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Abstract. Background and aim. Type 2 diabetes (T2D) is a complex disease predisposed by both genetic and
environmental factors. Many genes related to B-cell function, glucose regulation, and insulin secretion play
crucial roles in T2D development. Human genome studies identified several genetic variations associated
with T2D among different populations, including FHEX rs1111875 gene polymorphism. This study aims to
investigate the association between HHEX (rs1111875) genetic polymorphism and the risk of T2D among
the studied Jordanians (n= 200). Mezhods: This case-control study enrolled 100 patients with T2D, and 100
age and sex-matched healthy control groups fulfilled the inclusion criteria, aged between 33-66 years, with
50% males and 50% females in each group. Both groups were genotyped for rs1111875 polymorphisms using
the Real-time PCR Allelic Discrimination Assay technique. Resu/ts: A significant association was observed
between the HHEX genotypes (AG, AA) and the increased risk of T2D (p = 0.012). According to allele
frequency, A allele of HHEX rs1111875 was strongly associated with increased risk of T2D by approximately
twofold (Odd Ratio (OR)= 1.98, 95% Confidence Interval (CI)= 1.30-3.02, p= 0.002). Based on the domi-
nant model, having at least one A allele increases T2D risk by threefold (OR= 3.63, 95% CI= 1.50-8.80,
p = 0.003). This finding was confirmed in the overdominant model as the AG genotype increases T2D risk by
twofold (OR= 2.88, 95% CI= 1.22-6.78, p-value= 0.014). Conclusions: HHEX rs1111875 A allele is signifi-
cantly associated with increased T2D risk among Jordanians. (www.actabiomedica.it)
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Introduction
Type 2 Diabetes (1T2D)

T2D is a complex metabolic disorder induced by
environmental and genetic predisposing conditions
that cause defective insulin secretion from pancreatic
B-cells or inappropriate responsiveness to insulin by
insulin-sensitive tissues, leading to hyperglycemia (1).
According to the International Diabetes Federation
(IDF), T2D affects 90% of diabetes cases globally,
with a prevalence of 10.5% in 2021, and is predicted to
reach 12.2% by 2045 among adults aged 20~79 (2). In

Jordan, there was an increase of 14.3% in T2D preva-
lence between 1990 (14.0%) and 2020 (16.0%), and
more increases of 28.8% are expected between 2020
(16.0%) and 2050 (20.6%), which implies that one
out of five Jordanians will be diagnosed with diabe-
tes by the year 2050 (3). Various modifiable and non-
modifiable risk factors contribute to T2D development
(4). Obesity, physical inactivity, smoking, diet, hyper-
tension, and dyslipidemia are all modifiable factors,
while, age, sex, and family history of diabetes are non-
modifiable risk factors (5). Polymorphisms in genes
affect proteins involved in glucose metabolism and
insulin secretion, resulting in susceptibility toT2D (6).
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Researchers have identified several T2D variants using
GWAS (7). Around four hundred loci were identified
as a susceptible risk for T2D (8), and around seventy
loci positioned in and around the cyclin-dependent ki-
nase inhibitor 2A/B (CDKN2A/B), Cyclin-dependent
kinase 5 (CDKS5) regulatory subunit associated protein
1 like 1 (CDKALYI), solute carrier family 30 member
8 (SLC3048) and hematopoietically expressed home-
obox (HHEX) genes were associated with T2D (9).

HHEX gene

The proline-rich homeodomain protein (PRH)/
HHEX is a transcription factor encoded by the
HHEX gene, which consists of four exons and is lo-
cated on chromosome 10q23.33 (Figure 1) (10). It
spans 5.7 kb, encodes 270 amino acids, and is a mem-
ber of the homeobox family of transcription factors
involved in embryonic developmental processes(11).
HHEX protein has three functional domains (12)
that influence B-cell activity and development by

activating the hepatocyte nuclear factor-la protein
(13). It is a target for the Wnt/B-catenin signal-
ing pathway necessary for the development of the
pancreas, liver, and blood vessels (14). Wnt proteins
regulate glucose-stimulated insulin secretion and
pancreatic proliferation (15).

HHEX gene is selectively expressed in 3-cells that
secretes somatostatin (16). Somatostatin typically ex-
erts paracrine inhibition of glucagon and insulin release
from neighboring o and B-cells, respectively. Decreased
somatostatin levels may result in disrupted inhibition,
potentially leading to dysregulated insulin secretion
and T2D development (17). HHEX SNPs were evalu-
ated among patients with T2D (18). A meta-analysis
study enrolled 162663 subjects and showed a signifi-
cant association between HHFEX SNPs and T2D (19).
rs1111875 SNP located on the 3’ flanking region of the
HHEX gene on chromosome 10 in position 92703125
was highly associated withT2D (20). A significant as-
sociation between the rs1111875 G allele and T2D risk

was shown among the Tunisian population (21) but not
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Figure 1. HHEX gene and rs1111875 polymorphism. (A) rs1111875 SNP located in the intergenic region between HHEX and
exocyst complex component 6 (EXOC6) genes of the long arm q23.33 of Chromosome 10, (B) Exons of the HHEX gene and the
location of rs1111875 SNP (C) the HHEX protein with three functional domains, the n-terminal repressing domain in green, the
DNA binding homeodomain in purple, and C-terminal activating domain in orange.
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among Indians (22) . European GWAS study showed
an association between the rs1111875 GG polymor-
phism carriers and decreased pancreatic B-cells function
(23). An association between 1rs1111875 and increased
insulin resistance plays a significant role in T2D de-
velopment within the Iranian (24) and Han Chinese
populations (25). Many studies have been conducted
on the association between HHEX gene polymor-
phism and T2D. However, these studies have conflict-
ing outcomes. While many SNPs near the HHEX gene
show associations, rs1111875 has consistently shown
the strongest signal, making it a reliable marker for fur-
ther study. There is no previous study investigating the
association between HHEX (rs1111875) and the risk
of T2D among Jordanians, so this case-control study
was conducted to find out.

Material and methods
Study design and participants

This case-control study enrolled one hun-
dred T2D patients recruited from the Diabetes and

People attending Prince Hamza Hospital
between February 2023 and July 2023

Endocrinology Clinic (February 2023 -July 2023) and
one hundred age-sex-matched controls selected ran-
domly from the Jordanian population attending Prince
Hamza Hospital. Ethical approval was obtained from
the institutional review board committee at Hashemite
University (2022, ref no. 2200724). We informed all
participants of the study objectives and completed con-
sent forms. We also followed Good Clinical Practice
based on the Declaration of Helsinki (Fortaleza, 2013)
and Good Laboratory Practice when analyzing sam-
ples. Inclusion criteria included cases diagnosed with
T2D according to the American Diabetes Association
diagnostic guidelines: FBG 2126 mg/dL and HbAlc
> 6.5. The control subjects had no history of diabetes
(type 1 or type 2), confirmed by having HbA1c<5.7%
and FBS<100 mg/dL, while those with a family his-
tory of T2D and females who had ever been diagnosed
with gestational diabetes were excluded (Figure 2).

Data collection
Demographic data were collected by conducting

a structured interview based on the questionnaire that
was obtained from some questions in The National

Exclusion of:

Had you ever been diagnosed with T2D?

* Non-Jordanian
* Age <33 and >66 years

Exclusion of:
*  Having other types of diabetes

> +  Females that had been diagnosed with
Gestational diabetes at any time
*  Having autoimmune diseases

Yes No

Results of Results of
FBG >126 mg/dL FBS<100 mg/dL
and HbAlc> 6.5 and HbA1c<5.7%
A 4
100 Cases 100 Controls
33-66 Years Individually matched
50 Males cases (1:1) on age (£2
50 Females Years) and sex

Figure 2. Inclusion and exclusion criteria chart



Acta Biomed 2025; Vol. 96, N. 1: 16141

Survey of People with Diabetes (26), including sex,
age, diabetic family history, smoking, heart disease,
and dyslipidemia, It is important to acknowledge that
the data on family history and smoking status were
obtained through self-reporting by the participants.
Several biomarkers and measures were selected to as-
sess Selected biomarkers and measures assess obesity
(WC, BMI), cardiovascular risk (SBP, DBP, TC, TG,
HDL-C, LDL-C, VLDL-C), glycemic control (FBG,
HbA1c), insulin production (C-peptide), and insulin
dynamics (HOMA2-IR, HOMA2-%B, HOMA2-
%S) in T2D. Weight in kilogram (kg) and height in
centimeters (cm) were measured using an electronic
balance and standard measuring tape, respectively. The
BMI was calculated by applying the equation BMI
(kg/m?) = weight (kg)/height” (m). BMI results were
considered underweight if BMI below 18.5 kg/m?
normal weight if BMI ranges from 18.5 to 29.4 kg/m?
overweight if BMI between 25 and 29.9 kg/m? and
obese if BMI of 30 kg/m2 or higher. Waist circum-
ference was recorded using the standard meter on the
midpoint position between the lowest rib and the lat-
eral iliac crest in centimeters (cm); having a waist cir-
cumference of more than 88 cm in females and more
than 102 ¢cm in males was considered a risk for T2D.
Both systolic blood pressure (SBP) and diastolic blood
pressure (DBP) were measured using a blood-pressure
M3 device (Omron, Japan). Normal blood pressure
(SBP/DBP) is below 120/80 mmHg (27).

Blood sample collection and processing

Two venous blood tubes were withdrawn for
biochemical and molecular analysis. Plain tubes were
centrifuged within an hour; the serum was used to
measure biochemical tests. An ethylene diamine tetra-
acetic acid (EDTA) tube was used for the HbAlc test
and DNA extraction, which was stored at -4°C until
extraction. HbAlc was carried out using the Alinity
¢ analyzer (Abbott, USA), while the C-peptide test
was performed using the LIAISON® XL analyzer
(Diasorin, Italy). FBG was measured using the spec-
trophotometry method, and the immunoassay method
was used to measure HbA1c. The colorimetric method
measured the TC, TG, HDL-C, and LDL-C lipid
profiles. In contrast, VLDL-C was estimated using

Martin’s formula=TG/adjustable factor (28) using
an LDL-C calculator. Fasting blood C-peptide was
measured using a chemiluminescence immunoassay
(CLIA) technique.

The Homeostatic Model Assessment version
2.2.3 (HOMA2) calculator was used to evaluate
steady-state P-cell function (HOMA2-%B), insu-
lin sensitivity (HOMA2-%S), and insulin resistance
(HOMAZ2-IR) as percentages of a normal reference
population using both FBG and fasting C-peptide
levels (29). Auto calculations were performed for each
test by embedding each sample result of FBG and fast-
ing C-peptide in an Excel spreadsheet of the HOMA2

Calculator.
DNA extraction and concentration

DNA was extracted from peripheral blood us-
ing the QIAamp DNA Blood Mini Kit (QIAGEN,
USA) by the QIAcube® machine (QIAGEN, USA).
Samples were stored at -80 °C until used. Qubit™
1X dsDNA HS Assay (Invitrogen, USA) was used to
measure DNA quantities using Invitrogen™ Qubit™
3.0 Fluorometer. DNA concentration was around
34.0 ng/pL for all samples.

SNPs primer and probe designing

SNP Selection was guided by literature for T2D
from the National Center for Biotechnology Infor-
mation (NCBI). For real-time PCR (qPCR), for-
ward and reverse primers and appropriate probes
were designed for rs1111875 from a previous Russian
study (30).

Forward primer GCACCATACATCATCATAA,
and reverse primer GACCAGACTAATTCAATA
AATG. The fluorescent probe A HEX-AGTCATTT
CCTCTAGACGTCTGAACC-BHQ-1 and probe G
FAM-AGTCATTTCCTCTGGACGTCTGAA
CC-BHQ-1, the annealing temperature is 56 “C.

Real-time PCR allelic discrimination assay
Detection of fluorescent signals from each probe

during DNA amplification was performed using the
AriaMx Real-time PCR instrument (Agilent, USA).
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Fluorescein Amidite (FAM) was used to detect the
G allele, and Hexachloro-Fluorescein (HEX) was
used to detect the A allele. Both probes used Black
Hole Quencher 1 (BHQ-1) as the fluorescence
quencher. Ingredients of the reaction mixture for each
sample in qPCR included: 4 pL of 5x HOT FIRE-
Pol® Probe qPCR Mix Plus (Solis BioDyne, Estonia),
1 pL of each 10 pM primer and probe (Macrogen,
South Korea), 10 pL of nuclease-free water (Promega,
USA) and 2 pL of template DNA. The thermal profile
consists of one cycle of pre-denaturation at 95 °C for
12 minutes, fifty cycles of 30 seconds of denaturation
at 95 °C, and 90 seconds of annealing/extension at
56 °C for rs1111875. Amplification and allelic dis-
crimination plots are shown at the end of the run.

Statistical analysis

A Chi-square test (X°) was used to determine
whether one categorical variable was associated
with another independent variable. The chi-square
p-value was calculated for rs1111875, and those with
a p-value<0.05 were significant. To decide the effect
of different medical variables including FBG (mg/dL),
HbA1c (%), TC (mg/dL), HDL-C (mg/dL), LDL-C
(mg/dL), TG (mg/dL), VLDL-C (mg/dL), Fasting C-
peptide (ng/ml) or HOMA score, ANOVA F-test and
Kruskal-Wallis H-test was used. To determine the risk
associated with genotypes, OR with 95% confidence
Intervals (CI) were calculated using the SNPstats web
tool (https://www.snpstats.net/).

Results
Demographic characteristics and clinical parameters

A total of 200 participants (one hundred patients
with T2D and one hundred control) with matched
ages (30-70 years) and sex (50 male and 50 female)
were included in the study. The average calculated age
was 52.5 + 7.7 years and 51.3 + 7.5 years for patients
with T2D and control, respectively. Optimal glycemic
control with HbA1c levels lower than 7% was ob-
served in 26% of patients with T2D, while poor glyce-
mic control occurs among 74% of patients with T2D.

Most patients with T2D (62%) were 50-66 years old,
and (53%) had been diagnosed in less than ten years.
Eighty-one percent of patients with T2D have a fa-
milial history of diabetes. Heart disease was diagnosed
in 40% of patients, and 67% of patients were smokers.
Several patients with T2D have been taking medica-
tions to control lipid profile (20%) or blood pressure
(40%) levels. The demographic characteristics of both
groups are summarized in (Table 1). High associa-
tion and correlation were found between the risk of
T2D and having a family history of T2D (p<0.001,
r =2.0), having heart disease (p<0.001, r=3.0), or being
a smoker (p<0.001, r=1.7). The association and corre-
lation between these three demographic characteristics
and T2D are presented in (Table 2).

Patients with T2D had significantly higher BMI,
WC, and SBP (p<0.05), while DBP was nearly com-
parable (p=0.312) to the control. FBS, HbAlc, TG,
VLDL-C, C-peptide, and insulin resistance param-
eters significantly increased in patients with T2D
compared to the control group (p<0.05). On the other
hand, TC, HDL-C, LDL-C, and B-cells function and
sensitivity were markedly higher in control subjects
compared to patients with T2D (p<0.05). The clinical
characteristics in terms of mean + standard deviation

for both groups are found in (Table 3).
Real-time PCR genotyping

The qPCR amplification plots, and allelic dis-
crimination assay results are shown in (Figure 3 and
Figure 4, respectively).

Associations of HHEX (rs1111875) gene polymorphism
with T2D

The rs1111875 A allele was present in 41% of
patients with T2D and showed significantly increased
T2D risk (OR= 1.98, 95% CI= 1.30-3.02, p=0.002).
In the genotype frequency of rs1111875, both AG
(OR=3.00, 95% CI= 1.64-5.50, p<0.001) and AA
(OR=4.00, 95% CI= 1.10-14.52, p<0.035) showed an
increased risk of T2D three to four times, respectively
(Table 4).

After adjusting by age, sex, BMI, WC, family his-
tory of T2D, heart disease, hypertension, and smoking,
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Table 1. Demographic characteristics of patients with T2D and

Table 2. Association and correlation between demographic

control. characteristics and T2D.
Patients Demographic
Control with T2D Characteristics pAss-OR
(n=100) (n=100) T2D - Control (Ref) (95% CI)* r(Pcor)l’

Characteristics n (%) n (%) Having a family | No Ref Ref
Gender history of T2D | Yes <0.001*-6.14 | 2.0 (<0.001%)
Male 50% 50% (3.2-11.6)
Female 50% 50% Having heart No Ref Ref
Age disease Yes <0.001*-16.0 | 3.0 (<0.001%)
33-49 40% 38% (5.5-47.0)
50-66 60% 62% Smoking No Ref Ref
Socioeconomic status Yes <0.001*-3.18 1.7 (<0.001%)
(SES) 7% 4% (1.8-5.7)
ISVEELZ d 9(1)22 8?22 AMrefuiat%'om: OR:' Odd Ratio, pAss: p-value for. the asso.ciation,

3 1: correlation coefficient, pcor: p-value for the correlation coefficient, (%)
Divorced 2% 4% Chi-square, and ® binary logistic regression were used. *p-value<0.05
Widowed was considered as significant
Glycemic control (HbA1c %)
Optimal control (<7%) 100% 26% ) ) )
Poor control (27%) 0% 74% (Table 5). The codominant, dominant, and overdomi-
Duration of T2D (years) nant models for rs1111875 SNP showed a statistical
<10 _ 53% difference in genotypes between the control and pa-
10-20 - 33% tients with T2D with a p-value equal to 0.01, 0.003,
220 N 14% and 0.012, respectively. The dominant model indicates
Having a family history that having at least one A allele will increase T2D risk
of 12D o G106 three times (OR =3.82, 95% ClI= 1.55-9.41), which
No 590 19% was also confirmed in the overdominant model as the
Having heart disease AG genotype increases T2D risk compared to GG and
Yes 4% 40% AA genotypes (OR=2.96, 95% CI=1.24-7.07).
No 96% 60%
Smoking Associations of HHEX (r5s1111875) genotypes with the
Yes 39% 67% investigated parameters
No 61% 33%
Having lipid control There was no significant association between
fanc esdlcatmn 3% 20% rs1111875 SNP and any clinical characteristics (BMI,
No 97% 80% WC, FBG, HbAlc, TC, TG, HDL-C, LDL-C,
Having hypertension VLDL-C, C-peptide, insulin resistance, -cell func-
control medication tion, and insulin sensitivity) among patients with T2D
Yes 3% 40% or control (p>0.05) (Table 6).
No 97% 60%

Abbreviations: T2D: Type 2 diabetes; %: percentage, n: number of
samples

the SNPStats website (https://www.snpstats.net/)
was used to analyze the difference of genotypes be-
tween patients and control in codominant, dominant,
recessive, and overdominant models within rs1111875

Discussion

This study showed a significant difference be-
tween patients with T2D and the control in BMI and
WC patients with T2D (p<0.001), which is consistent
with the Jordanian study that showed obesity increases
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Table 3. Clinical parameters and Biochemical Characteristics of patients with T2D and control.

Control Patients with T2D

Clinical parameters and Biochemical (n=100) (n=100)
characteristics (Mean * SD) (Mean * SD) p-value
BMI (Kg/m?) 27.4+49 32.0+6.5 <0.001*
WC (cm) Males 96.1+12.1 106.7 + 16.9 <0.001*

Females 85.2+12.9 97.7 £ 19.8 <0.001*
SBP (mmHg) 131.4 +18.2 141.3 +24.3 0.001**
DBP (mmHg) 82.1+11.4 84.4+12.9 0.312°
FBG (mg/dL) 92.3 +10.3 189.7 + 89.7 <0.001*
HbA1c (%) 5.29+0.2 8.72+2.2 <0.001*
TC (mg/dL) 208.8 + 43.4 190.5 + 48.7 0.003*
TG (mg/dL) 146.2 + 93.2 197.2 + 146.2 0.006*
HDL-C (mg/dL) 47.4 +10.9 44.1 + 141 0.024"
LDL-C (mg/dL) 134.9 +39.4 114.0 + 43.0 <0.001*
VLDL-C (mg/dL) 26.5+11.6 31.0 £+ 16.5 0.002*
C-peptide (ng/dL) 2.42 +0.8 4.08+2.9 <0.001*
HOMA2-IR 1.77 £ 0.6 3.99+3.1 <0.001*
HOMA2-%B 135.5 +39.3 87.9+75.1 <0.001*
HOMA2-%S 63.1 +20.8 45.0 £ 50.3 <0.001*

Clinical parameters for patients with T2D and control are presented as mean * standard deviation (SD). Abbreviations: WC: Waist Circumference;
SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; FBG: Fasting Blood Glucose: TC: Total Cholesterol; TG: Triglycerides; HDL-C:
High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cholesterol; VLDL-C: Very Low-Density Lipoprotein Cholesterol;
C-peptide: Connecting peptide; HOMA2-IR: Homeostatic Model Assessment of Insulin resistance; HOMA2-%B: Homeostatic Model Assess-
ment of B-cell function, HOMA2-%S: Homeostatic Model Assessment of Insulin sensitivity. p-value obtained by (a) Independent samples #-test or

(b) Mann Whitney U-test. *p-value<0.05 was considered as significant.

the risk of T2D (31) as a result of obesity, adipose tis-
sue produces more free fatty acid (FFA), glycerol, hor-
mones, and pro-inflammatory cytokines that might
lead to insulin resistance (32).

Significantly increased SBP levels were observed
among patients with T2D compared to the con-
trol group (p= 0.001). Comparing the mean of FBS
and HbA1lc levels among patients with T2D and the
control group, a highly significant association was
observed (p<0.001), primarily due to the inclusion cri-
teria according to the ADA diagnostic guidelines for
both groups. According to Alafifi, a significant differ-
ence was found in FBG levels between patients with
T2D and controls (p<0.001) among the Saudi popula-
tion (33), while Al Ali ¢# al. found a significant dif-
ference in HbAlc levels between patients with T2D
and controls (p<0.001) among Emirati (34). HbAlc

of <7% was determined as the optimal target for gly-
cemic control among patients with T2D, and its con-
centrations could predict CVD risk (35). In this study,
74% of patients with T2D had poor glycemic control
with HbA1c levels >7%, and 35% of them had heart
diseases. A higher CVD is predicted among patients
with T2D in the Jordanian population based on this
result. High TG and low HDL-C levels are indica-
tors for lipid metabolism disorders within T2D (36),
were observed in this study as patients with T2D had
a significant increase in TG levels (p<0.002) and de-
creased HDL-C levels (p<0.024) compared to the
control group. Insulin resistance influences the pro-
duction of FFA and VLDL-C from adipose tissue and
liver cells, respectively (37), which explains the signifi-
cant difference in VLDL-C levels between T2D and
control (p=0.002). TC and LDL-C levels increase in
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Figure 3. qPCR amplification plots. FAM dye was used with the G allele and HEX dye with the A allele, (a) the AA genotype only
showed a curve for HEX, (b) the GG genotype showed only a FAM curve, (c) the AG genotype showed curves for both FAM and

HEX, while (d) represents multi-samples result.
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Table 4. Allele, genotype, and Carriage rate frequencies for control and patients with rs1111875 SNPs.

Patients with X2
Control T2D
Gene/ (n=100) (n=100)
SNPID Allele/Genotype n (%) n (%) p-value OR (95% CI)
HHEX Allele frequency G 148 (74%) 118 (59%) 10.1 0.002* 1.00
151111875 A 52 (26%) 82 (41%) 1.98 (1.30-3.02)
Genotype frequency | GG 52 (52%) 26 (26%) 14.40 1 1
AG 44 (44%) 66 (66%) <0.001* 3.00 (1.64-5.50)
AA 4 (4%) 8 (8%) 0.035* 4.00 (1.10-14.52)
Carriage rate G 96 (96%) 92 (92%) 4.09 0.04* 1.00
A 48 (48%) 74 (74%) 1.61 (1.01-2.55)

Abbreviations: n: number of samples, %: percentage, T2D: type 2 diabetes, X°: Chi-square, OR: Odd Ratio. *p-value<0.05 was considered statistically

significant.

Table 5. Genetic model association analysis between patients with T2D and control within rs1111875.

Control Patients with T2D
Gene/ (n=100) (n=100)
SNPID Genotype n (%) n (%) p-value OR (95% CI)
HHEX Codominant model
1111875 | GG 52 (52%) 26 (26%) 0.01* 1
AG 44 (44%) 66 (66%) 3.69 (1.47-9.28)
AA 4 (4%) 8 (8%) 5.08 (0.74-34.75)
Dominant model
GG 52 (52%) 26 (26%) 0.003* 1
AG +AA 48 (48%) 74 (74%) 3.82 (4.55-9.41)
Recessive model
GG +AG 96 (96%) 92 (92%) 0.330 1
AA 4 (4%) 8 (8%) 2.47 (0.38-16.08)
Overdominant model
GG +AA 56 (56%) 34 (34%) 0.012* 1
AG 44 (44%) 66 (66%) 2.96 (1.24-7.07)
Log-additive
|- |- | 0.004 2.96 (1.39-6.31)

It was adjusted by age, sec, SES, BMI, WC, family history of T2D, heart disease, hypertension, and smoking.
Abbreviations: n: number of samples, T2D: type 2 diabetes, CI: Confidence Intervals.
*p-value<0.05 was considered statistically significant.

patients with T2D due to insulin resistance (38). Our
study found that C-peptide and insulin resistance were
significantly higher in patients with T2D compared
to the control group (p<0.001). Similar results were

reported by Ibrahim ez al., as C-peptide (p=0.006) and
insulin resistance (p=0.011) were associated with pa-
tients with T2D among Egyptians (39), probably due

to the accumulation of lipid metabolites within the
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Table 6. Association between rs1111875 SNP and the clinical characteristics of patients with T2D and control.

HHEX Patients with T2D

rs1111875 Control n=100 n=100

Clinical Mean + SD or Mean * SD or

characteristics | Genotype n Median (IQR) p-value n Median (IQR) p-value

BMI GG 52 27.0+48 0.48" 26 32.0 +6.4 0.36
AG 44 28.0£5.1 66 32.4 +6.5
AA 4 26.0 + 3.4 8 28.9 +6.5

WC GG 52 87.6 + 14.6 0.05° 26 103.0 (31.0) 0.56"
AG 44 943 +11.4 66 105.0 (20.0)
AA 4 89.0 + 16.9 8 96.0 (24.0)

FBG GG 52 91.9 + 10.5 0.92* 26 162.2 (117.2) 0.46"
AG 44 92.6 +10.1 66 160.7 (115.5)
AA 4 93.6 + 10.6 8 132.1 (23.6)

HbA1lc GG 52 5.3(0.3) 0.72° 26 8.1(3.1) 0.17°
AG 44 5.3(0.3) 66 8.0 (3.0)
AA 4 5.4(0.2) 8 7.0 (1.9)

TC GG 52 118.9 (105.2) 0.06* 26 204.1 (67.0) 0.51°
AG 44 220.0 + 44.7 66 187.7 (52.7)
AA 4 190.4 + 50.9 8 195.7 (106.5)

TG GG 52 102.3 (88.0) 0.57 26 158.6 (138.9) 0.93°
AG 44 120.5 (76.1) 66 159.0 (112.5)
AA 4 206.0 (353.9) 8 125.9 (553.3)

HDL-C GG 52 46.0 (15.7) 0.17° 26 39.5 (18.5) 0.47
AG 44 42.9 (12.8) 66 42.9 (18.9)
AA 4 40.8 (24.8) 8 40.8 (37.9)

LDL-C GG 52 138.0 (48.9) 0.73" 26 112.5 (50.9) 0.99
AG 44 131.0 (52.2) 66 115.4 (58.1)
AA 4 121.1 (49.9) 8 104.0 (103.5)

VLDL-C GG 52 20.6 (14.7) 0.06" 26 26.0 (30.1) 0.86"
AG 44 24.2 (13.5) 66 28.0 (14.5)
AA 4 33.4 (42.5) 8 23.2 (60.0)

C-peptide GG 52 2.4%0.9 0.48*° 26 3.5(3.3) 0.93"
AG 44 2.4+0.6 66 3.3 (1.9)
AA 4 29+1.3 8 3.3 (4.1)

HOMA2-IR |GG 52 1.6 (0.8) 0.84° 26 3.5 (3.0) 0.79"
AG 44 1.6 (0.7) 66 3.1(2.5)
AA 4 2.0 (1.9) 8 2.8 (3.4)

HOMA2-%B | GG 52 130.3 (41.6) 0.79" 26 72.4 (117.0) 0.91°
AG 44 125.9 (35.9) 66 72.6 (87.3)
AA 4 128.7 (59.4) 8 71.2 (54.2)
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HHEX Patients with T2D
rs1111875 Control n=100 n=100
Clinical Mean = SD or Mean + SD or
characteristics | Genotype n Median (IQR) p-value n Median (IQR) p-value
HOMA2-%S |GG 52 63.4 (29.5) 0.84° 26 28.9 (29.5) 0.79°
AG 44 63.6 (24.2) 66 32.2 (24.4)
AA 4 55.8 (46.4) 8 37.3(41.2)

Abbreviations: IQR: Interquartile Range, BMI: Body Mass Index; WC: Waist Circumference; FBG: Fasting Blood Glucose; HbAlc: Glycosylated
hemoglobin; TC: Total Cholesterol; TG: Triglycerides; HDL-C: High-Density Lipoprotein Cholesterol; LDL-C: Low-Density Lipoprotein Cho-
lesterol; VLDL-C: Very Low-Density Lipoprotein Cholesterol; C-peptide: Connecting peptide; HOMA2-IR: Homeostatic Model Assessment of
Insulin resistance; HOMA2-%B: Homeostatic Model Assessment of B-cell function, HOMA2-%S: Homeostatic Model Assessment of Insulin sen-
sitivity. The p-value was obtained from (°) the analysis of variance (ANOVA) test or (®) the Kruskal Wallis test to determine the association between

genotype and clinical characteristics.
*p-value<0.05 was considered statistically significant

liver and skeletal muscle causes impaired insulin sensi-
tivity (37). Insulin sensitivity and p-cell function were
significantly lower in patients with T2D compared to
the control group (p<0.001). Insulin sensitivity is in-
fluenced by genetic, lifestyle, and environmental fac-
tors, which contribute to the development of insulin
resistance, a key feature of T2D (40). Additionally, the
B-cell function is impaired in T2D due to chronic ex-
posure to high glucose levels and FFAs, which leads
to insufficient insulin secretion (41). HHEX gene en-
codes a transcription factor involved in the Wnt sign-
aling pathway, an essential pathway for cell growth and
development, including the pancreas ((11, 14). HHEX
mutation reduces the B-cells mass and secretory capac-
ity, increasing T2DM probability (42). Several studies
showed that HHEX rs1111875 gene polymorphism
is associated with T2D within different populations,
including Japanese (43-45), Chinese (46, 47), Korean
(14), Indian (48), Dutch (49), Iranian (50), and Tu-
nisian (21). However, genetic variants have varying
effects on T2D risk among different ethnic groups.
Chauhan e a/. reported that there was a significant as-
sociation between rs1111875 SNP of the HHEX gene
among Indians (48). In contrast, Kommoju ez a/. re-
ported that there was no significant association within
another Indian group (22). Our study found that the
rs1111875 A allele is associated with increased T2D
risk (p=0.002). A similar finding was found in the
Dutch population (p=0.027) (49). Tunisian population

found that increased T2D risk is associated with the G
allele (p=1.38x10) (21). In contrast, the Bangladesh
population showed an increased risk of T2D with those
who carry the C allele (p<0.001) (Aka e a/., 2021).
It is widely recognized that genetic predispositions
to certain diseases vary significantly among different
populations due to evolutionary, environmental, and
demographic factors (51). To the best of our knowl-
edge, this is the first study in Jordan that investigated
the association between HHEX (rs1111875) gene pol-
ymorphisms and the risk of T2D. However, the study
findings are valuable; they must be interpreted within
certain limitations. One such limitation is the small
sample size. Furthermore, the study’s data was from a
single hospital, which introduces a potential source of
bias that may not reflect the whole community. There-
fore, conducting multi-center studies involving many
polymorphisms may provide a more comprehensive
understanding of the genetic determinants of T2D
within the population.
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