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ABSTRACT

Background: The incidence of type 2 diabetes mellitus (T2DM) in Iraq is rising continuously.
Glibenclamide (GLB), which is a sulfonylurea member, is an important treatment for T2DM. The
sulfonylurea receptor-1 is encoded by the ABCC8 gene, and its rs1799854 genetic variation may
alter the hypoglycemic activities of GLB.
Objectives: To determine the rs1799854 polymorphism in the ABCC8 gene and assess its potential
role in modifying the therapeutic response to GLB among T2DM patients.
Materials and methods: An observational pharmacogenetic association study involved 120
T2DM patients on GLB medication who were screened for ABCC8 G>A (rs1799854) genotypes
and glycemic health.
Results: The wild type (GG) was detected in 21.67% of T2DM cases. The mutant type (AA)
and the heterozygous type (GA) were detected in 37.5% and 40.83% of the cases, respectively.
The results did not exhibit a significant difference among GG, GA, and AA genotypes regarding
glycemic status parameters (HOMA 2-IR (1.24 ± 0.93 for GG genotype, 1.3 ± 2.98 for GA
genotype, and 1.52 ± 1.79 for AA genotype), HOMA 2-%β (27.05 ± 39.75 for GG genotype, 22.3
± 44.6 for GA genotype, and 25.8 ± 31.85 for AA genotype), and HbA1c (9.7 ± 3.75 for GG
genotype, 8.7 ± 2.65 for GA genotype, and 8.9 ± 2.35 for AA genotype) at P-value > 0.05.
Conclusion: The ABCC8 G>A (rs1799854) genotype was significantly prevalent among indi-
viduals with T2DM. There was no discernible association between the ABCC8 G>A (rs1799854)
genomic variant and GLB’s therapeutic effect.
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INTRODUCTION

T
ype 2 diabetes mellitus (T2DM) is a chronic, pro-
gressive disorder that causes the body to become
resistant to insulin and the pancreatic β-cells to
gradually lose their ability to generate the hor-

mone, which disrupts glucose balance [1]. In the world, T2DM
affects about 6.27% of the population, and in Iraq, its preva-
lence is notably raised, with overall occurrences between 8.5%
to 13.9% and even greater figures in certain localized investi-
gations [2]. T2DM is frequently investigated and monitored
by using traditional glycemic control assessments, encompass-
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ing the glycated hemoglobin (HbA1c) test, showing the aver-
age blood glucose levels throughout the two to three months
prior, and the HOMA2 (homeostatic model assessment 2 in-
dex), which evaluates HOMA2-IR (insulin resistance) and β-
cell functionality (HOMA2%β) [3].

T2DM is managed through both medication and lifestyle
adjustment. Among oral agents, sulfonylureas such as gliben-
clamide (GLB) remain common because they are inexpensive
and have been shown to boost pancreatic β-cells’ production
of insulin [4]. However, some patients maintain high glucose
levels despite treatment, suggesting reduced drug response or
therapy failure [5].

GLB acts by interacting with the type 1 sulfonylurea re-
ceptor (SUR1), which is synthesized by a gene known as
ATP-binding cassette sub-family C member 8 (ABCC8).
This binding caused closure of the ATP-sensitive potassium
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(KATP) channels in the pancreatic β-cells. After that, de-
polarizing the membrane and enhancing of the flow of cal-
cium ions will occur. This process links insulin secretion with
glucose metabolism [6, 7]. ABCC8 variation may alter in-
sulin release, the response to drugs, and metabolic control.
This gene contains several single-nucleotide polymorphisms
(SNPs), such as rs1799854, which has been studied exten-
sively. The location of the rs1799854 polymorphism occurs
in the promoter region of ABCC8 and may be related to the
changes in transcriptional processes and affect sulfonylurea
therapeutic response [8].

This study aimed to detect the rs1799854 polymorphism in
the ABCC8 gene and determine its potential effect on GLB
response in glycemic control among patients with T2DM.

MATERIALS AND METHODS

Patients

Eligible patients were aged 30-60 years and had T2DM for
at least 3 years based on the American Diabetes Association
criteria [9]. The target population at the Imam Hassan Centre
for Endocrinology and Diabetes in Karbala included people
with T2DM who were using GLB as a monotherapy.

Sample size was calculated using Fisher’s formula [10],
based on an estimated prevalence of T2DM, a 95% confidence
level, and a 5% margin of error, yielding a required sample
size of 174 participants. However, during the study period
120 patients were successfully enrolled.

The Kerbala University College of Pharmacy’s Scientific
and Ethical Committee approved this study, with the project
assigned number 2024HU6 on August 4, 2024. Additionally,
an approval was obtained from the Kerbala Health Depart-
ment of the Iraqi Ministry of Health, with project number
3734 on August 28, 2024. After obtaining informed consent,
inclusion required consistent treatment with GLB at a dose
of five milligrams per day as the only antidiabetic medica-
tion for six months or more. Subjects with other forms of
diabetes, liver or kidney impairment, or those using drugs in-
fluencing lipid metabolism or altering GLB pharmacokinetics
or pharmacodynamics were excluded.

Study design

This observational pharmacogenetic association study was
conducted from September 2024 to March 2025 and included
120 treated with GLB patients with T2DM. Demographic and
glycemic data were individually gathered. At the same time,
glycemic status [fasting blood sugar (FBS), insulin, HbA1c,
HOMA2-IR, and HOMA2-%β] was assessed.

Evaluation of body mass index (BMI)

By dividing each patient’s weight in kilograms by their
height in meters squared, the BMI of each patient was cal-
culated.

Collection of blood

Each subject provided a fasting (8-12 hours) blood sam-
ple (5 mL), divided as follows: 2 mL for HbA1c and genetic
testing [Ethylenediaminetetraacetic acid (EDTA) tube], expe-
ditiously, and 3 mL for biochemical serum analysis (gel tube).

Assessment of glycemic status

� Using the Lifotronic H8 automated HbA1c test (Shenzhen,
China: Lifotronic Technology Co., Ltd.) according to high-

performance liquid chromatography, HbA1c levels were as-
certained.

� Values below 7% indicated adequate diabetes control,
whereas levels of 7% or higher represented suboptimal
glycemic regulation [11].

� FBG was measured by enzymatic assays performed on a
Monarch 240 clinical chemistry analyzer (Instrumentation
Laboratory, Bedford, Massachusetts, USA).

� Insulin: Quantified via electrochemiluminescence im-
munoassay using the Cobas e 411 immunoassay analyser
(Mannheim, Germany: Roche Diagnostics GmbH).

� HOMA2 indices: Online HOMA2 calculator (www.
homacalculator.dtu.ox.ac.uk/) was employed to com-
pute HOMA2-%β and HOMA2-IR utilizing fasting glu-
cose and insulin inputs, and was licensed on February 17,
2025, by Oxford University Innovation. Insulin resistance
and β-beta-cell activity were contrasted using the follow-
ing sources.: HOMA2-IR < 1 and HOMA2-%β 90–110%,
with all metrics log-transformed for analysis [12].

Genotyping

The Geneaid Blood deoxyribonucleic acid (DNA) kit for
isolation (New Taipei City, Taiwan: Geneaid Biotech Ltd.)
was utilized to extract genomic DNA from whole blood.
The final DNA concentration ranged from 50 to 70 ng/µL,
and purity values ranged from 1.8 to 2.0 based on the
A260/A280 ratio. Both parameters were measured utilizing a
Thermo Fisher Scientific Inc. NanoDrop spectrophotometer
(Waltham, Massachusetts, USA), and only samples within
these ranges were used for further analysis Allele-specific
polymerase chain reaction (AS-PCR) was used to detect the
ABCC8 G>A (rs1799854) polymorphism [13]. Primers were
designed in silico using the NCBI Primer-BLAST tool based
on the published ABCC8 sequence, yielding a 320 bp ampli-
con. Primer sequences were as follows:

� Forward primer (G):
5’-CACGATCATAGTCAGCTGGCCTG-3’

� Forward primer (A):
5’-CACGATCATAGTCAGCTGGCCTA-3’

� Reverse primer:
5’-TTCTTGGGACCACAAGGAGCCT-3’

PCR verification was based on primer design. A negative
control without template DNA was included in each run to
eliminate contamination and confirm assay reliability. An-
nealing temperature optimization was performed using re-
peated PCR runs with a temperature gradient while main-
taining constant reaction conditions. The optimal annealing
temperature was selected based on specific amplification of
the expected product. PCR was performed as follows: 20 µL
final reaction volume containing primer, template DNA, pre-
mix, dimethyl sulfoxide (DMSO), and water; cycling included
initial denaturation, 35 cycles (denaturation, annealing at
61oC, extension), and a last extension. Samples were sepa-
rated on a 1.5% Tris/Borate/EDTA (TBE) buffer agarose gel
following PCR. After electrophoresis, they were visualized un-
der a UV transilluminator (Syngene International Ltd., Cam-
bridge, United Kingdom), with bands sized against a 100-1500
bp ladder and scored by two reviewers.

Statistical Analysis

International Business Machines Corporation’s Statistical
Package for the Social Sciences V26 (Armonk, New York,
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USA) was used for the analysis. To confirm normality, a
Shapiro-Wilk test was employed. For normal distributed
data, the mean ± standard deviation (SD) was reported, and
for non-normally distributed data, the median ± interquartile
range (IQR). Categorical values were given as counts and per-
centages. For non-normal variables, including ABCC8 G>A
(rs1799854) genotypes, Kruskal-Wallis post hoc - Dunn’s test
was used, and the Mann-Whitney U test was utilized to as-
sess the association between responders and non-responders.
Allelic frequencies were evaluated using the Hardy–Weinberg
equilibrium, among other tests. Linear regression–β coeffi-
cient test was employed to assess the association of ABCC8
G>A (rs1799854) genetic variation with glycemic status in
Iraqi patients with T2DM. Significance was indicated by a
P-value < 0.05.

RESULTS

Demographic data of diabetic patients

The mean age and BMI were 50.16 ± 10.71 and 27.95 ±
4.54, respectively. The male patients comprised 51.7% of the
total Iraqi patients with T2DM, and about 36.7% of them
had a family history of diabetes, as exhibited in Table 1.

The effect of GLB on glycemic status

The efficacy of GLB was evaluated based on HbA1c lev-
els, unexpectedly revealing that approximately 21 (17.5%) pa-
tients with T2DM on GLB therapy for 3 years demonstrated
a significant response, with HbA1c of 6.3 ± 0.55 and FBS
of 119 ± 65.5. In contrast, 99 patients exhibited inadequate
response, GLB for four years, with a HbA1c of 9.3 ± 2.1 and
FBS of 217 ± 107, at a P-value <0.05. No notable differences
were observed between patients with T2DM who responded
to GLB and those who did not, regarding the length of GLB
usage, insulin levels, and HOMA2-IR, with a P-value ≥ 0.05.
The percentage of HOMA2-%β in diabetic patients who re-
sponded to GLB was noticeably greater than that of diabetic
patients who did not respond to GLB at a P-value of less than
0.05 (Table 2).

Genotyping

Prevalence and allele distribution of ABCC8 G>A
(rs1799854) gene

The distinct bands of 320 bp in molecular size indicated the
outcomes of ABCC8 G>A (rs1799854) genotyping. The size
of this gene amplicon was ascertained by comparison with a
DNA ladder ranging from 100 to 1500 bp, with genotypes cat-
egorized into three types: the predominant wild type (GG) for

Table 1. Demographic data of 120 patients with type 2 dia-
betes mellitus.

Variables Mean ± SD or no (%)

Age 50.16 ± 10.71
Sex
Male 62 (51.7%)
Female 58 (48.3%)
Boby mass index 27.95 ± 4.54
Family history of diabetes
No 76 (63.3%)
Yes 44 (36.7%)

Table 2. The effect of glibenclamide on the glycemic status
of 120 patients with type 2diabetes mellitus∗.

Variable Diabetic patients on GLB therapy P-value

Responded Non-responded
No=21 No=99

Duration use
of GLB (year)

3 ± 7.25 4 ± 7 0.541

HbA1c (%) 6.3± 0.55 9.3± 2.1 < 0.000001
FBS (mg/dl) 119± 65.5 217± 107 0.000001
Insulin(µU/dl) 11.2± 11.18 7.52± 6.03 0.129
HOMA2-IR 1.56± 1.87 1.35± 2.28 0.959
HOMA2-%β 62.3± 59.35 21.3± 28.7 < 0.000001

∗ Mann-Whitney U, two-sided P-value <0.05, data in median ± IQR
format, GLB: Glibenclamide, HbA1c: Glycated hemoglobin, FBS:
Fasting blood sugar, HOMA 2-IR: Homeostatic model assessment
2-insulin resistance, HOMA 2-%β: Homeostatic model assessment
2- beta-cell functionality.

allele G, the homozygous mutant type (AA) for allele A, and
the heterozygous type (GA), as illustrated in Figure 1. The
wild type (GG) was identified in 21.67% of individuals with
T2DM. The mutant type (AA) and the heterozygous type
(GA) were identified in approximately 37.5% and 40.83% of
instances, respectively, as illustrated in Figure 2. The distri-
bution of alleles and genotypes for ABCC8 G>A (rs1799854)
is presented in Table 3.

Figure 1. Genotyping of rs1799854 G>A polymorphism.

Figure 2. The prevalence of the rs1799854 G>A polymor-
phism among 120 patients with type 2 diabetes mellitus.
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Table 3. The allele distribution of ATP-binding cassette sub-family C member 8 G>A (rs1799854) genes in 120 patients with
type 2 diabetes mellitus.

Genotype (N:120) Frequency (%) Allele Frequency Chi-square value P-value

GG (wild type) 26 (21.67%) G 0.42 3.165 0.205
GA (heterozygous type) 49 (40.83%) A 0.58
AA (homozygous type) 45 (37.5%)

Table 4. The effect of ATP-binding cassette sub-family C member 8 G>A genetic variation on the glycemic status of 120
patients with type 2 diabetes mellitus.∗

Parameters Alleles of ABCC8 G>A Genotypes P-value

GG GA AA

HbA1c (%) 9.7± 3.75 8.7± 2.65 8.9± 2.35 0.441
FBS (mg/dl) 116.5± 168.75 212± 113.5 200± 70.5 0.615
Insulin (µU/dl) 7.34± 5.21 7.2± 14.47 9.56± 11.06 0.194
HOMA2-IR 1.24± 0.93 1.3± 2.98 1.52± 1.79 0.507
HOMA2-%β 27.05± 39.75 22.3± 44.6 25.8± 31.85 0.896

∗ Kruskal-Wallis’s, two-sided P-value <0.05, data in median ± IQR format, HbA1c: Glycated hemoglobin, FBS: Fasting blood sugar,
HOMA2-IR: Homeostatic model assessment 2-insulin resistance, HOMA2-%β: Homeostatic model assessment 2- beta-cell functionality.

Table 5. The linear regression of ATP-binding cassette sub-family C member 8 G>A genetic variation and glycemic status of
120 patients with type 2 diabetes mellitus.†

Variable B SE. B B T P-value 95% CI for B

Lower bound Upper bound

Constant 2.218 0.487 4.559 .000 1.254 3.182
HbA1c (%) -0.062 0.049 -0.158 -1.284 .202 -0.158 0.034
FBS (mg/dl) -0.002 0.002 -0.208 -1.063 .290 -0.005 0.001
Insulin (µU/dl) 0.025 0.009 0.392 2.872 .005* 0.008 0.043
HOMA2-IR -0.007 0.013 -0.068 -0.543 .588 -0.033 0.019
HOMA2-%β -0.012 0.005 -0.455 -2.684 .008* -0.022 -0.003

† Linear regression-β coefficient, two-sided P-value < 0.05, B: Unstandardized coefficient beta, SE. B: Standard error for the unstandardized
beta, β: Standardized coefficient beta, t: t test statistic, CI: Confidence interval, and *: Significant association.

Effects of ABCC8 G>A genetic variation on the
glycemic status

The results did not exhibit a significant difference among
patients with T2DM who received GLB and carried GG,
GA, and AA genotypes regarding glycemic status parame-
ters (HbA1c, FBS, Insulin, HOMA2-IR, HOMA2-%β) at P-
value> 0.05 (Table 4). There was no significant (P-value >
0.05) association between the ABCC8 G>A genetic varia-
tion and the glycemic status (regarding HbA1c, FBS, and
HOMA2-IR) of patients with T2DM (Table 5).

DISCUSSION

T2DM is a significant health risk in Iraq, and most di-
abetic patients remain uncontrolled despite using many hy-
poglycemic agents [14, 15], including GLB, which is charac-
terized by its significant glucose-lowering efficacy and cost-
effectiveness [16]. Certain studies indicate a correlation be-
tween the ABCC8 G>A (rs1799854) genetic polymorphism
and heightened T2DM risk or modified medication response,
whilst others report no significant association, suggesting that

the impact of this variant on sulfonylurea efficacy is likely con-
tingent upon diverse genetic and demographic factors [17].

Despite being used for three years, this study found that
17.5% of the selected patients attained the desired glycemic
control, depending on HbA1c levels and HOMA 2 indicators.
Serious concerns were raised from these findings about the
decrease in GLB response in this population. This small
percentage shows that many patients had little therapeutic
benefit from GLB. A multicenter European study supports
this observation. In that study, involving 662 patients with
T2DM across 71 centers in eight countries, GLB effectiveness
declined with time. After 52 weeks, only 46.5% of patients
achieved the American Diabetes Association HbA1c goal of
below 7% [18].

In the current study, the ABCC8 G>A (rs1799854) gene
polymorphism was observed in individuals with T2DM, with
heterozygous GA and homozygous AA genotypes being pre-
dominant. The minor allele frequency of the A allele is ap-
proximately 58%, which is not significantly elevated compared
to the reference major allele (G) in the selected patients. This
polymorphism is linked to T2DM in some populations, al-
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though the findings are inconsistent. Prevalence statistics in-
dicate that the G allele and GG genotype were present in
greater proportions in patients with T2DM compared to con-
trols in certain studies [19]. However, other research reported
no significant difference in the northern part of Brazil [20].
There is a statistically significant connection between T2DM
and ABCC8 G>A (rs1799854), with the risk allele (A) showed
the largest prevalence (49.5%) [19]. The A allele of this vari-
ant appears to have a significant frequency in the Asian and
American populations, at 55.1% and 53.6%, respectively [21].
Though these effects are stochastic and interact with envi-
ronmental factors, genetic polymorphisms have a significant
impact on susceptibility, disease development, and manage-
ment responses in T2DM. Numerous T2DM risk loci have
been related to decreased insulin secretion and action by ge-
netic research, especially Genome-Wide Association Studies,
which have revealed novel potential targets for pharmaceuti-
cal development [22].

The presence of this polymorphism did not significantly
affect insulin output, glycemic measurements, or surrogate
markers of β-cell function among GLB-treated patients,
according to genetic stratification based on the ABCC8
rs1799854 gene. This result is consistent with studies in-
volving 61 T2DM individuals who received GLB or gliclazide
as prescribed. Furthermore, patients with the rs757110 vari-
ant (P-value = 0.39 for FBS and P-value = 0.76 for HbA1c)
and those with rs1799854 (P-value = 0.24 for FBS and P-
value = 0.36 for HbA1c) did not show significant variation
in the changes of FBS and HbA1c after SFUs treatment in
the Iranian study [17]. Polymorphisms in the ABCC8 gene,
namely variants rs1799854 and rs1801261, have been reported
in three papers. The ABCC8 gene is crucial for the synthesis
of SUR1, a component of the K-ATP channel in pancreatic β
cells, which regulates insulin release and influences blood glu-
cose levels. As blood glucose levels rise, these channels will
close, prompting insulin production from β cells. The ABCC8
gene influences the functionality of this channel and impacts
the maintenance of blood glucose homeostasis [4, 23].

We acknowledge that observational design limits our abil-
ity to establish causal relationships between genotype and
treatment response. The small sample size was primarily at-
tributed to the short study duration, financial constraints,
and the refusal of some patients to participate. We were un-
able to collect additional variables, which may limit our anal-
ysis, and larger studies are required. Other genes, such as the
gene encoding the metabolizing enzyme cytochrome P2C9,
may affect GLB pharmacokinetics; therefore, further studies
involving these genes are needed.

CONCLUSION

The ABCC8 G>A (rs1799854) genotype was significantly
more prevalent among patients who have T2DM. The genetic

variation ABCC8 G>A (rs1799854) did not significantly af-
fect the therapeutic response to GLB, including glycemic pa-
rameters (HbA1c, FSB, and HOMA2-IR).

ETHICAL DECLARATIONS

Acknowledgments

We express our gratitude to all members of the Imam Has-
san Center for Endocrinology and Diabetes, including nurses,
support personnel, resident physicians, and statistical staff.
We commend our institutional affiliations for providing the
necessary resources and infrastructure to carry out this work.

Ethics Approval and Consent to Participate

Both the Ministry of Health of Iraq’s Kerbala health de-
partment (number 3734, dated August 4, 2024) and the sci-
entific and ethical committee at Kerbala University, College of
Pharmacy (number 2024HU6, dated August 28, 2024) autho-
rized this study. All participants gave their informed consent.

Consent for Publication

Not applicable (No personal information was published).

Availability of Data and Material

Upon reasonable request, the corresponding author will
make the data created and analyzed during this work avail-
able.

Competing Interests

The authors declare that there is no conflict of interest.

Funding
No funding.

Use of Artificial Intelligence

Artificial intelligence has been used in limited ways to cor-
rect spelling, grammar, and punctuation, as well as to edit
specific texts.

Authors’ Contributions

M.A. participated in the study’s design and execution,
analysis of the results, and manuscript composition. R.M.
contributed to the review and editing of the study and super-
vised the research. A.H. and M.Q. contributed to data collec-
tion and evaluated the manuscript attentively. The completed
manuscript has received approval from all authors.

REFERENCES

[1] A.-M. Labib, A. P. Martins, J. F. Raposo, and C. Torre.
The association between polypharmacy and adverse
health consequences in elderly type 2 diabetes mellitus
patients; a systematic review and meta-analysis. Dia-
betes Research and Clinical Practice, 155:107804, 2019.

[2] M. Abdul Basith Khan, M. J. Hashim, J. K. King, R. D.
Govender, H. Mustafa, and J. Al Kaabi. Epidemiol-
ogy of type 2 diabetes—global burden of disease and
forecasted trends. Journal of Epidemiology and Global
Health, 10:107–111, 2020.

86 http://doi.org/10.33091/amj.2026.166446.2495



Impact of ABCC8 Gene on Glibenclamide Anb. Med. J. 22(2), 2026

[3] U. Aliyu, S. M. Toor, I. Abdalhakam, M. A. Elrayess,
A. B. Abou-Samra, and O. M. Albagha. Evaluating in-
dices of insulin resistance and estimating the prevalence
of insulin resistance in a large biobank cohort. Frontiers
in Endocrinology, 16:1591677, 2025.

[4] N. R. Hidayati, D. A. Perwitasari, I. N. Faridah, and
R. Susilo. Effect of gene polymorphisms on oral antidi-
abetic drug response in patients with type 2 diabetes
mellitus. Sciences of Pharmacy, 4:72–80, 2025.

[5] F. Baccetti, C. Crisafulli, F. Andreozzi, G. C. Mannino,
A. Nicolucci, A. Michelli, et al. Profiles of sulfonylurea
use in diabetes mellitus type 2: an analysis of clinical
practice over the last 10 years. Diabetes Research and
Clinical Practice, 214:111781, 2024.

[6] E. De Franco, C. Saint-Martin, K. Brusgaard,
A. E. Knight Johnson, L. Aguilar-Bryan, P. Bowman,
et al. Update of variants identified in the pancreatic β-
cell katp channel genes kcnj11 and abcc8 in individuals
with congenital hyperinsulinism and diabetes. Human
Mutation, 41:884–905, 2020.

[7] C. G. Nichols. Katp channels as molecular sensors of
cellular metabolism. Nature, 440:470–476, 2006.

[8] M. Li, S. Gong, X. Han, S. Zhang, Q. Ren, X. Cai, et al.
Genetic variants of abcc8 and phenotypic features in chi-
nese early onset diabetes. Journal of Diabetes, 13:542–
553, 2021.

[9] N. A. ElSayed, G. Aleppo, V. R. Aroda, R. R. Ban-
nuru, F. M. Brown, D. Bruemmer, et al. Summary of
revisions: standards of care in diabetes—2023. Diabetes
Care, 46:S5–S9, 2023.

[10] S. H. Jung. Stratified fisher’s exact test and its sample
size calculation. Biometrical Journal, 56:129–140, 2014.

[11] D. Orozco-Beltran, M. Mata-Cases, S. Artola-Menéndez,
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