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INTRODUCTION 
 

Galectins are an ancient lectin family, and galectin-3 is 

a structurally unique member [1]. Galectin-3 is involved 

in many pathophysiological conditions [1], including 

metastasis [2], inflammation reactions [3], immunity 

[4], and cancer [5]. The role of Galectin-3 in the 

development and progression of heart failure [6] has 

been reported. Another study found that galectin-3 

could be used as a biomarker to assess heart failure 

patients [7]. Furthermore, one study showed that as a 

macrophage-derived mediator, galectin-3 could induce 

cardiac fibroblast proliferation and ventricular 

dysfunction [8].  

 

Stroke is one of the main causes of physical and 

cognitive impairment in China [9]. Inflammatory 

mechanisms have a role in the pathogenesis of ischemic 

stroke [10], and inflammatory cytokines have been 

implicated in adding to the progression of ischemic 

stroke [11, 12]. Galectin-3 was a microglia/macrophage- 

derived inflammatory mediator [13]. One study showed 

that the galectin-3 serum levels were associated with 

large artery atherosclerotic stroke [14]. A review study 

showed that galectin-3 was a prognostic marker and 

therapeutic target in cerebrovascular disease [15]. In 

this single-center prospective study, we included 288 

consecutive patients with a first-ever acute ischemic 

stroke to assess the association between galectin-3 

serum level and both clinical severity at admission and 

outcome at discharge.  

 

RESULTS 
 

As shown in Figure 1, 398 Patients with ischemic stroke 

were screened, and 288 patients with blood samples 

were analyzed at discharge (110 were excluded: 58 with 

the onset of symptoms >48hours, 6 with tumors, 10 

with liver and kidney dysfunction, 8 with infectious 

diseases, 3 with autoimmune diseases, 10 with no 

informed consent, 8 without blood at admission, 5 

Transfer to another hospital and 2 withdrawal). 
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However, the baseline characteristics [age (P=0.18), 

BMI(P=0.37), sex (P=0.43) and NIHSS (P=0.09)] of 

those included patients were similar with the overall 

cohort(n=398).   

 

As shown in Table 1, 121 (42.0%) were female, and the 

median age was 67 years (IQR, 59–74). The median 

SBP and DBP were 142(IQR, 130-175) and 90(83-95) 

mmHg. A total of 212 patients (73.6%) had 

hypertension, 48 patients (16.7%) had a positive family 

history of cardiovascular events, and 71 (24.7%) were 

diabetes mellitus. Table 1 had shown more information. 

 

The median serum level of galectin-3 in those included 

patients was 7.3ng/ml (IQR, 5.1-11.6), with higher 

levels indicating increasing stroke severity. A positive 

relationship between NIHSS score and galectin-3 serum 

level had been found(r[spearman]=0.395, P<0.001). 

Also, the serum level of galectin-3 was related to CRP 

(r=0.296, P<0.001). 

 

The severity of the stroke was evaluated on admission. 

The median (IQR) NIHSS was 6 (4-12), and 132 

patients (45.8%) had a minor stroke. The median (IQR) 

serum level of galectin-3 in patients with a moderate-to-

high severity was lower than in those patients with a 

 

 
 

Figure 1. A study flow diagram. 

minor stroke (l8.2[6.2-13.8]ng/ml vs. 5.8[3.6-7.9]ng/m; 

P<0.001), Figure 2. According to ROC model analysis, 

the optimal threshold of galectin-3 to diagnose 

moderate-to-high stroke severity (Youden's index) was 

10.0ng/ml, which shows the best prediction effect 

(specificity: 46.2% and sensitivity:88.6%), Figure 3. 

With an AUC of 0.72 (95% CI, 0.66–0.76), the 

diagnostic ability of galectin-3 was better than CRP 

(AUC, 0.58; 95% CI, 0.52–0.65; P<0.001) and age 

(AUC, 0.56; 95% CI, 0.51–0.63; P<0.001). Besides, 

CRP did not improve the diagnostic ability of galectin-3 

(AUC of the combined model, 0.73; 95% CI, 0.67-0.78; 

P=0.62) (Table 2).  

 

Univariate and multivariate logistic analysis was used to 

analyze serum galectin-3 with moderate-to-high stroke 

severity at admission. In univariate analysis, the 

galectin-3 level had a strong association with high 

seriousness, and the risk increased 24% for one-

unit(ng/ml) level increasing (OR, 1.24; 95%CI, 1.16-

1.33; P<0.001). In multivariate analysis, galectin-3 

remained a high stroke severity predictor with an 

adjusted OR of 1.16 (95% CI, 1.08–1.22; P<0.001), 

after adjusted for demographic characteristics, clinical 

findings at admission, vascular risk factors, stroke 

subtype, and serum levels of CRP and FSG.  

 

At discharge, 89 patients had mRS scores more than 2, 

and the poor functional outcome rate was thus 30.9%. 

In these patients, the median serum level of galectin-3 

was higher than in those patients with good prognosis 

(11.6[IQR, 6.9-14.9]ng/ml vs. 6.6[3.7-8.6]ng/ml; 

P<0.001), Figure 4. According to ROC model analysis, 

the optimal threshold of galectin-3 to predict poor 

functional outcome (Youden's index) was 8.6ng/ml, 

which shows the best prediction effect (specificity: 

60.7% and sensitivity:76.4%), Figure 5. With an AUC 

of 0.76 (95% CI, 0.70–0.82), the discriminatory ability 

of galectin-3 was better than CRP (AUC, 0.62; 95% CI, 

0.55–0.69; P<0.001), age (AUC, 0.60; 95% CI, 0.53–

0.66; P<0.001) and was within the range of the NIHSS 

score (AUC, 0.76; 95% CI, 0.70–0.83; P=0.82), Table 

2. Furthermore, galectin-3 could improve the predictive 

ability of NIHSS. The average AUC (standard error) for 

NIHSS and the combined model (NIHSS and galectin-

3) were 0.764 (0.031) and 0.823 (0.027), corresponding 

to a difference of 0.059 (0.004).  

 

Logistic regression analysis was used to analyze the 

association of serum galectin-3 with stroke prognosis at 

discharge. The multivariable model included 

demographic characteristics, clinical findings at 

admission, vascular risk factors, NIHSS at admission, 
stroke subtype, acute stroke treatment, and serum levels 

of CRP, FSG, and galectin-3. Galectin-3 level had a 

strong association with poor stroke prognosis and 
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Table 1. Baseline characteristics of stroke patients (N=288). 

Demographic characteristics  

Age (years), median (IQR) 67(59-74) 

Male sex, n (%) 167(58.0) 

BMI(Kg/m2), median (IQR) 24.8(23.1-25.9) 

Clinical findings at admission, median (IQR)  

Temperature, ° C 37.0(36.5-37.3) 

Systolic blood pressure, mmHg 142(130-175) 

Diastolic blood pressure, mmHg 90(83-95) 

Heart rate, beats/min 80(69-90) 

Vascular risk factors no. (%)  

Hypertension 212(73.6) 

Coronary heart disease 55(19.1) 

Atrial fibrillation 29(10.0) 

Hypercholesterolaemia 85(29.5) 

Family history of cardiovascular event 48(16.7) 

Diabetes mellitus 71(24.7) 

Smoking history 56(19.4) 

Drinking history 52(18.1) 

Stroke aetiology no. (%)  

Large artery 65(22.6) 

Small artery 52(18.1) 

Cardioembolism 88(30.6) 

Other cause 28(9.7) 

Unknown 55(19.1) 

NIHSS at admission, median (IQR) 6(4-12) 

 NIHSS < 6, no. (%) 132(45.8) 

 NIHSS >5, no. (%) 156(54.2) 

Laboratory findings, median (IQR)  

 Gal-3, ng/ml 7.3(5.1-11.6) 

 CRP, mg/l 4.5(2.0-11.2) 

 FSG, mmol/l 5.6(4.8-6.8) 

Acute treatment, no. (%)  

 IV thrombolysis 35(12.2) 

 Mechanical thrombectomy 10(3.5) 

 IV thrombolysis and/or Mechanical thrombectomy 38(13.2) 

Rankin at discharge, median (IQR) 1(0-3) 

 mRS 0-2, no. (%) 199(69.1) 

 mRS 3-6, no. (%) 89(30.9) 

Hospital stay, days, median (IQR) 9(5-12) 

Hospital costs, Yuan, median (IQR)  23250(18145-30143) 

IQR, interquartile range; NIHSS, National Institutes of Health Stroke Scale; CRP, C–reactive protein;  
mRS, modified Rankin Scale; FSG, fasting serum glucose; BMI, body mass index; Gal-3, galectin-3. 

 

unadjusted and adjusted risk increased 25% (OR, 1.25; 

95%CI, 1.17-1.33; P<0.001) and 14% (OR, 1.14; 

95%CI, 1.07-1.22; P<0.001), respectively for per 

unit(ng/ml) level increasing. As shown in Table 3, a 

Galectin-3 serum level in the highest quartile (The 
lowest three quartiles[Q1-3] as the reference) was 

associated with a higher risk of poor prognosis (OR, 

3.15; 95% CI, 2.44–3.87; P<0.001).  

DISCUSSION 
 

Finding useful blood biomarkers for predicting stroke 

prognosis is of great significance for the precise 

treatment of this disease. In this prospective study, the 

data shows that higher serum levels of galectin-3 are 

associated with stroke severity at admission and stroke 

prognosis at discharge in ischemic stroke. This 
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association is independent of other factors, including 

age, NIHSS, and CRP. Also, as an independent 

prognostic marker, galectin-3 could improve the 

predictive efficiency of the NIHSS score. 

Stroke already has some scores that predict outcomes, 

such as NIHSS that assesses stroke non-invasively and 

is also very accurate (both sensitive and specific) [16, 

17]. However, in this study, we showed that galectin-3  

 

 
 

Figure 2. The association between serum level of galectin-3 and stroke severity at admission. High clinical severity was defined as 

a NIHSS >5, while minor stroke was defined as a NIHSS <6. Mann–Whitney U Test. All data are medians and interquartile ranges (IQR).  
 

 
 

Figure 3. Receiver operating characteristic (ROC) curve was utilized to evaluate the accuracy of serum level of galectin-3 to 
diagnose severe stroke. High clinical severity was defined as a NIHSS >5.  
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Table 2. Prediction of stroke severity and functional outcome.  

Parameter AUC 95% CI p 

Prediction of high clinical severity†     

Gal-3 0.72 0.66 0.76 <0.001 

CRP 0.58 0.52 0.65 0.012 

Age 0.56 0.51 0.63 0.038 

Combined score (Gal-3+CRP) 0.73 0.67 0.78 <0.01 

Prediction of poor outcome‡     

NIHSS 0.76 0.70 0.83 <0.001 

Gal-3 0.76 0.70 0.82 <0.001 

CRP 0.62 0.55 0.69 0.001 

Age 0.60 0.53 0.66 0.010 

Combined score (NIHSS+Gal-3) 0.82 0.77 0.87 <0.01 

†High clinical severity was defined as a NIHSS >5. 
‡Poor functional outcome was defined as a mRS 3-6. 
NIHSS, National Institutes of Health Stroke Scale; CRP, C–reactive protein; Gal-3, galectin-3; AUC, area under the curve; CI= 
confidence interval.  

 

perform better than NIH score and are additionally 

useful in predicting the severity and prognosis of 

ischemic stroke.  

 

The prognostic value of galectin-3 for stoke patients had 

also been affirmed in previous studies. Wang et al. [18] 

reported that higher galectin-3 serum levels were related 

to increased risk of death or major disability in ischemic 

stroke during the 3-month follow-up. Zeng et al. [19] 

found that high serum galectin-3 levels were related to 

increased risk of the poor functional outcome and 

recurrence events in ischemic stroke patients with 

hyperglycemia. Yan et al. [20] found that high galectin-

3 plasma levels were related to poor prognosis in acute 

intracerebral hemorrhage. This association also had 

been confirmed in patients with traumatic brain injury 

[21]. Furthermore, the prognostic value of plasma levels 

of galectin-3 in aneurysmal subarachnoid 

hemorrhage(aSAH) [22] and non-severe aSAH [23] had 

been suggested. Besides, one study showed that 

galectin-3 was associated with cardiovascular death in 

coronary artery disease patients [24].  

 

 
 

Figure 4. The association between serum level of galectin-3 and stroke outcome at discharge. Poor functional outcome was 

defined as an mRS 3-6, while good outcome was defined as a an mRS 0-2. Mann–Whitney U Test. All data are medians and interquartile 
ranges (IQR).  
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Mostacada et al. [25] reported that the lack of galectin-3 

had a role in the inflammatory process triggered by 

spinal cord injury (SCI) in a C57BL/6 wild-type and 

galectin-3 knockout mice model. A review showed that 

galectin-3 released by activated microglia could 

participate in brain immune responses [26]. Yip et al. 

[27] showed that the administration of neutralizing 

antibodies against galectin-3 exerted a neuroprotection 

role in the hippocampus after head injury.  

 

Furthermore, the protective effects of galectin-3 had 

been proposed. One animal experiment showed a lack 

of galectin-3 could aggravate subchronic injury after 

neonatal focal stroke [28]. In a vitro study, Wesley  

et al. suggested that galectin-3 could play a role in 

post-ischemic repair [29]. Another study showed that 

galectin-3 could cause post-ischemic tissue remodeling 

by increasing angiogenesis and neurogenesis in a rat 

ischemic brain [30]. Furthermore, one study found that 

the targeted deletion of galectin-3 could aggravate 

ischemic damage after cerebral ischemia [31]. 

Rahimian et al. [32] showed that galectin-3 could 

induce a therapeutic shift in microglia polarization 

after ischemic injury. Another study showed that 

galectin-3 had a role in neuro-vascular protection and 

functional recovery after ischemic stroke, and this 

effect worked through modulation of angiogenic and 

apoptotic pathways [33]. The diverse functions might 

cause these conflicting findings, expression sites of 

galectin-3, and the time since injury [15, 26]. As an 

observational study, we also could not draw causal 

conclusions. More research needs to be performed in 

the future to test the relationship between the galectin-

3 and stroke prognosis.  

 

The prognostic value of galectin-3 in stroke might be 

involved in the Inflammation pathway. The 

inflammatory mechanism played a role in necrotic brain 

injury in stroke patients, and anti-inflammatory 

strategies had been suggested for treatment [34]. 

galectin-3 could initiate a toll-like receptor 4 (TLR4)-

dependent inflammatory response in microglia, and 

Gal3-TLR4 interaction had been proposed [35]. Cheng 

et al. [36] reported that stroke could trigger major and 

peripheral galectin-3 release leading to enteric neuronal 

loss through a TLR4 mediated mechanism involving 

AMPK and TAK1 signaling path permanent middle 

cerebral artery occlusion model. Furthermore, galectin-

3 was a central upstream regulator of the microglial 

immune response, and it could drive pro-inflammatory 

activation of microglia in Alzheimer's disease [37]. 

Galectin-3 was a prominent contributor to the pathology 

of atherosclerotic plaque progression by amplification 

of key pro-inflammatory molecules [38]. Doverhag  

et al. [39] found that galectin-3 caused neonatal 

hypoxic-ischemic brain injury through the inflammation

 

 
 

Figure 5. Receiver operating characteristic (ROC) curve was utilized to evaluate the accuracy of serum level of galectin-3 to 
predict poor functional outcome. Poor functional outcome was defined as an mRS 3-6.  



 

www.aging-us.com 7460 AGING 

Table 3. Multivariate analysis of predictors of poor functional outcome.‡  

Factors  OR (95%CI) P 

Gal-3 ≥11.6 ng/ml† 3.15(2.44-3.87) <0.001 

CRP (increase per unit) 1.05(1.02-1.09) 0.011 

Age (increase per unit) 1.07(1.03-1.11) 0.002 

NIHSS (increase per unit) 1.22(1.13-1.30) <0.001 

Acute treatment (Yes vs. no) 0.25(0.15-0.30) <0.001 

Stroke subtype (Large artery vs. others) 2.45(1.56-3.31) 0.040 

‡ Multivariable model included the following variables: demographic characteristics, clinical findings at admission, vascular 
risk factors, NIHSS at admission, stroke subtype, acute stroke treatment and serum levels of CRP, FSG and Gal-3. Poor 
functional outcome was defined as an mRS 3-6.  
† The lowest three quartiles(Q1-3) as the reference(<11.6ng/ml).  
OR, odds ratio; CI, confidence interval; NIHSS, National Institutes of Health Stroke Scale; CRP, C–reactive protein; mRS, 
modified Rankin Scale; FSG, fasting serum glucose; BMI, body mass index; Gal-3, galectin-3 

 

pathway. Second, Microglia/macrophages are involved 

in the defense against brain damage [40]. Galectin-3 

could lead to macrophage and fibroblast proliferation 

and fibrosis [41]. Lastly, one study found that galectin-3 

was up-regulated in delayed neuronal death,  

and hypothermia could prevent galectin-3 up- 

regulation [42]. 

 

Some limitations should be acknowledged. First, we 

only collected serum samples at admission. We could 

not assess when and how long galectin-3 was changed 

in stroke patients. We also could not confirm the level 

of galectin-3 in the cerebrospinal fluid (CSF). One 

study found that the CSF levels of galectin-3 were 

increased after birth asphyxia and might contribute to 

injury [43]. Second, the causality conclusion could not 

be confirmed in this study, and whether lowering blood 

concentration of galectin-3 could improve the prognosis 

of stroke patients requires further research. A previous 

study showed that modified citrus pectin (a galectin-3 

inhibitor) prevented mouse post-subarachnoid 

hemorrhage blood-brain barrier disruption, possibly 

inhibiting galectin-3 [44]. Third, long-term follow-up, 

such as 3-month and 12-month, were not included. 

Interestingly, the prognostic value of galectin-3 in 3-

month [18] and 12-month [19] in the ischemic stroke 

patients had been reported. Lastly, the data derived from 

a single-center small sample study must be verified in 

future large sample multicenter studies.  

 

CONCLUSION  
 

This study shows that higher serum levels of galectin-3 

are associated with stroke severity at admission and 

stroke prognosis at discharge in ischemic stroke. This 

association was independent of other factors, including 

age, NIHSS, and CRP. Future studies assess pathways 

of lowing galectin-3 may lead to new targets for 

improving the prognosis of ischemic stroke. 

MATERIALS AND METHODS 
 

From December 2017 to December 2019, all first-ever 

ischemic stroke patients admitted to Weifang People’s 

Hospital, China, were included according to the World 

Health Organization criteria [45] and with symptom 

onset within 48 hours. Disease clinical diagnosis was 

confirmed by computer tomography (CT), and/or 

magnetic resonance imaging (MRI). Patients with 

tumors, liver, and kidney dysfunction, infectious and 

autoimmune diseases, were excluded. 

 

On admission, we use standard questionnaires to collect 

clinical information. That information included age, 

gender; vital signs; medication before stroke; systolic 

blood pressure (SBP) and diastolic blood pressure(DBP); 

smoking and drinking history; hypertension; 

hyperlipidemia; diabetes mellitus; atrial fibrillation; 

cardiovascular diseases; previous transient ischemic 

attack and family history of stroke. Also, acute treatment 

information (IV thrombolysis and/or mechanical 

thrombectomy) was also recorded. The severity of stroke 

was also assessed by a stroke neurologist (Dr. ZHOU) 

according to the National Institutes of Health Stroke 

Scale (NIHSS) score (From 0 to 42, the higher the score, 

the more serious of the disease) [46]. Stroke cause was 

classified by the original TOAST classification (Trial of 

Org 10172 in Acute Stroke Treatment), which including 

large-artery arteriosclerosis stroke; cardiac embolism; 

small-artery occlusion stroke; other ischemic strokes; and 

ischemic stroke of undetermined cause [47]. 

 

Fasting serum samples were separated and stored at -80° 

C until the time of analysis. A commercially available 

enzyme-linked immunosorbent assay (ELISAs; Human 

Galectin-3 Quantikine ELISA Kits, R&D Systems) was 

used to test galectin-3 serum levels. Serum levels of C-

reactive protein (CRP) and fasting serum glucose (FSG) 

were also tested. At discharge, functional outcome was 
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assessed by a stroke neurologist (Dr. ZHENG) blinded to 

galectin-3 levels according to the modified Rankin scale 

(mRS) [48]. Poor outcome representative of significant 

disability was defined as mRS 3-6 [49].  

 

Statistical analysis 

 

The continuous variables of study patients were 

described by mean (standard deviation, SD) or median 

(interquartile range, IQR) according to whether the data 

were normally distributed. Data were expressed as 

percentages(percentage) for categorical variables. The 

association between galectin-3 serum level and both 

clinical severity at admission and outcome at discharge 

was assessed by univariate and multivariate logistic 

regression. The results were presented as odds ratios 

(OR) and 95% confidence intervals (CI). Serum leptin 

levels were categorized into quartiles, and the highest 

quartile(Q4) was compared to the other three quartiles 

(as the reference). A minor stroke at admission was 

defined as NIHSS <5, while moderate-to-high clinical 

severity was defined as NHISS>6 [50].  

 

Each biomarker’s discriminatory value was also 

calculated as the area under the curve (AUC) of the 

receiver operating characteristic (ROC) curves. SPSS 

24.0 software (SPSS Inc, Chicago, USA) was used to 

assess all statistical analyses, and P < 0.05 was defined 

as significance. 
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