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Type 1 diabetes (T1D) is an autoimmune disease characterized by progressive destruction of pancreatic j3-
cells and chronic hyperglycemia. Genetic variants in ATP-sensitive potassium (K-ATP) channel genes,
including ABCC8 and KCNJ11, may influence insulin secretion and susceptibility to diabetes. This study
aimed to evaluate the association of ABCC8 rs1799854, ABCCS8 rs1801261, and KCNJ11 rs5219
polymorphisms with T1D risk and related clinical and biochemical parameters in children. A case-control
design was used, including 60 T1D patients and 60 age- and sex-matched healthy controls recruited between
November 2024 and February 2025. Genomic DNA was extracted from peripheral blood, and genotyping was
performed using PCR-RFLP for ABCCS variants and ARMS-PCR for KCNJ11. Clinical and biochemical
parameters, including BMI, lipid profile, HbAlc, and random blood glucose, were measured using standard
automated methods. Statistical analysis included chi-square tests, t-tests, and ANOVA, with odds ratios (ORs)
and 95% confidence intervals (Cls) used to estimate associations. The heterozygous CT genotypes of ABCC8
rs1799854 and KCNJ11 rs5219 were significantly associated with increased T1D risk (OR =3.27, p = 0.003;
OR =6.10, p<0.0001). In contrast, the ABCC8 rs1801261 TT genotype showed a protective association with
T1D (OR = 0.22, p = 0.013). Significant genotype-related differences were observed in BMI, HDL
cholesterol, HbAlc, and glucose levels. These findings suggest that ABCC8 and KCNJ11 polymorphisms
may contribute to T1D susceptibility and metabolic variation in affected children. However, larger studies are
required to confirm these associations.

in triggering B-cell autoimmunity [6]. Genetic
predisposition of several loci involved in B-cell
functionality and insulin secretion are significant

Type 1 Diabetes Mellitus (T1D) is an immune-
mediated condition involving the destruction of
pancreatic B-cells resulting in insulin deficiency and
chronic hyperglycemia [1]. Although patients get
diagnosed after the clinical manifestations of
hyperglycemia appear, the first stage of the disease is
islet autoimmunity, a phase marked by the continuous
presence of autoantibodies targeting pancreatic islet
antigens, which usually starts in early childhood and
can have a remitting-relapsing course before the onset
of diabetes [2], [3]. Globally, T1D incidence is rising,
especially in patients under the age of 15, 15-20% of
new diagnoses are identified in children under the age
of 5 [4]. Children with T1D often exhibit signs of
polyuria, polydipsia, and weight loss. In some acute
cases, children might present with diabetic
ketoacidosis [5]. Recently, several reports have
highlighted the interaction between environmental
factors (e.g., viral infections, diet) and genetic factors
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plays a crucial role in disecase onset and
progression [7]. Genome-wide association studies
have found more than 50 loci associated with the
development of type 1 diabetes, particularly those
implicated in immunological modulation (e.g., HLA
class II) and p-cell function (e.g., PTPN22,
IL2RA) [8]. At the molecular level, glucose-
stimulated insulin secretion from B-cells is tightly
controlled by ATP-sensitive potassium (K-ATP)
channels are hetero-octameric structures made up of
four sulfonylurea receptor 1 (SURI) subunits that
(encoded by ABCC8) and four Kir6.2 inward-
rectifier subunits (encoded by KCNIJ11), which
regulates glucose-stimulated insulin release [9], [10].
Under low glucose conditions, K-ATP channels stay
open, keeping the membrane hyperpolarized, which
increases ATP/ADP ratios when glucose enters.
Subsequently, this leads to the closure of the channel,
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depolarization of the membrane, opening of voltage-
gated Ca2+-channels, and consequent insulin granule
exocytosis [11]. Single-nucleotide polymorphisms
(SNPs) in ABCCS (e.g., rs1799854 and rs1801261)
and KCNJ11 (e.g., rs5219) have been widely
associated with altered channel activity, B-cell
excitability, and risk of developing diabetes in diverse
populations [9], [10]. The KCNJ11 rs5219 (E23K)
variant, for example, enhances channel sensitivity to
ATP, whilst ABCC8 151799854 alters SURI
expression levels; both mechanisms affect insulin
release dynamics [12]. Although many studies have
explored the role of genetic polymorphisms of K-
ATP channels in T2D [10], [11], their role in TID
remains poorly understood, and data on the
distribution of these polymorphisms and their clinical
impact among pediatric T1D patients in Iraq are
scarce. The object of this study was to investigate the
various genotype frequencies of ABCCS rs1799854,
ABCCS8 rs1801261, and KCNJ11 rs5219 in children
with T1D from Al Muthanna Province, and to
examine their associations with clinical (e.g., body
mass index (BMI)) as well as biochemical markers
(e.g., lipid profile, glycated hemoglobin (HbAlc),
random blood sugar (RBS)). Understanding these
genetic influences may shed light on disease
heterogeneity and identify biomarkers for risk
stratification and personalized management in this
population

2 SUBJECT AND METHODS

2.1 Ethical Approval

The Approval of this study was given by the Al-
Muthanna Health Department at the College of
Science at Al-Muthanna University. Participation
was voluntary, and written informed consent was
obtained from each child’s legal guardian before
sample collection.

2.2 Study Population

Between November 2024 and February 2025, (sixty
children < 15 years) recruited for the study from the
Endocrinology and Diabetes Center at Al-Hussein
Teaching Hospital in the Al-Muthanna Governorate,
who had been diagnosed with T1D, based on the
American Diabetes Association (ADA)
classification [13]. Information related to patients:
age, sex, residential location, family history, weight,
and height were recorded. A group of 60 healthy
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children matched for age and sex, who had no family
history of diabetes and normal range of HbA lc levels,
was enrolled. Exclusion criteria involved children
with thyroid problems, hepatic or renal impairment,
type 2 diabetes, secondary or monogenic types of
diabetes, or intake of drugs known to affect glucose
metabolism. Further exclusion included children with
autoimmune diseases, chronic illnesses, or recent
infections.

2.3 Biochemical Measurements

Venous blood (5 mL) were collected from children
and 2 mL were collected into (EDTA tubes) for
HbAlc measurement and genomic DNA extraction.
HbAlc was quantified using a High Fact automated
analyzer (HMG, Germany). The remaining (3ml)
were placed in gel tubes and used to assess lipid
profiles such as triglycerides (TG), total cholesterol
(TC), low-density lipoprotein (LDL) and high-
density lipoprotein (HDL), and determined by a
Cobas c111 analyzer (Roche Diagnostics, Germany).

2.4 Genotyping

Using the Wizard® Genomic DNA Purification Kit
(Promega, USA) genomic DNA was isolated from 2
millimetres of whole blood, following the
manufacturer guidelines. Gel electrophoresis on a 2%
agarose gel stained with Ethidium Bromide (15 min
at 100V) was then used to confirm integrity and
concentration of DNA, followed by UV visualization.
Samples of DNA were kept at -20°C.

The genotyping of the ABCC8 gene (rs1799854)
and the ABCCS8 gene (rs1801261) was carried out
using the PCR-RFLP methods, employing primer
sequences and restriction enzymes as previously
published (12). Each PCR sample contained 25pl
GoTaq® Green PCR mix (Promega, USA), 2.5ul
forward and reverse primers (Alpha AND, Canada),
S5ul  genomic DNA, and 15pul nuclease-free
water [14]. After being purified by using the Wizard®
SV Gel and PCR Clean-Up System (Promega, USA),
the amplified products were digested for two hours at
37 °C with either Pstl (Jena Bioscience, Germany) for
the rs1799854 or BsiEl restriction enzyme (Thermo
Scientific, Lithuania) for the rs1801261. Following
digestion, the products were separated on 2% agarose
gel that had been stained with Ethidium Bromide,
electrophoresed for 30 min at 100V, and visualized
under ultraviolet light [15]. As previously reported,
the Amplification Refractory Mutation System
(ARMS-PCR) method was used to genotype the
KCNIJ11 155219 polymorphism using four allele-
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specific primers (12). To ascertain genotype, ARMS-
PCR products were electrophoresed on a 2% agarose
gel (30 minutes at 100V), stained with Ethidium
Bromide, and UV-visualized to observe bands.

2.5 Statistical Analysis

All statistical analyses were carried out using SPSS
software (version 27.0.) Continuous variables (BMI,
lipid levels, HbAlc, and RBS) are presented as mean
+ standard deviation (SD), whilst categorical
variables (genotype and allele frequencies) were
expressed as frequencies and percentages. Glycemic
and lipid profile parameters were compared between
genotype groups by an independent-samples t-test or
one-way ANOVA. Odds ratios (ORs) with 95%
confidence intervals (Cls) were calculated to estimate
the strength of association between each genotype
and T1D risk. Deviation from the Hardy-Weinberg
equilibrium in patients and controls was assessed by
y? goodness-of-fit. A p-value < 0.05 was considered
statistically significant.

3 RESULTS

3.1 Social-Demographic Profile for

T1D

A total of 120 subjects were enrolled in the study: 60
patients with (T1D) and 60 non-diabetic healthy
children. TI1D patients aged 9.68+2.95, with a
duration of disease diagnosis of 3.05+2.36 years.
The sex distribution comprised 28 males (46.7%) and
32 females (53.3%). Regarding residential patterns,
T1D predominantly lived in rural areas (58.3%),
whilst 41.7% in urban areas. A positive family history
of diabetes was reported in nearly half of TID
patients (48.3%) (Table 1).

Table 1: Demographic features of T1D patients.

Type-1 diabetes
Age [mean + SD] 9.68 +2.95
Male 28 (46.7%)
0,
Sex [n (%0)] Female 32 (53.3%)
. Urban 25 (41.7%)
0,
Residence [n (%0)] Rural 35 (58.3%)
o Yes 29 (48.3%)
0,
Family history [n (%)] No 31 (51.7%)
Duration of diabetic [mean + SD] 3.05+2.36

915

3.2 Comparison of Clinical and
Biochemical Parameters in T1D
Patients vs Control

Table 2 compares clinical and biochemical
parameters between T1D patients and non-diabetic
controls. T1D patients had significantly lower body
mass index (BMI) than controls (16.81+£2.14 vs
19.05£3.12; p<0.0001). Serum TC and HDL were
also significantly lower in T1D (TC: 145.71+£52.01 vs
170.57+18.58 mg/dL, p=0.001; HDL 44.21+8.82 vs
48.90+6.29 mg/dL, p=0.001). Conversely, glycaemic
indices were markedly higher in T1D: Average
HbAlc was 9.63+2.37% vs 5.04+0.55% in controls
(p<0.0001), and random blood sugar (RBS) was
306.17+137.07 vs 99.43+15.55 mg/dL (p<0.0001).
Other parameters (TG and LDL) showed no
significant differences.

Table 2: Biochemical and clinical parameters in T1D
patients versus controls.

T1D vs. control
Mean + SD p-value
BMI il ?98 (1)2 . g: S <0.0001%
S Coma T iiszsesaze ] 19
e CZrllgol }‘7‘(5):;; . fégé 0.001*
HDL o T ago0s6as ] 000"
LDL Czrllgol 19071‘ .6791 ii1388..3467 0467
HbAlc CZrllgol 2:(6)2 - 3232 <0.0001%
RBS CZIlt?ol 382;; i }275(5)7 <0.0001*

3.3 Genotyping of ABCCS8 and
KCNJ11 Polymorphisms by PCR-
Based Methods

Gel electrophoresis analysis of ARMS-PCR products
for the KCNJ11 rs5219 C>T gene polymorphism
(Fig. 1) revealed two distinct genotypes based on
PCR fragment sizes. The CC genotype was
represented by a single band at 162 bp, corresponding
to the wild-type allele, whilst the CT genotype
displayed two bands at 349 bp and 162 bp, indicating
the presence of both alleles. DNA ladder on the left
side of the gel, ranging from 100 to 1000 bp, was used
for molecular weight estimation. The banding profiles



Proceedings of the International Conference on Applied Innovations in IT (ICAIIT), March 2026

demonstrated that the CT heterozygous genotype was
the most prevalent among the tested samples.

PCR products of KCNJI1 135219 C>T polymorphism

Figure 1: Genotyping of KCNJ11 rs5219 by ARMS-PCR.

Gel electrophoresis of the ABCCS8 rs1799854
gene PCR product (Fig. 2a) on a 2% agarose gel
showed specific amplification of a 248 bp fragment
of the ABCCS gene. The DNA ladder (100—-1000 bp)
included in the gel served as a reference for fragment
size determination.

Figure 2: Genotyping of ABCC8 rs1799854 and rs1801261
polymorphisms by PCR and PCR-RFLP analysis: a) gel
electrophoresis of ABCCS8 rs1799854 PCR product
showing a 248 bp fragment amplification; b) PCR-RFLP
analysis of ABCC8 r1s1799854 (Pstl digestion)
demonstrating CC (248 bp) and CT (248/188 bp)
genotypes.

PCR-RFLP analysis of the ABCC8 rs1799854
C>T gene polymorphism using Pstl restriction
enzyme digestion (Fig. 2b) revealed two distinct
genotypes. The CC genotype showed a single
undigested band at 248 bp, whilst the CT genotype
exhibited two bands at 248 bp and 188 bp, indicating
the presence of both alleles. DNA ladder (100-1000
bp), located on the left side of the gel were used for
estimating fragment sizes. The heterozygous CT
genotype was the most frequently observed among
the analyzed samples.
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PCR amplification of ABCC8 151801261,
visualized on a 2% agarose gel, showed a specific 158
bp product (Fig. 3a). DNA ladders (100-1500 bp) on
the left and right sides of the gel served as molecular
weight standards.

PCR-RFLP genotyping of the ABCCS8 rs1801261
C>T polymorphism following BsiEl digestion
(Fig. 3b) identified three distinct genotypes based on
fragment sizes after enzymatic digestion. The CC
genotype produced a single 122 bp band, indicating
complete digestion. The TT genotype showed a single
undigested band at 158 bp, whilst the CT genotype
showed both 158 bp and 122 bp bands, indicating the
presence of both alleles. DNA ladders (100—1000 bp),
loaded on both sides of the gel, and were used for
fragment size reference. The heterozygous CT
genotype was the most frequently detected among the
analysed samples.

Figure 3: Molecular analysis of ABCCS8 rs1801261
polymorphism using PCR and PCR-RFLP: a) agarose gel
electrophoresis showing amplification of the ABCCS
rs1801261 fragment (158 bp); b) PCR-RFLP genotyping of
ABCC8rs1801261 after BsiEI digestion revealing CC (122
bp), TT (158 bp), and CT (158/122 bp) genotypes.

3.4 Genotype Frequencies and
Associations with T1D

Table 2 presents genotype counts, odds ratios (OR),
and 95% confidence intervals (CI) for each SNP
comparing TI1D patients to healthy. In ABCCS
rs1799854 SNP, the CT genotype showed a
statistically significant predominance, with a
threefold increase (95% CI 1.54-6.94) in T1D patients
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compared to controls. Similarly, for KCNJ11 rs5219,
CT genotype carriers had a significantly ~ 6-fold
increased susceptibility for heterozygosity in diabetic
patients (p < 0.0001). Regarding ABCCS rs1801261
SNP, T1D patients carrying the TT genotype were
associated with a protective effect against diabetes,
showing 78% lower odds of disease compared to the
CC genotype (OR = 0.22; 95% CI 0.08-0.63).
However, the CT genotype of this same SNP didn’t
significantly differ between T1D and non-diabetic
controls.

3.5 Correlations between Different
Genotypes and Clinical Parameters
in T1D

To evaluate the influence of specific SNP genotypes
on different clinical and biochemical parameters in
T1D patients, the association of different SNP
genotypes with the different parameters was
evaluated. Concerning ABCCS8rs1799854 SNP, as
shown in Table 3 and 4, both CC and CT genotypes
were associated with significantly lower BMI in T1D
patients compared to healthy individuals (p=0.019
and p<0.001, respectively). TC had noticeably lower

levels in T1D carrying the CT genotype compared to
healthy. HDL levels were significantly lower in T1D
for both CC (p=0.041) and CT (p=0.003) carriers,
whilst HbAlc and RBS were markedly elevated in
T1D regardless of genotype (all p<0.0001). No
significant genotype-based differences were observed
in TG or TC.

Concerning ABCC8rs1801261 SNP, (Table 5)
indicates a significantly lower BMI in CC and CT
genotypes in T1D compared to healthy (p=0.037 and
p= 0.003, respectively). TID CT carriers had
significantly lower TC (p<0.0001), whilst CC carriers
had lower HDL (p<0.0001) levels compared to
controls. HbAlc and RBS were higher across all
genotypes in T1D patients and controls (p<0.0001).

Furthermore, concerning KCNJ11rs5219 SNP,
Table 6 illustrates that BMI was significantly lower
in both CC and CT genotypes in T1D compared to
healthy (p=0.001 and p=0.022). TC levels were
significantly lower in T1D across both genotypes
(p<0.01). HDL was significantly reduced in CT
carriers (p=0.018), and HbAlc and RBS were
significantly higher in TI1D patients for both
genotypes (p<0.001). However, TG and LDL levels
did not differ significantly.

Table 3: SNP genotype frequencies and their relative risk in T1D patients compared with controls.

Diabetes Control OR (95% CI) p-value
CcC 18 35 1 *
ABCCS 151799854 CT ) 25 33(1.5-69) 0.003
CC 14 39 1 «
KCNIJ11 rs5219 CT 76 o1 6.12.7-13.6) <0.0001
CcC 17 27 1
ABCC8 151801261 CT 23 26 0.7 (0.3-1.6) 0.013*
TT 20 7 0.2 (0.1-0.6)

OR: odds ratio; 95% CI: 95% confidence interval, * p-value <0.05 is considered statistically significant.

Table 4: Comparison of clinical parameters by genotype for ABCC8rs1799854 SNP in T1D patients.

Genotype T1D Control p-value
T — T 1 1 11
T e 1 2 2
TC (gl cr 14589 5657 7850 1427|007
HDL (mg/dL Cr w2030 0215 590 0005
LDL (mg/dL) gg 19147. é6g6f 341?.7167 19056 ?3051 1188.0; 7 Od.()3788
HoALe (% cr Si0=a17 io7 055 So00r*
T e et 31 e

* p-value <0.05 is considered statistically significant.
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Table 5: Comparison of clinical parameters by genotype for ABCC8rs1801261 SNP in T1D patients.

Genotype T1D Control p-value
CcC 16.9+£2.3 18.8+3.2 0.037*
BMI (kg/m?) CT 17.0+2.2 19.5+3.1 0.003*
TT 16.5+2.1 184+3.5 0.204
CcC 148.3+78.1 113.3+31.4 0.094
TG (mg/dL) CT 105.0+43.9 112.1+33.1 0.522
TT 136.54+52.6 134.54+40.2 0.928
CC 165.0+62.3 169.5+22.3 0.779
TC (mg/dL) CT 130.5+47.4 175.4+13.3 <0.0001*
TT 146.8 +43.6 156.8 £13.6 0.371
CcC 40.4+8.7 49.3+6.13 <0.0001*
HDL (mg/dL) CT 48.6+£8.7 49.4+6.1 0.693
TT 42.5+7.1 45.5+7.6 0.356
CcC 101.0+33.8 93.0+20.6 0.388
LDL (mg/dL) CT 92.8+22.6 102.1+16.3 0.1
TT 112.6+53.1 99.5+13.8 0.32
CC 9.9+£22 5.1£0.6 <0.0001*
HbAlc (%) CT 8.7+£2.4 5.0+ 0.6 <0.001*
TT 10.5+2.3 52+0.5 <0.0001*
CcC 333.6+131.8 98.6+16.9 <0.0001*
RBS (mg/dL) CT 279.8+145.5 99.1+15.9 <0.0001*
TT 313.2+132.7 103.7+ 8.4 <0.0001*

* p-value <0.05 is considered statistically significant.

Table 6: Comparison of clinical parameters by genotype for KCNJ11rs5219 SNP in T1D patients.

Genotype T1D Control p-value
BN g/ or 1706 199 1555+ 328 0022
TG (meia) cr 122 5755510 11795 528,63 0668
TC () or 147912557 171504172 ot
HDL (mg/dL) g? 4424%7931 ]89;:50 32147‘2 i 2:;2 09601585*
LDL (mgid) cr 106,79 3073 S8 1501 0166
HbAlc (%) E(T: 3}2 : ézi f.i%lf 095575 igﬁggi:
RBS (mg/dL) cr a0t im0 So1ox 255|000l

* p-value <0.05 is considered statistically significant.

Table 7: Hardy—weinberg equilibrium test for ABCCS (rs1799854, rs1801261) and KCNJ11 (rs5219) polymorphisms in

T1D patients and controls.

CcC CT T ) I
Observed | Expected | Observed | Expected | Observed | Expected X p-vaiue
ABCCS8 T1D 18 25.35 42 27.3 0 7.35 17.39 | <0.0001*
rs179985 Control 35 37.66 25 19.8 0 2.6 4.18 0.041*
ABCC8 T1D 17 13.54 23 29.93 20 16.53 3.22 0.07
rs1801261 Control 27 26.69 26 26.66 7 6.67 0.04 0.846
KCNIJ11 T1D 14 22.8 46 28.3 0 8.8 23.18 | <0.0001*
rs5219 Control 39 40.9 21 17.3 0 1.8 2.7 0.1

*(p-value <0.05) is considered statistically significant).
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3.6 Hardy-Weinberg Equilibrium of
ABCCS8 and KCNJ11 Genotype

To verify that our genotype distributions conformed
to expectations and to rule out population
stratification, we performed Hardy—Weinberg
equilibrium (HWE) analysis for each SNP separately
in the T1D and control groups using a Chi-squared
test. Observed genotype counts were compared to
those expected under HWE, and p-values > 0.05
would indicate no significant deviation. As shown in
Table 7, in the control group, ABCC8 151801261 (y?
=0.04, p = 0.846) and KCNJ11 rs5219 (x> =2.70, p
0.10) both conformed to expected genotype
frequencies, indicating reliable genotyping and
minimal population stratification. By contrast,
ABCCS8 rs1799854 showed a deviation in controls (>
= 4.18, p = 0.041), whilst among T1D patients,
ABCC8 15179985 (x> = 17.39, p < 0.0001) and
KCNIJ11 185219 (x> = 23.18, p < 0.0001) both
deviated markedly from equilibrium, consistent with
their significant disease associations, whilst ABCC8
rs1801261 remained in equilibrium (y> = 3.22, p =
0.07).

4 DISCUSSION

This study demonstrates a significant association
between polymorphisms in ABCC8 (rs1799854,
rs1801261) and KCNJ11 (rs5219) and susceptibility
to type 1 diabetes (T1D) in children from Al-
Muthanna Province, Iraq. Notable differences in
genotype distributions were observed between T1D
patients and healthy controls, alongside significant
genotype-related variations in metabolic parameters.

The ABCCS8 151799854 CT genotype was
associated with an increased risk of T1D (OR =3.27),
while the rs1801261 TT genotype appeared to confer
a protective effect (OR = 0.22). For KCNJ11 rs5219,
the CT genotype showed the strongest association
with disease susceptibility (OR = 6.1), suggesting a
potential role in modulating B-cell function and
insulin secretion.

Furthermore, risk-associated genotypes were
linked to an adverse metabolic profile characterized
by lower BMI and HDL levels and higher HbAlc and
random blood glucose, indicating a possible influence
of these variants on glycemic control beyond disease
susceptibility.

Although previous studies have primarily focused
on these variants in type 2 diabetes, our findings
suggest that KATP channel gene polymorphisms may
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also contribute to T1D pathophysiology in a pediatric
population. However, inconsistencies with some
genome-wide association studies highlight the
possibility of population-specific effects or linkage
disequilibrium rather than direct causality.

Deviations from Hardy—Weinberg equilibrium
observed in patient groups further support a disease
association, although these results should be
interpreted cautiously due to potential sample size
limitations and population stratification.

5 CONCLUSIONS

In conclusion, this study provides evidence that
polymorphisms in the KATP channel genes,
specifically ABCCS8 (rs1799854 and rs1801261) and
KCNIJI11 (rs5219), are significantly associated with
susceptibility to type 1 diabetes (T1D) in a pediatric
population from Al-Muthanna Province, Iraq. The
observed genotype distributions suggest that certain
variants, particularly the ABCC8 rs1799854 CT
genotype and KCNJ11 rs5219 CT genotype, may
increase the risk of developing T1D, whereas the
ABCCS8 151801261 TT genotype may exert a
protective effect.

Beyond disease susceptibility, these genetic
variants were also associated with clinically relevant
metabolic differences. Carriers of risk genotypes
exhibited poorer glycemic control, reflected by
elevated HbA1c and random blood glucose levels, as
well as unfavorable lipid profiles characterized by
reduced HDL levels. These findings indicate that
ABCCS8 and KCNIJ11 polymorphisms may contribute
not only to disease risk but also to inter-individual
variability in metabolic control among children with
T1D.

From a mechanistic perspective, the results
support the biological plausibility that alterations in
KATP channel subunits can influence pancreatic 3-
cell excitability and insulin secretion dynamics,
thereby contributing to dysglycemia and disease
progression. However, the inconsistencies with some
previously published genome-wide association
studies suggest that these effects may be population-
specific or influenced by linkage disequilibrium with
other functional variants.

Despite these important findings, the study is
limited by its relatively small sample size and single-
center design, which may affect statistical power and
generalizability. In addition, potential population
stratification cannot be fully excluded.

Therefore, larger multi-center and ethnically
diverse studies are required to confirm these
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associations and clarify the functional role of ABCC8
and KCNJ11 variants in T1D pathogenesis. If
validated, these genetic markers could contribute to
early risk stratification, improved understanding of
disease heterogeneity, and potentially personalized
approaches to the management of pediatric T1D.
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