

Five electronic databases including PubMed, Web of Science, Embase, Wanfang, and China
National Knowledge Infrastructure (CNKI) were used for literature search with a predefined
combined search term: (1) "chronic obstructive pulmonary disease” OR "COPD" OR
"chronic obstructive lung disease” OR “chronic obstructive airway disease” OR
"emphysema™ OR "chronic airflow limitation” OR "chronic aj stiuction” and (2)
"galectin-3" OR "galectin 3". The search syntax used in etasanalysis is shown in in
Figure S1. Only studies with human subjects and publi nglish or Chinese peer-

reviewed journals were included. A second-roun

articles was also conducted. The final databa: ch was achieved on January 25, 2024.
Inclusion and exclusion criteria

patients with confirmed COPD without other concomitant cardiopulmonary

Inclusion criteria: (1) Observational studigs’in full-length articles; (2) Studies included adult
osi

@

diseases such as coro rte

disease, heart failure, or asthma etc., regardless of the disease
status of CO D or stable COPD); (3) Serum galectin-3 was measured, and
compared between’patients with COPD and healthy controls, or between patients with
AECOPD and stable COPD; (4) Difference of serum galectin-3 and its corresponding 95%
confidence interval (CI) were reported or could be calculated from the original reports.

Reviews, meta-analysis, studies including patients with COPD and other concomitant
cardiopulmonary diseases, studies measuring galectin-3 level in bronchoalveolar lavage
fluid, or studies comparing serum galectin-3 between patients with COPD and patients with
other cardiopulmonary diseases were excluded. For studies with potentially overlapped

patient population, the one with the largest sample size was included in the meta-analysis.
4



Data collection and quality assessment

Two independent authors conducted literature search and analysis, data collection, and study
quality assessing separately. If discrepancies were encountered, the corresponding author
joined the discussion for final judgement. Data of study information, study design, diagnosis,
demographic factors of the studied population, proportion of current smokers of the studied
population, methods for measuring serum galectin-3 and variables that were adjusted or
matched between cases and controls were extracted. Study quality assessment was achieved
via the Newcastle—Ottawa Scale (NOS) [29] with scoring regarding the criteria for participant

selection, comparability of the groups, and the validity of the U%J e scale ranged

between 1-9 stars, with larger number of stars presenting higher,stu ality.

Ethical statement ‘
Ethical approval was not required for this study i@ with local/national guidelines.

Written informed consent to participate in t dy was not required in accordance with
local/national guidelines.

Statistical analysis

The primary outcome of eta-apélysis was to investigate the difference between serum
galectin-3 between patients COPD and healthy controls, while the secondary outcome
was to compar&the)seruip galectin-3 between patients with AECOPD and stable COPD. The
difference of serum galectin-3 between groups was summarized as standardized mean
difference (SMD) and 95% CI because different methods were used for measuring galectin-
3 [28]. Between study heterogeneity was estimated with the Cochrane Q test and the 12
statistic [30, 31], with 12 > 50% reflecting the significant statistical heterogeneity. A random-
effect model was applied to combine the results by incorporating the influence of statistical
heterogeneity [28]. Sensitivity analysis by excluding one study at a time was used to evaluate
the robustness of the finding [28]. For the analysis with significant statistical heterogeneity,

a univariate meta-regression analysis was performed to evaluate the potential impact of study
5



characteristics in continuous variables on the results, such as the mean age, percentile of
males, and the NOS of the included studies. In addition, subgroup analysis was also
performed to evaluate the study characteristics on the results, such as disease status, mean
age, proportion of the males, and NOS, with the medians of the continuous variables as the
cutoff values for defining subgroups. By construction of the funnel plots, the publication bias
was estimated based on the visual judgement of the symmetry of the plots, supplemented

with the Egger’s regression asymmetry test [32]. A p < 0.05 reflects statistical significance.

Stata Corporation, College Station, TX) software packages were onjthese analyses.

RESULTS
Study inclusion ‘
on inthe

The process for identifying relevant studies for inglusi

The RevMan (Version 5.1; Cochrane Collaboration, Oxford, UK) and Stata (version 17.0;
I

meta-analysis is presented in

Figure 1. In brief, 342 potentially relevan rds were obtained after comprehensive

searches of the three databases, 89 of ythem were excluded due to duplication.

Subsequently, a screening viaconsideringrthe titles and abstracts of the remaining records
further led to the exclusi 22 re studies, mostly because they were not related to the

aim of the meta-anal Accordingly, the full texts of the 26 remaining records were read
by two indepefide rs, and 14 of them were further removed for various reasons, as
listed in Figure 1. Finally, 12 observational studies remained and were considered to be
suitable for the subsequent quantitative analyses [14-25].

Overview of the study characteristics

Table 1 presents the summarized characteristics of the included studies. Overall, 12 case-
control studies involving 1167 patients with COPD and 573 healthy controls were included
in the meta-analysis (14-25). These studies were published between 2015 and 2024, and

performed in Austria, the Netherlands, China, and Sweden. The mean ages of the included

population were 47.7 to 69.2 years, with the percentiles of males of 37.9 to 77.5%. Serum
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galectin-3 was measured with the chemiluminescent microparticle immunoassay in one study
(14), and with the enzyme-linked immunosorbent assay in the others (15-25). Potential
variables such as age, sex, body mass index, and smoking status were matched or adjusted to
a varying degree in ten studies (15-21, 23-25). The NOS of the included studies were six to
nine stars, suggesting overall moderate to good study quality (Table 2).

Serum galectin-3 between patients with COPD and healthy controls

Nine studies compared serum level of galectin-3 between patients with COPD and healthy
controls [14, 17, 18, 20-25]. Since four of them reported the difference of galectin-3 between

cases and controls according to the disease status of COPD (AE stable COPD) [20,

21, 23, 25], these datasets were included independently, a size of the control

groups were equally split to avoid to overcome unit-of- rs as detailed in Cochrane
Handbook [28]. Overall, the pooled results shawed a serum level of galectin-3 in

patients with COPD as compared to healthy Is (SMD: 0.60, 95%Cl: 0.40 to 0.80, p <

0.001; 1% = 68%; Figure 2).
Subsequent sensitivity analysi excluding one dataset at a time showed consistent results

13Oy
(SMD: 0.55 10 0.65, p al 5).

The meta-regression lysi9”suggested that study characteristics such as mean age,
percentile of male OS did nog significantly affect the results (Table 3).

Results of the subgfoup analysis showed according to disease status and mean age of the
patients did not significantly affect the results (p for subgroup difference = 0.30 and 0.43,
respectively; Figure 3A and 3B). A similar results were retrieved for studies with the
proportions of the males < or > 60% (p for subgroup difference = 0.40; Figure 4A). In
addition, the subgroup analysis according to the quality scores of the included studies did not

significantly affect the results (p for subgroup difference = 0.55; Figure 4B).



Serum galectin-3 between patients with AECOPD and stable COPD

The meta-analysis with seven studies (15, 16, 19-21, 23, 25) further suggested a higher level
of serum galectin-3 in patients with AECOPD as compared to stable COPD (SMD: 0.33,
95% ClI: 0.20 to 0.46, p < 0.001; 1> = 0%; Figure 5A). Sensitivity analysis by omitting one
study at a time did not significantly affect the results (SMD: 0.29 to 0.36, p all <0.05). Further
exploring meta-analysis suggested similar results in patients with mean ages < and > 60 years,
in studies with the proportions of the males < or > 60%, and in studies with different quality
scores (Figure 5B-5D, p for subgroup difference all > 0.05).

Publication bias evaluation

The funnel plots for the meta-analyses of the difference of sgfum galectin-3 between patients

with COPD and health controls, and between patients Wi D and stable COPD are

shown in Figure 6A and 6B. The symmetrical funnel plots suggested a low

likelihood of publication biases. Results of th er's regression test also showed low risks

of publication biases underlying the meta-analyses (p = 0.91 and 0.78, respectively).

DISCUSSION

This meta-analysis syntK:%Mdings from 12 case-control studies and found that
individuals with CO?Ed er levels of galectin-3 in their serum compared to healthy
controls. Fur e, i was noted that individuals experiencing acute exacerbations of
COPD also had elevated levels of galectin-3 compared to those with stable COPD.
Subsequent subgroup analyses according to age, sex, and study quality scores showed similar
results. These findings indicate that increased serum galectin-3 levels could serve as a
potential biomarker for both chronic and acute states of COPD.

This research may represent the first meta-analysis to compile data on the changes in serum
galectin-3 levels among COPD patients. Before interpreting the results, it is important to

acknowledge the rigorous methodology applied in this meta-analysis. A comprehensive

search of five widely used electronic databases yielded 12 recent observational studies
8



relevant to this meta-analysis's objectives. Moreover, only studies involving COPD patients
without other concurrent cardiopulmonary conditions were considered, aiming to minimize
potential confounding effects from comorbidities on the meta-analysis results. Additionally,
various sensitivity and subgroup analyses confirmed the robustness of the primary findings
and indicated that neither individual datasets nor study characteristics such as mean ages,
percentage of males or study quality scores significantly influenced the outcomes. Overall,
these results highlight the potential utility of serum galectin-3 as a marker for identifying

COPD and AECOPD patients, particularly among current smokers.

One study revealed increased galectin-3 expression in the sgdall airwayepithelium of COPD
patients, along with an accumulation of neutrophils,{which contribute to epithelial
growth and airway blockage in these individuals QZ]. AnJ er study found that exposure to

cigarette smoke extract notably raised galec ene expression in airway epithelial cells

The potential reasons for the connection between elevated galecti% D are complex.

from COPD patients but not those from healthy controls [13]. The induction of galectin-3

following cigarette smoke expesure was @ssociated with neutrophilic airway inflammation
[13]. Lastly, a recent st X)that the build-up of galectin-3 in bronchial epithelial

cells isolated from

pagients could indicate insufficient autophagic breakdown and
—Dboth known mechanisms underlying COPD progression [33].
Further research is’hecessary to uncover the main molecular pathways responsible for the
link between increased galectin-3 levels and COPD.

Overall, the meta-analysis on serum galectin-3 levels in COPD reveals its potential as a
diagnostic biomarker and prognostic indicator, with elevated levels associated with disease
presence and exacerbations. Clinically, galectin-3 could aid in early COPD detection,
stratification of patients based on exacerbation risk, and serve as a therapeutic target. Future

research should focus on longitudinal studies to validate these associations, mechanistic

investigations to understand its role in COPD pathophysiology, clinical trials to evaluate
9



targeted interventions, and subgroup analyses to identify responsive patient groups. Overall,
galectin-3 shows promise in improving COPD management by providing insights into
disease mechanisms and guiding personalized treatment strategies.

This study also has some limitations that should be noted. One significant issue is that this
meta-analysis focused on comparing the different serum levels of galectin-3 between cases
and controls, and it did not determine the optimal cutoff value of galectin-3 for discriminating
COPD and AECOPD from the patient population. Additionally, all included studies were
case-control studies with a cross-sectional design. Therefore, evaluating,the dynamic changes
of serum galectin-3 during COPD exacerbation and followingAtreatments is necessary.

Moreover, other potential confounding factors may affectghe\assqciagtion between serum

galectin-3 and COPD. For example, statins have bee‘ suggested to influence the level of

lation between galectin-3 and

serum galectin-3, which therefore may influentﬁe;)s

COPD (34). Lastly, our meta-analysis solely ed observational studies, thus precluding
the establishment of a causal relationship between galectin-3 in the development and acute
exacerbation of COPD. »’

CONCLUSION
The results of the me lysts'indicate that patients with COPD had higher serum galectin-

3 levels. MoreQvepni Ziduals with AECOPD exhibited elevated galectin-3 compared to
those with stable PD. While further prospective studies are required to validate the
connection between increased serum galectin-3 and the onset and acute exacerbation of
COPD, this meta-analysis supports the potential utility of serum galectin-3 as a biomarker
for identifying patients with COPD and AECOPD.

Data availability

All the data generated during the study are included within the manuscript.
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TABLES AND FIGURES WITH LEGENDS

TABLE 1. Characteristics of the included studies

No. of No. of )
) ) No. of Current Methods for | Variables
. patients patients Mean age ) ]
Study Country Design ) ) healthy les (%) smoking measuring | matched or
with with stable (years) .
controls (%) serum Gal-3 adjusted
AECOPD COPD
Pa
Mueller ) Y
Austria CcC 15 0 22 8. 70.3 324 CMIA None
2015
)
Age, sex,
Pouwels The .
CC 40 40 63.6 77.5 45 ELISA smoking, and
2015 Netherlands
BMI
Age, sex,
Feng ) .
2017 China CC 44 44 0 69.2 77.3 20.5 ELISA smoking, and
X) BMI
Shen ) Age, sex,
China CcC 0 0] 100 55.2 79 NR ELISA )
2018 % and smoking
Ui ) Age, sex,
iu
2019 China CC 60 60 0 68.7 76.7 63.3 ELISA BMI, and
smoking
Li
2019 China CcC 0 42 30 47.7 50 NR ELISA Age and sex
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Du
2020 China cC 151 107 129 68.9 57.9 NR ELISA Age and sex
Mao
China cC 40 40 40 56.7 60 NR ELISA Age and sex
2020
Sundgqvist )
Sweden CcC 0 56 20 6 7.9 82.1 ELISA None
2021
A )
Wang )
China CcC 71 79 74 N 58 59.5 NR ELISA Age and sex
2021 )
Wang Age, sex,
China CC 0 64 6 64.2 66.9 NR ELISA
2023 and BMI
Zhang ) Age, sex,
2024 China CcC 60 98 56.2 61.3 NR ELISA

and BMI
COPD: Chronic obstructive pulmonary disease; AECO cutexacerbated COPD; Gal-3: Galectin-3; CMIA: Chemiluminescent microparticle immunoassay;

ELISA: Enzyme-linked immunosorbent assay; €@ -gentrol; BMI: Body mass index; NR: Not reported.
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TABLE 2. Study quality evaluation via the Newcastle-Ottawa Scale

Same method

Adequate of
Controlled | Controlled for Non-
definition Representativeness Selection Definition scertainment | ascertainment
Study for age and other response Overall
of the of the cases of controls | of controls exposure | of exposure for
sex confoundings rate
cases cases and
controls
Mueller 2015 1 0 1 1 0 1 1 1 6
Pouwels 2015 1 0 1 1 1 1 1 1 1 8
Feng 2017 1 0 1 1 % 1 1 1 1 8
Shen 2018 0 0 1 1 » 1 1 1 1 7
Liu 2019 1 1 1 1 1 1 1 1 1 9
AN
Li 2019 1 0 1 0 1 1 1 7
Du 2020 0 1 1 0 1 1 1 7
Mao 2020 1 1 1 0 1 1 1 8
Sundgvist 2021 1 0 0 0 1 1 1 6
Wang 2021 1 0 1 0 1 1 1 7
Wang 2023 1 0 1 1 1 1 1 1 1 8
Zhang 2024 1 1 1 1 1 1 1 1 1 9
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TABLE 3. Univariate meta-regression analysis for the SMD of serum Gal-3 between

patients with COPD and healthy controls

Variables SMD of serum Gal-3
Coefficient 95% ClI P values
Mean age (years) 0.013 -0.025 to 0.050 0.48
Males (%) -0.0088 -0.0343 t0 0.0168 0.47
NOS 0.062 -0.204 to 0.327 0.62

COPD: Chronic obstructive pulmonary disease; SMD: Standardi

Galectin 3; Cl: Confidence interval; NOS: Newcastle-Ottawa’Scale.
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FIGURE 1. Process,of literature search and study identification.
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COPD Control Std. Mean Difference Std. Mean Difference

_StudyorSubgroup =~ Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV. Random.95%Cl
Mueller 2015 14 104 15 13 104 22 52% 0.09 [-0.56, 0.75] A
Shen 2018 115 167 100 85 184 100 9.6% 0.17 [-0.11, 0.45] T
Li 2019 26.2 12.7 42 122 195 30 6.9% 0.87 [0.38, 1.36] -
Du 2020 AECOPD 33.3 205 151 17.74 10.2 65 9.3% 0.86 [0.56, 1.16] _'_
Du 2020 stable COPD 28.5 17.3 107 17.74 10.2 64  9.1% 0.71[0.39, 1.03] T
Mao 2020 AECOPD 114 13.6 40 76 199 20 6.4% 0.24 [-0.30, 0.77] 1
Mao 2020 stable COPD 85 104 40 76 199 20 6.4% 0.06 [-0.47, 0.60] B
Sundgvist 2021 12.8 10.2 56 10.1 18.8 20 6.7% 0.21[-0.31, 0.72] 1
Wang 2021 AECOPD 35.1 189 71 141 112 37 76% 1.25[0.82, 1.68] -
Wang 2021 stable COPD 27.2 165 79 141 112 37 8.0% 0.87 [0.46, 1.27] -
Wang 2023 27.4 221 64 15.02 191 60  8.6% 0.59 [0.23, 0.95] -
Zhang 2024 AECOPD 33.87 194 60 16 16.6 49  8.0% 0.98 [0.58, 1.37] -
Zhang 2024 stable COPD  25.87 18.4 54 16 16.6 49  8.1% 0.56 [0.16, 0.95] -
Total (95% CI) 879 573 100.0% 0.60 [0.40, 0.80] L 4

Heterogeneity: Tau? = 0.09; Chi? = 37.58, df = 12 (P = 0.0002); I* = 68%

Test for overall effect: Z = 5.84 (P < 0.00001) -2 - 0 ! 2
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FIGURE 2. Forest plots for the meta-analysis comparing the serum galectin-3 level between
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patients with COPD and healthy controls.
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A COPD Control Std. Mean Difference Std. Mean Difference

r re Mean D Total Mean D Total Weigh IV, Random, 95% CI IV, Random, 95% CI
1.2.1 AECOPD versus control
Mueller 2015 14 104 15 13 104 22 52% 0.09 [-0.56, 0.75] I
Du 2020 AECOPD 33.3 205 151 17.74 10.2 65 9.3% 0.86 [0.56, 1.16] -
Mao 2020 AECOPD 114 136 40 76 199 20 6.4% 0.24 [-0.30, 0.77] 1T
Wang 2021 AECOPD 351 189 71 141 112 37  76% 1.25[0.82, 1.68] -
Zhang 2024 AECOPD 33.87 194 60 16 16.6 49  8.0% 0.98 [0.58, 1.37] P
Subtotal (95% CI) 337 193 36.6% 0.74 [0.37, 1.10] -
Heterogeneity: Tau? = 0.12; Chi? = 13.66, df = 4 (P = 0.008); * =71%
Test for overall effect: Z = 3.95 (P < 0.0001)
1.2.2 Stable COPD versus control
Shen 2018 115 167 100 85 184 100 9.6% 0.17 [-0.11, 0.45] I
Li2019 26.2 12.7 42 122 195 30 6.9% 0.87 [0.38, 1.36] -
Du 2020 stable COPD 285 17.3 107 17.74 10.2 64  91% 0.71[0.39, 1.03] I
Mao 2020 stable COPD 85 104 40 76 199 20 6.4% 0.06 [-0.47, 0.60] -
Sundqvist 2021 12.8 10.2 56 10.1 188 20 6.7% 0.21[-0.31,0.72] T
Wang 2021 stable COPD 27.2 165 79 141 112 37  8.0% 0.87 [0.46, 1.27] "ﬁ
Wang 2023 274 221 64 15.02 191 60 8.6% 0.59[0.23, 0.95] -
Zhang 2024 stable COPD  25.87 184 54 16 16.6 49 81% 0.56 [0.16, 0.95] DS
Subtotal (95% CI) 542 380 63.4% 0.51[0.30, 0.73] <>
Heterogeneity: Tau® = 0.05; Chi* = 16.60, df = 7 (P = 0.02); I* = 58%
Test for overall effect: Z = 4.66 (P < 0.00001)
Total (95% CI) 879 573 100.0% 0.60 [0.40, 0.80] <

Heterogeneity: Tau? = 0.09; Chi? = 37.58, df = 12 (P = 0.0002); I* = 68% '2 -1 P 1- 2-
Test for overall eﬁe.d: Z=584 (P,< 0.00001) Lower Gal-3 in COPD  Higher Gal-3 in COPD
Test for subarouo differences: Chi2=1.08. df =1 (P =0.30). 1= 7.8%

B COPD Control Std. Mean Difference Std. Mean Difference
udy or Subgroup ea a ea i a o a 95%

1.3.1 Mean age < 60 years
Mueller 2015 14 104 15 13 104 22 52% 0.09 [-0.56, 0.75] T
Shen 2018 115 167 100 85 184 100 9.6% 0.17 [-0.11, 0.45] I
Li 2019 262 12.7 42 122 195 30 69% 0.87 [0.38, 1.36] -
Mao 2020 AECOPD 114 136 40 76 199 20 6.4% 0.24 [-0.30, 0.77] T
Mao 2020 stable COPD 85 104 40 7.6 19.9 20 6.4% 0.06 [-0.47, 0.60] -
Wang 2021 AECOPD 351 18.9 71 141 112 37 76% 1.25[0.82, 1.68] -
Wang 2021 stable COPD 27.2 165 79 141 11.2 37 8.0% 0.87 [0.46, 1.27] T
Subtotal (95% CI) 387 266 50.2% 0.52 [0.16, 0.89] .

Heterogeneity: Tau? = 0.18; Chi? = 27.24, df = 6 (P = 0.0001); I = 78%
Test for overall effect: Z = 2.81 (P = 0.005)

1.3.2 Mean age = 60 years

Du 2020 AECOPD 333 205 151 17.74 10.2 65 9.3% 0.86 [0.56, 1.16] -
Du 2020 stable COPD 285 17.3 107 17.74 102 64  9.1% 0.71[0.39, 1.03] I
Sundgvist 2021 12.8 10.2 56 10.1 18.8 20 6.7% 0.21[-0.31, 0.72] N
Wang 2023 274 221 64 15.02 191 60 8.6% 0.59[0.23, 0.95] -
Zhang 2024 AECOPD 33.87 194 60 16 16.6 49  8.0% 0.98 [0.58, 1.37] -
Zhang 2024 stable COPD  25.87 18.4 54 16 16.6 49  8.1% 0.56 [0.16, 0.95] -
Subtotal (95% CI) 492 307 49.8% 0.69 [0.50, 0.87] <

Heterogeneity: Tau? = 0.02; Chi* = 7.30, df = 5 (P = 0.20); I> = 32%
Test for overall effect: Z = 7.37 (P < 0.00001)

Total (95% CI) 879 573 100.0% 0.60 [0.40, 0.80] <
Heterogeneity: Tau? = 0.09; Chi? = 37.58, df = 12 (P = 0.0002); I* = 68% 2 1 o 1 2
Test for overall effect: Z = 5.84 (P < 0.00001)

¥ § Lower Gal-3 in COPD Higher Gal-3 in COPD
Test for subaroun differences: Chi* = 0.63. df =1 (P =0.43). I = 0%

FIGURE 3. Forest plots for the subgroup analyses comparing the serum galectin-3 level between
patients with COPD and healthy controls. (A) forest plots for the subgroup analyses according to the

disease status; (B) forest plots for the subgroup analyses according to the mean age of the population.
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Control

1.4.1 Males < 60%

Li2019 262 127 42 122 195 30 6.9%
Du 2020 AECOPD 33.3 205 151 17.74 10.2 65 9.3%
Du 2020 stable COPD 285 17.3 107 17.74 10.2 64 91%
Mao 2020 AECOPD 114 136 40 7.6 199 20 6.4%
Mao 2020 stable COPD 85 104 40 7.6 199 20 6.4%
Sundgqvist 2021 12.8 10.2 56 10.1 18.8 20 6.7%
Wang 2021 AECOPD 35.1 189 71 141 112 37 7.6%
Wang 2021 stable COPD 27.2 165 79 141 112 37 8.0%
Subtotal (95% CI) 586 293 60.4%
Heterogeneity: Tau? = 0.09; Chi? = 20.20, df = 7 (P = 0.005); I* = 65%

Test for overall effect: Z = 5.11 (P < 0.00001)

1.4.2 Males > 60%

Mueller 2015 14 104 15 13 104 22 52%
Shen 2018 115 16.7 100 8.5 184 100 9.6%
Wang 2023 274 221 64 15.02 191 60 8.6%
Zhang 2024 AECOPD 33.87 194 60 16 16.6 49 8.0%
Zhang 2024 stable COPD  25.87 18.4 54 16 166 49 8.1%
Subtotal (95% Cl) 293 280 39.6%
Heterogeneity: Tau? = 0.08; Chi2 = 12.52, df =4 (P = 0.01); I = 68%

Test for overall effect: Z = 3.12 (P = 0.002)

Total (95% CI) 879 573 100.0%

Heterogeneity: Tau? = 0.09; Chi? = 37.58, df = 12 (P = 0.0002); I = 68%
Test for overall effect: Z = 5.84 (P < 0.00001)
Test for subaroun differences: Chiz =0.70. df =1 (P = 0.40). 2= 0%

Std. Mean Difference

0.87 [0.38, 1.36]
0.86 [0.56, 1.16]
0.71[0.39, 1.03]
0.24 [-0.30, 0.77]
0.06 [-0.47, 0.60]
0.21[-0.31,0.72]
1.25[0.82, 1.68]
0.87 [0.46, 1.27]
0.67 [0.41, 0.92]

0.09 [-0.56, 0.75]
0.17 [-0.11, 0.45]
0.59 [0.23, 0.95]
0.98 [0.58, 1.37]
0.56 [0.16, 0.95]
0.50 [0.18, 0.81]

0.60 [0.40, 0.80]

Std. Mean Difference

-2

-1
Lower Gal-3 in COPD

‘ 0 1 2
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COPD Control Std. Mean Difference Std. Mean Difference

r I Mean D Total Mean D Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.5.1 NOS 6-7
Mueller 2015 14 104 15 13 104 22 5.2% 0.09 [-0.56, 0.75] -
Shen 2018 115 16.7 100 85 184 100 9.6% 0.17 [-0.11, 0.45] I
Li 2019 26.2 127 42 122 195 30 6.9% 0.87 [0.38, 1.36] -
Du 2020 AECOPD 333 205 151 17.74 102 65 9.3% 0.86 [0.56, 1.16] -
Du 2020 stable COPD 285 17.3 107 17.74 10.2 64 9.1% 0.71[0.39, 1.03] -
Sundqvist 2021 128 10.2 56 10.1 18.8 20 6.7% 0.21[-0.31,0.72] -
Wang 2021 AECOPD 351 189 71 141 1.2 37 7.6% 1.25[0.82, 1.68] -
Wang 2021 stable COPD 272 165 79 141 11.2 37 8.0% 0.87 [0.46, 1.27] _
Subtotal (95% CI) 621 375 62.5% 0.65 [0.36, 0.93] <>
Heterogeneity: Tau? = 0.12; Chi? = 28.31, df = 7 (P = 0.0002); I* = 75%
Test for overall effect: Z = 4.49 (P < 0.00001)
1.5.2 NOS 8-9
Mao 2020 AECOPD 114 13.6 40 7.6 19.9 20 6.4% 0.24 [-0.30, 0.77] -
Mao 2020 stable COPD 85 104 40 76 199 20 6.4% 0.06 [-0.47, 0.60] -
Wang 2023 274 221 64 15.02 19.1 60 8.6% 0.59[0.23, 0.95] -
Zhang 2024 AECOPD 33.87 19.4 60 16 16.6 49 8.0% 0.98 [0.58, 1.37] -
Zhang 2024 stable COPD  25.87 18.4 54 16 16.6 49 8.1% 0.56 [0.16, 0.95] -
Subtotal (95% CI) 258 198 37.5% 0.52[0.23, 0.81] >
Heterogeneity: Tau® = 0.06; Chi* = 8.87, df = 4 (P = 0.06); I* = 55%
Test for overall effect: Z = 3.53 (P = 0.0004)
Total (95% CI) 879 573 100.0% 0.60 [0.40, 0.80] L 4
Heterogeneity: Tau? = 0.09; Chi? = 37.58, df = 12 (P = 0.0002); I* = 68% 2 1 0 1 2

Test for overall effect: Z = 5.84 (P < 0.00001)
Test for subaroun differences: Chi? = 0.35. df = 1 (P = 0.55). = 0%

Lower Gal-3 in COPD Higher Gal-3 in COPD

FIGURE 4. Forest plots for the subgroup analyses comparing the serum galectin-3 level between
patients with COPD and healthy controls. (A) forest plots for the subgroup analyses according to the

proportion of the males; (B) forest plots for the subgroup analyses according to the study quality scores.
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A AECOPD Stable COPD Std. Mean Difference Std. Mean Difference

% Cl IV, Random, 95% CI
Pouwels 2015 107 512 40 1.1 474 40 9.2% -0.01 [-0.44, 0.43] —

Feng 2017 311 125 44 273 131 44 10.0% 0.29[-0.13, 0.71] T

Liu 2019 336 87 60 285 85 60 132% 0.59 [0.22, 0.95] T —
Du 2020 333 205 151 285 17.3 107 28.7% 0.25 [0.00, 0.50] =

Mao 2020 114 136 40 85 104 40 9.2% 0.24 [-0.20, 0.68] N
Wang 2021 351 189 71 272 165 79 16.8% 0.44[0.12,0.77] L
Zhang 2024 3387 194 60 2587 184 54 12.8% 0.42 [0.05, 0.79] —_—
Total (95% CI) 466 424 100.0% 0.33 [0.20, 0.46] <>
Heterogeneity: Tau? = 0.00; Chi® = 5.50, df = 6 (P = 0.48); I* = 0% 1 0 e 5 0‘5 1

Test for overall effect: Z = 4.84 (P < 0.00001) Lower Gal-3 in AECOPD Higher Gal-3 in AECOPD

B COPD Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

1.7.1 Mean age < 60 years
Mao 2020 114 136 40 85 104 40 9.2% 0.24 [-0.20, 0.68] ]
Wang 2021 35.1 18.9 71 27.2 16.5 79 16.8% 0.44 [0.12, 0.77] -
Zhang 2024 33.87 194 60 25.87 18.4 54 12.8% 0.42[0.05, 0.79] - -
Subtotal (95% CI) 17 173  38.8% 0.39 [0.17, 0.60] -
Heterogeneity: Tau? = 0.00; Chi? = 0.60, df = 2 (P = 0.74); I* = 0%
Test for overall effect: Z = 3.55 (P = 0.0004)
1.7.2 Mean age = 60 years
Pouwels 2015 1.07 512 40 1.1 474 40 9.2% -0.01 [-0.44, 0.43] - 1
Feng 2017 311 125 44 273 131 44 10.0% 0.29 [-0.13, 0.71] -
Liu 2019 336 87 60 285 85 60 13.2% 0.59 [0.22, 0.95] -
Du 2020 33.3 205 151 285 17.3 107 287% 0.25[0.00, 0.50] =
Subtotal (95% CI) 295 251  61.2% 0.29 [0.08, 0.51] e
Heterogeneity: Tau? = 0.02; Chi* = 4.43, df = 3 (P = 0.22); I = 32%
Test for overall effect: Z = 2.66 (P = 0.008)
Total (95% CI) 466 424 100.0% 0.33 [0.20, 0.46] <>

[T 2 = . 2= = = 2= 0% t 1 t
Heterogeneity: Tau? = 0.00; Chi? = 5.50, df = 6 (P = 0.48); I> = 0% M 05 0 05 1

Test for overall effect: Z = 4.84 (P < 0.00001) Lower Gal-3in COPD Higher Gal-3 in COPD

Test for subarouo differences: Chi2=0.38. df = 1 (P = 0.54). 2= 0%

C AECOPD Stable COPD Std. Mean Difference Std. Mean Difference
i % Cl IV, Random. 95% CI

1.8.1 Males < 60%
Du 2020 333 205 151 285 17.3 107 28.7% 0.25[0.00, 0.50] =
Mao 2020 114 136 40 85 104 40  92% 0.24 [-0.20, 0.68] ]
Wang 2021 351 189 71 272 16.5 79 16.8% 0.44[0.12, 0.77] -
Subtotal (95% CI) 262 226 54.7% 0.31 [0.13, 0.49] -
Heterogeneity: Tau? = 0.00; Chi* = 1.00, df = 2 (P = 0.61); I = 0%
Test for overall effect: Z = 3.34 (P = 0.0008)
1.8.2 Males > 60%
Pouwels 2015 1.07 512 40 1.1 474 40  9.2% -0.01 [-0.44, 0.43] 7
Feng 2017 31.1 125 44 273 1341 44  10.0% 0.29[-0.13, 0.71] -1
Liu 2019 336 87 60 285 85 60 13.2% 0.59 [0.22, 0.95] - -
Zhang 2024 33.87 194 60 2587 184 54  12.8% 0.42[0.05, 0.79] -
Subtotal (95% Cl) 204 198  45.3% 0.35[0.11, 0.59] -
Heterogeneity: Tau® = 0.02; Chi* = 4.38, df =3 (P =0.22); 7 =31%
Test for overall effect: Z = 2.82 (P = 0.005)
Total (95% CI) 466 424 100.0% 0.33 [0.20, 0.46] >

Heterogeneity: Tau? = 0.00; Chi? = 5.50, df = 6 (P = 0.48); 12 = 0% '

1 05 0 05 1
Test for overall effect: Z = 4.84 (P < 0.00001) q . 3
Test for subaroun differences: Chi* = 0.06. df = 1 (P = 0.80). I = 0% Lower Gal-3in AECOPD  Higher Gal-3 in AECOPD

D COPD Control Std. Mean Difference Std. Mean Difference
_Study or Subgroup Mean SD Total Mean SD Total Weight IV. Random. 95% Cl 1V, Random. 95% ClI

1.9.1 NOS 6-7
Du 2020 33.3 205 151 285 173 107 28.7% 0.25[0.00, 0.50] =
Wang 2021 351 18.9 71 272 165 79 16.8% 0.44[0.12, 0.77] "
Subtotal (95% CI) 222 186 45.5% 0.32[0.12, 0.52] -
Heterogeneity: Tau? = 0.00; Chi? = 0.88, df = 1 (P = 0.35); I*= 0%
Test for overall effect: Z = 3.19 (P = 0.001)
1.9.2 NOS 8-9
Pouwels 2015 1.07 5.12 40 1.1 474 40  9.2% -0.01 [-0.44, 0.43] r
Feng 2017 31.1 125 44 273 1341 44 10.0% 0.29 [-0.13, 0.71] -
Liu 2019 336 87 60 285 85 60 13.2% 0.59 [0.22, 0.95] -
Mao 2020 114 136 40 85 104 40  9.2% 0.24 [-0.20, 0.68] -1
Zhang 2024 33.87 194 60 25.87 18.4 54 12.8% 0.42[0.05, 0.79] -
Subtotal (95% CI) 244 238 54.5% 0.33 [0.14, 0.53] -
Heterogeneity: Tau® = 0.01; Chi* = 4.61, df =4 (P = 0.33); 1= 13%
Test for overall effect: Z = 3.35 (P = 0.0008)
Total (95% CI) 466 424 100.0% 0.33 [0.20, 0.46] A 4

Heterogeneity: Tau? = 0.00; Chi? = 5.50, df = 6 (P = 0.48); I’ = 0%
Test for overall effect: Z = 4.84 (P < 0.00001)
Test for subaroup differences: Chi? = 0.01. df = 1 (P = 0.94). I? = 0%

-1 05 0 05 1
Lower Gal-3 in COPD Higher Gal-3 in COPD



FIGURE 5. Forest plots for the meta-analysis comparing the serum galectin-3 level between
patients with AECOPD and stable COPD. (A) forest plots for the overall meta-analysis; (B) forest
plots for the subgroup analyses according to the mean ages of the participants; (C) forest plots for the
subgroup analyses according to the proportions of the males; (D) forest plots for the subgroup analyses

according to the study quality scores;.
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FIGURE 6. Funnehplot publication biases underlying the meta-analyses. (A) funnel plots
for the meta-analysi ing the serum galectin-3 level between patients with COPD and healthy
controls; (B) funnel for the meta-analysis comparing the serum galectin-3 level between patients

with AECOPD and stable COPD.
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SUPPLEMENTAL DATA

("galectin-3" OR "galectin 3") AND ("chronic obstructive pulmonary disease"” OR
"COPD" OR "chronic obstructive lung disease” OR "chronic obstructive airway
disease” OR "emphysema" OR "chronic airflow limitation" OR "chronic airway

obstruction")

FIGURE S1. The search syntax used in the meta-analysis.
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