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Abstract

Hyperlipidemia and hypercholesterolemia are metabolic
conditions that elevate cardiovascular disease risk and frequently
co-occur with obesity, insulin resistance, and other metabolic
disturbances. Toll-like receptor 4 (TLR4), a key mediator of innate
immune responses, has been proposed as a link between lipid
metabolism and inflammatory pathways; however, the extent to
which TLR4 genetic variation influences hyperlipidemia
susceptibility remains inadequately defined. This investigation
examined whether the TLR4 polymorphisms rs4986790
(Asp299Gly) and rs1927914 are associated with hyperlipidemia
risk in a Palestinian cohort. The study employed a case-control
design comprising 55 diagnosed
hyperlipidemia/hypercholesterolemia patients and 50 age- and sex-
matched healthy individuals. Genomic DNA was extracted from
peripheral blood, and TLR4 variants were genotyped using PCR-
RFLP with Bccl and Sphl enzymes. Genotype and allele frequency
comparisons were performed using chi-square analysis, with
associations quantified through odds ratios (ORs) and 95%
confidence intervals (Cls). No statistically significant relationship
emerged between rs4986790 and hyperlipidemia susceptibility (P
> 0.05). In contrast, rs1927914 demonstrated a robust association
with disease risk. Relative to the TT genotype, TC genotype
carriers exhibited elevated susceptibility (OR = 17.63, 95% ClI:
3.85-81.20, P < 0.001), and the CC genotype likewise conferred
increased risk (OR = 10.06, 95% CI: 1.15-88.40, P = 0.03).
Dominant model analysis and allele-based comparisons confirmed
a significant relationship between the C allele and hyperlipidemia
(P < 0.001). These observations suggest that TLR4 rs1927914, but
not rs4986790, may influence genetic predisposition to
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Introduction

Dyslipidemia is one of the most common metabolic disorders
worldwide and remains a major public health concern due to its
strong association with cardiovascular disease (CVD),
atherosclerosis, and premature death (Abera et al., 2024; Ballena-
Caicedo et al., 2025). It is characterized by abnormal plasma lipid
profiles, including elevated levels of total cholesterol (TC), low-
density lipoprotein cholesterol (LDL-C), and triglycerides (TG),
and decreased levels of high-density lipoprotein cholesterol (HDL-
C). Beyond these quantitative abnormalities, dyslipidemia is also
associated with qualitative alterations in lipoprotein composition,
such as an increased proportion of small dense LDL particles,
triglyceride-enriched LDL, and more electronegative LDL
particles, all of which possess enhanced atherogenic potential.
These lipid abnormalities promote endothelial dysfunction,
oxidative stress, chronic vascular inflammation, and lipid
deposition in the arterial wall, thereby accelerating the initiation
and progression of atherosclerosis and increasing the risk of
adverse cardiovascular outcomes (Owens et al., 2014; Libby,
2021). The burden of dyslipidemia is particularly pronounced in
the Middle East, where rapid urbanization, westernized dietary
habits, physical inactivity, and rising obesity rates have contributed
to a substantial increase in hyperlipidemia, metabolic disorders,
type 2 diabetes mellitus (T2DM), and other cardiovascular disease
risks, making dyslipidemia an important and growing public health
concern across the region (Motlagh et al., 2009; Kargar & Ansari,
2023; Al-Ashwal et al., 2024).

The burden of dyslipidemia is significantly increasing in Palestine.
According to the Palestinian Ministry of Health (2024) and the
World Health Organization STEPS survey reported by Massad et
al. (2025), non-communicable diseases, particularly CVD and
diabetes, remain the leading causes of morbidity and mortality
among Palestinian adults. Studies conducted in the West Bank
have further shown that metabolic syndrome affects nearly one-
third of the adult population and is frequently accompanied by
dyslipidemia, obesity, hypertension, and impaired glucose
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metabolism (EI Bilbeisi et al., 2017; Damiri et al., 2022). These
health challenges are compounded by socioeconomic hardship,
limited healthcare resources, and the prolonged effects of regional
conflict, which hinder effective prevention and management of
chronic diseases (Marzouk et al., 2023). Together, these
observations emphasize the importance of identifying genetic as
well as environmental factors that influence susceptibility to
dyslipidemia, particularly genes involved in inflammatory
pathways that may contribute to inter-individual variation in
disease risk within the Palestinian population.

The innate immune system serves as the body's primary defense
against invading pathogens and endogenous danger signals by
utilizing pattern-recognition receptors (PRRs). Among these, Toll-
like receptors (TLRs) constitute the most extensively investigated
receptor family. Through the detection of pathogen-associated
molecular patterns (PAMPs) and damage-associated molecular
patterns (DAMPs), TLRs trigger intracellular signaling cascades
that activate nuclear factor-kB (NF-«B) and interferon regulatory
factors, thereby orchestrating inflammatory responses that are
crucial for effective host defense and the maintenance of tissue
homeostasis (Medzhitov, 2001; Akira, 2003; Beutler & Rietschel,
2003; Akira & Takeda, 2004; Bhardwai et al., 2024). Structural
and functional studies have further clarified the ligand recognition
mechanisms of TLRs and their broader roles in immunity,
inflammation, and chronic diseases (Gay & Gangloff, 2007; Jin &
Lee, 2008; Kumar et al., 2009; Sameer & Nissar, 2021; Kawai et
al., 2024).

Within the Toll-like receptor family, TLR4 plays a pivotal role in
connecting innate immune responses with metabolic dysfunction.
In addition to detecting bacterial lipopolysaccharide (LPS), TLR4
responds to endogenous mediators produced during metabolic
stress, such as saturated fatty acids, oxidized low-density
lipoprotein (oxLDL), heat-shock proteins, and other damage-
associated molecules. Its activation initiates MyD88- and TRIF-
mediated signaling cascades that stimulate NF-kB and promote
persistent production of pro-inflammatory cytokines, thereby
driving chronic metabolic inflammation (Akira & Takeda, 2004;
Takeda & Akira, 2015; Kawai et al., 2024).

A growing body of experimental evidence supports the
involvement of TLR4 in lipid metabolism and cardiovascular
disease. Saturated fatty acids activate TLR4-dependent
inflammatory signaling and modulate TLR-mediated immune
responses (Lee et al., 2001; Lee et al., 2003), whereas TLR4
activation has been implicated in insulin resistance, obesity-
associated inflammation, and atherosclerosis (Shi et al., 2006;
Rocha et al., 2016; Yang et al., 2016). Animal studies have further
demonstrated that disruption of TLR4 signaling reduces
atherosclerotic lesion formation (Michelsen et al., 2004), while
reviews by Erridge (2009), Moore et al. (2013), and Libby (2021)
established chronic TLR4-mediated inflammation as a major
driver of vascular disease. Additional evidence indicates that TLR4
expression is associated with hyperlipidemia in humans (Zhu et al.,
2015), and that interactions between TLR4 signaling, cholesterol
metabolism, and innate immune activation contribute to vascular
dysfunction (Zhu et al., 2010; Motkowski et al., 2022; de Oliveira
et al., 2024; Bosco et al., 2025).

Genetic variation within the TLR4 gene may further influence
susceptibility to inflammatory and metabolic disorders by altering
receptor expression or downstream signaling. Lazarus et al. (2002)
first highlighted the extensive genetic diversity within innate
immunity genes and its potential contribution to complex diseases.
Among the identified variants, rs4986790 (Asp299Gly) is one of
the most extensively investigated functional polymorphisms.
Functional studies demonstrated that this variant modifies TLR4
responsiveness to inflammatory stimuli (Ferwerda et al., 2008),
while numerous association studies and meta-analyses have linked
TLR4 polymorphisms to inflammatory, infectious, autoimmune,
cardiovascular, and malignant diseases (Jing et al., 2012; Senhaji
et al., 2014; Chrzgszczyk et al., 2015; Hu et al., 2016; Liu et al.,
2016; Pellegrino et al., 2016; Chaiwiang & Poyomtip, 2019;
Semlali et al., 2019; Tongtawee et al., 2019; Abida et al., 2020;
Quirino et al., 2021; Mostafa et al., 2022; Jahromi et al., 2024).
Despite growing interest in TLR4 genetics, relatively few studies
have investigated the association between TLR4 polymorphisms
and dyslipidemia. Moreover, the reported findings have been
inconsistent across different ethnic populations, underscoring the
need for further research in understudied populations such as
Palestinians.

Evidence supporting the involvement of TLR4 polymorphisms in
metabolic disease is emerging in the Palestinian population. Our
recent work (Al-Razem et al., 2025) demonstrated significant
associations between TLR4 polymorphisms and susceptibility to
T2DM, suggesting that genetic variation within innate immune
pathways contributes to metabolic disease risk among Palestinians.
However, no previous study has investigated whether TLR4
polymorphisms influence susceptibility to hyperlipidemia or
hypercholesterolemia in this population.

Therefore, this case-control study investigated the association of
two TLR4 polymorphisms, rs4986790 (Asp299Gly) and
rs1927914, with susceptibility to
hyperlipidemia/hypercholesterolemia in  Palestinian  adults.
Understanding the contribution of TLR4 genetic variation to
dyslipidemia may improve our understanding of the inflammatory
mechanisms underlying lipid disorders and provide a foundation
for population-specific genetic risk assessment and future
precision medicine strategies for preventing cardiovascular and
metabolic diseases.

Materials and Methods
Study Design and Study Population

This case-control study investigated the association between two
TLR4  gene  polymorphisms and  susceptibility to
hyperlipidemia/hypercholesterolemia in Palestinian adults. A total
of 105 unrelated participants of Palestinian origin were enrolled,
including 55 patients with hyperlipidemia/hypercholesterolemia
and 50 apparently healthy controls. Participants were recruited
from hospitals, outpatient clinics, and primary healthcare centers
in the Hebron Governorate, Palestine. Both men and women aged
30-74 years were included. The case and control groups were well
matched for age and sex, with no statistically significant
differences between them.
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Clinical Evaluation and Participant Selection

Patients were diagnosed with
hyperlipidemia/hypercholesterolemia by their treating physicians
according to the Palestinian national clinical guidelines for the
management of dyslipidemia. The diagnosis was based on the
participants' clinical history (repeated measurements) together
with fasting lipid profile results obtained during routine clinical
care after an overnight fast of 10-12 hours. Laboratory
investigations, including measurements of total cholesterol,
triglycerides, and other lipid parameters, were performed by the
participating healthcare centers as part of routine patient
management. Measurements were all carried out by specialized
health professionals and were not repeated by the research team.

Individuals were eligible for inclusion in the case group if they had
a documented physician diagnosis of hyperlipidemia and/or
hypercholesterolemia based on fasting lipid profile results
recorded in their medical records. Three patients were also
diagnosed with concomitant hyperglycemia according to their
medical records and fasting plasma glucose measurements.

Healthy controls were recruited from the same geographical area
and were frequency-matched to cases by age and sex. Control
participants had no previous history of hyperlipidemia,
hypercholesterolemia, diabetes mellitus, cardiovascular disease, or
other major metabolic disorders. Their medical records indicated
normal fasting lipid profiles according to the same national clinical
guidelines. None of the healthy controls had documented
hyperglycemia or diabetes mellitus.

Participants with incomplete clinical information or insufficient
blood samples for DNA extraction were excluded from the study.

Ethical Approval and Blood Collection

The study protocol received ethical approval from the Research
Ethics Committee of Palestine Polytechnic University and from the
relevant ethics committees and administrative authorities of
participating hospitals and healthcare centers in the Hebron
Governorate, Palestine.

Peripheral venous blood samples (3-5 mL) were collected from
each participant into sterile EDTA tubes. Samples were transported
to the Molecular Biology Laboratory at Palestine Polytechnic
University and stored at 4°C for a maximum of several days before
genomic DNA extraction.

DNA Extraction and TLR4 Genotyping

Genomic DNA was isolated from blood leukocytes using the
Macherey-Nagel Genomic DNA lIsolation Kit (Macherey-Nagel,
Germany) according to the manufacturer's instructions. The TLR4
polymorphisms rs4986790 (Asp299Gly) and rs1927914 were
amplified by polymerase chain reaction (PCR) using sequence-
specific primers (Table 1). PCR amplification was performed with
a commercial PCR Master Mix (New England Biolabs, USA)
according to the manufacturer's protocol and as previously
described by Al-Razem et al. (2025).

Table 1. The primers and PCR-RFLP analysis of the TLR4 genetic
polymorphisms used in the study.

SNP . ¢ e Restriction RFLP

ID Primers (5°-3) enzyme  Product size
Forward: AA =140

S CTGCTCTAGAGGGCCTGTG —

§ Reverse: Bect AG=140,77,63

<

> TTCAATAGTC(?CACTCACCA GG=77.63
Forward: TT =157

S ACAAAATGGTCCCTCACAGC —

'§ Reverse: sph1 1€ =157,90, 67

)

% TGGAAAGTA_I_GGCAAGTGCAA CC =90, 67

Genotyping was performed using the polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP) method.
PCR products were digested with the restriction enzymes Bccl for
rs4986790 and Sphl for rs1927914 (Table 1). Each digestion
reaction contained 1 pL of restriction enzyme, 5 pL of the
appropriate reaction buffer, 2.5 pL of PCR product, and 41.5 pL of
nuclease-free water, yielding a final volume of 50 pL. Reactions
were incubated at 37°C for 60 minutes, followed by enzyme
inactivation at 65°C for 20 minutes.

The resulting restriction fragments were separated by
electrophoresis on 2% agarose gels stained with ethidium bromide
and visualized using a Bio-Rad Gel Documentation System.
Genotypes were determined based on the characteristic restriction
fragment patterns. All molecular analyses were performed at the
Palestine-Korea Biotechnology Center, Palestine Polytechnic
University.

Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics
(IBM Corp., Armonk, NY, USA). Continuous variables are
reported as mean + standard deviation (SD), whereas categorical
variables are summarized as numbers and percentages.

Baseline demographic characteristics were compared between the
hyperlipidemia and control groups using the independent-samples
Student's *t*-test for continuous variables and Pearson's chi-square
(¥?) test for categorical variables. The distribution of each TLR4
genotype among control participants was evaluated for conformity
with Hardy-Weinberg equilibrium (HWE) using the chi-square
goodness-of-fit test.

Differences in genotype and allele frequencies between cases and
controls were assessed using Pearson's chi-square test or Fisher's
exact test when expected cell counts were small. The strength of
the association between TLR4 polymorphisms and hyperlipidemia
risk was quantified by calculating odds ratios (ORs) with
corresponding 95% confidence intervals (95% Cls) under
codominant, dominant, and allelic inheritance models. All
statistical tests were two-sided, and statistical significance was
defined as a P value < 0.05.

Results and Discussion

Demographic and Clinical Characteristics of the Study Population
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The study cohort comprised 105 unrelated adults of Palestinian
origin, including 55 individuals with clinically diagnosed
hyperlipidemia/hypercholesterolemia and 50 apparently healthy
control subjects. The demographic and clinical characteristics of
the participants are presented in Table 2.

Table 2. Demographic and clinical characteristics of the study
participants

Cases (Hyperlipidemia/  Healthy

Characteristic Hypercholesterolemia)  Controls
(n=55) (n=50)
Age group, n (%):
<40 5(9.1) 3(6.0)
40-49 7(12.7) 11(22.0)
50-59 21(38.2) 17(34.0)
>60 22(40.0) 19(38.0)
Sex:
Male 31 (56.4) 28 (56.0)
Female 24 (43.6) 22 (44.0)
Clinical inclusion criteria:
Total cholesterol (mg/dL) >240 <200
Triglycerides (mg/dL) >200 <150
Fasting glucose (mg/dL) >126 <100
HbAlc >6.5% <5.7%
Hyperglycemia, n (%) 3(5.5) 0(0.0)

The case and control groups showed similar demographic profiles.
Patients with hyperlipidemia included 31 men (56.4%) and 24
women (43.6%), while the control group comprised 28 men
(56.0%) and 22 women (44.0%). Statistical analysis revealed no
significant differences between the two groups with respect to age
or sex, indicating that the controls were appropriately matched to
the patient group for these baseline characteristics.

All patients in the case group had a documented physician
diagnosis of hyperlipidemia/hypercholesterolemia based on their
history of fasting lipid profiles obtained during routine clinical
evaluation according to the Palestinian national clinical guidelines.
In contrast, healthy controls had normal fasting lipid profiles and
no previous history of hyperlipidemia or cardiovascular disease.
Three patients (5.5%) in the hyperlipidemia group had concomitant
hyperglycemia, whereas none of the healthy controls had
documented hyperglycemia.

Association between the TLR4 rs4986790 Polymorphism and
Hyperlipidemia

The distribution of TLR4 rs4986790 (Asp299Gly) genotypes and
alleles in patients and controls is summarized in Table 3, and the
corresponding risk estimates are presented in Table 4. Among
patients ~ with  hyperlipidemia/hypercholesterolemia,  the
frequencies of the AA, AG, and GG genotypes were 78.2%,
12.7%, and 9.1%, respectively. In the control group, the
corresponding frequencies were 82.0%, 10.0%, and 8.0%.
Comparison of genotype distributions showed no significant
difference between cases and controls (3> = 0.22, df =2, P = 0.89).

Table 3. Genotype and allele frequencies of the TLR4 rs4986790
(Asp299Gly) polymorphism in hyperlipidemic patients and
healthy controls Data are presented as number (percentage).

Cases (n =55) Controls (n = 50)

Variable n (%) n (%) x> P-value
Genotypes

AA 43 (78.2) 41 (82.0)

AG 7(12.7) 5 (10.0)

GG 5(9.1) 4(8.0) 022 089
Alleles

A 93 (84.5) 87 (87.0)

G 17 (15.5) 13 (13.0) 0.25% 0.62*

Using the AA genotype as the reference category, neither the AG
genotype (OR = 1.34, 95% CI: 0.39-4.65, P = 0.64) nor the GG
genotype (OR =1.19, 95% CI: 0.30-4.79, P = 0.81) was associated
with a significant change in the likelihood of hyperlipidemia
(Table 4).

Table 4. Association between the TLR4 rs4986790 (Asp299Gly)
polymorphism and susceptibility to hyperlipidemia

Genetic Model Comparison OR 95%Cl P-value
Codominant AG vs AA 1.34 0.39-4.65 0.64
GG vs AA 1.19 0.30-479 0.81
Dominant AG+GGvsAA 127 0.48-3.37 0.63
Allelic GvsA 122 0.56-2.68 0.62

Reference genotype: AA.
Odds ratios (ORs) and 95% confidence intervals (Cls) were calculated using
the AA genotype as the reference.

Evaluation of the dominant inheritance model (AG + GG vs. AA)
likewise showed no evidence of an association. Although carriers
of the G allele had slightly higher estimated odds of hyperlipidemia
than individuals with the AA genotype, the difference did not reach
statistical significance (OR = 1.27, 95% Cl: 0.48-3.37, P = 0.63).
Analysis at the allele level produced similar results. The G allele
accounted for 15.5% of alleles in the patient group and 13.0% in
the control group, yielding an OR of 1.22 (95% ClI: 0.56-2.68, P =
0.62).

Taken together, these findings provide no evidence that the TLR4
rs4986790 (Asp299Gly) polymorphism is associated with
susceptibility to hyperlipidemia/hypercholesterolemia in this
Palestinian cohort.

Association between the TLR4 rs1927914 Polymorphism and
Hyperlipidemia

The distribution of TLR4 rs1927914 genotypes and alleles among
patients and controls is presented in Table 5, while the
corresponding measures of association are shown in Table 6.

Table 5. Genotype and allele frequencies of the TLR4 rs1927914
polymorphism in hyperlipidemic patients and healthy controls

Cases (n = 55) Controls (n = 50)
n (%) n (%)

Variable x> P-value

Genotypes
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TT 28 (50.9) 47 (94.0)
TC 21(38.2) 2 (4.0)
cc 6 (10.9) 1(2.0) 314 <0.001
Alleles
T 77 (70.0) 96 (96.0)
C 33(30.0) 4 (4.0) 342 <0.001

Table 6. Association between the TLR4 rs1927914 polymorphism
and susceptibility to hyperlipidemia

?\jgzglc Comparison OR 95% ClI P-value
Codominant  TCvsTT 17.63 3.85-81.20  <0.001
CCvsTT 10.06  1.15-88.40 0.03

Dominant TC+CCvsTT 1511 4.21-54.40  <0.001
Allelic CvsT 1029  3.50-30.30  <0.001

Reference genotype: TT.
Odds ratios (ORs) and 95% confidence intervals (Cls) were calculated using
the TT genotype as the reference.

A pronounced difference in genotype frequencies was observed
between the two study groups. The TT genotype was the
predominant genotype in healthy controls, occurring in 47
individuals (94.0%), but was identified in only 28 patients (50.9%).
In contrast, the TC genotype was present in 21 patients (38.2%)
compared with only two controls (4.0%), whereas the CC genotype
was detected in six patients (10.9%) and one control (2.0%).
Overall, the genotype distributions differed significantly between
cases and controls (> = 31.43, df =2, P < 0.001).

Using TT homozygotes as the reference group, carriers of the TC
genotype had a markedly greater likelihood of hyperlipidemia (OR
=17.63, 95% CI: 3.85-81.20, P < 0.001). A significant association
was also observed for individuals with the CC genotype, who
exhibited an approximately tenfold higher risk than TT
homozygotes (OR = 10.06, 95% CI: 1.15-88.40, P = 0.03).

Evaluation of the dominant genetic model further supported these
findings. Participants carrying at least one C allele (TC or CC)
showed significantly higher odds of hyperlipidemia than those
with the TT genotype (OR = 15.11, 95% CI: 4.21-54.40, P <
0.001) (Table 6).

The allele-based analysis produced consistent results. The C allele
frequency was substantially higher in patients than in controls
(30.0% vs. 4.0%), corresponding to an OR of 10.29 (95% CI: 3.50-
30.30, P < 0.001).

Overall, the results identify a strong relationship between the
TLR4  rs1927914  polymorphism and  susceptibility to
hyperlipidemia/hypercholesterolemia  in  this  Palestinian
population. The presence of the C allele, particularly in individuals
with the TC genotype, was associated with a markedly increased
risk of hyperlipidemia compared with the TT genotype.

Hyperlipidemia and hypercholesterolemia remain among the most
important modifiable risk factors contributing to cardiovascular
disease (CVD) worldwide. Although disturbances in lipid
metabolism have traditionally been attributed to dietary,

metabolic, and genetic factors, increasing evidence indicates that
chronic low-grade inflammation plays a fundamental role in the
initiation and progression of dyslipidemia-associated vascular
complications. Innate immune mechanisms, particularly Toll-like
receptor (TLR)-mediated signaling, have emerged as important
regulators  linking metabolic  stress, inflammation, and
cardiovascular pathology (Garcia et al., 2020). Toll-like receptor 4
(TLR4) recognizes both pathogen-related molecular patterns, such
as lipopolysaccharide, and endogenous metabolic danger signals,
including saturated fatty acids and modified lipids, resulting in
activation of downstream inflammatory pathways, particularly
nuclear factor-kB (NF-«kB), and the subsequent release of pro-
inflammatory cytokines (Akira, 2003; Lee et al., 2003; Akira &
Takeda, 2004). Persistent activation of TLR4 signaling contributes
to macrophage activation, foam cell formation, insulin resistance,
and atherosclerotic progression (Erridge, 2009; Moore et al., 2013;
Libby, 2021; Mulyani et al., 2026).

The results of this work support the growing body of evidence
indicating that dyslipidemia should be viewed not only as a
disorder of lipid synthesis and transport but also as a chronic
inflammatory condition. Increasing evidence suggests that
persistent low-grade inflammation contributes to both the initiation
and progression of metabolic disorders by disrupting lipid
homeostasis and promoting vascular injury. In this regard,
Robinson et al. (2023) proposed that sustained activation of innate
immune pathways drives the development of hyperlipidemia,
T2DM, and their cardiovascular complications involving
mechanisms of trained immunity and prolonged inflammatory
activation. Likewise, Campos-Bayardo et al. (2025) highlighted
the pivotal role of innate immune signaling in linking obesity,
insulin  resistance, dyslipidemia, and chronic metabolic
inflammation. These observations provide a biologically plausible
framework for the present results and further support the concept
that genetic variation within innate immune genes, including
TLR4, may influence individual susceptibility to dyslipidemia by
modulating inflammatory responses to metabolic stress.

The present study investigated the association between two TLR4
polymorphisms, rs4986790 (Asp299Gly) and rs1927914, and
susceptibility to hyperlipidemia/hypercholesterolemia in a
Palestinian population. The demographic characteristics of cases
and controls were comparable, with no significant differences in
age or sex distribution, reducing the likelihood that these variables
influenced the observed genetic associations. Furthermore,
recruiting participants from the same geographical region helped
minimize potential confounding caused by population genetic
variation.

Analysis of the TLR4 rs4986790 polymorphism showed no
evidence of an association with hyperlipidemia under the
codominant, dominant, or allelic genetic models (Table 4).
Although the AG genotype and the G allele were observed slightly
more frequently in patients than in healthy controls (Table 3), the
differences were not statistically significant. These results indicate
that the rs4986790 variant is unlikely to play a major role in genetic
susceptibility to hyperlipidemia in the Palestinian population
studied.
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The absence of an association between rs4986790 and
hyperlipidemia is consistent with previous reports demonstrating
that the functional effects of this polymorphism vary considerably
among different populations and disease conditions, as previously
noted in other Middle Eastern cohorts (Ferwerda et al., 2008;
Semlali et al., 2019).

The Asp299Gly substitution occurs within the extracellular
domain of TLR4 and may influence receptor responsiveness to
inflammatory stimuli. Functional studies have suggested that this
variant can alter TLR4-mediated signaling; however,
epidemiological studies have reported inconsistent associations
with inflammatory and metabolic disorders (Ferwerda et al., 2008).
Such discrepancies may result from differences in allele
frequencies, environmental exposures, linkage disequilibrium
patterns, and sample size. The relatively low frequency of the
minor G allele in our study population may have reduced the
statistical power to detect a modest association with
hyperlipidemia (Table 3).

In contrast, the TLR4 rs1927914 polymorphism demonstrated a
significant association with hyperlipidemia. Individuals carrying
the TC genotype showed increased disease susceptibility
compared with TT homozygotes, and the C allele was associated
with increased risk under dominant and allelic models (Table 5).
The observed association across multiple genetic models supports
the possibility that rs1927914 contributes to genetic susceptibility
to hyperlipidemia in the Palestinian population.

Although rs1927914 is not a coding variant and does not directly
influence the amino acid primary structure of TLR4, regulatory
polymorphisms located within non-coding regions may influence
gene expression, transcriptional activity, mRNA stability, or
interactions with regulatory elements. Altered TLR4 expression
could modify the magnitude of inflammatory responses induced by
endogenous metabolic  ligands. Previous studies have
demonstrated that increased TLR4 activity promotes inflammatory
responses in adipose tissue, liver, and vascular cells, contributing
to impaired insulin signaling, altered lipid metabolism, and
atherosclerosis development (Shi et al., 2006; Libby, 2021).
Therefore, the association identified between rs1927914 and
hyperlipidemia may reflect an effect on TLR4 regulation rather
than receptor structure.

The present findings are biologically plausible given experimental
evidence linking TLR4 to lipid-mediated inflammatory responses.
Previous studies have shown that saturated fatty acids activate
TLR4 signaling, leading to NF-kB activation and the subsequent
production of pro-inflammatory mediators (Lee et al., 2003; Rocha
et al., 2016). In addition, animal studies have demonstrated that
disruption of TLR4 signaling reduces atherosclerotic lesion
formation and alters plaque characteristics, highlighting the
importance of TLR4-mediated inflammation in lipid-associated
vascular disease (Michelsen et al., 2004). Activation of
macrophages through TLR4 signaling also contributes to
cholesterol accumulation and foam cell formation, which are key
events in atherosclerosis development (Moore et al., 2013).

The identification of rs1927914 as a potential genetic marker for
hyperlipidemia is particularly relevant in the Palestinian

population, where non-communicable diseases represent an
increasing public health challenge. Studies from Palestine and
neighboring Middle Eastern populations have reported a
substantial burden of metabolic syndrome, dyslipidemia, obesity,
and cardiovascular risk factors (El Bilbeisi et al., 2017; Damiri et
al., 2022; Massad et al., 2025). Genetic variations affecting
inflammatory pathways may contribute to differences in individual
susceptibility to metabolic disorders among populations exposed
to similar environmental and lifestyle pressures.

The present study has several notable strengths. To our knowledge,
it is among the first to investigate the association between TLR4
polymorphisms and hyperlipidemia in a Palestinian population.
The study design incorporated well-matched control subjects,
evaluated the data under multiple genetic inheritance models, and
employed PCR-RFLP for genotype determination, thereby
enhancing the robustness of the findings. In addition, the consistent
association observed for rs1927914 across different analytical
models increases confidence in the reliability of the reported
results.

Future studies involving larger multicenter Palestinian cohorts,
integration of genetic data with metabolic and lifestyle parameters,
and functional analyses assessing the impact of rs1927914 on
TLR4 expression and downstream inflammatory pathways are
needed. Such investigations may improve understanding of the
contribution of innate immune regulation to lipid disorders and
may support the development of population-specific approaches
for cardiovascular risk prediction and personalized prevention
strategies.

Conclusion

In summary, the present study investigated whether two TLR4
polymorphisms influence susceptibility to
hyperlipidemia/hypercholesterolemia in a Palestinian population.
The findings showed no evidence of an association between the
rs4986790 (Asp299Gly) variant and disease risk under the
codominant, dominant, or allelic genetic models examined. In
contrast, the rs1927914 polymorphism demonstrated a strong and
consistent association with hyperlipidemia, with carriers of the C
allele exhibiting significantly increased odds of disease compared
with TT homozygotes.

These findings suggest that genetic variation within the TLR4 gene
may contribute to susceptibility to hyperlipidemia, although the
effect appears to be polymorphism-specific. The observed
association between rs1927914 and hyperlipidemia supports the
growing evidence that innate immune signaling and chronic
inflammation participate in the pathogenesis of lipid disorders.

To the best of our knowledge, this is the first study to examine the
association between TLR4 polymorphisms and hyperlipidemia in
a Palestinian population. Additional studies involving larger,
independent Palestinian cohorts with broader demographic
representation are needed to confirm these findings. Future
research should also incorporate functional analyses to clarify how
rs1927914 influences TLR4 expression and activity and to
elucidate its potential biological role in lipid metabolism and
inflammation. Such work could improve our understanding of the
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genetic basis of dyslipidemia and support the development of more
accurate approaches for assessing cardiovascular disease risk.
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