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Background: Increased coronary artery atherosclerosis in rheumatoid arthritis (RA) may cause significant
mortality. Tumor necrosis factor (TNF) is a potent proinflammatory cytokine that has been involved in RA
pathogenesis and atherosclerosis.
Aim of the work: To determine the association between TNF-a rs1800629 polymorphism and carotid
atherosclerosis in RA patients.
Patients and methods: This study was carried out on 50 RA patients and 40 age and sex matched healthy
control. All patients were subjected to full history taking, thorough clinical examination, and assessment
of disease activity score (DAS28). Carotid artery intima–media thickness (IMT) was measured by Doppler
ultrasonography. TNF-a �308A/G (rs1800629) polymorphism was assessed.
Results: The mean age of patients was 41.2 ± 13.2 years with disease duration of 6.1 ± 4.5 years. The
mean DAS28 was 4.1 ± 0.8 and Larsen score 2.1 ± 0.9. The mean IMT was significantly higher in patients
(0.78 ± 0.47 mm) compared to the control (0.44 ± 0.16 mm) (p < 0.001). Carotid plaques and calcifications
were present in 2 and 3 patients respectively. Regarding the TNF-a polymorphism, there was a signifi-
cantly higher frequency of GG (60%) followed by GA (24%) and AA (16%) (p < 0.0001). All control had
GG genotype except 1 patient had GA. The G allele was significantly increased (72%) compared to the
A allele (28%) (p < 0.0001). The mean carotid IMT was significantly higher in AA genotype
(1.2 ± 0.4 mm) compared to GA (1.02 ± 0.5 mm) and GG (0.5 ± 0.3 mm) (p < 0.001).
Conclusion: Rheumatoid arthritis and atherosclerosis are strictly linked to each other; TNF-a �308A/G
polymorphism might increase atherosclerotic susceptibility in RA patients through increased risk of
inflammation with subsequent abnormal lipid profile.
� 2020 Egyptian Society of Rheumatic Diseases. Publishing services provided by Elsevier B.V. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Rheumatoid arthritis (RA) is a worldwide inflammatory arthritis
[1] that primarily targets the synovial membrane leading to syn-
ovial inflammation and proliferation, loss of articular cartilage,
and erosions of juxta-articular bone causing progressive joint dam-
age and deformity [2]. Interestingly, the clinical significance of
atherosclerosis and carotid intima-media thickness (CIMT) has
been investigated in Egyptian patients with various rheumatic dis-
eases including systemic lupus erythematosus [3], psoriatic arthri-
tis [4], systemic sclerosis [5], Behcet’s disease [6] and RA [7]. RA
patients are more liable for developing coronary artery disease
with a1.5–2.0-fold increased risk compared with the general pop-
ulation [8] with increased mortality rate [9]. Chronic inflammation
and drug-related risk factors have been suggested to cause a key
role in the development of early atherosclerosis, which contributes
to the development of cardiovascular disease (CVD) [10].

Tumor necrosis factor (TNF-a) is one of the most important
cytokines that causes inflammation in RA [9]. Monocytes and
macrophages are the main producers of TNF-a, but also by
B-cells, T-cells, and fibroblasts. Blocking TNF-awith antibodies sig-
nificantly decreased the production of interleukin (IL)-1, IL-6, IL-8,
and GM-CSF [10]. It has been established that TNF-a has numerous
biological activities. As a starting point for endothelial dysfunction
and endometrial thickening, it can damage directly the vascular
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endothelial cells with subsequent increase permeability resulting
in more cholesterol deposited in the vascular wall, forming
atherosclerotic plaques [11]. Besides it also potentiate the forma-
tion of platelet-derived growth factor, breaking balance between
blood coagulation–anticoagulant, and contributing to thrombosis
[12]. Additionally TNF-a diminishes lipoprotein activity, and
affects the synthesis of other inflammatory factors [11].

It was hypothesized that RA is favored by the existence of the
�308 TNF promoter polymorphism which augment the production
of TNF [13]. It is located on chromosome six within the major his-
tocompatibility complex. Furthermore, it is substantiated that
there is a great link between TNF-a and/or its gene �308 G/A pro-
moter polymorphism with SLE [14] and JRA [15] pathogenesis and
severity.

This study designed to determine the association of TNF-a
rs1800629 polymorphism with carotid atherosclerosis observed
in RA patients.
2. Patients and methods

This case-control study was conducted on fifty RA patients who
fulfilled the 2010 American College of Rheumatology classification
criteria for RA [16] were recruited from the outpatient clinic and
inpatient unit of Rheumatology, Rehabilitation and Physical Medi-
cine Department, the practical part of the study was done at Med-
ical Microbiology and Immunology Department of Benha
University Hospitals. Forty healthy volunteers were recruited from
the hospital personnel and matched for age and sex to RA patients
as a control group. Any patient or control with a history of a cardio-
vascular event; ischemic heart disease (IHD), heart failure, cere-
brovascular accident, or peripheral arteriopathy and smokers
were excluded. The study was approved by the local university
ethics committee. All patients gave their informed consent prior
to their inclusion in the study.

Patients were subjected to full history taking, thorough clinical
examination, and disease activity score in 28 joints was calculated
[17]. Laboratory investigations included complete blood count
(CBC), erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide
(anti-CCP) and lipid profile: total cholesterol, low-density lipopro-
tein cholesterol (LDL-c), high-density lipoprotein cholesterol (HDL-
c) and triglyceride.

Carotid ultrasonography was performed to assess the carotid
IMT and any areas of focal plaques with a GE Vivid 7 system (GE
Healthcare, Milwaukee, WI) equipped with a 13 MHz linear array
imaging probe. The right common carotid artery was scanned with
the patient lying supine with his\her neck slightly extended and
head directed away from the side of examination. A region 1 cm
proximal to the carotid bifurcation was identified, and the intima
media thickness of the far wall was evaluated as the distance
between the lumen–intima interface and the media–adventitia
Fig. 1. Ethidium bromide stained gel electrophoresis of TNF-a �308 genome amplified
RullerTm 50 bp DNA Ladder, Thermo Scientific, Germany).
interface. The IMT measurement was obtained from four adjacent
sites at 1mm distance, and the average of the four measurements
were analyzed. Upper normal average intima media thickness is
estimated to be up to 0.65 mm. Focal thickening >1.5 mmwas con-
sidered to be a plaque on the wall [18].
2.1. Analysis of TNF-a �308G>A (rs1800629) using restriction
fragment length polymorphism (RFLP)

About three mL antecubital venous blood sample was collected
from the subjects into vacutainer tube containing EDTA and stored
at �80 �C. Genomic DNA was extracted from the whole blood
(Gene JET Whole Blood Genomic DNA Purification Mini Kit, Ger-
many) according to the manufacturer’s instructions. Purified DNA
was stored at �20 �C until used. Genomic DNA was amplified using
polymerized chain reaction (PCR) with different primers: Forward/
Reverse (50AGGCAATAGGTTTTGAGGGCCAT30)/(50TCCTCCCTGCTCC
GATTCCG30) [19]. The PCR reaction mixture contained 25 ll Dream
Taq Green in PCR Master Mix (Thermo Scientific, Germany), 15 ll
of tested DNA, 0.5 lM of each primer (Biolegia, BV Nijmegen
Netherlands), and nuclease-free water, was added to the PCR mix-
ture to give a final reaction volume of 50 ll. As a negative control
in each PCR run, nuclease-free water was used instead of the tested
DNA. Rapid cycler PCR (G-Storm Thermal cycler, England) was used
to carry out PCR reactions with the following conditions: 1 cycle of
94 �C for 3 min followed by30 cycles of denaturing at 95 �C for 30 s,
annealing at 60 �C for 60 s and extension at 72 �C for 60 s. Finally,
an extension step was done at 72 �C for 5 min. If DNA was not used
immediately, it was stored at �20 �C till the time of use (Fig. 1). A
10 ll PCR product, from each subject was digested with 1ul of
restriction enzyme Fast Digest NcoI (Thermo Scientific, Germany),
at 37 �C according to the manufacturer’s protocol. The digested
products were analyzed by 2% agarose gel electrophoresis stained
by ethidium bromide and visualized by UV (Fig. 2).
2.2. Statistical analysis

Data were presented as mean ± SD and range or frequency and
percentage. Comparisons between groups were carried out using
the v2-test and Fisher’s exact test. The Student’s t and the
Mann–Whitney were used to test the differences between two
groups regarding parametric and nonparametric data, respectively.
The one-way analysis of variance (ANOVA) (F) and the Kruskal–
Wallis test were used to compare more than two groups as appro-
priate followed by the post-hoc Bonferroni method to detect differ-
ences in pairs. P value < 0.05 was considered significant. All
statistical analyses were carried out in STATA/SE version 11.2 for
Windows (STATA Corporation, College Station, Texas, USA).
by PCR showing amplicon length of TNF is 107 bp. bp 50–1000 DNA ladder (Gene



Fig. 2. TNF-a �308 G > A allele was distinguished by digestion of the PCR product using Fast Digest NcoI restriction enzyme. Lanes 1 and 2 show AA genotype, lane 3 and 4
show AG genotype and lanes 5–10 show GG genotype.
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3. Results

There were 50 (28 women and 22 men) RA patients with a
mean age of 41.2 ± 13.2 years with a mean disease duration of
6.1 ± 4.5 years and BMI of 25 ± 6.2 together with 40 (23 women
and 17 men) age and sex matched healthy controls with a mean
age of 45.4 ± 10 years and BMI of 22.4 ± 4.2. Patients characteristics
are presented in Table 1. 18 patients were regularly receiving
methotrexate (MTX) (12.5–15 mg\w), 10 were receiving lefluno-
mide (LFN) (20 mg\d), 12 were on regular MTX plus LFN, 8 on sul-
fasalazine (2gm\d) and 2 received biological treatment; with or
without low dose corticosteroids (2.5–10 mg\d) or chloroquine
(200 mg\d). NSAIDs were prescribed only when needed. The mean
carotid IMT was significantly higher in patients (p � 0.001) com-
pared to control. The IMT was increased in 23 (46%) of patients
Table 1
Laboratory parameters, disease activity score and Larsen’s score of rheumatoid
arthritis patients.

Variables mean ± SD (range) or n (%) RA patients (n = 50)

ESR (mm/1 h) 43.8 ± 15.8 (18–73)
CRP (mg/l) 12.2 ± 6.9 (4–28)
Hemoglobin (g/dl) 10.8 ± 1.2 (9–14)
Platelets (103/ml) 210.8 ± 65.2 (170–480)
WBCs 6.8 ± 2.3
Anti-CCP positive 32 (64)
RF positive 36 (72)
Total cholesterol (mg/dl) 246.8 ± 51.7 (120–340)
LDL (mg/dl) 156.5 ± 37.9 (65–240)
HDL (mg/dl) 43.6 ± 26.4 (40–150)
Triglyceride (mg/dl) 135.7 ± 43.1 (70–255)
DAS 28 4.1 ± 0.8 (3.01–5.64)
Larsen’s score 2.1 ± 0.9 (1–4)

RA: rheumatoid arthritis; ESR: erythrocyte sedimentation rate; CRP: C-reactive
protein; WBC: white blood cells; anti-CCP: anti-cyclic citrullinated peptide; RF:
rheumatoid factor; LDL: low-density lipoprotein; HDL, high-density lipoprotein,
DAS28, disease activity score in 28 joint.

Table 2
Carotid ultrasound findings in rheumatoid arthritis patients and control.

Carotid US findings
mean ± SD (range)
or n(%)

RA patients
(n = 50)

Control
(n = 40)

p

IMT (mm) 0.78 ± 0.47
(0.35–1.95)

0.44 ± 0.16
(0.3–1.35)

<0.001

(�0.65 mm) 23 (46) 2 (5) –
Plaques 2 (4) 0 (0) –
Calcifications 3 (6) 1 (2.5) –

RA: rheumatoid arthritis; IMT: intima media thickness. Bold values are significant
at p < 0.05.
and 2 (5%) of the control (Table 2). No significant differences
(p = 0.23) were reported between male and female patients regard-
ing carotid IMT. Allelic and genotypic frequencies of TNF-a
�308G>A (rs1800629) gene polymorphisms among controls and
patients are shown in Table 3. Table 4 shows that patients with
AA genotype had significantly higher DAS-28, lipid profile and
increased carotid IMT compared to the other genotypes.
4. Discussion

In the last decades data confirmed that RA has been linked
strongly to atherosclerosis. Actually, patients diagnosed with RA
have greater susceptibility of developments of cardiovascular
events. Several common pathomechanisms link RA and atheroscle-
rosis. Inflammation certainly plays a primary role. TNF-a and IL-6
are potent proinflammatory cytokines involved in RA pathogenesis
and are independent prognostic markers of consequent CVD.
Inflammation in RA changes the concentration of LDL and HDL,
consequently accelerating the occurrence of atherosclerosis and
CVD events. Alternatively, the increase of oxidative processes,
observed frequently in RA, prompts atherosclerosis [20].
Atherosclerosis might be directly related to the primary autoim-
mune processes, and indirectly by the incidence of metabolic syn-
drome and reduced physical activity. Moreover, some genetic
polymorphisms linked with RA occurrence increase atherosclero-
sis, although additional polymorphisms do not enhance CVD sus-
ceptibility. Also, RA therapies may affect cardiovascular system
and atherosclerosis. However, the corner stone of RA management
is to control the disease, or achieve remission, which is the most
important way to decline the incidence of CVD [21].

In the present study, RA patients were more often carriers of A
allele with a higher frequency of TNF-a AA genotype while GG
genotype was higher in control. A meta-analysis including 14 stud-
ies; 10 European, three Latin American and one Asian, indicated
that the TNF-a A allele was significantly associated with RA in
Table 3
Allelic and genotypic frequencies of tumor necrosis factor (TNF-a) polymorphism in
rheumatoid arthritis patients and control.

Genotype TNF-a-308
(rs1800629)

RA (n = 50) Controls (n = 40)

AA 8 (16) 0 (0)
GA 12 (24) 1 (2.5)
GG 30 (60) 39 (97.5)
p <0.0001 –
Alleles A 28/100 1/80

G 72/100 79/80
p <0.0001 –

RA: rheumatoid arthritis. Bold values are significant at p < 0.05.



Table 4
Comparisons among different genotypes in rheumatoid arthritis patients as regards disease activity, laboratory, and radiological data.

Variable mean ± SD RA patients (n = 50) P

AA (n = 8) GA (n = 12) GG (n = 30)

Age (years) 49 ± 11.7 43 ± 16.8 38.4 ± 11.3 0.11
DD (years) 9.9 ± 5.3 3.9 ± 2.9 5 ± 4.3 0.01
DAS28 4.7 ± 0.6 4.4 ± 0.7 3.9 ± 0.8 0.01
Hb (g/dl) 10.5 ± 1.2 10.3 ± 0.8 11.4 ± 2 0.07
WBC (x103/mm3) 7.01 ± 1.7 6.8 ± 1.6 6.7 ± 1.9 0.92
PLT (�103/mm3) 370.3 ± 88.3 346.5 ± 77.3 297.4 ± 79.9 0.04
ESR (mm/1sth) 58.3 ± 15.3 46.7 ± 15.7 41.5 ± 16.2 0.01
CRP (mg/dl) 15 ± 8.8 11.7 ± 4.9 11.6 ± 6.9 0.45
Ch (mg/dl) 272.5 ± 62.9 238.3 ± 57.7 204.3 ± 43.6 0.01
LDL (mg/dl) 163.6 ± 15.2 138.9 ± 40 106.1 ± 32.5 0.051
HDL (mg/dl) 38.1 ± 35.8 61.6 ± 34.9 74.7 ± 24.6 0.02
TG (mg/dl) 143.4 ± 58.6 140.1 ± 33.9 125.4 ± 37.9 0.40
Larsen score 2.6 ± 0.5 2.3 ± 1.2 2.13 ± 0.8 0.06
IMT (mm) 1.2 ± 0.4 1.02 ± 0.5 0.5 ± 0.3 <0.001

DD: disease duration; DAS28: disease activity score in 28 joints; Hb: hemoglobin; WBC: white blood cells; PLT: platelets; ESR: erythrocyte sedimentation rate; CRP: C-
reactive protein; Ch: Cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; TG: triglycerides; IMT: intima media thickness. Bold values are significant at
p < 0.05.
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Latin Americans. Conversely, there was no association with the
TNF-a A allele in European RA patients [22]. On the contrary, a
study that investigated the relationship between TNF-a �308 gene
polymorphism and the possibility of RA in Hunan’s Han Chinese
people [23] found that the susceptibility of disease was increased
with TNF-a �308 G allele patients, and was more common in
females; TNF-a �308 A allele could show a positive role in decreas-
ing the risk of RA in men. Another study [24] proposed that the
promoter polymorphism �308 G/A in the TNF-a gene had no sig-
nificant effect on RA development. These differences in results
may be due to the difference in ethnicity, number of patients’
and the used PCR technique. Moreover TNF stimulates endothelial
damage by the enrollment cells of the immune system, such as the
neutrophils, which can facilitate tissue damage. Conversely, anti-
TNF therapy has been related with an enhancement of endothelial
function in RA patients with severe disease refractory to conven-
tional disease modifying antirheumatic drugs [25].

In this work, patients with IHD or stroke were excluded; a rela-
tion between G �308A polymorphism and IHD with an increased
risk has been reported [26] and TNF-a was strongly implicated in
the pathogenesis of stroke [27]. A meta-analysis evaluated the
association between TNF-aG308A gene polymorphism and coro-
nary atherosclerotic heart disease (CHD) risk. Among 35 articles,
17 were related to TNF-a (G308A) gene mutation and CHD but
was not significantly associated with CHD risk in Asians [28].

Numerous noninvasive assessments of vascular function and
morphology can examine the different stages of subclinical
atherosclerosis and provides valuable data on an individual’s CVD
risk status [21]. In this study, the mean carotid IMT was signifi-
cantly increased in patients, plaques were present in 2 cases while
calcifications tended to be more compared to the control. This may
be explained by the development of oxidative modification of LDL,
that has been connected to TNF-a action by the activation of super-
oxide secretion frommonocytes and endothelial cells [29]; further-
more, HDL components can be changed by the inflammation, so
down their capacity to eliminate cholesterol from atherosclerotic
lesions and decreasing their antioxidant action [30]. Also the con-
centration of LDL and HDL is changed in RA; especially LDLs with
small-dense are augmented, while HDLs small-dense are reduced
[29], so disturbing the balance to atherosclerosis occurrence.

The genetic background for RA-related atherosclerosis has been
identified. Especially, the results demonstrated that rs599839 A/G
polymorphism (chromosome 1p13.3) was linked with higher
plasma total and LDL cholesterol levels and with an overall
enhanced possibility of CVD [20]. The current study reported that
patients with AA genotype had significantly increased carotid
IMT compared to the GG genotype which is associated with longer
disease duration, high disease activity score, elevated ESR; CRP;
and platelet count that are all markers of inflammation. Also RA
patients with AA genotype experienced elevated levels of choles-
terol and LDL and HLD compared to the GG genotype. Gheita
et al. [31] reported that serum TNF-a level was significantly higher
in RA patients compared to controls and was significantly higher in
those with AA promoter polymorphism.

Among the limitations of this work are the relatively small sam-
ple size and not taking into consideration the relation to the used
medications.

In conclusion, RA and atherosclerosis are strictly linked to each
other; TNF-a �308 A/G polymorphism might increase atheroscle-
rotic susceptibility in RA patients through increased risk of inflam-
mation with subsequent abnormal lipid profile.
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