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R E S E A R C H A R T I C L E

Increased carotid intima-media thickness and
cardiometabolic risk factors are associated with IL-6
gene polymorphisms in Mexican individuals: The Genetics
of Atherosclerotic Disease Mexican study
Rosalinda Posadas-Sánchez 1, Ángel Rene López-Uribe 1, Juan Reyes-Barrera 1, Julian Ramírez-Bello 1,
María del Rocio Martínez-Alvarado 1, and Gilberto Vargas-Alarcón 2∗

Interleukin 6 (IL-6) is a cytokine implicated in the development of atherosclerosis. This study aimed to determine the association of
three IL-6 gene polymorphisms with increased carotid intima-media thickness (CIMT) and cardiometabolic risk factors. Three IL-6
polymorphisms (rs1800795, rs2069827, and rs1800796) were analyzed in 178 individuals with increased CIMT (CIMT ≥ 75th percentile)
and 906 individuals without increased CIMT (CIMT < 75th percentile). Logistic regression, adjusted for confounding variables, was
employed to assess the associations. The rs1800796 polymorphism was significantly associated with an elevated risk of increased CIMT
(OR = 1.354, Padditive = 0.016; OR = 1.803, Precessive = 0.014; OR = 1.989, Pcodominant2 = 0.008). One haplotype (GCG) correlated with
a higher risk of increased CIMT (OR = 1.288; P = 0.008), while another (GGG) demonstrated a reduced risk (OR = 0.773; P = 0.006). In
individuals without increased CIMT, the rs2069827 polymorphism was associated with low risks of central obesity,
hypoalphalipoproteinemia, and a low risk of presenting with high levels of total cholesterol (TC), non-high-density lipoprotein
cholesterol (non-HDL-C), low-density lipoprotein cholesterol (LDL-C)/HDL-C index, apolipoprotein B, and gamma-glutamyl
transpeptidase. The rs1800796 polymorphism was associated with a low risk of adipose tissue insulin resistance, and the rs1800795
was associated with a minimal risk of central obesity and hypoalphalipoproteinemia. Among those with increased CIMT, rs2069827 was
associated with low risks of central obesity, hypertriglyceridemia, metabolic syndrome, and a high triglyceride (TG)/HDL-C index, while
rs1800796 was associated with a low risk of fatty liver. Similar IL-6 concentrations were observed in both individuals with and without
increased CIMT. In conclusion, the rs1800796 polymorphism is associated with increased CIMT, while the rs2069827 and rs1800795 are
linked to cardiovascular risk factors.
Keywords: Carotid intima-media thickness (CIMT), cardiometabolic risk factors, interleukin 6 (IL-6), polymorphisms, coronary
artery disease (CAD).

Introduction
Coronary artery disease (CAD) is a chronic, progressive, and
multifactorial pathology with an important impact on global
health. One of the primary consequences of atherosclerosis
is cardiovascular disease (CVD). Traditional risk factors for
CAD, such as obesity, hypertension, high total cholesterol (TC),
type 2 diabetes mellitus, and smoking, have been extensively
studied. However, these factors have proven to be weak predic-
tors of CAD [1]. Currently, coronary angiography is regarded as
the actual gold standard for evaluating coronary atherosclero-
sis. However, it is an invasive method with associated risks.
Some studies have suggested that the carotid intima-media
thickness (CIMT) serves as a rapid and reproducible marker for

CAD [2, 3]. Tarnoki et al. [4] demonstrated the genetic influence
on CIMT in a longitudinal twin study. Associations between
increased CIMT and inflammation have been reported [5, 6].
Leonsson et al. [7] reported elevated interleukin 6 (IL-6)
concentrations in patients with untreated pituitary and growth
hormone deficiencies, and these concentrations positively
correlated with CIMT. Similarly, IL-6 concentrations were
linked to increased CIMT values in rheumatoid arthritis
patients who did not have cardiovascular risk factors [8]. CIMT
was associated with the IL-6-174, rs1800795 polymorphism
in a prospective cohort study [9]. In this study, stroke-free
individuals carrying the IL-6 GG genotype displayed an
11% higher increase in CIMT compared to individuals with the
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Figure 1. Flowchart representing the disposition of the participants
included in the GEA Mexican study. The present study specifically incorpo-
rated the healthy participants who were not excluded based on the estab-
lished exclusion criteria (178 with an increased CIMT and 906 without an
increased CIMT). GEA: Genetics of Atherosclerotic Disease; CAD: Coronary
artery disease; IL-6: Interleukin 6; CAC: Coronary artery calcification;
TG: Triglycerides; BMI: Body mass index; CIMT: Carotid intima-media
thickness.

CC+GC genotypes. To date, no studies have examined the asso-
ciation between IL-6 levels, its polymorphisms, and the increase
in CIMT among healthy individuals without a personal or family
history of CAD. The objective of this study was to determine
the association of these variables in a group of healthy
Mexican individuals.

Materials and methods
Subjects
The study included 178 individuals with an increased CIMT
(IMT ≥ 75th percentile) and 906 without an increased CIMT
(IMT < 75th percentile). These individuals were part of the
control group of the Genetics of Atherosclerotic Disease (GEA)
Mexican study (Figure 1). This group consisted of healthy indi-
viduals with no family history of premature CAD, and they
were recruited at our Institute. All these participants under-
went computed tomography (CT) of the chest and abdomen.
The total, subcutaneous, and visceral abdominal fat were also
determined in each participant, as reported by Kvist et al. [10].
Conversely, the coronary artery calcification (CAC) score was
defined using the Agatston method [11]. The current study
included only those individuals without CAC (CAC = 0). Char-
acteristics of the individuals were determined as previously
described [12–14].

Measurement of the carotid intima-media thickness (CIMT)
The CIMT was measured using high-resolution ultrasound
equipment in B mode (Sonosite Micromax) equipped with
a 13–6 MHz linear transducer. The thickness of the intima
and media layers was determined in a supine position with
an extended neck. The measurements took into account
the distance between the arterial intima-lumen and the
media-adventitia interfaces of the far wall. CIMT was defined
based on the average of five readings taken from both the
left and right carotid arteries. A CIMT value above the
75th percentile was established in line with the standards
set by the American Society of Echocardiography. These
measurements were then adjusted for age and sex-specific per-
centiles tailored for ethnicity, specifically for this study, bench-
marks were set according to the Hispanic population [15, 16].
A value above the 75th percentile was considered an
increased CIMT.

IL-6 concentrations
Serum IL-6 concentrations were determined using a Bioplex
system (R&D Systems, Minneapolis, MN, USA), in accordance
with the manufacturer’s instructions. Data analysis was con-
ducted through the Bio-Plex Manager, and the results are pre-
sented in pg/mL.

Genetics
Genomic DNA was obtained from whole peripheral blood
employing the QIAamp DNA Blood Mini Kit (QIAGEN, Hilden,
Germany). IL-6 genotypes rs2069827G/T, rs1800795G/C, and
rs1800796G/C were identified using TaqMan assays on the
7900HT real-time PCR model (Applied Biosystems, Foster City,
CA, USA). To ensure accuracy, 10% of the samples were assayed
in duplicate, and the outcomes were consistent with the initial
findings. The polymorphisms were selected based on a previous
bioinformatics analysis we conducted using the SNPinfo pro-
gram (https://snpinfo.niehs.nih.gov/snpinfo/snpfunc.html).

Ethical statement
This research was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of Insti-
tuto Nacional de Cardiología Ignacio Chávez (protocol 19-1104,
02-18-2019). All sample collections underwent the necessary
approval from the Institutional Review Board.

Statistical analysis
The data are presented as frequencies, medians (with
interquartile range [IQR]), or means ± standard deviations.
Categorical variables were compared using the chi-square test,
while continuous variables were analyzed using the Student’s
t-test or Mann–Whitney U test. The Hardy–Weinberg equilib-
rium was evaluated using the chi-square test. The associations
between the IL-6 polymorphisms and increased CIMT, as well
as with cardiovascular risk factors, were determined using
logistic regression analysis under various inheritance models
(additive, codominant 1, codominant 2, dominant, heterozy-
gous, and recessive). The models were adjusted for potential
confounding variables as appropriate. Haplotype analysis and
linkage disequilibrium evaluations were conducted using the
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Table 1. Demographic, clinical, and biochemical characteristics of the studied groups

Without increased CIMT (n = 906) With increased CIMT (n = 178) P*

Age (years) 51 ± 9 53 ± 8 <0.001

Sex (% of men) 42.9 31.5 0.005

Body mass index (kg/m2) 27.8 (25.3 – 30.6) 28.3 (26.2 – 31.8) 0.010

Waist circumference (cm) 93.5 ± 11.2 95.0 ± 10.4 0.071

Cholesterol (mg/dL)

Total 188 (165 – 209) 194 (176 – 224) 0.001
LDL-C 114 (94 – 133) 121 (103 – 141) 0.001
HDL-C 45 (36 – 54) 46 (37 – 57) 0.167
Non-HDL 141 (120 – 163) 147 (127 – 176) 0.004

Triglycerides (mg/dL) 146 (107 – 201) 141 (111 – 207) 0.620

LDL-C/HDL-C index 2.6 (2.0 – 3.3) 2.7 (2.0 – 3.4) 0.250

Triglycerides/HDL-C index 3.2 (2.1 – 5.3) 3.3 (2.1 – 5.0) 0.897

Apolipoprotein B (mg/dL) 93 (76 – 113) 95 (77 – 115) 0.524

Gamma gutamyl transpeptidase (U/L) 26 (18 – 44) 25 (18 – 40) 0.704

Adipose tissue insulin resistance 9.2 (5.9 – 13.9) 10.1 (6.8 – 15.9) 0.063

IL-6 (pg/mL) 0.87 (0.41 – 1.17) 0.79 (0.41 – 1.73) 0.422

Data are presented as mean ± standard deviation, median (interquartile range) or percentage. IL-6 concentrations were
determined in 876 individuals without increased CIMT and in 174 with increased CIMT. *Student’s t-test, Mann–Whitney U test, or
chi-squared test. CIMT: Carotid intima-media thickness; IL-6: Interleukin 6; LDL-C: Low-density lipoprotein cholesterol; HDL-C:
High-density lipoprotein cholesterol; non-HDL: Non-high-density lipoprotein.

Haploview version 4.1 program (https://www.broadinstitute.
org/haploview/haploview) (Broad Institute of Massachusetts
Institute of Technology and Harvard University, Cambridge,
MA, USA). IL-6 concentrations in individuals with and without
increased CIMT were evaluated using the Mann–Whitney or
Kruskal–Wallis U test, as appropriate.

Results
Demographic, clinical, and biochemical characteristics
According to their CIMT values, the individuals were cat-
egorized into two groups: those with CIMT ≥ 75th per-
centile (individuals with increased CIMT) and those with
CIMT < 75th percentile (individuals without increased CIMT).
Individuals with increased CIMT exhibited a higher body mass
index (BMI) (P = 0.010), and higher concentrations of TC
(P = 0.001), low-density lipoprotein (LDL) (P = 0.001), and
non-high-density lipoprotein (non-HDL) (P = 0.004) com-
pared to those without increased CIMT (Table 1). A high
prevalence of central obesity and high non-HDL cholesterol
(non-HDL-C) levels was observed in individuals with increased
CIMT compared to those without increased CIMT (P < 0.05)
(Figure 2).

IL-6 concentration and its association with IL-6 genotypes
IL-6 concentrations were similar in individuals with increased
CIMT (0.79 pg/mL [IQR 0.41–1.73]) and those without increased
CIMT (0.87 pg/mL [IQR 0.41–1.73]) (P = 0.422). Across the
entire population, no association was found between the IL-6
concentrations and the IL-6 genotypes (P > 0.05) (Table S1).

Association of IL-6 polymorphisms with increased carotid
intima-media thickness
The three studied polymorphisms (rs2069827, rs1800795, and
rs1800796) were in Hardy–Weinberg equilibrium (P > 0.05).
A similar distribution of the rs2069827 genotype and the
rs1800795 genotype was observed in individuals with and
without increased CIMT (P > 0.05). However, the rs1800796
polymorphism was associated with a higher risk of increased
CIMT under six models adjusted for confounding variables.
Specifically, under the recessive model adjusted by age,
sex, BMI, LDL-cholesterol (LDL-C), current smoking, and
type 2 diabetes mellitus, individuals had a 1.8-fold higher risk
of increased CIMT (OR = 1.802, 95% CI 1.125–2.886; P = 0.014)
(Figure 3).

Association of IL-6 polymorphisms with cardiovascular risk
factors in individuals without increased carotid intima-media
thickness
In the group of individuals without increased CIMT, the
rs2069827 polymorphism was associated with a decreased
risk of central obesity (OR = 0.463, 95% CI 0.220–0.974;
Padditive = 0.042), TC > 200 mg/mL (OR = 0.583, 95% CI
0.359–0.947; Padditive = 0.029; OR = 0.597, 95% CI 0.359–0.991;
Pdominant = 0.046), hypoalphalipoproteinemia (OR = 0.568,
95% CI 0.362–0.891; Padditive = 0.014; OR = 0.595, 95% CI
0.369–0.959; Pdominant = 0.033), non-HDL-C > 160 mg/dL
(OR = 0.505, 95% CI 0.289–0.880; Padditive = 0.016; OR = 0.511,
95% CI 0.286–0.911; Pdominant = 0.023; OR = 0.552, 95%
CI 0.309–0.988; Pheterozygote = 0.046; OR = 0.549, 95% CI
0.307–0.983; Pcodominant1 = 0.044), LDL-C/HDL-C index > 4.5
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Figure 2. Distribution of cardiovascular risk factors in individuals with increased CIMT (CIMT - black bars) and those without increased CIMT
(control - white bars). High prevalence of central obesity and high non-HDL-C was observed in individuals with increased CIMT. *P < 0.05. CIMT: Carotid
intima-media thickness; non-HDL: Non-high-density lipoprotein; LDL-C: Low-density lipoprotein cholesterol; HDL-C: High-density lipoprotein cholesterol;
TG: Triglycerides; IR: Insulin resistance.

Unadjusted

Model 1

Model 2

Model 3

Model 4

Model 5

Model 6

Odds ratio
0 0.5 1 1.5 2 2.5 3 3.5

1.930 (1.222 – 5.049); P = 0.005

Without increased CIMT n = 906 0.442
0.372

0.467
0.466

0.092
0.163
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0.396With increased CIMT n = 178

GG GC CC MAF

1.954 (1.233 – 3.097); P = 0.004

1.972 (1.241 – 3.133); P = 0.004

1.876 (1.177 – 2.991); P = 0.008

1.874 (1.175 – 2.990); P = 0.008

1.873 (1.173 – 2.989); P = 0.009

1.802 (1.125 – 2.886); P = 0.014

Figure 3. Association of increased CIMT with IL-6 rs1800796 polymor-
phism, under six models adjusted for confounding variables. Model 1 is
adjusted for age. Model 2 is adjusted for model 1 and sex. Model 3 is adjusted
for model 2 and BMI. Model 4 is adjusted for model 3 and LDL-C levels.
Model 5 is adjusted for model 4 and current smoking. Model 6 is adjusted for
model 5 and type 2 diabetes mellitus. The data represent OR (95% CI). The
P values were calculated using the logistic regression analysis. CIMT: Carotid
intima-media thickness; IL-6: Interleukin 6; LDL-C: Low-density lipoprotein
cholesterol; MAF: Minor allele frequency; BMI: Body mass index.

(OR = 0.594, 95% CI 0.370–0.953; Padditive = 0.031),
apolipoprotein B ≥ 100 mg/dL (OR = 0.522, 95% CI
0.299–0.910; Padditive = 0.022; OR = 0.530, 95% CI 0.297–0.946;
Pdominant = 0.032), gamma-glutamyl-transpeptidase > 75th
percentile (OR = 0.592, 95% CI 0.354–0.990; Padditive = 0.046;
OR = 0.535, 95% CI 0.313–0.917; Pheterozygote = 0.023;
OR = 0.537, 95% CI 0.314–0.920; Pcodominant1 = 0.024). On

the other hand, the rs1800796 polymorphism was associated
with a decreased risk of adipose tissue insulin resistance
(OR = 0.769, 95% CI 0.602–0.981; Pdominant = 0.034; OR = 0.746,
95% CI 0.585–0.951; Pheterozygote = 0.018; OR = 0.736, 95% CI
0.570–0.951; Pcodominant1 = 0.019). Additionally, the rs1800795
polymorphism was associated with a decreased risk of central
obesity (OR = 0.648, 95% CI 0.426–0.987; Padditive = 0.043;
OR = 0.574, 95% CI 0.358–0.920; Pdominant = 0.021; OR = 0.552,
95% CI 0.340–0.898; Pheterozygote = 0.017; OR = 0.551, 95%
CI 0.339–0.897; Pcodominant1 = 0.016), and hypoalphalipopro-
teinemia (OR = 0.769, 95% CI 0.600–0.984; Padditive = 0.037;
OR = 0.755, 95% CI 0.575–0.992; Pdominant = 0.044) (Figure 4).

Association of IL-6 polymorphisms with cardiovascular risk
factors in individuals with increased carotid intima-media
thickness
In the group of individuals with increased CIMT, under the
additive model, the rs2069827 polymorphism was associated
with a decreased risk of central obesity (OR = 0.086, 95% CI
0.013–0.570; P = 0.011), hypertriglyceridemia (OR = 0.293,
95% CI 0.093–0.918; P = 0.035), and triglycerides (TG)/HDL-
C index > 3.0 (OR = 0.337, 95% CI 0.121–0.939; P = 0.037).
On the other hand, the rs1800796 polymorphism was associ-
ated with a decreased risk of fatty liver (OR = 0.648, 95% CI
0.441–0.951; Padditive = 0.027; OR = 0.397, 95% CI 0.169–0.933;
Pcodominant2 = 0.034) (Figure 5).

Discussion
In the present study, analyzing the IL-6 polymorphisms in
individuals with and without increased CIMT, we found that
the rs1800796 C allele and the GCG haplotype were associated
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Figure 4. Association of IL-6 polymorphisms with cardiovascular risk factors in individuals without increased CIMT. The association between IL-6
polymorphisms and various variables under different inheritance models is presented. The data represent OR (95% CI). IL-6: Interleukin 6; CIMT: Carotid
intima-media thickness; HDL: High-density lipoprotein.
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Figure 5. Association of IL-6 polymorphisms with cardiovascular risk factors in individuals with increased CIMT. The association between IL-6
polymorphisms and various variables under different inheritance models is presented. The data represent OR (95% CI). IL-6: Interleukin 6; CIMT: Carotid
intima-media thickness; HDL-C: High-density lipoprotein cholesterol.

with an increased risk of elevated CIMT, whereas rs2069827
and rs1800795 were associated with certain cardiovascular risk
factors.

Patients with CAD exhibit elevated levels of inflammatory
markers, including specific cytokines such as IL-6 [17, 18].
IL-6 plays an important role as a central regulator of the
inflammatory process, acting as an inducer of acute phase
response [19]. It has been reported that IL-6 is a crucial factor

in the early onset of atherosclerosis and has been proposed
as a marker indicating a broader extent of atherosclerotic
lesions [20]. However, the correlations between IL-6 concen-
trations and CIMT are controversial, with studies yielding both
positive and negative findings. For instance, a direct relation-
ship between IL-6 concentrations and CIMT in patients with
type 2 diabetes mellitus has been reported [21]. Conversely,
Elkind et al. [22], when examining stroke-free individuals,
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observed correlations with IL-2 concentrations but not with
IL-6 levels in relation to IMT. In individuals with subclinical
atherosclerosis, a positive correlation between IL-6 levels and
CIMT was identified [23]. Furthermore, a meta-analysis com-
prising 37 studies found that the IL-6 levels significantly corre-
lated with IMT in patients with CVD, those at risk of CVD, and
even healthy participants [24]. Notably, in this meta-analysis,
only two studies focused on healthy participants [25, 26]. While
all these studies identified a correlation between IL-6 levels and
CIMT, none of them analyzed the relationship between the two
variables. In our study, in healthy individuals (without subclin-
ical atherosclerosis as assessed by CT), IL-6 concentrations did
not differ significantly between subjects with increased CIMT
and those without. To the best of our knowledge, this study is
the first to evaluate the relationship between IL-6 concentra-
tions and CIMT in healthy individuals.

The CIMT serves as a noninvasive, rapid, and reproducible
marker for CAD. Evidence has underscored the genetic
influence on both CIMT and arterial stiffness. Investigating
polymorphisms in genes linked to elevated CIMT is essential
for identifying potential genetic markers for this condition.
Several genetic polymorphisms have been associated with CAD,
yet it remains unclear whether these same polymorphisms are
also linked to carotid atherosclerosis. Cunnington et al. [27]
reported that six polymorphisms (rs1333049, rs7044859,
rs496892, rs7865618, rs6922269, and rs2943634) previously
associated with CAD did not correlate with CIMT. Similarly,
two polymorphisms found in the toll-like receptor 4 (TLR-4)
gene showed no association with carotid atherosclerosis in
the general population [28]. In research conducted by our
team, we found no linkage between IL-6 polymorphisms
and the risk of premature CAD (submitted for publication).
However, in the current study focused on healthy individuals,
the rs1800796 C allele and the GCG (rs2069827, rs1800796,
and rs1800795) haplotype were found to be associated with an
increased risk of elevated CIMT. Notably, the risk haplotype
is defined by the presence of the rs1800796 C risk allele.
Hence, identifying this particular polymorphism is sufficient
to discern the association. Rundek et al. [9], when studying
stroke-free participants, reported that those possessing the IL-6
GG (rs1800795) genotype had a CIMT that was 11% greater than
participants with other genotypes. Similarly, Ou et al. [29], in
their study of young patients with internal carotid stenosis,
found that IL-6 promoter polymorphisms heightened the risk
of recurrent stroke. Another study identified a connection
between the IL-6 GG (rs1800795) genotype and increased CIMT
in asymptomatic individuals with carotid atherosclerosis [30].
In our research, this polymorphism was not independently
associated with elevated CIMT. Nonetheless, the risk haplotype
does encompass the G allele of this polymorphism, aligning
with findings by Rundek et al. [9] and Rauramaa et al. [30].
The rs1800796 is situated in the promoter region of the IL-
6 gene. Bioinformatics tools suggest that the C allele in this
polymorphism modifies the binding affinity for transcription
factors fetal alz-50 clone 1 (FAC1) and lymphoma/leukemia-
related factor (LRF). This may lead to heightened IL-6
expression, explaining the association of this polymorphism

with CIMT elevation. Additionally, this polymorphism has
been linked to an increased CAD risk in both Asian and
Caucasian populations [31].

In individuals without elevated CIMT, the rs2069827
T allele was associated to a reduced risk of central obesity,
hypoalphalipoproteinemia. It was also associated with a low
risk of presenting with high levels of TC, non-HDL-C, the
LDL-C/HDL-C index, apolipoprotein B, and gamma-glutamyl
transpeptidase. This polymorphism is situated in the promoter
region of the IL-6 gene. According to bioinformatics tools,
the T allele modifies the binding affinity for the hepatocyte
nuclear factor 3 beta (HNF3B) transcription factor, impacting
the gene’s transcription and subsequent protein production.
The rs1800796 C allele correlated with a decreased risk of
adipose tissue insulin resistance. Meanwhile, the rs1800795 C
allele was linked to a low risk of central obesity and hypoal-
phalipoproteinemia. Both of these polymorphisms are located
in the promoter region and modify the binding affinity for
specific transcription factors: the rs1800796 C allele for LRF
and the rs1800795 C allele for the nuclear factor I (NFI), tumor
protein p53 (tp53), and yin yang 1 (YY1). In individuals with
elevated CIMT, the rs2069827 was associated with a low risk
of central obesity, hypertriglyceridemia, metabolic syndrome,
and a high TG/HDL-C index. The rs1800796 was associated with
a low risk of fatty liver.

The distribution of the alleles for these polymorphisms
varies according to the population being studied. This varia-
tion could influence the associations observed in the present
research. Based on data from the National Center for Biotech-
nology Information, individuals of Mexican (from Los Angeles,
CA, USA), Caucasian, African, and Asian heritage are less likely
to possess the rs2069827 T allele, with frequencies of 2.3%,
11.6%, 0.3%, and 0.1%, respectively. In contrast, the frequencies
for the G allele in these populations are 97.7%, 88.4%, 99.7%, and
99.9%, respectively. Similarly, Caucasians, Africans, Asians,
and those of Mexican ancestry present a lower frequency of
the rs1800795 C allele, with frequencies of 41.6%, 1.8%, 0.1%,
and 13.3%, respectively, when compared to the G allele, which
has frequencies of 58.4%, 98.2%, 99.9%, and 86.7%, respec-
tively. The rs1800796 C allele is notably frequent in Asians
(79%) but less so in Mexicans (34.4%), Caucasians (5%), and
Africans (10%) (https://www.ensembl.org/index.html). Given
this variance, we recommend studies involving populations
with diverse genetic backgrounds to elucidate the true impact
of these polymorphisms on the risk of increased CIMT and asso-
ciated cardiovascular risk factors.

One of the key strengths of this study is its inclusion of
healthy individuals without CAC, as measured by CT, and who
have no personal and family history of CVD. The subjects are
part of a well-structured Mexican cohort with detailed clinical,
demographic, biochemical, and tomographic profiles. However,
some limitations must be considered. Firstly, this is a non-
prospective, cross-sectional study whose design does not allow
for the establishment of causality. Secondly, the number of
individuals with increased CIMT was limited, preventing strat-
ification by sex. As such, caution should be exercised when
interpreting the results. Another limitation is the absence of
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experiments that might elucidate the mechanisms by which
these polymorphisms impact the disease process.

While the association of risk factors with the development
of coronary and carotid artery disease is established, our study
offers valuable insights into the association of IL-6 polymor-
phisms with these risk factors in individuals both with and
without increased CIMT. It is worth noting that the CIMT values
deemed as normal can vary based on population, sex, and age.
Therefore, any replication of the associations identified in this
study should take these variations into account.

Conclusion
In conclusion, our study suggests that the increase in CIMT
may be influenced by the presence of the rs1800796 C allele,
which could be viewed as a risk factor for this elevation.
Both the rs2069827 and rs1800795 polymorphisms are asso-
ciated with various cardiovascular risk factors in individuals
with and without elevated CIMT. Consequently, the rs2069827,
rs1800795, and rs1800796 polymorphisms could serve as poten-
tial genetic markers for an increase in CIMT and associated
cardiovascular risk factors.
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Posadas-Sánchez et al.
IL-6 polymorphisms and increased CIMT 322 www.biomolbiomed.com

http://www.biomolbiomed.com
https://doi.org/10.3389/fimmu.2023.1175421
https://doi.org/10.3389/fimmu.2023.1175421
https://doi.org/10.1016/j.arr.2022.101697
https://doi.org/10.1016/j.arr.2022.101697
https://doi.org/10.3390/jcm12041302
https://doi.org/10.3390/jcm12041302
https://doi.org/10.1097/XCE.0000000000000175
https://doi.org/10.1016/j.atherosclerosis.2004.11.015
https://doi.org/10.1159/000485649
https://doi.org/10.1159/000485649
https://doi.org/10.3899/jrheum.090670
https://doi.org/10.1111/j.1365-2796.2004.01350.x
https://doi.org/10.1016/j.atherosclerosis.2008.06.025
https://doi.org/10.1016/j.atherosclerosis.2008.06.025
https://doi.org/10.1111/j.1365-2796.2005.01509.x
https://doi.org/10.1002/jcb.26467
https://doi.org/10.1161/01.ATV.20.12.2657
https://doi.org/10.1111/jcmm.15246
https://doi.org/10.1111/jcmm.15246
https://www.bjbms.org/ojs/index.php/bjbms/article/view/8992
https://www.bjbms.org/ojs/index.php/bjbms/article/view/7142
http://www.biomolbiomed.com

	Increased carotid intima-media thickness and cardiometabolic risk factors are associated with LY1 IL-6 gene polymorphisms in Mexican individuals: The Genetics of Atherosclerotic Disease Mexican study
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgments
	Related articles published in BJBMS
	Supplemental data



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


