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Abstract

Original Article

IntRoductIon

Diabetes mellitus (DM) is a group of metabolic disorders 
which is characterised by hyperglycemia in the absence of 
treatment. Overall, the prevalence of pre‑diabetes in India 
is 10.3%.[1] The prevalence of diabetes in Indian adults is as 
high as 20% in urban areas and 10% in rural areas.[1,2] Obesity 
and type 2 diabetes mellitus (T2DM) have reached epidemic 

Introduction: Human Galectin‑3 is a 32‑ to 35‑kDa size lectin, mainly comprises a C‑terminal carbohydrate recognition binding domain (CRD) 
and N‑terminal domain. It acts as a powerful pro‑inflammatory signalling factor, which plays an important role in the activation, chemotaxis, 
and cytokine release of inflammatory cells. Galectin‑3 has also been studied in relation to development of insulin resistance. The levels of 
galectin‑3 have been observed to be associated with both diabetes prevalence and incidence, independent of traditional diabetes risk factors. 
It is also associated with development of microvascular complications of diabetes mellitus like retinopathy, nephropathy and neuropathy. 
Methods: Tertiary care hospital‑based cross‑sectional prospective study. 150 patients selected by simple random sampling and were divided 
into 3 groups., Group A – Patients of Type 2 Diabetes mellitus without microvascular complications (n=50), Group B – patients of Type 2 
diabetes mellitus with microvascular complications (n=50) and Group C ‑ Healthy control (n=50) Statistical Analysis: Descriptive statistics 
was performed by calculating mean and standard deviation for the continuous variables. chi‑square goodness‑to‑fit test, Student T test (unpaired) 
and Analysis of variance (ANOVA) and multivariate analysis were used to compare means. The p‑value was taken significant when less than 
0.05 (P<0.05) and a confidence interval of 95%. Results: In group A, B and C majority of patients were between 56‑60 years with 34%, 
40% and 36% cases, respectively. The mean BMI shows that the Patients with complications had significantly higher BMI than those without 
complications and controls had significantly lower BMI than patients having diabetes. The data shows statistical significance with deranged 
biochemical profile in patients with DM with complications as compared to patients without complications and control group. In both groups A 
and B patients with HbA1c between 9.1‑12 had mean serum galectin level (20.2 in group A, 25.9 in group B) significantly higher than patients 
with HbA1c between 6.5‑9 (18.5 in group A and 20.4 in group B). patients with deranged lipid profile had significantly higher serum galectin 
level in all 3 groups, with cases from group B having higher values than group A. While controls had the lowest value of serum galectin (P 
value<0.001). There was a highly significant correlation between high serum galectin levels and the incidence of both non‑progressive and 
progressive retinopathy (P value=0.0001). The mean galectin of patients with neuropathy was 28.3 ± 3.1 ng/ml, which was significantly higher 
than patients from group B without neuropathy (24.5 ± 2.6 ng/ml). The mean serum galectin level of patients with macroalbuminuria was 
30.1± 1.3 ng/ml which was significantly higher than those with microalbuminuria having mean galectin level of 22.8 ±4.8 ng/ml. There was 
a highly significant correlation between high serum galectin levels and the incidence of both micro and macroalbuminuria (P value=0.0001). 
Conclusion: This study concludes that elevated serum Galectin‑3 levels are associated with diabetes‑related chronic inflammatory processing 
pathway, and closely relates to the severity of diabetes in T2DM both with and without complications. Therefore, Galectin‑3 may be helpful 
in the diagnosis and prognosis of microvascular and macrovascular complications in T2DM patients.
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proportions in the Western world with a soaring uprise in the 
Indian peninsula, nonetheless.[3,4] There is, resultantly, a parallel 
uprise in the incidence and prevalence of both conditions, 
which supports the concept of overweight and obesity being 
powerful risk factors resulting in the development of T2DM. 
Various proinflammatory and prooxidant signals have also 
been strongly implicated in obesity pathogenesis including 
the advanced accumulation of glycation end products (AGES)/
advanced lipoxidation end products (ALEs) through the receptor 
for AGEs (RAGE) receptor.[3,5,6] The various long‑term specific 
complications of diabetes include retinopathy, nephropathy, and 
neuropathy as the three most severe and cardinal sequelae in 
uncontrolled cases. People with diabetes also have an increased 
risk of other diseases including heart, peripheral arterial, and 
cerebrovascular disease, obesity, cataracts, erectile dysfunction, 
and nonalcoholic fatty liver disease.[7]

A handful of human studies have provided evidence suggesting 
that galectin‑3 (Gal‑3) levels are searingly upregulated 
in subjects suffering from obesity and T2DM.[8,9] Gal‑3 
which is encoded by the LGALS3 gene, is a member of the 
β‑galactoside‑binding lectin family subtype of galectin, formerly 
known as carbohydrate‑binding protein‑35 (CBP‑35).[10,11] 
Human Gal‑3 is a 32‑ to 35‑kDa size lectin, which mainly 
comprises a C‑terminal carbohydrate recognition binding 
domain (CRD) and an N‑terminal domain.[12‑14] Gal‑3 is 
distributed in the human body tissues, such as haematopoietic 
tissues, thymus, lymph nodes, and spleen, and is mainly 
produced by immune cells such as macrophages, mast cells, 
eosinophils, and it can be secreted extracellularly.[15,16] It acts 
as a powerful proinflammatory signalling factor, which plays 
an important role in the activation, chemotaxis, and cytokine 
release of inflammatory cells.

Recently, Gal‑3 has been implicated in the development of 
T2DM and obesity. Studies in humans have also shown that 
Gal‑3 concentrations are significantly higher in obese and 
diabetic individuals and that it increases in conjunction with 
unbridled glucose homeostasis. On the other hand, Gal‑3 levels 
correlated positively with insulin sensitivity and negatively 
with levels in patients with T2DM.

Gal‑3 has also been studied in relation to the development 
of insulin resistance. Due to the presence of a collagenous 
domain in its structure, galectin can interact with a wide range 
of extracellular matrix proteins such as tenascin, fibronectin, 
and laminin. Gal‑3 is produced by numerous cells including 
neutrophils, macrophages, labrocytes, fibroblasts, and 
osteoclasts. Gal‑3 is found in the lungs, stomach, intestine, 
and uterus. It was determined that Gal‑3 is involved in the 
inflammatory process, apoptosis, and angiogenesis and is 
associated with the development of insulin resistance.[17]

Previous animal and human studies targeted at exploring the 
relationship between Gal‑3, and metabolic disorders have 
made conclusive observations of its pathogenesis in DM, its 
complications like retinopathy and nephropathy, as well as 
its role in the propagation of abnormal lipid profiles.[9,18] The 

fibrovascular tissues from proliferative diabetic retinopathy 
patients have the presence of increased levels of advanced 
glycation products, galectin, TRL4, and IL‑1β in the 
macrophages, along with high IL‑1β receptor‑positive glial 
cells which express galectin‑1. Therefore, diabetes‑induced 
retinal galectin upregulation has been suggested to activate 
the IL‑1β‑related inflammatory cues in macrophages. 
This suggests that advanced glycation products’ triggered 
inflammation happens in DR in the presence of galectin.[8,9] 
Microalbuminuria can serve as an early indicator of glomerular 
disease and its progression; in many cases, the urinary albumin 
excretion may stay within the normal limits during early‑stage 
renal damage. presence of clinically diagnosed DM. Several 
authors, including Kathryn et al.,[1] have observed that raised 
serum Gal‑3 level is independently associated with the 
progression of nephropathy. Gal‑3 has been found to exert an 
opposite role, depending on the stage of renal damage and the 
degree of tissue inflammation. The pharmacological inhibition 
of Gal‑3 using small‑molecule competitive inhibitors can 
prevent nephropathy hypertension in diabetics. Targeting the 
Gal‑3 molecule has also been recently proposed as one of the 
latest therapeutic approaches against renal fibrosis.

Considering these findings and prior mechanistic studies, the 
association between Gal‑3 and diabetes is likely mediated by 
islet‑cell inflammation, tissue fibrosis, and ultimately via β‑cell 
dysfunction. We, therefore, conducted this study to establish an 
association between galectin levels and the severity of diabetes. 
We also attempted to establish the link between the levels of 
galectin and the various microvascular complications of DM 
in this case‑controlled study.

MAteRIAls And Methods

• STUDY DESIGN: It was a tertiary‑care hospital‑based 
cross‑sectional prospective study. The study was 
conducted after taking proper approval from the 
institutional research and ethical committee.

• STUDY POPULATION: Patients suffering from T2DM 
presenting to our institute for a period of 1 year were 
selected.

• SAMPLE SIZE: A total of 150 patients were selected 
by simple random sampling and were divided into three 
groups.
• Group A – Healthy control (n = 50)
• Group B – Patients of T2DM without vascular 

complications (n = 50)
• Group C – Patients of T2DM with microvascular 

complications (n = 50)

Inclusion Criteria (for cases)
• Patients of T2DM with and without microvascular 

complications
• Age group of 40–60 years

Inclusion Criteria (for controls)
• Age and sex‑matched healthy individuals were recruited 

as controls
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Exclusion Criteria (for cases and controls)
• Patients with malignancy, chronic liver dysfunction, renal 

dysfunction, chronic alcoholics, coronary artery disease, 
active infections, gastroparesis, and skin changes

• Patients with macrovascular complications of T2DM (acute 
cerebrovascular accident, myocardial infarction, acute 
kidney injury, peripheral vascular disease, and erectile 
dysfunction)

• Pregnant females
• Patients with T2DM
• Patients who did not give consent to be a part of the 

study

T2DM was diagnosed according to the guidelines of the 
American Diabetes Association. The demographic and 
clinical parameters of all the participants were recorded. The 
patients were then investigated for complete blood count, 
serum Gal‑3, blood urea and serum creatinine (Scr), fasting 
plasma glucose (FPG), urine routine and microscopic study, 
urine albumin creatinine ratio, lipid profile, and glycosylated 
haemoglobin (HbA1c).

The haemogram test was performed using a 5‑part haematology 
analyser. Biochemical tests and the lipid profile were measured 
using a Merck SELECTRA PRO M Automated Analyzer, 
and serum Gal‑3 levels were measured by the enzyme‑linked 
immunosorbent assay (ELISA) method using specific kits, 
according to the manufacturer’s instructions (R&D Systems, 
Catalogue #SGAL30). The serum Gal‑3 reference range was 
taken to be 2.47–15.7 ng/ml.

Statistical analysis
Descriptive statistics were performed by calculating the 
mean and standard deviation for the continuous variables. 
Categorical variables are presented as absolute numbers and 
percentages. Nominal categorical data between the groups 
were compared using the Chi‑square goodness‑to‑fit test. The 
Student‑t test (unpaired) was used to compare the mean of 
quantitative variables <30, and the Z test was used to compare 
the mean of quantitative variables >30. Other tests used were 
analysis of variance (ANOVA) and multivariate analysis. The 
P value was taken as significant when less than 0.05 (P < 0.05) 

and a confidence interval of 95% was taken. Appropriate 
statistical analysis was applied as and when required using 
SPSS software version 17.0. A P value < 0.05 was considered 
as significant

Results

Our study included 50 cases of diabetes without 
complications (group A), 50 cases with complications (group B) 
and 50 controls (group C). In groups A, B and C, the majority 
of patients were between 56 and 60 years with 34%, 40% and 
36% cases, respectively. All three groups were compared based 
on age (P‑value = 0.15). The male‑to‑female ratio was 1.38:1 
in group A, 1.27:1 in group B, and 0.38:1 in group C. The three 
groups were gender‑matched (P‑value = 0.06). The mean body 
mass index (BMI) of the study groups as shown in Table 1 
shows that the patients with complications had a significantly 
higher BMI than those without complications. Additionally, 
controls had a significantly lower BMI than patients having 
diabetes, which makes the correlation statistically highly 
significant.

There was a significant difference in the disease 
duration of DM between groups A and B. Whereas the 
mean duration of patients without complications was 
2.15 ± 1.65 years, that of patients with complications was 
7.95 ± 4.14 years (P‑value < 0.0001) [Figure 1].

The biochemical parameters in the three groups were compared. 
As shown in Table 2, patients with complications (group B) 
had significant deranged levels of kidney function tests, 
lipid profile, and HbA1c levels than those without 
complications (group A). Serum Gal‑3 levels also show 
a significant increase in patients of group B and group A 
as compared to controls (group C) [Table 2]. The galectin 
levels in all three groups of patients are shown in Figure 2. 
Additionally, controls had significantly lower levels than 
those with diabetes. The data show statistical significance 
with deranged biochemical profiles in patients with DM with 
complications as compared to patients without complications 
and the control group.

In both groups A and B, patients with HbA1c between 9.1 
and 12 had mean serum galectin levels (20.2 in group A 
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Figure 1: Number of cases according to the duration of DM in two groups
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and 25.9 in group B) significantly higher than in patients 
with HbA1c between 6.5 and 9 (18.5 in group A and 20.4 in 
group B). This difference was statistically significant in both 
groups (P‑value = 0.04 in group A and 0.001 in group B) as 
shown in Table 3.

As shown in Table 4 and Figure 3, patients with deranged lipid 
profiles had significantly higher serum galectin levels in all 
three groups, with cases from group B having higher values 
than group A, whereas controls had the lowest value of serum 
galectin (P‑value < 0.001).

There was a highly significant correlation between high serum 
galectin levels and the incidence of both non‑progressive 

and progressive retinopathy (P‑value = 0.0001). [Table 5] 
The ANOVA also revealed that patients with progressive 
retinopathy (from group B) had significantly higher 
serum galectin levels than patients without progressive 
retinopathy (from group B), and patients without 
complications (group A), as well as controls (group A). [Figure 4]

The mean galectin of patients with neuropathy was 
28.3 ± 3.1 ng/ml, which was significantly higher than patients 
from group B without neuropathy (24.5 ± 2.6 ng/ml). There 
was a highly significant correlation between high serum 
galectin levels and the incidence of diabetic neuropathy 
(P‑value = 0.0001). [Figure 5]

The mean serum galect in level  of  pat ients  with 
macroalbuminuria was 30.1 ± 1.3 ng/ml, which was 

Table 1: Showing demographic and clinical data of patients of all study groups

Group A (DM without complications) Group B (DM with complications) Group C (controls) P
Mean Age 52.98±4.69 54.12±3.65 49.92±3.78 P=0.15
Gender

Male 29 (58%) 28 (56%) 19 (38%) P=0.06
Female 21 (42%) 22 (44%) 31 (62%)

Demographics
Rural 20 (40%) 21 (42%) 21 (42%) P=0.58
Urban 30 (60%) 29 (58%) 29 (58%)

BMI 26.1±2.6 28.7±2.5 20.2±2.1 P=0.0001

Figure 3: Distribution of patients according to lipid profile and serum 
galectin levels
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Figure 5: Serum galectin levels vs diabetic neuropathy
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significantly higher than those with microalbuminuria 
having a mean galectin level of 22.8 ± 4.8 ng/ml. There was 
a significant difference in the mean serum galectin level 

as the level of urine albumin/creatinine ratio (ACR)
increased; that is, in patients having high albuminuria, a 
high serum galectin level was found (P‑value = 0.0001). 
There was a highly significant correlation between high 
serum galectin levels and the incidence of both micro‑ and 
macroalbuminuria (P‑value = 0.0001). The ANOVA 
also revealed that patients with macroalbuminuria had 
significantly higher serum galectin levels than patients with 
microalbuminuria. [Figure 6] [Table 6]

dIscussIon

Gal‑3 is a carbohydrate‑binding protein that holds important 
regulatory roles in a multitude of inflammations, immunity, 
and malignancies.[19] Various findings suggest that Gal‑3 
accelerates the pathogenesis of metabolic diseases, by 
enhancing inflammatory infiltrates.[15,16] Inhibition of Gal‑3 
can also prevent acute diabetic retinopathy.[17]

In this case‑control study, the study subjects were divided 
into three groups. Group A included T2DM cases without 
complications, group B consisted of T2DM cases with 
complications, whereas in group C, healthy individuals 
were recruited. There was a significant difference in the 
disease duration between groups A and B. Whereas the 
mean duration of diabetes in patients without complications 
was 2.15 ± 1.65 years, that of patients with complications 
was 7.95 ± 4.14 years (P‑value < 0.0001). This finding 
was similar to the study by Zoungas et al.[20] In their study, 
patients with complications had a significantly longer mean 
duration of diabetes (7.9 ± 6.4 years) than those without 
complications (2.3 ± 1.9 years). Similar observations have 
been made by Krolewski et al.[21] and Jerneld et al.[22]

Table 3: Mean serum galectin level of patients according to HbA1c level

HbA1c Diabetics without complications Diabetics with complications Control group P

Mean SD Mean SD Mean SD
<6.5 0 0 0 0 7.6 2.4 0.0001
6.5‑9.0 18.5 5.4 20.4 6.1 0 0 0.0001
9.1‑12 20.2 5.9 25.9 9.3 0 0 0.0001
>12 0 0 0 0 0 0 0
P 0.04 0.001

Table 4: Mean galectin level versus lipid profile

 Group A Group B Group C P
LDL level

100‑159 16.1±1.2 19.2±1.6 6.9±1.3 0.0001
≥160 20.1±2.5 25.7±2.9 7.7±1.8 0.001

CH level
Optimum (<200) 15.4±1.3 ‑ 7.6±2.4 0.0001
Intermediate (200‑239) 16.3±1.4 18.3±0.9 ‑ 0.001

Triglyceride level
<200 mg/dl 16.2±1.3 19.3±1.6 6.7±1.2 0.0001
≥200 mg/dl 19.8±2.3 25.5±2.8 7.8±1.7 0.001

Table 5: Distribution of cases according to the presence 
of microvascular complications

Microvascular Complication No. of 
Patients

Percent

Retinopathy
Absent 18 36%
Non‑progressive diabetic retinopathy (NPDR) 28 56%
Progressive diabetic retinopathy (PDR) 4 8%

Neuropathy
Absent 35 70%
Present 15 30%

Nephropathy
Absent 27 54%
Microalbuminuria 18 36%
Macroalbuminuria 5 10%

Table 2: Distribution of different biochemical parameters in different groups

Parameter Group A (Diabetics without Complications) Group B (Diabetics with Complications) Control Group P

Mean SD Mean SD Mean SD
Urea 36.1 23.2 57.1 28.3 34.5 16.2 0.001
Creatinine 1.1 1.1 1.8 0.9 0.9 0.3 0.01
HbA1c 8.2 1.4 9.8 1.9 4.8 0.32 0.0001
Galectin 18.7 3.8 23.6 4.5 7.6 2.4 0.001
Cholesterol 263.8 34.8 281.8 39.5 175.2 23.46 0.0001
Triglyceride 279.8 45.3 361.6 58.9 133.1 20.1 0.02
HDL 39.1 3.9 36.5 4.3 67.8 7.5 0.0002
LDL 154.2 27.2 165.1 38.4 115.9 29.2 0.0001



Kumar, et al.: Galectin‑3 as a potential biomarker of microvascular complications in patients with type 2 diabetes

Indian Journal of Endocrinology and Metabolism ¦ Volume 26 ¦ Issue 5 ¦ September‑October 2022 495

There was a male preponderance in our study in both groups. 
Similar observations were made by Alnour and Abdalla et al.[23] 
who found a male‑to‑female ratio of 1.5 in T2DM. Metan 
et al.[24] found a male‑to‑female ratio of 1:1 in their study.

In the present study, we used Asian guidelines for BMI 
estimation. In the diabetic‑patients‑without‑complications 
group, a BMI range of 23–27.5 had most patients with 74%. 
The mean BMI of patients was 26.1 ± 2.6 kg/m2. In diabetics 
with complications, however, a majority (54%) of patients had 
a significantly higher BMI range between 27.5 and 33.6, and 
the mean BMI was 28.7 ± 2.5 kg/m2. In the control group, the 
BMI ranged between 18.5 and 22.9 and the mean BMI was 
20.2 ± 2.1 kg/m2. There was a highly significant difference 
between BMI in all three groups (P‑value = 0.0001). Topiwala 
et al.[25] found that 87 (28.0%), 89 (28.7%) and 134 (43.2%) 
patients had a BMI <23.0, 23.0 to <25.0 and ≥25.0 kg/m2, 
respectively, in diabetic patients. Kumbhalkar and Daware[26] 
found that the maximum number of patients (60%) of both 
groups had grade II obesity (BMI >30 to 40). The above 
studies support our observation. In our study, a maximum 
number of patients with diabetes in both complicated and 
non‑complicated groups were overweight according to Asian 
guidelines for BMI, and the group with complications had a 
significantly greater BMI as compared to the group without 
complications; however, there was no significant difference in 
the BMI with sex. Recent literature has identified conclusive 
links between obesity and T2DM involving proinflammatory 
cytokines (tumour necrosis factor and IL‑6), insulin resistance, 
deranged fatty acid metabolism, and cellular processes 
involving mitochondrial dysfunction and oxidative stress in 
the endoplasmic reticulum.[27]

In the present study, in group A (diabetes without complications), 
86% of cases were in the category 6.5–9.0% of HbA1c, and 
the remaining 14% had HbA1c between 9.1 and 12%. In 
group B, a significantly higher proportion of patients (58%) had 
HbA1c between 9.1 and 12% with the remaining 42% cases 
having HbA1c between 6.5 and 9% (P‑value = 0.01). Whereas 
comparing the serum galectin levels in patients stratified based 
on HbA1c, we observed that there was a significant difference in 
serum galectin as the level of HbA1c increased. Also, patients 
with complications had a higher level of galectin than those 
without complications for the same level of HbA1c. There was a 
significant difference between serum galectin levels in all three 

groups as well. (P‑value = 0.01). Tan et al.[1] found that diabetic 
patients with complications who had a significantly poorer 
glycaemic control measured with HbA1c of 9.45 ± 2.31% as 
a reference had a significantly higher level of serum galectin 
compared to diabetic patients without complication (P < 0.001). 
Studies by Weigert et al.,[18] Jin Qi‑hui et al.,[28] and Hodeib 
et al.[29] also found a positive association between plasma levels 
of galectin with HbA1c levels.

In our study, amongst patients from group B, 46% of patients 
had diabetic nephropathy. Of these 36% of patients had 
microalbuminuria, defined as 30–300 mg/g urine ACR or 
30–300 mg albumin in urine/day, whereas the remaining 
8% had macroalbuminuria (ACR >300 mg/g or >300 mg 
albumin in urine/day). The mean serum galectin level of 
patients with macroalbuminuria was 30.1 ± 1.37 ng/ml, which 
was significantly higher than those with microalbuminuria 
having a mean galectin level of 22.85 ± 4.83 ng/ml. There 
was a significant difference in the mean serum galectin 
level as the level of urine ACR increased; that is, in patients 
having high albuminuria, a high serum galectin level was 
found (P‑value = 0.0001). A similar observation was made 
by Tan et al.[1], Jin Qi‑hui et al.[28], Hodeib et al.,[29] and 
Allyan et al.,[30] and Hodeib et al.[29] found that the serum 
galectin level increased positively with an increase in urine 
ACR (correlation coefficient: 0.66, P value < 0.0001). Tan 
et al.[1] also observed that serum Gal‑3 levels were significantly 
increased in type 2 diabetic individuals with microalbuminuria 
or macroalbuminuria when compared with an age‑ and 
sex‑matched nondiabetic control group (7.58 ± 2.29 ng/ml vs 
6.10 ± 1.91 ng/ml, respectively, P < 0.01). They also observed 
that after a mean follow‑up of 9 years, Gal‑3 was independently 
associated with a doubling of serum creatinine and incident 
macroalbuminuria. In their study, individuals with Gal‑3 levels 
in the highest quartile had a fourfold risk of renal function loss 
and a threefold risk of incident macroalbuminuria. Our results 
could be extrapolated to their observations if our patients were 
followed up for a longer duration.

In our study, the mean serum galectin for females was higher 
than for males in all three groups. In group A, the mean level 
for females was 18.9 ± 4.9 ng/ml, whereas that for male patients 
was 18.5 ± 5.2 ng/ml (P‑value = 0.45), and for group B, 
the average level in female patients was 23.9 ± 7.1 ng/ml, 
compared to 23.3 ± 6.5 ng/ml in males (P‑value = 0.93). 

Table 6: Correlation of serum galectin with microvascular complications in DM

Group C (Healthy controls) Group A (DM with no complications) Group B (DM with complications) P
Diabetic 
Retinopathy

7.6±3.6 18.7±2.6 No Retinopathy 20.7±2.7 F ratio=159.8
P<0.0001Non‑progressive 

diabetic retinopathy
24.4±4.4

Progressive Retinopathy 30.1±1.4
Diabetic 
Neuropathy

7.6±3.6 18.7±2.6 No neuropathy 24.5±3.9 F ratio=181.4
P<0.0001Neuropathy 28.3±3.1

Diabetic 
Nephropathy

7.6±3.6 18.7±2.6 Microalbuminuria 22.8±3.8 F ratio=144.22
P<0.0001Macroalbuminuria 30.1±1.3
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However, the difference was statistically insignificant in all 
three groups. In agreement with our results, Tan et al.,[1] Jin 
Qi‑hui et al.,[28] and Hodeib et al.[29] independently observed 
no statistically significant difference between the mean plasma 
galectin level in female and male diabetic patients.

In our study, there was a highly significant association 
between high serum galectin and the incidence of both 
diabetic neuropathy and retinopathy. To date, there is barely 
any mention of the role of galectin in the development and 
progression of diabetic retinopathy and nephropathy. Most of 
the concerned literature only covers animal models.[31‑33] Ours 
is one of the very few studies exploring this under‑reported 
facet of diabetes. The role of galectin in diabetic retinopathy 
has been highlighted by Abu El‑Asrar et al.[34] They observed 
that galectin‑1 and vascular endothelial growth factor (VEGF) 
levels were significantly higher in vitreous samples from 
progressive diabetic retinopathy patients than in those from 
nondiabetic subjects (P‑value < 0.001). They also found a 
significant positive correlation between the levels of galectin‑1 
and VEGF (r = 0.354; P = 0.022). However, Hodeib et al.[29] and 
Weigert et al.[18] found no correlation between serum galectin 
levels and the presence of these complications.

The levels of lipid profile parameters, namely, LDL, 
triglycerides (TG), and total cholesterol (TC) were found 
to be significantly increased in both groups A and B, with 
a significantly higher level in group B than in group A. 
Moreover, the value of HDL levels was significantly 
decreased in groups A and B, with a significantly higher fall 
in group B. Allyan et al.[30] also observed that there was a 
significant correlation between the deranged lipid profile and 
high galectin level. Galectin levels positively correlated with 
cholesterol (correlation coefficient: 0.333, P value < 0.0001) 
and TG (correlation coefficient: 0.335, P value < 0.0001) 
and negatively with HDL (correlation coefficient: 0.397, 
P value < 1.000). Similarly, our results were also in close 
agreement with those of Vora et al.[3] They observed that 
the serum galectin level of patients with normal lipid levels 
ranged between 5.9 and 11.8 ng/ml, whereas in patients with 
hyperlipidemia, the serum galectin was significantly higher 
and ranged between 17.1 and 99.2 ng/ml (P < 0.001).

The main strength of our study was the fact that it was the first 
study that described the association between serum Gal‑3 and 
various complications and biochemical parameters among 
T2DM patients in India. Our results clearly demonstrated a 
significant difference in serum Gal‑3 levels in T2DM with the 
complication group compared to T2DM without complication 
and control groups (P‑value < 0.01). Furthermore, positive 
significant correlations were also found between serum Gal‑3 
and BMI, HbA1c, cholesterol, triglyceride, urinary albumin 
creatinine ratio, and increasing age.

conclusIon

This study concludes that elevated serum Gal‑3 levels are 
associated with diabetes‑related chronic inflammatory 

processing pathways and closely related to the severity of 
diabetes in T2DM both with and without complications. 
Therefore, Gal‑3 may be helpful in the diagnosis and 
prognosis of microvascular and macrovascular complications 
in T2DM patients. However, whether serum Gal‑3 is simply a 
biomarker of disease or also a mediator for the development 
and progression of diabetes still warrants further investigation.
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