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Genetic Patterns in LDLR Gene Polymorphism among
Individuals with Co-Existing Diabetes and Coronary Artery
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Background: This research investigates the association between genetic polymorphism in the low-density lipoprotein receptor
(LDLR) gene and type 2 diabetes mellitus (T2DM) with coronary artery disease (CAD). It examines two single nucleotide
polymorphisms (SNPs), rs5925 (C/T), and rs11669576 (A/G), located within the LDLR gene on chromosome 19. The focus
of the study involves analyzing the genotypes and haplotypes associated with these two SNPs. Objective: To comprehend the
influence of the two SNPs and their combined presence in haplotypes on the onset of CAD in individuals with diabetes. Materials
and Methods: This research involved 400 participants divided into two groups: 200 individuals with T2DM and CAD and 200
unaffected individuals. Logistic regression analysis was used to assess the risk associated with LDLR gene polymorphisms and
haplotypes. Genotyping employed the allele discrimination/SNP’s real-time PCR TagMan method. Results: The study revealed
a significant association between rs5925 T > C polymorphism and an increased risk of T2DM and CAD, independent of age,
sex, and body mass index. The presence of the C allele significantly elevated the risk. Haplotypes GC and CT were found to be
strongly associated with the diseases. GC increased the risk of T2DM and CAD, while CT appeared to be protective. Haplotype
AT did not show a significant association. Linkage disequilibrium analysis indicated a moderate level of association (D’ = 0.74)
and a weak level of association (> = 0.03) between the two SNPs, suggesting partial correlation. Conclusion: The study highlights
the role of genetic variations in the LDLR gene, particularly SNP rs5925, in the development of T2DM and CAD. Haplotype
analysis revealed significant association, with GC increasing risk and CT showing protective effects, while haplotype AT had no
substantial association with the diseases.
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INTRODUCTION are the enduring complications it brings about.l”]
T2DM stands as a significant standalone contributor to
cardiovascular disease (CVD), which itself constitutes
a prominent global health challenge. Research has
demonstrated that individuals with diabetes are at a
significantly higher risk, approximately two to four times

Diabetes mellitus (DM) and coronary artery disease
(CAD) are complex multifactorial diseases with significant
genetic components.' Understanding the genetic factors
contributing to the comorbidity of DM and CAD is
crucial for improved risk assessment, prevention, and
treatment strategies.>

The rise in type 2 diabetes (T2DM) has been swift,
primarily driven by the growing average lifespan, a
surge in obesity rates, and the adoption of Westernized
lifestyles in developing nations.>® Nevertheless, the
primary contributors to sickness and death in T2DM
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more likely, to develop CAD and experience myocardial
infarction (MI).B

Until now, several studies have showcased how the
interplay between T2DM and cardiovascular risk fosters a
step-by-step advancement of vascular damage, ultimately
culminating in the development of atherosclerosis.”

Numerous additional risk factors for CVD have been
pinpointed, including dyslipidemia, oxidative stress,
smoking, alcohol consumption, and genetic factors.!”
Dyslipidemia, characterized by lipoprotein irregularities,
can exacerbate both microvascular and macrovascular
complications while also contributing to the development
of atherosclerosis in individuals with T2DM.!!

Among the genes implicated in this complex interplay is
the low-density lipoprotein receptor (LDLR) gene, with
specific single nucleotide polymorphisms (SNPs) such as
rs5925 and rs11669576 gaining attention for their potential
roles in the development of T2DM with CAD The LDLR
is located on chromosome 19 (19p13.2), is 45kb long.l'4

LDLR has seven functional domains: the promoter
translation signal sequence (exon 1), the ligand binding
domain (exons 2-6), the epidermal growth factor precursor
homology domain (exons 7-14), the O linked sugar
domain (exon 15), the membrane spanning domain (exons
16-17), and the cytoplasmic domain (exons 17-18).01%

The genetic variation rs11669576 in exon 8 involves coding
sequence variance (in the plus strand) [GCC] > [ACC]
leading to a missense variant [alanine/threonine change] at
amino acid 370. On the other hand, the genetic variation
rs5925 in exon 13 involves coding sequence variance (in
the plus strand) [GTT] > [GTC] leading to synonymous
(silent) variant (Valine) > (Valine) (i.e., no change). These
two genetic variations within the internalization EGF
precursor homology section of LDLR.['4

It has been suggested that genetic variations in LDLR
could be strongly linked to the advancement and
development of specific cerebrovascular conditions,
like cerebral infarction.” LDLR is known to have a
significant role in maintaining cholesterol balance, and
mutations in its genetic makeup could potentially result
in lowered LDLR expression. This, in turn, may cause
increased LDL levels, impaired receptor function, familial
hypercholesterolemia, and ultimately contribute to the
onset of cerebral infarction.!'

One or two of the genetic variations (rs5925) may lead
to damage in the transport or metabolism of low-density
lipoprotein (LDL).'" LDLR functions as a glycoprotein
spanning the cell membrane on hepatocytes, holding
a significant responsibility in maintaining balanced
cholesterol levels within the body."! The LDLR gene
encodes the LDLR, a critical player in lipid metabolism.!'"!
It functions to remove low-density lipoprotein cholesterol
(LDL-C) from the bloodstream. Dysregulation of LDLR

can lead to elevated LDL-C levels, a known risk factor for
CAD.P

Furthermore, variations within the LDLR gene,
particularly SNPs rs5925 and rs11669576, have been
examined for their potential roles in T2DM with CAD.
A linkage of familial hypercholesterolemia has been
established with a total of 1700 mutations found within the
LDLR gene.?! Defects or changes in this gene result in the
genetic condition known as familial hypercholesterolemia,
which is inherited in an autosomal dominant manner.?”

Additionally, alternative splicing leads to the creation of
various transcript variants. This stands as a conventional
risk element for cardiovascular disease.?? In this research,
we examined LDLR haplotypes in the population
change over time and explored their connection to the
development of CAD.PY

MATERIALS AND METHODS
Subjects

The research adopted a hospital-centric methodology,
where patient samples were procured from the
catheterization unit situated in Al-Najaf Center for Cardiac
Surgery and Transcatheter Therapy, located within Al-Sadr
Medical City in Najaf city. Data collection occurred from
November 2021 to March 2022, with all clinical diagnoses
conducted at this facility and blood samples collected in
the clinic’s laboratory.

Weight and height were recorded and used to calculate
the body mass index (BMI). Obesity was defined as
having a BMI of 25kg/m? or higher, following the criteria
established by the World Health Organization (WHO).E3

Hypertension was diagnosed when blood pressure
readings exceeded 140/90mm Hg or if participants were
taking antihypertensive medications. The diagnosis of
T2DM cases followed the standards set by the American
Diabetes Association (ADA), with fasting blood glucose
(FBQG) levels 2126 mg/dL and hemoglobin A1C (HbAIC)
levels 26.5%.3

Dyslipidemia was characterized by total cholesterol (TC)
levels above 200mg/dL, triglycerides (TG) levels over
150mg/dL, LDL levels exceeding 130mg/dL, and high-
density lipoprotein (HDL) levels below 40mg/dL for
males and under 50 mg/dL for female.¥

Individuals were confirmed to have CAD through coronary
angiography, which revealed at least a 70% stenosis in a
major coronary artery or one of its branches.

LDLR genotyping

The LDLR genotyping processed by extracting genomic
DNA (gDNA) from whole blood samples using purification
kits (Add Prep Genomic Product Code: 10023, Korea).
The quality of the DNA was evaluated by employing
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a Bio-drop (Biodrop Ltd., Cambridge, UK) at 260 and
280 nm wavelengths. Integrity was assessed on agarose gel
electrophoresis.

The Mx3005P qPCR system was used to genotype the
alleles. It is high-performance optical system, precise
temperature control, intuitive software interface, and
compatibility with a wide range of fluorescent dyes
and probes. These features combine to deliver accurate
and reliable qPCR results with enhanced efficiency.?

The genotyping process involved the use of specific
primers and probes for two variants, both are designed
according to the National Center for Biotechnology
Information (NCBI); rs11669576 G>A and 1s5925
T>C. For rs11669576, the forward (F) primer was
TTCCCGTGCTCACCCA, the reverse (R) primer was
TGGCTACAAGTGCCAGTGT, and the corresponding
probes were FAM-TGCAGGCTTCGTG-BHQ for the
wild allele and HEX-CTTGCAGGTCTTCGTG-BHQ
for the mutant allele. Similarly, for rs5925, the forward (F)
primer was CCTTACCTCTTGGCTGGGT, the reverse
(R) primer was CCTCACAGGTTCCGATGTCAA,
and the corresponding probes were FAM-
TTGTGGAAGAGAACCATATC-BHQ for the wild type
and HEX-TTGTGGAAGAGGACCATATC-BHQ for
the mutant type.

In each allele discrimination/SNP’s real-time PCR
reaction, the components included GoTaq probe qPCR
Master Mix (12.0 pL), forward primer (1 pL), reverse
primer (1 pL), wild probe (1 pL), mutant probe (1 pL),
genomic DNA (4 pL), and nuclease-free water (5 pL),
resulting in a total volume of 25 pL. The real-time PCR
reactions consisted of three primary steps in each cycle
and typically ran for 40 cycles. For rs11669576, the initial
denaturation conditions were 95°C for Smin in one cycle.
Subsequently, denaturation occurred at 95°C for 10s in
40 cycles, followed by annealing at 58°C for 1 min in 40
cycles, and an extension at 72°C for 30s in 40 cycles.

For rs5925, the initial denaturation conditions were set
at 95°C for Smin in one cycle. The denaturation step
conditions comprised 95°C for 20s in 40 cycles, followed
by annealing at 60°C for 50s in 40 cycles, and an extension
at 72°C for 30s in 40 cycles. This experimental approach
utilized fluorogenic probes labeled with distinct dyes, Hex
and FAM, to differentiate alleles differing by a single
nucleotide.

The presence or absence of a specific allele was determined
by analyzing the CT value obtained for the allele-specific
probe. Amplification plots in the results section illustrate
the relationship between cycles and fluorescence for
specific data collection points.©?7

Taq polymerase plays a crucial role in distinguishing
between various alleles as it binds to specific fluorogenic
probes on the template, causing the probes to be cleaved,

thus releasing a previously obscured reporter dye, known
as “FAM or Hex.” For each assay, we required two PCR
primers without labels and two allele-specific probes, as
noted by Heist et al.?”

To determine the genotype of an unknown DNA
sample, fluorescence was assessed in comparison to
the background fluorescence levels of both dyes. When the
fluorescence significantly exceeded the background for the
dye associated with the wild-type allele but not for the dye
linked to the mutant allele, the sample was classified as
wild-type homozygous. Conversely, when the fluorescence
surpassed the background for the dye identifying the
mutant allele but not for the dye identifying the wild-type
allele, the sample was categorized as mutant homozygous.
In cases where the sample displayed intermediate
fluorescence values for both dyes, it was designated as
heterozygous for both alleles.®

Ethics statement

1. Authorization (Number 2977, dated May 19, 2022)
was obtained from the scientific committee of the
Biochemistry Department at the University of Kufa,
Iraq.

2. Consent was acquired from the Al-Najaf Health
Directorate, a division of the Ministry of Health,
and from the Information Center for Research &
Development of Najaf Province (Number 24848, dated
June 16, 2022).

3. All participants were briefed on the study’s objectives
and procedures, and their verbal consent was sought
for their involvement.

Statistical analysis

By using various inheritance models, including recessive,
codominant, dominant, additive, and allelic models
(specific details have been omitted here), a comprehensive
analysis was executed through the application of multi-
nominal logistic regression analysis, utilizing IBM SPSS
Version 25.0 software. The outcomes were presented in
terms of P value, odds ratios (OR), and 95% confidence
intervals (CI). To ascertain whether the population
demonstrated genetic equilibrium and to detect any
deviations from the expected genetic ratios, the Hardy—
Weinberg calculator was utilized. Furthermore, Haplotype
analysis was conducted employing software designed for
the analysis of haplotype data, version 1.05.

ResuLts

Haplotypes, combinations of alleles on a single
chromosome, can provide valuable insights into the genetic
basis of complex diseases. Analyzing the haplotype-related
patterns of LDLR gene polymorphisms in patients with
CAD and diabetes can elucidate their joint effects on
disease risk.”*”!
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Studies have shown that certain LDLR haplotypes are
associated with a higher risk of CAD. These haplotypes
may exert cumulative effects on lipid metabolism,
exacerbating dyslipidemia and increasing CAD
susceptibility.”

In the context of diabetes, haplotype analysis may
reveal synergistic or antagonistic effects between LDLR
variants. Investigating these interactions can provide a
more comprehensive understanding of the genetic factors
contributing to diabetes risk in individuals with CAD.B!

Assessment of genotype and allele frequencies of LDLR
rs11669576

The analysis presents genetic association data for the
rs11669576 G > A polymorphism examining various
genetic models: codominant, dominant, over dominant,
recessive, and additive. The results indicate no significant
associations between this polymorphism and T2DM with
CAD in most models, except for the recessive model where
individuals with the AA genotype exhibit a reduced risk.
Moreover, the minor allele frequency (MAF) percentages
show no substantial differences between the control and
patient groups. The results remained unchanged after
adjusting for age, sex, and BMI, suggesting that the
presence of the A allele alone is not a significant risk
factor for the condition in this particular study population
[Table 1].

Assessment of genotype and allele frequencies of LDLR
rs5925

Table 2 represents genetic association data for the rs5925
T>C polymorphism, and examines various genetic

models. Under the codominant model, both TC and
CC genotypes show significantly increased risks for the
condition compared to the TT genotype, with substantial
OR 3.2 (adjusted), and 10.5 (adjusted), and P value of
0.0001. In the dominant model, combining TC and CC
genotypes, there is a significant association with an OR
of 3.96 (adjusted), along with a P value of 0.0001. The
over-dominant model also demonstrates a significant
association, with an OR of 2.21 (adjusted) and a P value
of 0.0001. In the recessive model, individuals with the CC
genotype exhibit a significantly elevated risk with an OR
of 5.7 (adjusted) and a P value of 0.0001. The additive
model indicates a significant association, with an OR
of 3.3 and P value of 0.0001. Additionally, the MAF
percentages differ significantly between control (20%) and
patient (44%) groups, with a P value of 0.0001, indicating
that the presence of the C allele is strongly associated
with an increased risk of the T2DM and CAD in this
study population. Overall, the data robustly support a
significant and strong association between the rs5925
T>C polymorphism and an elevated risk of the disease
conditions across various genetic models. The results
remained unchanged after adjusting for age, sex, and BMI.

LDL alleles’ linkage disequilibrium analysis

Table 3 that provides a summary of findings derived from
a genetic association investigation involving two specific
genetic variants, namely rs1169576 and rs5925, within
the context of assessing linkage disequilibrium (LD) in
LDLR alleles.

The results obtained encompass the following statistical
outcomes: Pearson’s P value for rs1169576, standing at
0.469, and Fisher’s P value for rs1169576, registering at

Table 1: Assessment of genotype and allele frequencies of LDLR gene rs11669576

rs11669576 G > A Control 200 Patients 200 Non-adjusted OR (CI 95%) P value Adjusted OR (CI 95%) P value
Codominant
GG Wild 164 162 -
GA 26 36 1.4 (0.81-2.43) 0.23 1.5 (0.85-2.6) 1.64
AA 10 2 0.202 (0.044-0.938) 0.41 0.35(0.7-1.8) 0.21
Dominant
GA+AA 36 38 1.11 (0.66-1.84) 0.7 1.3(0.76-2.2) 0.35
Over dominant
GG+AA 174 164 -
GA 26 36 1.4 (0.85-2.5) 0.2 1.43 (0.9-12.7) 0.211
Recessive
GG+GA wild 190 198 -
AA 10 2 0.19 (0.04-0.88) 0.03 0.34 (0.07-1.7) 0.2
Additive
2GG+GA 354 360 -
2AA+GA 46 40 0.88 (0.55-1.33) 0.5
MAF % (A 11 10 0.5

allele)

*P < 0.05 is considered significant.
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Table 2: Assessment of genotype and allele frequencies of LDLR gene rs5925

rs5925 T>C Control 200 Patients 200 Non-adjusted OR (CI 95%) P value Adjusted OR (CI 95%) P value
Codominant
TT wild T 125 59 -
TC 67 105 3.3(2.1-5.1) 0.0001 3.2(2.03-4.9) 0.0001
cC 8 36 9.5 (4.2-21.7) 0.0001 10.5 (4.5-24.6) 0.0001
Dominant
TC+CC 75 140 3.9 (2.6-6.01) 0.0001 3.96 (2.6-6.1) 0.0001
Over dominant
TT+CC 133 95 -
TC 67 105 2.2(1.5-3.3) 0.0001 2.21(1.6-3.37) 0.0001
Recessive
TT+TC wild 192 165 -
cC 8 35 5.1(2.3-11.3) 0.0001 5.7 (2.6-12.9) 0.0001
Additive
2TT+TC 317 223 -
2CC+TC 83 177 3.3(2.22-4.14) 0.0001
MAF % (C allele) 20 44 0.0001
*P < 0.05 significant
Table 3: LDLR alleles’ linkage disequilibrium analysis
SNP X Pearson’s P Fisher's P OR (95% CI) Allele G A
151169576 0.469 0.493 0.568 0.855 [0.546-1.338] Case 360 (0.9) 40(0.1)
Control 354 (0.885) 46 (0.115)
1s5925 50.347 1.29¢ ™" 1.47e 3.031 [2.218-4.141] Allele T C
Case 223 (0.557) 177 (0.442)
Control 317 (0.792) 83 (0.207)
SNP X2 Pearson’s P Fisher’s P OR (95% CI) Allele G A
181169576 0.469 0.493 0.568 0.855[0.546-1.338] Case 360 (0.9) 40 (0.1)
Control 354 (0.885) 46 (0.115)
1$5925 50.347 1.29¢712 1.47¢12 3.031 [2.218-4.141] Allele T C
Case 223 (0.557) 177 (0.442)
Control 317 (0.792) 83 (0.207)

0.568. In contrast, Pearson’s P value for rs5925 is notably
low, measuring 1.29¢7!2, while Fisher’s P value for rs5925
is similarly low at 1.47¢7"2.

Furthermore, with regard to the OR and the accompanying
confidence interval (CI) metrics, the calculated OR for
rs11695761s 0.855, with a corresponding 95% CI spanning
from 0.546 to 1.338. Conversely, for rs5925, the OR is
notably higher, standing at 3.031, with a 95% CI ranging
from 2.218 to 4.141.

Delving deeper into allele frequencies, it is observed that
for rs1169576, within cases, allele G exhibits a frequency
of 0.9 (equivalent to 90%), whereas allele A is observed at
a frequency of 0.1 (or 10%). In the control group, allele G
is present at a frequency of 0.885 (88.5%), while allele A
is found at a frequency of 0.115 (11.5%). As for rs5925,
within cases, allele C is documented with a frequency of
0.442 (44.2%), while allele T is observed at 0.557 (55.7%).
In the control group, allele C is noted at a rate of 0.207
(20.7%), and allele T is documented at 0.792 (79.2%).

Regarding rs5925, the computed P value strongly indicates
a significant association between this specific genetic
variant and the presence of T2DM with CAD. The OR
of 3.031, accompanied by a 95% CI of [2.218-4.141],
signifies that allele C is significantly linked to an increased
risk of the disease condition compared to allele T.

In contrast, for rs1169576, the obtained P value fail to
reach statistical significance. Moreover, the OR and its
corresponding CI the value 1, suggesting that a robust
association may not exist between this genetic variant and
the presence of T2DM with CAD. In summary, the data
strongly supports the contention that rs5925 is closely
associated with an increased risk of T2DM and CAD,
while rs1169576 does not exhibit a significant association
with the disease condition.

LDL genotypes’ linkage disequilibrium analysis
Table 4, Figures 1 and 2 provide a concise overview of
the results derived from a LD investigation focused on

Medical Journal of Babylon | Volume 22 | Issue 4 | October-December 2025 -




Salman, et al.: LDLR gene polymorphism in diabetic patients

Table 4: LDLR genotypes’ linkage disequilibrium analysis

SNP X2 Pearson’s P Fisher’s P Genotype G/G G/A A/A
rs1169576 6.958 0.03 0.028 Case 162 (0.81) 36 (0.13) 2(0.0)
Control 164 (0.82) 26 (0.13) 10 (0.05)
rs5925 49.887 1.47¢™" 5.85¢712 Genotype C/C T/C T/T
Case 36 (0.18) 105 (0.525) 59 (0.295)
Control 8 (0.04) 67 (0.335) 125 (0.625)
2
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Figure 1: Linkage disequilibrium (LD) D prime (D) non-random
association of alleles at different loci rs5925 and rs11669576 of LDLR
gene. The value of D’ = 0.74 333

two particular single nucleotide polymorphisms (SNPs),
specifically rs1169576 and rs5925.

Concerning 151169576, the analysis yielded a Pearson’s P
value of 0.03, while the Fisher’s P value was slightly lower
at 0.028. In contrast, rs5925 exhibited notably lower P value,
with Pearson’s at 1.47¢™!" and Fisher’s at a more impressive
5.85¢7!2. Regarding genotype frequencies, for rs1169576,
the case group exhibited a distribution of 0.81 for genotype
G/G, 0.18 for G/A, and 0.01 for A/A. In the control group,
these proportions were 0.82 for G/G, 0.13 for G/A, and 0.05
for A/A. Transitioning to 1s5925, the case group displayed
genotype frequencies of 0.18 for C/C, 0.525 for C/T, and 0.295
for T/T. In contrast, the control group manifested genotype
frequencies of 0.04 for C/C, 0.335 for C/T, and 0.625 for T/T.

LD analysis fundamentally involves assessing whether
alleles at distinct loci exhibit a tendency to be co-inherited
more or less frequently than would be anticipated by
random chance. Pertaining to rs1169576, both Pearson’s
and Fisher’s P value are relatively high (P < 0.03 was
disregarded), signifying the absence of a statistically
significant LD between this SNP and the disease condition.

Figure 2: Linkage disequilibrium (LD) r-squared (r? non-random
association of alleles at different loci rs5925 and rs11669576 of LDLR
gene. The value of R =0.03

Consequently, it can be deduced that the genotypes of
rs1169576 are not associated with T2DM and CAD.
Conversely, for r$5925, the P value are exceedingly low,
with Pearson’s at 1.47e!! and Fisher’s at 5.85¢72. This
compellingly suggests a substantial LD between rs5925
and the condition, indicating a significant association
between the genotypes of rs5925 and the ailment.

In conclusion, the data underscores that rs5925 exhibits
statistically significant LD with T2DM and CAD. This
implies that the genotypes linked to this SNP may serve as
valuable genetic markers or potentially harbor functional
implications concerning disease conditions.

LDL haplotype rs1169576 and rs5925 analysis

Table 5 presents a concise summary of results originating
from a haplotype analysis, which delves into the
combination of alleles at various loci within the context of
genetic or clinical outcomes.

In terms of haplotype data, three distinct haplotypes were
investigated: GC, CT, and AT. Their respective frequencies
were as follows: For haplotype GC, the case group
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Table 5: LDLR haplotype rs1169576 and rs5925 analysis haplotype with frequency <0.03 are ignored

Haplotype Case frequency Control frequency Xt Fisher’'s P Pearson’s P OR (95% CI)

GC 170 (0.425) 83 (0.207) 43.754 4.49e ™! 3.72¢M 2.822 (2.065-3.858)
CT 190 (0.475) 271 (0.677) 33.586 9.20e™ 6.8¢7° 0.43 (0.323-0.573)
AT 33(0.082) 46 (0.115) 2.373 0.154 0.123 0.691 (0.432-1.107)

exhibited a frequency of 170 (42.5%), while the control
group displayed a frequency of 83 (20.7%). For haplotype
CT, the case group showcased a frequency of 190 (47.5%),
whereas the control group demonstrated a frequency of
271 (67.7%). For haplotype AT, the case group recorded a
frequency of 33 (8.2%), and the control group observed a
frequency of 46 (11.5%).

OR and CI metrics for these haplotypes were computed
as follows: Haplotype GC yielded an OR of 2.822, with
a 95% CI spanning from 2.065 to 3.858. Haplotype CT
displayed an OR of 0.43, along with a 95% CI ranging
from 0.323 to 0.573. Haplotype AT resulted in an OR of
0.691, accompanied by a 95% CI from 0.432 to 1.107.

Haplotype GC was notably more frequent in cases
compared to controls. Both Pearson’s and Fisher’s tests
yielded exceedingly low P value (specifically, 3.72¢™!! and
4.49¢7!!, respectively). Furthermore, the OR of 2.822,
combined with a 95% CI that excludes 1, indicates an
association between haplotype GC and an elevated risk of
T2DM and CAD.

Conversely, haplotype CT displayed a significantly lower
frequency in cases than in controls. Once again, both
Pearson’s and Fisher’s tests resulted in very low P value
(6.8e7° and 9.20e™, respectively). The OR of 0.43, coupled
with a 95% CI below 1, implies that haplotype CT is linked
to a reduced risk of the condition, signifying a protective
effect. As for haplotype AT, it did not exhibit a substantial
difference in frequency between cases and controls. The P
value from both Pearson’s and Fisher’s tests were relatively
high (0.123 and 0.154, respectively), and the CI of the OR
included 1. This suggests that haplotype AT is not strongly
associated with development of disease conditions.

In conclusion, the haplotype analysis underscores
significant associations between haplotypes GC and CT
and the studied condition. Haplotype GC is associated
with an increased risk, while haplotype CT appears to
offer protection. In contrast, haplotype AT does not
demonstrate a significant association with the condition
based on the available data.

Discussion

In this study, the rs5925 polymorphism is a type of genetic
alteration located in exon 13 of the coding sequence. This
polymorphism doesn’t affect the translation process, as
the amino acid remains the same (Valine (Val) > Valine
(Val)). However, it has been found to influence the splicing
efficiency of the LDLR gene.?”

Moreover, the rs5925 polymorphism has been anticipated
to be among the SNPs responsible for inducing familial
hypercholesterolemia within the Malaysian population.B!
Conversely, the present investigation stands in opposition
to a study conducted in India that examined the influence
of specific LDLR SNPs, one of which includes the
rs5925.634

Additionally, this study explored the rs11669576 LDLR
gene polymorphism under various inheritance models and
found that no link with T2DM and CAD. This may be
due to its common occurrence, normal protein function,
and absence of disease associations. It’s the first study to
establish this negative link.

A 2017 study by Martinelli et alP¥ found significant
associations between LDLR haplotypes and CAD risk in
a European population.

Comparable studies have also indicated that interactions
between LDLR variants and genes related to diabetes
can exert an influence on the susceptibility to CAD in
diabetes.l3*

On the other hand, the analysis of LDLR allele LD,
particularly concerning rs1169576 and rs5925, reveals
distinct relationships with the coexistence of T2DM and
CAD. The significantly low P value and the high OR for
rs5925 indicate a strong LD and a substantial association
with the diseases.l*”

These findings are consistent with a 2019 study by Jha and
colleagues, which identified rs5925 as a robust candidate
for genetic susceptibility to the co-occurrence of T2DM
and CAD.B4

Individuals with both heterozygous (GA) and
homozygous (AA) genotypes were not significantly
associated with these diseases. Thus, these results
suggest that the rs11669576 SNP does not contribute
to the susceptibility to T2DM and CAD in the Iraqi
population.

Table 5 summarizes findings from haplotype analysis,
focusing on three haplotypes: GC, CT, and AT. In the case
group, GC was 42.5%, CT was 47.5%, and AT was 8.2%.
In the control group, GC was 20.7%, CT was 67.7%, and
AT was 11.5%.

OR and CICI for these haplotypes: GC had an OR of
2.822 (95% CI: 2.065-3.858). CT had an OR of 0.43
(95% CI: 0.323-0.573). AT had an OR of 0.691 (95% CI:
0.432-1.107).
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Haplotype GC was notably more frequent in cases
compared to controls. Both Pearson’s and Fisher’s tests
yielded exceedingly low P value (specifically, 3.72¢!! and
4.49¢7!!, respectively). Furthermore, the OR of 2.822,
combined with a 95% CI that excludes 1, indicates an
association between haplotype GC and an elevated risk of
T2DM and CAD.

Conversely, haplotype CT displayed a significantly lower
frequency in cases than in controls. Once again, both
Pearson’s and Fisher’s tests resulted in very low P value
(6.8¢™ and 9.20e7?, respectively). The OR of 0.43, coupled
with a 95% CI below 1, implies that haplotype CT is linked
to a reduced risk of the condition, signifying a protective
effect. As for haplotype AT, it did not exhibit a substantial
difference in frequency between cases and controls.

The haplotype analysis reveals significant associations
between GC and CT with the studied condition. GC
is linked to increased risk, while CT seems protective.
However, haplotype AT is not significantly associated.
Additionally, the linkage disequilibrium (LD) D
prime (D’) for alleles at r$5925 and rs11669576 in the
LDLR gene is 0.74, indicating a moderate level of non-
random association, implying some correlation in their
inheritance.¥

Furthermore, in the context of non-random associations
between alleles at different loci, the LD r-squared (r?) for
rs5925 and rs11669576 within the LDLR gene was found
tobe R2=0.03 (as depicted in Figure 2). This value signifies
a weak or low level of non-random association between
alleles at the rs5925 and rs11669576 loci within the LDLR
gene. This suggests that these alleles are predominantly
inherited independently of each other.*”

ConcLuSION

1. 185925 variant linked to increased increasing risk of
T2DM and CAD.
2. No association of rs11669576 variant with increasing
risk of T2DM and CAD.
. GChaplotypeincreases risk, CT haplotype is protective.
4. Moderate independence between the two SNPs.

98]

Financial support and sponsorship
Nil.

Conflicts of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

REFERENCES

1. Aronson D, Edelman ER. Coronary artery disease and diabetes
mellitus. Cardiol Clin 2014;32:439-55.

2.

20.

21.

23.

Abdulhakeem ZR, Odda AH, Abdulsattar SA. Relationship
of serum ghrelin, amylase and lipase with insulin level in type 2
diabetes mellitus patients. Med J Babylon 2023;20:71-6.

Albadri AME, Al-Diwan JK. Effect of carbohydrate intake on
glycemic control among adult patients with type 2 diabetes mellitus
attending diabetes and endocrine diseases center in Babel, 2022.
Med J Babylon 2023;20:41-7.

Cuschieri S. The genetic side of type 2 diabetes—A review. Diabetes
Metab Syndr 2019;13:2503-6.

Jasem JAA, Al-Moayad HAA-Q. The relationship between
serum levels of irisin and gestational diabetes. Med J Babylon
2022;19:404-8.

Galicia-Garcia U, Benito-Vicente A, Jebari S, Larrea-Sebal A,
Siddiqi H, Uribe KB, et al. Pathophysiology of type 2 diabetes
mellitus. Int J Mol Sci 2020;21:6275.

Kyrou 1, Tsigos C, Mavrogianni C, Cardon G, Van Stappen YV,
Latomme J, er al. Sociodemographic and lifestyle-related risk
factors for identifying vulnerable groups for type 2 diabetes: A
narrative review with emphasis on data from Europe. BMC Endocr
Disord 2020;134:20.

Ma CX,Ma XN, Guan CH, Li YD, Mauricio D, Fu SB.
Cardiovascular disease in type 2 diabetes mellitus: Progress toward
personalized management. Diabetol Cardiovasc 2022;21:74.

Geng T, Huang T. Gene-environment interactions and type 2
diabetes. Asia Pac J Clin Nutr 2020;29:220-6.

Teo KK, Rafiq T. Cardiovascular risk factors and prevention:
A perspective from developing countries. Can J Cardiol
2021;37:733-43.

Owens GHTD. Diabetes
lipoprotein  metabolism.
2017;28:33-343.

Thomas Boyce W, Marla B, Sokolowski GER. Genes and
environments, development and time. Proc Natl Acad Sci USA
2020;117:23235-41.

Beffert U, Stolt PC, Herz J. Functions of lipoprotein receptors in
neurons. J Lipid Res 2004;45:403-9.

The National Center for Biotechnology Information NCBI: U.S.
2023.

Lye SH, Chahil JK, Bagali P, Alex L, Vadivelu J, Ahmad WA, et
al. Genetic polymorphisms in LDLR, APOB, PCSK9 and other
lipid related genes associated with familial hypercholesterolemia in
Malaysia. PLoS One 2013;8:¢60729.

Shawar SM, Al-Drees MA, Ramadan AR, Ali NH, Alfadhli
SM. The Arabic allele: A single base pair substitution activates
a 10-base downstream cryptic splice acceptor site in exon 12 of
LDLR and severely decreases LDLR expression in two unrelated
Arab families with familial hypercholesterolemia. Atherosclerosis
2012;220:429-36.

Richan A, Al-Amili WA. Genetic polymorphisms snp (rs5925) of
LDLR gene associated with familial hypercholesterolemia in Iraqi
patients. Iraqi J Biotechnol 2018;17:75-81.

Zhang Y, Ma KL, Ruan XZ, Liu BC. Dysregulation of the low-
density lipoprotein receptor pathway is involved in lipid disorder-
mediated organ injury. Int J Biol Sci 2016;12:569-79.

Brown JLGMS. The LDL receptor. Arterioscler Thromb Vasc Biol
2009;29:431-8.

Vincent J. Reducing elevated plasma LDL cholesterol: The central
role of the LDL receptor. Clin Pharmacol Ther 2014;96:3-7.
Strom TB, Tveten K, Laerdahl JK, Leren TP. Mutation G805R
in the transmembrane domain of the LDL receptor gene causes
familial hypercholesterolemia by inducing ectodomain cleavage of
the LDL receptor in the endoplasmic reticulum. FEBS Open Bio
2014;4:321-7.

Wong B, Kruse G, Kutikova L, Ray KK, Mata P, Bruckert
E. Cardiovascular disease risk associated with familial
hypercholesterolemia: A systematic review of the literature. Clin
Ther 2016;38:1696-709.

Bassett J, International Diabetes Institute, World Health
Organization Regional Office for the Western Pacific, International
Association for the Study of Obesity. The Asia-Pacific Perspective:
Redefining obesity and its treatment. 2000: 1-56.

and dyslipidemia:
Diabetes Metab

Characterizing
Syndr  Obes

-Medical Journal of Babylon | Volume 22 | Issue 4 | October-December 2025




24.

25.

26.

27.

28.

29.

30.

31

Salman, et al.: LDLR gene polymorphism in diabetic patients

Michael H. Davidson P, Pallavi P. Dyslipidemia (Hyperlipidemia).
MSD Man “Professional Version.” 2023.

Jiangping S, Zhe Z, Wei W, Yunhu S, Jie H, Wang Hongyue
ZH, et al. Assessment of coronary artery stenosis by coronary
angiography: A head-to-head comparison with pathological
coronary artery anatomy. Circ Cardiovasc Interv 2013;6:262-8.
MxPro QPCR Software Instruction Manual. For Mx3000P and
Mx3005P QPCR Systems© Stratagene, an Agilent Technologies
company. USA; 2008.

Heissl A, Arbeithuber B, Tiemann-Boege I. High-throughput
genotyping with TagMan allelic discrimination and allele-specific
genotyping assays. Methods Mol Biol 2017;1492:29-57.

Lacowicz J. Quenching of fluorescence. In: Principles of
Fluorescence Spectroscopy. 3rd ed. Boston, MA: Springer; 2006. p.
277-330.

Wakita S, Kitabatake HM, Hashizume K. Experimental method
for haplotype phasing across the entire length of chromosome 21 in
trisomy 21 cells using a chromosome elimination technique. J Hum
Genet 2022;67:565-72.

Lee J-D, Lee T-H, Kuo Y-W, Huang Y-C, Hsu H-L, Lin Y-H, et
al. Polymorphisms at the LDLR locus may be associated with
ischemic cerebrovascular disease independent of lipid profile. Curr
Neurovasc Res 2012;9:200-6.

Lawson HA, Lee A, Fawcett GL, Wang B, Pletscher LS, Maxwell
TJ, et al. The importance of context to the genetic architecture of
diabetes-related traits is revealed in a genome-wide scan of a LG/J
X SM/J murine model. Mamm Genome 2011;22:197-208.

32.

33.

34.

35.

36.

38.

39.

Lee JD, Hsiao KM, Wang TC, Lee T-H, Kuo Y-W, Huang Y-C,
et al. Mutual effect of rs688 and rs5925 in regulating low-density
lipoprotein receptor splicing. DNA Cell Biol 2014;33:869-75.
Nikolajevi¢-Star&evi¢ J, Popovi¢ D, Letonja MS, Makuc J, Seruga
M, Vujkovac AC, et al. Polymorphism Avall of the LDL receptor
(rs5925) is associated with carotid-intima media thickness in
patients with diabetes mellitus type 2. Slov Med J 2014;83:5-12.

K Jha C, Mir R, Elfaki I, Banu S, Chahal SMS. LDLR gene
polymorphisms (rs5925 and rs1529729) are associated with
susceptibility to coronary artery disease in a South Indian
population. Med Sci 2019;7:80.

Martinelli N, Girelli D, Lunghi B, Pinotti M, Marchetti G, Malerba G,
et al. Polymorphisms at LDLR locus may be associated with coronary
artery disease through modulation of coagulation factor VIII activity
and independently from lipid profile. Blood 2010;5688-97.

Lotta LA, Sharp SJ, Burgess S, Perry JRB, Stewart ID, Navarro C.
Association between low-density lipoprotein cholesterol-lowering
genetic variants and risk of type 2 diabetes a meta-analysis. JAMA
2016;316:1338-91.

Vedrana Bali ZB. Decoding mechanisms by which silent codon
changes influence protein biogenesis and function. Int J Biochem
Cell Biol 2015;64:58-74.

Buraczynska M, Jacob J, Gwiazda-Tyndel K, Ksiazek A. LDLR gene
polymorphism (rs688) affects susceptibility to cardiovascular disease
in end-stage kidney disease patients. BMC Nephrol 2021;22:316.
VanLiere JM, Rosenberg NA. Mathematical properties of the r2
measure of linkage disequilibrium. Theor Popul Biol 2008;74:130-7.

Medical Journal of Babylon | Volume 22 | Issue 4 | October-December 2025 -




