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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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ASSOCIATION BETWEEN GALECTIN-3 AND MICROVASCULAR COMPLICATIONS IN 
TYPE 2 DIABETES MELLITUS: A COMPARATIVE STUDY
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Department of Medical Laboratory Science, College of Health Sciences, Gulf Medical University, Ajman, UAE.

Abstract.
Background: Galectin-3 is a β-galactoside-binding lectin 

involved in inflammation and fibrosis and has been implicated 
in the pathogenesis of type 2 diabetes mellitus (T2DM) and its 
microvascular complications. This study aimed to evaluate the 
association between serum galectin-3 levels and microvascular 
complications in patients with T2DM and to determine whether 
this association persists after adjustment for relevant clinical 
factors.

Materials and Methods: This comparative cross-sectional 
study included 64 participants recruited from Thumbay University 
Hospital, Ajman, UAE. Participants were divided into two 
groups: 32 patients with T2DM and established microvascular 
complications and 32 healthy controls. Serum galectin-3 levels 
were measured using enzyme-linked immunosorbent assay 
(ELISA). Clinical and biochemical parameters, including body 
mass index (BMI), HbA1c, fasting blood glucose, lipid profile, 
and microalbuminuria, were assessed. Multivariable linear 
regression analysis was performed with microalbuminuria as 
the dependent variable, adjusting for BMI, HbA1c, and age.

Results: Serum galectin-3 levels were significantly higher 
in patients with T2DM and microvascular complications 
compared with healthy controls (p < 0.001). Galectin-3 showed 
a strong positive correlation with microalbuminuria (ρ = 0.720, 
p < 0.001) and a moderate positive correlation with HbA1c 
(ρ = 0.599, p < 0.001). However, in multivariable regression 
analysis, galectin-3 was not independently associated with 
microalbuminuria after adjustment for BMI, HbA1c, and age 
(p = 0.197), whereas HbA1c remained a significant independent 
predictor (p < 0.001).

Conclusion: Although serum galectin-3 levels are elevated 
in patients with T2DM and microvascular complications 
and demonstrate strong univariate associations with 
microalbuminuria, galectin-3 does not remain independently 
associated after adjustment for BMI and glycemic control. 
These findings suggest that galectin-3 may reflect underlying 
metabolic and inflammatory burden rather than acting as an 
independent predictor of microvascular complications in T2DM.

Key words. Type 2 diabetes mellitus, Galectin-3, microvascular 
complications, nephropathy, biomarker.
Introduction.

Diabetes mellitus is a chronic metabolic disorder characterized 
by persistent hyperglycemia due to impaired insulin secretion, 
insulin resistance, or both. The disease results from a 
malfunction in the body’s ability to effectively produce or 
utilize insulin. Insulin, a hormone secreted by pancreatic beta 
cells, plays a crucial role in regulating blood glucose levels by 
facilitating glucose uptake into cells for energy production [1,2]. 

Type 2 diabetes mellitus (T2DM) is the most prevalent form 
of diabetes and accounts for approximately 90% of all cases. 
It is a growing global health concern, with a rising incidence 
due to sedentary lifestyles, unhealthy dietary habits, and 
increasing obesity rates. According to the International Diabetes 
Federation (IDF), the global prevalence of diabetes is estimated 
at 10.5% in 2021 and is projected to increase significantly in the 
coming decades. T2DM is associated with severe complications 
affecting multiple organ systems, leading to significant 
morbidity and mortality. Chronic hyperglycemia in T2DM 
contributes to microvascular complications, including diabetic 
retinopathy, nephropathy, and neuropathy, primarily due to 
sustained damage to small blood vessels [3,4].

Recent studies have identified galectin-3, a β-galactoside-
binding lectin, as a key mediator of inflammation and fibrosis. 
Galectin-3 has been implicated in the pathogenesis of various 
diseases, including diabetes mellitus and its complications 
[5]. Studies have demonstrated a significant association between 
elevated serum galectin-3 levels and the severity of microvascular 
complications in T2DM patients [4]. Cellular-level investigations 
suggest that increased galectin-3 expression may contribute to 
vascular dysfunction, chronic inflammation, and fibrosis, thereby 
exacerbating complications in diabetic patients [5,6].

For instance, studies have reported a twofold increase in 
galectin-3 levels in T2DM patients with nephropathy compared 
to those without, with a strong correlation between galectin-3 
and albuminuria, suggesting its involvement in the progression 
of diabetic nephropathy [4,6,7]. Similarly, higher galectin-3 
levels have been observed in patients with severe diabetic 
retinopathy, indicating its potential role in retinal vascular 
damage. Moreover, increased galectin-3 concentration has been 
linked to diabetic neuropathy, where elevated levels correlate 
with more pronounced muscle damage and peripheral nerve 
dysfunction [4].

Emerging evidence suggests that galectin-3 contributes 
to insulin resistance and pancreatic β- cell dysfunction by 
promoting inflammatory responses in insulin target organs 
[7]. Animal studies have demonstrated that galectin-3 induces 
inflammation in pancreatic islets, leading to β-cell failure, which 
may accelerate diabetes progression. These findings highlight 
the potential role of galectin-3 not only in the development of 
T2DM but also in its associated complications.

Given the growing evidence linking galectin-3 to microvascular 
complications in T2DM, further research is warranted to 
explore its potential as a biomarker for early detection and 
risk stratification. Understanding the molecular mechanisms 
underlying galectin-3’s role in diabetes-related vascular damage 
may offer novel therapeutic insights for managing T2DM and 
preventing its complications.
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Materials and Methods.
This correlation study was conducted at Thumbay University 

Hospital, Ajman, UAE. The study population consisted of 
patients with Type 2 diabetes mellitus (T2DM) who attended 
Thumbay University Hospital in Ajman, UAE. A total of 64 
participants were recruited and divided into two groups: the study 
group (32 patients with type 2 diabetes mellitus (T2DM) and 
microvascular complications) and the control group (32 healthy 
individuals without diabetes or microvascular complications). 
Exclusion criteria included patients with chronic inflammatory 
conditions, pregnant females, and those with Type 1 diabetes 
mellitus (T1DM). Inclusion criteria: Patients with T2DM 
who met the World Health Organization (WHO) criteria were 
eligible [8]. The study was conducted over a period of 24 weeks, 
which included time for preparation, practical analysis, and data 
interpretation. All instruments used were validated for accuracy, 
precision, and linearity according to the laboratory's quality 
control protocols. All participants were in a state of fasting for 
12 h before drawing blood.
Galectin-3.

Galectin-3 in vitro SimpleStep ELISA® (Enzyme-Linked 
Immunosorbent Assay) kit is designed for the quantitative 
measurement of Galectin-3 protein in human serum, plasma, 
cell culture supernatant, cell and tissue extract.

The kit had a detection range with a minimum detectable 
concentration of 1.5 ng/ml and a maximum detectable 
concentration of 100 ng/ml.
HbA1c.

HbA1c percentage level was measured using a method based 
on A turbidimetric immunoinhibition using for the measurement 
of glycated hemoglobin (HbA1c) % in human whole blood, is 
traceable to the International Federation of Clinical Chemistry 
reference method for the measurement of HbA1c, and its 
measuring range 3–18% HbA1c [9].

An HbA1c test result must be less than 5.7% to be considered 
normal or in the non-diabetic category. A person can be 
diagnosed with diabetes if their HbA1c is 6.5% or higher, but 
prediabetes is defined as anyone with a value between 5.7% and 
6.4% [10].

Fasting blood glucose and the lipid profile were measured 
using Beckman Coulter DxC 700 AU Chemistry Analyzer.
Microalbuminuria.

The Urine Albumin-to-Creatinine Ratio (ACR) is the 
preferred method for detecting microalbuminuria in clinical 
and research settings due to its accuracy and convenience. It 
involves measuring albumin concentration relative to creatinine 
in a spot urine sample, typically an early morning specimen, to 
account for variations in urine concentration. ACR is commonly 
analyzed using immunoturbidimetry or immunonephelometry, 
both of which rely on antibody-based reactions to detect albumin 
levels. The results are expressed in milligrams of albumin per 
gram of creatinine (mg/g) or milligrams per millimole (mg/
mmol). According to established guidelines, an ACR value of 
less than 30 mg/g (<3 mg/mmol) is considered normal, 30–300 
mg/g (3–30 mg/mmol) indicates microalbuminuria, and greater 
than 300 mg/g (>30 mg/mmol) signifies macroalbuminuria [11].

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 
was used to compare the mean of quantitative variables. 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).

The study included a total of 64 patients, divided into two 
groups: 32 patients in the Study Group, consisting of patients 
with T2DM and microvascular complications, and 32 patients 
in the Control Group, composed of healthy individuals. All 
participants were between the ages of 40 and 60. The two groups 
were age-matched (p = 0.166) and gender-matched (p = 0.281), 
ensuring comparability.

As presented in Table 1, the Study Group exhibited significantly 
higher levels of BMI, microalbuminuria, total cholesterol, 
triglycerides, LDL, HbA1c, and fasting blood glucose, while 
HDL levels were notably lower compared to the Control Group. 
Additionally, there was a statistically significant difference in 
Galectin-3 levels between the two groups (p < 0.001), with the 
Study Group displaying significantly higher Galectin-3 levels 
than the Control Group.

The study group exhibited significantly higher BMI compared 
with healthy controls, which may contribute to elevated 
galectin-3 levels due to obesity-related inflammatory activity.

The biochemical parameters of the two groups were compared. 
As presented in Table 2, the Pearson Chi-Square test for 
age (p = 0.498) shows no statistical significance, indicating 
that age is not significantly associated with microvascular 
complications. However, a strong correlation was observed 
between microvascular complications and BMI categories. The 
study group predominantly consists of overweight or obese 
individuals, whereas all individuals in the control group have 
a normal BMI. Additionally, obesity and overweight are more 
prevalent among patients with macroalbuminuria.

The distribution analysis highlights a significant relationship 
between BMI and microvascular complications, with 
higher BMI being associated with an increased risk of both 
macroalbuminuria and microalbuminuria. Furthermore, the 
Chi-Square test for HbA1C and fasting blood glucose (both 
p < 0.001) demonstrates a strong correlation between these 
parameters and microvascular complications. The data indicate 
that most patients with microalbuminuria have diabetes, 
whereas all patients with normoalbuminuria do not. Overall, 
there is a statistically significant difference between the study 
and control groups.

Table 3 shows the values of Lipid Profiles across the groups. 
Compared to the control group, the study group exhibits 
significantly higher amounts of LDL, triglycerides, and total 
cholesterol as well as significantly lower levels of HDL. These 
differences indicate that the study group has a less ideal lipid 
profile, which might be linked to increased complications.

Microalbuminuria demonstrated significant positive 
correlations with BMI, fasting blood glucose (FBS), total 
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cholesterol, triglycerides, low-density lipoprotein (LDL), 
and HbA1c, as shown in Table 4. These findings indicate an 
association between increased microalbuminuria levels and 
specific biochemical markers.

In contrast, microalbuminuria exhibited a moderate but non-
significant negative correlation with high-density lipoprotein 
(HDL), suggesting no meaningful relationship within this study 
population. Except for HDL, all correlations were statistically 
significant at the 0.05 level, indicating that these associations 
are unlikely to have occurred by chance. These results suggest 
that elevated microalbuminuria, a key indicator of kidney 
injury, is associated with poor glycemic control (as reflected by 
HbA1c and FBS), high BMI, and dyslipidemia (elevated total 
cholesterol, triglycerides, and LDL).

The association between microalbuminuria and HbA1c levels 
(Figure 1) is moderately positive. Microalbuminuria, a sign 
of possible kidney injury, is correlated with higher HbA1c 
readings,	 which	 show	 poor	 blood	 s u g a r 
regulation. This association is significant because it implies that 
preserving lower HbA1c levels may help people, particularly 
those with diabetes, avoid or lessen kidney damage.

The data indicates a significant Positive correlation between 
Galectin-3 and both HbA1c and Microalbuminuria (Table 5). 
Specifically, Galectin-3 shows a moderate positive correlation 
with HbA1c (ρ = 0.599, p <0.001) (Figure 3) and a strong positive 
correlation with microalbuminuria (ρ = 0.720, p <0.001) (Figure 
2). These correlations suggest that Galectin-3 could potentially 
be a marker for monitoring glycemic control (as indicated by 
HbA1c) and renal function (as indicated by microalbuminuria) 
in the studied population.

A multiple linear regression analysis was performed to 
evaluate whether galectin-3 was independently associated with 
microalbuminuria after adjustment for potential confounders, 
including body mass index (BMI), HbA1c, and age. In the 
adjusted model, HbA1c remained a significant independent 

predictor of microalbuminuria (B = 26.06, p < 0.001). However, 
galectin-3 did not remain significantly associated with 
microalbuminuria after adjustment (B = 1.35, p = 0.197). BMI 
and age were also not significant predictors in the multivariable 
model (Table 6).

The results further revealed that Gal-3 levels were significantly 
higher in T2DM patients compared to non-diabetic controls, 
aligning with previous studies that have reported an association 
between elevated Gal-3 and diabetes and its complications [12]. 

This suggests that Gal-3 may play a role in the development and 
progression of microvascular complications in T2DM. Elevated 
Gal-3 levels have been associated with more severe diabetes- 
related complications [4], supporting the hypothesis that Gal-3 
not only serves as a biomarker for diabetic complications but 
may also contribute to their pathophysiology. The study group 
also exhibited a significantly higher BMI compared with healthy 
controls, which may contribute to elevated galectin-3 levels due 
to obesity-related inflammatory activity.

As a β-galactoside-binding lectin, Gal-3 is involved in 
several cellular processes, including apoptosis, fibrosis, and 
inflammation [3]. Its elevated levels have been implicated in 
conditions characterized by chronic inflammation and fibrosis, 
such as diabetes. Previous studies have demonstrated that 
Gal-3 promotes inflammatory responses and fibrosis in target 
organs, including the kidneys, eyes, and nerves, contributing 
to the pathogenesis of diabetic complications [5]. For instance, 
increased Gal-3 levels have been linked to diabetic kidney 
disease, a major microvascular complication of diabetes, 
through its role in inflammation and renal fibrosis. Additionally, 
Gal-3 has been associated with diabetic retinopathy and 
neuropathy, with higher levels observed in patients with severe 
manifestations of these conditions.

A strong positive correlation was observed between galectin-3 
and microalbuminuria, a recognized marker of early diabetic 
nephropathy and endothelial dysfunction. This finding 

Figure 1. Scatter Plot shows correlation between Microalbuminuria and HbA1c (n= 64) (R2 = 0.401).
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Figure 2. Scatter Plot shows correlation between Galectin-3 and Microalbuminuria (n= 64) (R2 = 0.147).

Figure 3. Scatter Plot shows correlation between Galectin-3 and HbA1c (n= 64) (R2 = 0.192).

Parameter Study Group Control Group p-Value
Age (Years) 51.66 ± 5.33 49.34 ± 6.24 0.166
Male 24 (75%) 24 (75%) 0.291
Female 8 (25%) 8 (25 %) 0.291
BMI 28.18 ± 2.32 21.80 ± 1.82 <0.001
Microalbumin 103.93 ± 96.94 11.33 ± 5.73 <0.001
Total Cholesterol 207.38 ± 50.41 173.13 ± 25.63 <0.001
Triglyceride 189.94 ± 94.22 136.34 ± 83.22 0.019
HDL 47.09 ± 11.90 56.19 ± 12.78 0.005
LDL 123.94 ± 37.46 92.06 ± 29.23 <0.001
HbA1C 8.45 ± 2.07 5.14 ± 0.21 <0.001
FBS 190.47 ± 61.17 86.50 ± 12.96 <0.001
Galectin - 3 20.67 ± 8.65 9.48 ± 3.26 <0.001

Table 1. Main characteristics of the study population.

BMI: Body Mass Index, HDL: High-Density Lipid, LDL: Low-Density Lipid, HbA1c: Glycated Hemoglobin, FBS: Fasting Blood Glucose. All 
values are the mean ± SD, p- Values <0.05 indicate statistical significance.
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Test Parameter Microalbuminuria Categories p-value

Chi- square Test

AGE Normoalbuminuria Microalbuminuria Macroalbuminuria

0.498

<45 11 4 1
46-54 12 13 4
>55 9 7 3
BMI

<0.001

Normal Weight 32 1 0
Overweight 0 16 6
Obese 0 7 2
FBS

<0.001
Non-Diabetic 32 0 0
Diabetic 0 24 8
HbA1c

<0.001

Non-Diabetic 16 3 13
Pre-Diabetic 12 2 10
Diabetic 4 1 3

Table 2. Relationship between Age, BMI, FBS, and HbA1c to Microalbuminuria Categories.

BMI: Body Mass Index, HbA1c: Glycated Hemoglobin, FBS: Fasting Blood Glucose. p- Values <0.05 indicates statistical significance.

Test Parameter Study Group Control
Group p-value

Independent Samples t- Test

Total Cholesterol 207.38 ± 50.41 173.13 ± 25.63 0.001
Triglyceride 189.94 ± 94.22 136.34 ± 83.22 0.019
HDL 47.09 ± 11.90 56.19 ± 12.78 0.005
LDL 123.94 ± 37.469 92.06 ± 29.23 <0.001

Table 3. Lipid Profile between the study group and control group.

HDL: High-Density Lipid, LDL: Low-Density Lipid. All values are the mean ± SD, and p- Values <0.05 indicate statistical significance.

Test Parameter ρ p-value

Spearman Correlation

HbA1c 0.776 <0.001
FBS 0.806 <0.001
BMI 0.674 <0.001
Total Cholesterol 0.425 <0.001
Triglyceride 0.420 <0.001
HDL -0.128 0.313
LDL 0.360 0.003
Galectin-3 0.720 <0.001

Table 4. Correlation between Biochemical Parameters and Microalbuminuria.

BMI: Body Mass Index, HDL: High-Density Lipid, LDL: Low-Density Lipid, HbA1c: Glycated Hemoglobin, FBS: Fasting Blood Glucose. ρ 
Spearman Correlation Coefficient, p- Values <0.05 indicates statistical significance.

Test Parameter ρ p-value
Spearman HbA1c 0.599 <0.001
Correlation Microalbuminuria 0.720 <0.001

Table 5. Correlation of Galectin-3 with HbA1c and Microalbuminuria.

HbA1c Glycated Hemoglobin.ρ Spearman Correlation Coefficient, p- Values <0.05 indicates statistical significance.

Predictor B (Unstandardized 
Coefficient) Standard Error t-value p-value

Constant −208.61 97.12 −2.15 0.036
Galectin-3 1.35 1.03 1.31 0.197
BMI 0.15 3.28 0.05 0.964
HbA1c 26.06 5.43 4.80 <0.001
Age 1.20 1.55 0.77 0.443

Table 6. Multiple Linear Regression Analysis with Microalbuminuria as the Dependent Variable.

The multivariable regression model explained 42.4% of the variance in microalbuminuria (R² = 0.424; adjusted R² = 0.385) and was statistically 
significant (F = 10.84, p < 0.001); unstandardized regression coefficients (B) are reported, with p < 0.05 considered statistically significant.
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suggests that galectin-3 may be closely associated with renal 
microvascular involvement in T2DM. Similar associations have 
been reported in previous studies linking elevated galectin-3 
levels with diabetic nephropathy and progression of renal injury. 

A significant moderate positive correlation was observed 
between Gal-3 and HbA1c levels (ρ = 0.599, p < 0.001). This 
observation may be attributed to the participants' effective 
diabetes management, which could have stabilized HbA1c 
levels independently of Gal-3 levels. Additionally, unaccounted 
lifestyle factors, such as alcohol and tobacco consumption, 
might have influenced Gal-3 levels beyond glycemic control.

Lipid profile analysis indicated that LDL, triglycerides, and 
total cholesterol levels were significantly elevated in the diabetic 
group compared to the control group, while HDL levels were 
markedly lower (47.09 ± 11.90). These lipid abnormalities were 
more pronounced in patients with elevated Gal-3 levels and are 
well-established risk factors for cardiovascular disease. This 
finding suggests a potential link between lipid dysregulation, 
elevated Gal-3, and an increased risk of vascular complications 
in T2DM. Despite the significance of these findings, several 
limitations warrant further investigation. Although the study 
establishes a correlation between Gal-3 levels and microvascular 
complications in T2DM, the precise mechanisms underlying 
this association remain unclear. Future research should focus 
on elucidating the molecular pathways through which Gal-3 
contributes to diabetes-related inflammation and fibrosis.

Moreover, as this study was correlational, causal relationships 
could not be determined. Longitudinal studies are necessary 
to assess whether elevated Gal-3 levels predict the onset 
and progression of microvascular complications in T2DM. 
Additionally, given the association between Gal-3 and diabetic 
complications, future studies should explore its potential as a 
therapeutic target. Investigating modulators or inhibitors of 
Gal-3 could provide novel therapeutic strategies for managing 
diabetes-related complications. The study population was limited 
to a specific ethnic and geographic cohort, which may affect the 
generalizability of the findings. Future research should include 
diverse populations to validate these results. Furthermore, 
exploring interactions between Gal-3 and other inflammatory 
and fibrotic biomarkers could offer a more comprehensive 
understanding of its role in diabetic complications. Identifying 
potential biomarker combinations may enhance risk assessment 
and improve therapeutic strategies for T2DM patients.
Conclusion.

This study examined the association between serum galectin-3 
levels and microvascular complications in patients with type 
2 diabetes mellitus by comparing affected individuals with 
healthy controls. The findings demonstrate that patients with 
T2DM and microvascular complications exhibit significantly 
elevated galectin-3 levels compared with healthy individuals.

A strong positive association was observed between galectin-3 
and microalbuminuria, suggesting that galectin-3 may reflect 
the presence of microvascular involvement in T2DM. Although 
galectin-3 levels were significantly elevated in patients with 
T2DM and microvascular complications and showed strong 
univariate associations with microalbuminuria, galectin-3 
was not independently associated with microalbuminuria 

after adjustment for BMI, HbA1c, and age. These findings 
suggest that galectin-3 may reflect metabolic and inflammatory 
burden rather than acting as an independent determinant of 
microvascular complications in T2DM.analysis. Accordingly, 
the findings should be interpreted as associative rather than 
causal, and galectin-3 should not be considered an independent 
predictor of microvascular complications based on the present 
analysis.

These findings underscore the potential utility of galectin-3 
as a biomarker reflecting inflammatory and fibrotic activity 
associated with microvascular involvement in T2DM. The 
consistent association between elevated Galectin-3 levels and 
the prevalence of microvascular complications suggests a 
possible mechanistic role of this protein in the pathogenesis 
of these conditions. Further validation in longitudinal and 
multivariable studies is required before galectin-3 can be 
considered for routine clinical application.

Despite these limitations, the consistent elevation of galectin-3 
in patients with diabetic microvascular complications highlights 
its potential utility as a biomarker reflecting underlying 
inflammatory and fibrotic activity in T2DM.

Future studies incorporating T2DM patients without 
complications, larger sample sizes, longitudinal follow-up, 
and multivariable models using microvascular outcomes as 
dependent variables are required to clarify the independent and 
predictive role of galectin-3 in diabetic microvascular disease.

In conclusion, elevated Galectin-3 levels have been identified 
as a potential biomarker for early detection of microvascular 
complications in T2DM patients. The significant association 
between Galectin-3 and the prevalence of these complications 
provides a promising avenue for future research and clinical 
application. Implementing routine assessments of Galectin-3 
could enhance current management strategies, alleviate the burden 
of diabetes-related complications, and ultimately improve the 
health and satisfaction of individuals living with T2DM.
Conflicts of Interest.

The authors declare no conflicts of interest.
Ethical Guidelines.

The study involving human participants included a consent 
form from each participant, detailing their rights and the study’s 
purpose. The research was approved by the Institutional Review 
Board (IRB) at Gulf Medical University, with reference number 
IRB-COHS-STD-65- DEC-2023.

REFERENCES
1. Harreiter J, Roden M. Diabetes mellitus: definition, 
classification, diagnosis, screening and prevention (Update 
2023). Wien Klin Wochenschr. 2023;135:7-17.
2. Rachdaoui N. Insulin: The friend and the foe in the 
development of type 2 diabetes mellitus. International Journal 
of Molecular Sciences. MDPI AG. 2020;21:1-21.
3. Gao Z, Liu Z, Wang R, et al. Galectin-3 Is a Potential Mediator 
for Atherosclerosis. J Immunol Res. 2020;2020.
4. Kumar S, Ranawat CS, Bhandiwad C, et al. Galectin-3 as a 
potential biomarker of microvascular complications in patients with 
Type 2 diabetes. Indian J Endocrinol Metab. 2022;26:490-497.



119

5. Yücel N, Madenci ÖÇ, Bölük A, et al. Is galectin-3 associated 
with urinary albumin excretion in type 2 diabetes? Endokrynol 
Pol. 2016;67:580-584.
6. Tan KCB, Cheung CL, Lee ACH, et al. Galectin-3 is 
independently associated with progression of nephropathy in 
type 2 diabetes mellitus. Diabetologia. 2018;61:1212-1219.
7. Li Y, Li T, Zhou Z, et al. Emerging roles of Galectin-3 in 
diabetes and diabetes complications: A snapshot. Reviews in 
Endocrine and Metabolic Disorders. Springer. 2022;23:569-
577.
8. Davidson MB. Historical review of the diagnosis of prediabetes/
intermediate hyperglycemia: Case for the international criteria. 
Diabetes Res Clin Pract. 2022;185:109219.

9. ElSayed NA, Aleppo G, Bannuru RR, et al. Improving Care 
and Promoting Health in Populations: Standards of Care in 
Diabetes—2024. Diabetes Care. 2024;47:S11-19.
10. Sherwani SI, Khan HA, Ekhzaimy A, et al. Significance 
of HbA1c test in diagnosis and prognosis of diabetic patients. 
Biomarker Insights. Libertas Academica Ltd. 2016;11:95-104.
11. Mohammed O, Alemayehu E, Bisetegn H, et al. Prevalence 
of Microalbuminuria Among Diabetes Patients in Africa: A 
Systematic Review and Meta-Analysis. Diabetes, Metabolic 
Syndrome and Obesity. 2023;16.
12. Marinkovic M, Petrovic I. The Role of Galectin 3 in the 
Pathogenesis of Diabetes Mellitus: Focus on Β-Cell Function 
and Survival. Serbian Journal of Experimental and Clinical 
Research. 2022;0.


	Title

