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Objectives: This study was undertaken to determine the diagnostic and prognostic 
values of galectin-3 (Gal-3) in patients with chronic kidney disease (CKD).
Methods: Patients with CKD (n=150) were enrolled as the CKD group, which was di-
vided into six groups according to glomerular filtration rates (GFR) indexes. At the 
same time, 50 healthy adults were chosen for the control group (NC). Measured data 
included the levels of serum Gal-3, serum creatinine (SCr), β2-microglobulin (β2-MG), 
24-hour urinary protein, cystatin C (CysC), serum albumin (Alb) and other related 
indicators.
Results: There was no significant difference between CKD and NC group in age, gen-
der and the level of Alb. CKD group had lower estimated glomerular filtration rate 
(eGFR) but higher Gal-3, CysC, SCr, β2MG and 24-hour urinary protein excretion than 
control group (P<.001). Moreover, the receiver operating characteristic (ROC) analysis 
of Gal-3, CysC and SCr revealed that the corresponding areas under the curve (AUC) 
were 0.89, 0.83 and 0.85, respectively, and the AUC value of joint ROC curve of Gal-3, 
CysC and SCr was 0.96. In addition, the 6-year kidney survival rates of low Gal-3 
group and high Gal-3 group were 47.3% and 22.8% respectively (HR=2.65; P<.01).
Conclusions: Our study verified Gal-3, CysC and SCr were negatively related to eGFR. 
Besides, it is suggested that Gal-3 can be used as an indicating factor in the diagnosis 
of CKD; the joint analysis of Gal-3, CysC and SCr for CKD may distinctly improve 
diagnostic accuracy.
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1  | INTRODUCTION

Chronic kidney disease (CKD) is a term used to describe heteroge-
neous disorders damaging the structure and function of the kidney. 
To be more precisely, CKD is defined as kidney damage or glomerular 
filtration rate (GFR)<60 mL/min/1.73 m2 for 3 months or longer.1,2 
The approximate prevalence of CKD is 8-16% worldwide.2 Up to 
25-35% of those older than 65 years suffer from CKD according to 

current statistics.3 The etiology of CKD is complex, and it is generally 
accepted that diabetes and hypertension are the primary causes of 
CKD.2 There also are secondary causes contributing to the develop-
ment of CKD, such as old age, obesity, cardiovascular infection and 
genetic factors.1,2 Common effects of CKD include loss of renal func-
tion resulting in end-stage renal disease, accelerating cardiovascular 
disease (CVD) and potentially death.4 Although early CKD is usually 
asymptomatic, it can be detected during the assessment of comorbid 
diseases and can be treated with success. However, the rapid devel-
opment of CKD in some patients often leads to kidney failure within Fen Ji and Shuqin Zhang are both first authors and contributed equally to this work.
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1 month.5 Therefore, new diagnostic tools are necessary to identify 
CKD patients in order to slow or reverse kidney function decline.

Galectin-3, a 29- to 35-kDa protein, is a member of soluble 
β-galactoside-binding lectins. It presents as a ubiquitous localization 
in the cell, but it can also be secreted to the extracellular space in the 
kidney and in the heart.6,7 The dual localization of Gal-3 means that 
Gal-3 exerts multiple functions, such as the pre-mRNA splicing factor, 
regulating cell cycle, modulation of inflammatory/immune function 
and promoting fibrogenesis.8,9 One previous study showed that Gal-3 
was an effective indicator of heart failure and mortality,8 and Gal-3 ex-
pression is increased in models of inflammatory disease and cancer.10 
Likewise, Gal-3 functions similarly in patients with CKD. The develop-
ment of progressive CKD will cause tubulointerstitial fibrosis.11 The 
expression and secretion of Gal-3 have been proven to accelerate the 
development of tubulointerstitial fibrosis in mice.12 Previous studies 
showed that higher circulating Gal-3 levels were related with the in-
creased risk of incident CKD and the rapid loss of kidney function.13 
Moreover, recent research also showed that circulating Gal-3 concen-
trations are inversely associated with renal function, and are only re-
lated to clinical outcomes in patients with impaired renal function.10 
Therefore, Gal-3 has potential value as a diagnostic and prognostic 
marker of CKD.

Early diagnosis of CKD is essential to prevent the progression of 
CKD and reduce the risk of cardiovascular morbidity and mortality.2 
Currently, the most effective tool to measure renal function and di-
agnose patients with CKD is GFR detection.14 A number of equations 
have been presented to estimate GFR, and the most common equa-
tions used in the general population are based on serum creatinine 
(SCr) or serum cystatin C (CysC).15 SCr is easy to measure, thus, it 
is commonly used in clinical diagnosis. However, this method is bi-
ased because creatinine is also generated from muscle mass and its 
levels are associated with other factors such as age and sex.16 CysC 
has more advantages compared with creatinine because its non-GFR 
determinants are less than that of SCr, and CysC is a good predictor 
for subsequent CVD and mortality.17 However, the non-GFR deter-
minants of CysC are poorly understood.1 Thus, the further research in 
finding a new novel marker for CKD and clarification of the non-GFR 
determinants of those markers is necessary.

Our study measures the SCr, CysC and serum Gal-3 levels, and 
then compares those levels in CKD group (150 patients with CKD) and 
NC group (50 healthy adults) in order to explore the diagnostic value 
of GFR in patients and its relationship with clinical prognosis.

2  | MATERIALS AND METHODS

2.1 | Study objects

Patients (n=150) diagnosed with CKD were collected from May 2009 
to May 2010 during inpatient treatment, and functioned as the CKD 
group in this study. Inclusion criteria were as follows: (1) meet the 
“CKD assessment and management of clinical practice guidelines” re-
leased by KDIGO in 2009; (2) the patients had no other kidney dis-
eases such as infection, kidney cancer or perinephritis which could 

affect test results; (3) exclude coinfection and other allergic diseases, 
cancer, pulmonary fibrosis, liver failure, heart failure, cerebrovascular 
and other serious systemic diseases.

According to patients’ condition of CKD, the patients were classi-
fied into five stages and those below grade 4 were followed up on for 
72 months. In line with the classification criteria of GFR, the CKD group 
was further subdivided into G1 group (GFR>90 mL/(min*1.73 m2)), 
G2 group (GFR: 60-89 mL/(min*1.73 m2)), G3 group (GFR: 30-59 mL/
(min*1.73 m2)), G4 group (GFR: 15-29 mL/(min*1.73 m2)) and G5 
group (GFR<15 mL/(min*1.73 m2)).18

Healthy adults (n=50) were selected as the healthy control group 
(NC) with the selection criteria of normal renal function and no hema-
turia or proteinuria. Patients were excluded to exclude other interfer-
ence factors under any of the following circumstances: patients were 
diagnosed clearly with CKD, myocardial damage, pulmonary fibrosis, 
end-stage cirrhosis with liver failure, liver neoplasms with liver failure, 
other system tumors and allergic diseases when admitted to hospital.

Procedures were in accordance with the Declaration of Helsinki 
and approved by the Ethics Committee of Human Experimentation of 
Affiliated Hospital of Nantong University. All patients included in this 
study have signed handwritten consent documents.

2.2 | Specimen collection

In the case of strict sterile operation, peripheral vein blood from all 
subjects under fasting conditions was collected in a volume of 3 mL 
with 10 minutes standing at room temperature. Then the blood sam-
ple was handled in a centrifuge at 4°C with a speed of 698.75 g for 
10 minutes, and the serum was collected and kept in the refrigerator 
at −80°C. Meanwhile, urine samples were collected from each subject 
including CKD patients and the healthy control group. Thus, detection 
of the levels of Gal-3, SCr, β2-microglobulin (β2-MG), 24-hour-urine 
protein, CysC, serum albumin (Alb) and other related indicators was 
possible, and these levels were recorded.

2.3 | Detection method and reagent

Enzyme linked immunosorbent assay (ELISA) has been previously 
described in detail.19,20 Briefly, whole blood samples were collected 
through venipuncture in non-fasting subjects, processed to plasma 
(i.e., immediate centrifugation for 10 minutes at 1300 g), and stored 
at −80°C, then Gal-3 and SCr levels were measured, according to the 
manufacturer’s instructions, using the human Gal-3 and creatinine 
ELISA (Bender MedSystem, Vienna, Austria). Immune turbidimetric 
method was taken to determine the levels of β2-MG and urinary pro-
tein. The method was illustrated in previous studies.21,22 Bromocresol 
green (BCG) method was used for the determination of Alb. The 
method was introduced in previous studies.23

2.4 | Calculation formula of eGFR

According to the CKD-epidemiology (CKD-EPI) creatinine equation 
formula24 modified on basis of demographic data of the country in 
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which the study took place, estimated glomerular filtration rate (eGFR) 
was calculated as below: eGFR=a×(serum creatinine/b)c×(0.993)age. 
The variable a takes on the following values on the basis of race and 
sex: in Asia, women=144, men=141; the variable b takes on the fol-
lowing values on the basis of sex: women=0.7, men=0.9; the variable c 
takes on the following values on the basis of sex and creatinine meas-
urement: women serum creatinine≤0.7 mg/dL=−0.329, serum creati-
nine>0.7 mg/dL=−1.209; men serum creatinine≤0.7 mg/dL=−0.411, 
serum creatinine>0.7 mg/dL=−1.209.

2.5 | Statistical analysis

Measurement data between two groups were processed using t-
test or rank sum test (Mann-Whitney U-test), while measurement 
data among multiple groups were done using one-way ANOVA 
or non-parametric Kruskal-Wallis test. The chi-square test was 
adopted to handle counting data. P<.05 indicates that the differ-
ence was significant. MedCalc 11 (Medcalc Software, Mariakerke, 
Belgium) was used to evaluate the diagnostic value of serum Gal-
3, SCr and CysC for CKD. Receiver operating characteristic curve 
(ROC curve) was utilized when an index was evaluated in the diag-
nosis of diseases. Area under curve (AUC) of ROC curve between 
0.7 and 0.9 shows there is a certain accuracy for diagnosing, while 
there is a higher accuracy when AUC more than 0.9. Single factor 
analysis and multivariate analysis were performed for all the fac-
tors respectively, then the whole biological indicators were ana-
lyzed by logistic regression method. GraphPad Prism 6.0 (GraphPad 
Software, La Jolla, CA, USA) was utilized to analyze the kidney 
survival rate of CKD group.

3  | RESULTS

3.1 | Comparison of Gal-3 and other clinical 
indicators between CKD and healthy control

Statistics results (as shown in Table 1) showed that the level of eGFR in 
CKD group was significantly lower than those in NC group (P<.001). The 
levels of Gal-3, CysC, SCr, β2-MG and 24-hour urinary protein excre-
tion in CKD group were higher than those in NC group (P<.001), while 
the level of Alb (P=.303) was not significantly different between two 
groups. Besides, age (P=.318), gender (P=.742) were not significantly 
different factors in the onset of CKD. Staging and grouping patients 
with CKD in line with the state of eGFR, the results showed that num-
ber of patients in stage G1, G2, G3, G4, and G5 were 16 (10.7%), 27 
(18.0%), 35 (23.3%), 50 (33.3%), and 22 (14.7%), respectively.

3.2 | Evaluation on the role of Gal-3 in the 
diagnosis of CKD by ROC curve

The first step of this section was taking Gal-3, CysC and SCr as test var-
iables, and the clinical diagnosis results as state variables (0 means no 
CKD, 1 means extant CKD) to plot ROC curve (as shown in Figure 1). 
The ROC analysis results revealed the AUC of Gal-3, CysC and SCr in 
diagnosis of CKD were 0.89, 0.83, and 0.85 with 95% CI 0.89-0.93, 
0.77-0.88 and 0.79-0.90 respectively. The differences were statistically 
significant which suggested the above three indicators can be utilized 
in the diagnosis of CKD. Wherein the sensitivity and specificity of Gal-3 
in diagnosis of CKD were 0.68 and 0.90, the sensitivity and specificity 
of CysC in diagnosis of CKD were 0.60 and 0.92, and the sensitivity 

Group CKD (n=150) NC (n=50) P value

Age (years) 51.7±10.7 49.5±10.6 .318a

Gender (male/female) 83/67 29/21 .742b

eGFR, mL/(min*1.73 m2) 46.0±28.4 102.2±26.2 <.001a

eGFR grade, n (%)

G1≥90 mL/(min*1.73 m2) 16 (10.7%)

G2 60-89 mL/(min*1.7 3m2) 27 (18.0%)

G3 30-59 mL/(min*1.73 m2) 45 (23.3%)

G4 15-29 mL/(min*1.73 m2) 40 (33.3%)

G5<15 mL/(min*1.73 m2) 22 (14.7%)

Gal-3 (ng/mL) 6.0±0.9 4.2±1.2 <.001a

CysC (mg/L) 1.33±0.41 0.85±0.28 <.001a

SCr (mg/dL) 1.54±0.49 0.99±0.22 <.001a

β2MG (mg/dL) 63.1±15.6 35.4±11.2 <.001a

Alb (g/dL) 3.91±0.72 4.05±0.56 .303a

Urine protein (g/24 h) 1.67±0.81 0.11±0.03 <.001a

aMann-Whitney test.
bChi-square test.
CKD, Chronic kidney diseases; NC, Normal control; eGFR, Estimated glomerular filtration rate; Gal-3, Galectin-3; CysC, Cystatin C; SCr, Serum creatinine; 
β2MG, β2 microglobulin; Alb, serum albumin.

TABLE  1 Comparison of Gal-3 and other clinical indicators between CKD and healthy control
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and specificity of SCr were 0.71 and 0.92, respectively. In conclusion, 
the results revealed that all three indexes may be explored as a fac-
tor in the diagnosis of CKD. Multivariate logistic regression analysis (as 
shown in Table 2) showed that Gal-3, CysC and SCr were correlated 
with CKD independently. Based on logistic regression coefficients, we 
combined the risk scores of Gal-3, CysC, and SCr to establish the joint 
predictor model: logt (P)=−46.208×Gal-3+11.707×CysC+20.499×SCr, 
including the variables and statistics. According to the above predictor 
model, the joint ROC curve of Gal-3, CysC, and SCr was established to 
obtain the combined effect value as a new standard for the diagnosis 
of CKD (as shown in Figure 1). The sensitivity and specificity of the 
combined value were significantly increased to 0.99 and 0.90 with area 
under the curve of 0.96 and 95% CI of 0.93–0.99.

3.3 | The diagnostic value of Gal-3 in the 6-year 
renal survival rate of patients with CKD

The survival curve began when patients received a definite diagnosis 
of CKD when admitted to the hospital, and the endpoint was taken 

as when the patient entered into the final period of CKD (G5 period) 
with GFR<15 mL/(min*1.73 m2). Collecting data of duration and 6-
year renal survival rate of CKD G5 patients whose follow-up time was 
more than 2 years, results from retrospective analysis showed that 
the median duration from initial treatment to CKD G5 of all patients 
was 5.8 years; therefore 6-year renal survival rate of patients with 
CKD was carried out.

On the basis of the level of CysC in CKD group, we took the level 
of 1.48 mg/L as the standard, and classified the level of CysC less than 
or equal to 1.48 mg/L in patients with CKD (n=97) as low CysC ex-
pression group, more than 1.48 mg/L in patients with CKD (n=53) as 
high CysC expression group. Similarly, according to the level of SCr in 
CKD group, 133 mol/L performed as the standard. For the low SCr 
expression group, the level of SCr was less than or equal to 133 mol/L 
in patients with CKD (n=100); for high SCr expression group, the level 
was more than 133 mol/L in patients with CKD (n=50). Meanwhile, 
6 ng/mL was used as the standard in CKD group when concerned with 
the level of Gal-3, low Gal-3 expression group was considered when 
the level of Gal-3 was less than 6 ng/mL in patients with CKD (n=93), 
and high Gal-3 expression group was considered when the level of 
Gal-3 was more than or equal to 6 ng/mL in patients with CKD (n=57). 
Therefore, we made assessment on diagnostic values of CysC, SCr and 
Gal-3 expression levels in 6 years kidney survival rate of patients di-
agnosed with CKD.

The results (as shown in Figure 2) showed that the 6 years renal 
survival rate of low Gal-3 expression group (n=93) and high Gal-3 ex-
pression group (n=57) were 47.3% and 22.8% respectively with statis-
tically significant difference (HR =2.66; 95% CI: 1.68-4.23; P<.01). In 
terms of the precision of evaluation on survival rate in patients with 
CKD, the indicator of Gal-3 was higher than CysC (HR =1.61; 95% CI: 
1.03-2.52; P=.038) and SCr (HR =1.56; 95% CI: 0.99-2.47; P=.057).

4  | DISCUSSION

Chronic kidney disease is a type of disease which occurs frequently in 
recent decades, and has become a public health problem because it 
can result in many other diseases such as CVD, heart failure and vari-
ous infections.25 The causes of CKD are diverse and complex, and the 
development of CKD is a long process, during which eGFR declines. 
Early diagnosis of CKD is very important to enhance therapy efficacy 

F IGURE  1 Receiver operating characteristic curves of Gal-3, 
cystatin C, and SCr in the diagnosis of CKD

TABLE  2 Multivariate logistic regression analysis among Gal-3, 
CysC, and SCr

Variable Coefficient SE P value

Gal-3 −46.208 8.047 <.001

CysC 11.707 1.828 <.001

SCr 20.499 4.603 <.001

Gal-3, Galectin-3; CysC, Cystatin C; SCr, Serum creatinine.

F IGURE  2 Six-year renal survival rate curves of cystatin C (A), SCr (B) and Gal-3 (C)
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and protect patients from pain at end stage, thus improve their life 
qualify. Although there are some potential diagnostic indicators, their 
accuracy is not satisfying and they cannot predict early stage CKD. As 
a result, the discovery and development of novel biomarkers which 
can diagnose early-stage CKD is an urgent project.

In our study, we investigated the association between CKD and 
various indictors such as Gal-3, SCr, β2-MG, 24-hour-urine pro-
tein, CysC and Abl. The results showed that Gal-3, SCr, β2-MG, 
24-hour-urine protein, CysC were negatively related with eGFR, while 
Abl was positively correlated with eGFR. Further analysis was per-
formed to assess the diagnostic value of Gal-3, CysC and SCr in CKD 
using ROC model. Based on the result of logistic regression analysis, 
all of the three indexes can be used as indicators of CKD diagnosis in 
consideration of specificity and sensitivity. Besides, this study demon-
strated that compared to Gal-3 alone, its combination with SCr and 
CysC is more accurate for CKD diagnosis.

Gal-3 is a type of lectin binding to beta-galactoside, and resulting 
in inflammation, fibrosis, and immune response. Tang et al.26 reported 
that elevated plasma Gal-3 level is correlated with poor kidney func-
tion, including lower eGFR and higher CysC, whereas whether it can 
be used to diagnose CKD is not mentioned here. Consistent with this, 
Conall et al. also found that higher plasma Gal-3 level is associated 
with decreased eGFR, and a higher risk of incident CKD based on the 
analysis report of renal outcome from 2450 samples with a mean fol-
low-up of 10 years.13 These reports are consistent with our results.

Creatinine has been used as a diagnostic indicator of CKD for a 
long time. Ratio of albumin-to-creatinine in urine was reported as a 
reliable predicator of CKD.27 In addition, creatinine level in saliva can 
also be used to diagnose CKD.28 Moreover, Silva et al.29 reported that 
creatinine in dry blood sample is a convenient marker for CKD screen-
ing. But some limitations exist for creatinine as a diagnostic indicator. 
For example, a study reported that estimated GFR through CKD-EPI 
equation based on creatinine is overestimated compared to the exact 
GFR in patients with cirrhosis.30 To improve the diagnostic accuracy of 
current indicators in CKD, some scientists combine different biomark-
ers and investigate the correlation between this indicator cocktail and 
CKD, to find more exact biomarkers for CKD diagnosis. Coincidently, 
what we have done in this study offers potential to solve this prob-
lem and proves that combined use of three indicators enhance the 
accuracy of CKD diagnosis. In fact, other studies also reported similar 
outcomes.

CysC is an inhibitor of cysteine protease and has been suggested 
as a diagnostic indicator of kidney disease superior to serum creat-
inine.31 Ng et al.32 investigated the correlation of CKD diagnosis 
through CysC or creatinine and kidney disease in a clinical trial con-
taining 1725 Indian adults, and the data showed that when compared 
with CKD diagnosed based on two markers alone, CKD defined by 
the combination of both are more strongly associated with retinopa-
thy. To find an accurate biomarker of CKD in cirrhotic patients, Krones 
et al.30 compared measured GFR (gold standard) and eGFR according 
to the equation of CysC or creatinine, and the results showed that 
estimated GFR obtained by CKD- EPI equation based on the combina-
tion of CysC and creatinine is closer to exact GFR. The above reports 

are consistent with our results, and when taken together show that the 
combination of all three biomarkers is more accurate.

A further benefit of our study is that we have identified and de-
lineated the prognosis value of Gal-3. Although Zamora et al.33 re-
ported that the prediction role of Gal-3 in kidney disease influences 
its prognostic accuracy in heart failure, whether Gal-3 can be effec-
tively used in CKD diagnosis was not mentioned. There have been no 
related publications regarding this question until now. In this study, 
we have analyzed association between the level of Gal-3, CysC, SCr, 
and 6-year-survival of kidney. The data showed that higher levels of 
Gal-3, CysC, and SCr were correlated with shorter survival time of the 
kidney. This suggests that these three indicators could all be used in 
the diagnosis of patients with CKD, and the diagnostic value of Gal-3 
is significantly better than CysC or SCr. However, there are some lim-
itations in our study. The sample size is not large enough, so further 
verification in larger populations is necessary. Besides, the detection 
of Gal-3 is expensive and time-consuming.

In this study, the use of a biomarker cocktail provided a more 
accurate prediction method for CKD diagnosis; the discovery of the 
diagnostic value of Gal-3, CysC, and SCr offers to enrich the clinical 
applications of their use in CKD. We provide new avenues for clinical 
research and also supply an auxiliary reference for the diagnosis of 
patients with CKD.
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