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K CBEAEHHUIO ABTOPOB!
[Ipu HampaBIEeHUY CTAaTbH B PEAAKITUIO HEOOXOIUMO COOIONATh CISAYIONINE TIPABHIIIA;

1. CraTps nomkHa OBITH IPEJCTaBICHA B IBYX SK3EMIUIIPAX, HA PYCCKOM HMJIM aHTITUHACKOM SI3bI-
Kax, HaTrleyaTaHHas yepe3 MoJITopa HHTepBaJjia Ha OIHOI CTOPOHE CTAHIAPTHOIO JIUCTA € INMPHHOI
JIEBOTO NOJIsI B TPHM caHTHMeTpa. Mcnonb3yemblil KOMIIBIOTEPHBII WPUQT U1 TEKCTa Ha PYCCKOM U
aHnuickoM s3bikax - Times New Roman (Kupuiuna), 115 TeKcTa Ha TPy3UHCKOM S3BIKE CIIEAYeT
ucnoip3oBath AcadNusx. Pasmep mpudra - 12. K pykonrcu, HaneyaTaHHOW Ha KOMITBIOTEPE, JTODKEH
o5ITh IprtoskeH CD co crarbeit.

2. Pa3Mep craTbu TOTKEH OBITH HE MEHEe NeCsTH 1 He OoJiee 1BaALATH CTPAHUI] MAITHOIINCH,
BKJIIOYAsl yKa3areJlb JINTepaTypsl U Pe3loMe Ha aHIJIMIICKOM, PYCCKOM U IPYy3HHCKOM SI3bIKaX.

3. B crarbe 10KHBI OBITH OCBEIICHBI AKTyaIbHOCTh JAHHOTO MaTepHalla, METOIBI U PE3YIIbTaThI
UCCIIeIOBaHUs U X 00CYyKACHHE.

[Ipu npencTaBiIeHNHN B IIeYaTh HAYYHBIX SKCIIEPUMEHTAIBHBIX PA0OT aBTOPHI JOJIKHBI YKa3bIBATH
BHUJl U KOJMYECTBO SKCIIEPUMEHTANBHBIX KUBOTHBIX, IPUMEHSBIINECS METOABl 00e300MMBaHUS U
YCBHIJICHHUS (B XOJI€ OCTPBIX OIIBITOB).

4. K crarbe JOIKHBI OBITH MIPUIIOMKEHBI KpaTKoe (Ha MOJICTPAaHUIIBI) Pe3OMe Ha aHIIIUICKOM,
PYCCKOM M IT'PY3HHCKOM $I3bIKax (BK/IIOYAIOLIEE CIELYOLINE pa3aesbl: Liedb UCCIeI0BaHNs, MaTepHual U
METOJIBI, PE3YJILTATHI M 3aKIIFOUSHHE) U CIIUCOK KITtoueBBIX cioB (key words).

5. Tabnunp! HEOOXOIUMO NPENCTABIATE B Ie4aTHOH hopme. DoTokonuu He npuHUMaroTcs. Bee
nu¢poBbie, HTOTOBbIE H NPOLIEHTHbIE JaHHbIE B Ta0JIMIaX J0JIKHbI COOTBETCTBOBATH TAKOBBIM B
TeKcTe cTaThbU. Tabiuibl U rpaduKu TOJKHBI OBITH 03aryIaBIICHBI.

6. dotorpadun AOIKHBI OBITH KOHTPACTHBIMHU, (POTOKOIHHU C PEHTTEHOTPAMM - B IO3UTUBHOM
n300paxeHuH. PUCYyHKH, yepTeXu U IuarpaMmbl clIeoyeT 03ariaBUTh, IPOHYMEPOBATh U BCTABUTH B
COOTBeTCTBYIOIIEe MecTo TekcTa B tiff opmare.

B noanucsix k MukpogotorpadgusaM cieayeT yKa3plBaTh CTEICHb yBEIMUCHUS Yepe3 OKYISP HITH
00BEKTUB U METOJ] OKPACKU WJIM UMIIPETHALIMH CPE30B.

7. ®aMUIUU OTEYECTBEHHBIX aBTOPOB MIPUBOJAATCS B OPUTHHAIBHON TPAHCKPUIILIUH.

8. I[Ipu opopmnennu u HampaBneHun crared B xypHanm MHI mpocum aBTOpOB cobmronars
NpaBUIIa, U3JI0KEHHBIE B « EMUHBIX TpeOOBaHUSIX K PYKOMHUCSM, IPEACTABISIEMBIM B OMOMEIUIIMHCKHUE
JKypHAJIbD», TPUHATHIX MeXIyHapOAHBIM KOMHUTETOM PEIAaKTOPOB MEAMLMHCKUX KYpHAJIOB -
http://www.spinesurgery.ru/files/publish.pdf u http://www.nlm.nih.gov/bsd/uniform_requirements.html
B koHIIe Kax 101 OPUTHHATIBHOM CTaThU MPUBOAUTCA OnOIHOrpadguyeckuii cnucok. B cnmncok nurepa-
TYPBI BKJIFOYAIOTCSl BCE MaTepHalibl, HA KOTOPBbIE UMEIOTCS CCBUIKU B TeKcTe. CIHUCOK COCTaBIAETCs B
andaBUTHOM MOpsAKe U HymMepyeTcs. JIutepaTypHblii HCTOYHMK NPUBOAUTCS Ha sI3bIKE OpUrMHaia. B
CIMCKE JINTEPATyPhl CHavYajia IPUBOIATCS PabOThI, HAMCAHHBIE 3HAKaMU TPY3MHCKOTO andaBuTa, 3aTeM
Kupwuien u naruHuneidl. CChUIKM Ha IUTHUPYEMble pabOThl B TEKCTE CTAaTbH JAIOTCS B KBaIpPaTHBIX
CKOOKax B BUJI€ HOMEPA, COOTBETCTBYIOLIETO HOMEPY JaHHOH pabOoThI B CIIMCKE TUTEPaTypbl. bonbmmH-
CTBO IIUTHPOBAHHBIX UCTOYHUKOB JOJKHBI OBITH 3a IMOCTIEAHNUE S5-7 JIET.

9. ns momydeHus MpaBa Ha MyONMKAIMIO CTaThs OJDKHA MMETh OT PYKOBOIUTENSI pabOTHI
WIN YUPEXKJCHUS BU3Y U CONPOBOIUTEIHHOE OTHOLLICHNUE, HAIMCAHHBIC WJIM HAlledaTaHHbIE Ha OJIaHKe
Y 3aBEPEHHBIE MOJIHCHIO U NIEYATHIO.

10. B koHIe cTaThU NOJKHBI OBITH MOAMHCH BCEX aBTOPOB, MOJHOCTBHIO MPUBEAEHBI UX
(amMuInM, UIMEHa U OTYECTBA, YKa3aHbl CIIy>KeOHBIN M AOMAIIHUI HOMEpa TeJIe(OHOB U agpeca MM
uHble koopAuHaThl. KomuuecTBo aBTOPOB (COABTOPOB) HE NOHKHO MPEBBIMIATH IISATH YEJIOBEK.

11. Penakuus ocraBisiet 3a cO00i MpaBo COKpaIaTh ¥ HCIPaBIATh cTarhi. Koppekrypa aBropam
HE BBICBUIAETCS, BCS paboTa U CBEpKa IPOBOAUTCS 110 aBTOPCKOMY OPHTHHAILY.

12. HemomycTuMoO HampaBiieHHE B pelaklMIo padoT, MpeICTaBICHHBIX K MeYaTH B MHBIX
M3/1aTeNbCTBAX WIIM OMYOJIMKOBAHHBIX B APYTHX U3JAHUSX.

Hpﬂ HApYHNIEHUH YKa3aHHBIX IPABUJI CTATbU HE PAaCCMAaTPUBAIOTCH.
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1. Articles must be provided with a double copy, in English or Russian languages and typed or
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8. Please follow guidance offered to authors by The International Committee of Medical Journal
Editors guidance in its Uniform Requirements for Manuscripts Submitted to Biomedical Journals publica-
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9. To obtain the rights of publication articles must be accompanied by a visa from the project in-
structor or the establishment, where the work has been performed, and a reference letter, both written or
typed on a special signed form, certified by a stamp or a seal.

10. Articles must be signed by all of the authors at the end, and they must be provided with a list of full
names, office and home phone numbers and addresses or other non-office locations where the authors could be
reached. The number of the authors (co-authors) must not exceed the limit of 5 people.

11. Editorial Staff reserves the rights to cut down in size and correct the articles. Proof-sheets are
not sent out to the authors. The entire editorial and collation work is performed according to the author’s
original text.

12. Sending in the works that have already been assigned to the press by other Editorial Staffs or
have been printed by other publishers is not permissible.

Articles that Fail to Meet the Aforementioned
Requirements are not Assigned to be Reviewed.
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ASSOCIATION BETWEEN GALECTIN-3 AND MICROVASCULAR COMPLICATIONS IN
TYPE 2 DIABETES MELLITUS: A COMPARATIVE STUDY
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Abstract.

Background: Galectin-3 is a [-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
studyincluded 64 participantsrecruited 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), HbAlc, fasting blood glucose, lipid profile,
and microalbuminuria, were assessed. Multivariable linear
regression analysis was performed with microalbuminuria as
the dependent variable, adjusting for BMI, HbAlc, 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 (p = 0.720,
p < 0.001) and a moderate positive correlation with HbAlc
(p = 0.599, p < 0.001). However, in multivariable regression
analysis, galectin-3 was not independently associated with
microalbuminuria after adjustment for BMI, HbAlc, and age
(p=0.197), whereas HbA lc 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.

Keywords. 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].
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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 B-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 - 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 B-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.

HbAlc.

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

An HbA c 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 HbAlc 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].
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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.

Aspresented in Table 1, the Study Group exhibited significantly
higher levels of BMI, microalbuminuria, total cholesterol,
triglycerides, LDL, HbAlc, 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



cholesterol, triglycerides, low-density lipoprotein (LDL),
and HbAlc, 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
HbAlc and FBS), high BMI, and dyslipidemia (elevated total
cholesterol, triglycerides, and LDL).

The association between microalbuminuria and HbAlc levels
(Figure 1) is moderately positive. Microalbuminuria, a sign
of possible kidney injury, is correlated with higher HbAlc
readings, which show poor blood sugar
regulation. This association is significant because it implies that
preserving lower HbAlc 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 HbAlc and Microalbuminuria (Table 5).
Specifically, Galectin-3 shows a moderate positive correlation
with HbAlc (p=0.599, p<0.001) (Figure 3) and a strong positive
correlation with microalbuminuria (p = 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
HbAlc) 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), HbAlc, and age. In the
adjusted model, HbAlc 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 arole 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 [-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
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Figure 1. Scatter Plot shows correlation between Microalbuminuria and HbAlc (n= 64) (R’ = 0.401).
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Table 1. Main characteristics of the study population.

MICROALBUMINURIA
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Figure 2. Scatter Plot shows correlation between Galectin-3 and Microalbuminuria (n= 64) (R2 = 0.147).
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Figure 3. Scatter Plot shows correlation between Galectin-3 and HbAlc (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
HbAIC 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

BMI: Body Mass Index, HDL: High-Density Lipid, LDL: Low-Density Lipid, HbAlc: Glycated Hemoglobin, FBS: Fasting Blood Glucose. All

values are the mean £ SD, p- Values <0.05 indicate statistical significance.
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Table 2. Relationship between Age, BMI, FBS, and HbAIc to Microalbuminuria Categories.

Test Parameter Microalbuminuria Categories p-value
AGE Normoalbuminuria Microalbuminuria Macroalbuminuria
<45 11 4 1
46-54 12 13 4
>55 9 7 3 0.498
BMI
Normal Weight 32 1 0
Overweight 0 16 6

Chi- square Test Obese 0 7 2 <0.001
FBS
Non-Diabetic 32 0 0
Diabetic 0 24 8 <0.001
HbAlc
Non-Diabetic 16 3 13
Pre-Diabetic 12 2 10 <0.001
Diabetic 4 1 3

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

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

Control
Test Parameter Study Group Group p-value
Total Cholesterol 207.38 +£50.41 173.13 £25.63 0.001
Triglyceride 189.94 +94.22 136.34 +£83.22 0.019
Independent Samples t- Test ) 47.09 + 11.90 56.19 + 12.78 0.005
LDL 123.94 + 37.469 92.06 £ 29.23 <0.001

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

Table 4. Correlation between Biochemical Parameters and Microalbuminuria.

Test Parameter p p-value
HbAlc 0.776 <0.001
FBS 0.806 <0.001
BMI 0.674 <0.001

Spearman Correlation 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

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

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

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

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

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

Predictor B (Uns.tandardized Standard Error t-value p-value
Coefficient)

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

HbAlc 26.06 5.43 4.80 <0.001

Age 1.20 1.55 0.77 0.443

The multivariable regression model explained 42.4% of the variance in microalbuminuria (R? = 0.424; adjusted R? = 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 HbAlc levels (p = 0.599, p < 0.001). This
observation may be attributed to the participants' effective
diabetes management, which could have stabilized HbAlc
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
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after adjustment for BMI, HbAlc, 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.
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