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Abstract
Background 
Rheumatoid arthritis (RA) is an autoimmune disease associated with endothelial dysfunction (ED) and
vascular morbidity. The study aimed to use ultrasound to assess the relationships of lp13.3 genomic region-
rs646776 polymorphism with ED and subclinical cardiovascular disease (CVD) in patients with RA from the
Suez Canal region in Egypt.

Results
This case-control study included 66 patients with RA and 66 healthy controls. Polymerase chain reaction-
restriction fragment length polymorphism showed that the genotype frequencies for lp13.3 genomic region-
rs646776 polymorphism in the RA group were 62.1% (n = 41), 34.8% (n = 23), and 3% (n = 2) for the AA, AG,
and GG genotypes, respectively. The prevalence of the G allele was higher in the RA group than in the
control group (20.5% and 7.6%, respectively; p < 0.01). Furthermore, ED was more prevalent in G allele
carriers than in A allele carriers, suggesting a greater probability of ED and CVD in patients with RA with the
GG genotype than in those with other genotypes.

Conclusions
This study indicated the validity of ultrasound in detecting the association between lp13.3 genomic region-
rs646776 polymorphism and ED in Egyptian patients with RA. These findings could help identify high-risk
patients with RA who may benefit from active treatment to help prevent CVD.
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Introduction
Rheumatoid arthritis (RA) is a chronic autoimmune disease that mainly affects peripheral joints, leading to
systemic arthritis [1]. RA causes accelerated atherosclerosis and potentiates cardiovascular disease (CVD)
[2]. The prevalence rates of smoking, hypertension, and dyslipidemia among Egyptian patients with RA are
7.1%, 25%, and 11%, respectively [3]. Ischemic heart disease is the most common cause of mortality in
patients with RA [4]. Nontraditional risk factors, such as extra-articular manifestations, swollen joint count,
autoantibody levels, and C-reactive protein (CRP) levels, have been implicated in accelerated
atherosclerosis. Endothelial dysfunction (ED) is related to inflammation and can be assessed by flow-
mediated dilatation (FMD) using high-resolution ultrasound of the brachial artery. This approach is a
noninvasive and sensitive tool for evaluating subclinical atherosclerosis [5].

The results of a genome-wide association study identified several gene regions that significantly affect
plasma cholesterol and CVD [6]. These genes are located on chromosome lp13.3 and play roles in ED and
CVD complications. Moreover, polymorphism of the genomic region-rs646776 within the cadherin
endothelial growth factor (EGF) LAG seven-pass G-type receptor 2 (CELSR2), proline/serine-rich coiled-coil 1
(PSRC1), and sortilin 1 (SORT1) gene cluster is related to dyslipidemia and atherosclerosis [7].

Therefore, in this study, evaluation of the genomic region-rs646776 polymorphisms within the
CELSR2/PSRC1/SORT1 gene region and their association with ED detected by ultrasound was done in
patients with RA. The current findings may provide insights into the identification of high-risk patients with
RA who may benefit from active treatment to help prevent the occurrence of CVD.
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Materials And Methods
Study design and patients
This study was carried out as a case-control study to determine the relationships of lp13.3 genomic region-
rs646776 polymorphism with ED in patients with RA without clinically evident CVD through the use of
ultrasound. The study compared patients with RA and healthy controls. This study was carried out at the
Radiology Department, Suez Canal University Hospital, Ismailia, Egypt, over a five-year period. The study
was approved by the Suez Canal University Ethical Research Committee & Institutional Review Board in
accordance with the Declaration of the World Medical Association (Approval number: 887). Written
informed consent was obtained from all of the participants in both study groups.

The population included in the study was classified into two groups: the study group (RA group without
clinically evident CVD), which included 66 patients diagnosed with RA according to the American College of
Rheumatology criteria, and the control group, which included 66 healthy volunteers who were matched to
the study group according to their age and sex. Patients of both sexes, aged 18 years or more, who exhibited
no symptoms and signs of cardiac disease were included in the study group. The following participants were
excluded from the study: patients with comorbid conditions (e.g., diabetes mellitus and hypertension), obese

individuals (BMI ≥ 30 kg/m2), pregnant individuals, and patients with a smoking history, patients with
evidence of cardiac disease based on history, symptoms, clinical signs, investigations, or medications,.

Clinical and laboratory investigations
Full medical histories of the patients were assessed, and clinical examinations were performed. Outcome
measures included the disease activity score (DAS) 28, which is a combined index used for global assessment
of RA disease activity. The following parameters were included in the calculation: the number of swollen
tender joints (0-28), erythrocyte sedimentation rate (ESR), and patient global health assessment (visual
analog scale, 100 mm line, 0 = normal health and 100 = poor health). The levels of disease activity according
to DAS28 were assessed as follows: inactive disease activity (remission), DAS28 < 2.6; low disease activity,
DAS28 = 2.6-3.1; moderate disease activity, DAS28 = 3.2-5.1; severe disease activity, DAS28 ≥ 5.1.

Laboratory investigations included complete blood analyses, ESR, C-reactive protein (CRP), lipid profiles,
rheumatoid factor, liver enzymes, and fasting and post-prandial blood sugar levels.

Imaging studies
Imaging studies included chest X-ray for detection of any chest and/or heart abnormalities (pleural or
pericardial effusion, pneumonia, pneumonitis, interstitial lung, nodules, or others) and Doppler ultrasound
of the brachial artery to detect ED. Endothelium-dependent vasodilation was initiated by reactive
hyperemia, whereas endothelium-independent vasodilation was initiated by sublingual administration of
glyceryl trinitrate (GTN) tablets (Angised 0.5 mg tablet; GSK plc, Brentford, United Kingdom). The border
between the intima and the blood was used. The distance between the outer intima and inner intima was
checked three times for every measurement, and an average was obtained. The longitudinal section of the
right brachial artery was used (Figure 1). The measurements were performed in a quiet room at a
temperature of 21-22°C. Hitachi Preirus ultrasound machine (Hitachi, Ltd., Tokyo, Japan) and GE Logiq E9
ultrasound machine (GE HealthCare Technologies Inc., Chicago, Illinois, United States) having linear
superficial probes with a frequency of 5-15 MHz were used. Patients were placed in a supine position for 15
minutes before measurements. An initial measurement was conducted (pre-FMD). Furthermore, a
pneumatic cuff was inflated up to 200 mm Hg for four minutes. The arterial diameter was obtained again 45-
60 seconds after the deflation of the cuff (post-FMD) (Figures 2, 3). After 15 minutes (to allow recovery before
testing endothelium-independent relaxation), another diameter baseline measurement was conducted (pre-
GTN). Next, a tablet of GTN was administered sublingually. The brachial artery diameter was measured
three to four minutes later (post-GTN). A single radiologist with 18 years of experience (MA), who was
blinded to the participants’ disease status, performed the ultrasound. FMD, GTN-mediated dilatation
(GTNMD), and dilatation ratio were calculated as follows: FMD = ((post-FMD arterial diameter - pre-FMD
arterial diameter)/pre-FMD arterial diameter) × 100; GTNMD = ((post-GTN - pre-GTN)/ pre-GTN) × 100
[8,9]. Each diameter was measured three times on the ultrasound image captured during the maximum
diastolic phase, and the mean value was used to reduce the intra-observer variation. A cut-off value of < 7%
for FMD was used to classify the response as low. DNA extraction, DNA quality assessment, amplification,
and genotyping were done according to well-known laboratory methods [10,11].
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FIGURE 1: Longitudinal ultrasound image of an artery showing intima-
media thickness.

FIGURE 2: Longitudinal ultrasound images of the brachial artery
showing placement of calipers for diameter measurement before (A),
and 45-60 seconds after the deflation of the cuff (B). Endothelium-
dependent flow-mediated dilatation; the endothelium-dependent
vasodilation response was 5%.

FIGURE 3: Longitudinal ultrasound images of the brachial artery
showing placement of calipers for diameter measurement before (A),
and 45-60 seconds after the deflation of the cuff (B). Impaired
endothelium-dependent flow-mediated dilatation; the endothelium-
dependent vasodilation response was 1.33%.
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Statistical analysis
All statistical analyses were carried out using IBM SPSS Statistics for Windows, Version 19.0 (Released 2010;
IBM Corp., Armonk, New York, United States). Values are expressed as mean ± SD. Relationships between
categorical variables were assessed using Pearson’s Chi-square test. Results with p-values less than 0.05
were considered statistically significant.

Results
Table 1 shows the basic characteristics of the patients in the RA and control groups. The mean ages of
individuals in the RA and control groups were similar (38.6 ± 7.3 and 36.6 ± 8.0 years, respectively; p > 0.05).
The frequency of women was higher than that of men in both groups (women/men = 3:1), and there were no
significant differences in sex between groups (p > 0.05). Moreover, no significant differences in occupation
were observed between groups (p > 0.05). Patients with RA had a significantly higher prevalence of positive
family history than the healthy control group (33.3% and 9.1%, respectively; p < 0.01).

Variables RA group (n = 66) Control group (n = 66) Statistical test p-value

Age (years)       

Mean ± SD 38.6 ± 7.3 36.6 ± 8.0
t = 1.6 0.11

Range 26–53 22–54

Sex, n (%)       

Male 17 (25.8%) 16 (24.2%)
χ2P = 0.04 0.84

Female 49 (74.2%) 50 (75.8%)

Occupation, n (%)     

Unemployed 45 (68.2%) 43 (65.2%)
χ2P = 0.31 0.58

Employed 21 (31.8%) 23 (34.86%)

Family history, n (%)     

Negative 44 (66.7%) 60 (90.9%)
χ2P = 11.6 0.0007**

Positive 22 (33.3%) 6 (9.1%)

TABLE 1: Demographic characteristics of the study groups.
*significant p-value at < 0.05; **highly significant p-value at < 0.01

t: Student’s t-test; χ2P: Pearson Chi-square test; R: rheumatoid arthritis

The disease duration in more than half of the patients (53.0%) was between five and 10 years. The mean
values of ESR, CRP, and DAS28 in patients with RA were high (32.6 ± 9.7 mm/h, 15.3 ± 1.6 mg/L, and 4.5 ±
0.89, respectively). The majority of patients had elevated ESR and CRP levels (83.2% and 78.8%,
respectively). Approximately 3% of the study patients showed disease remission. By contrast, 13.6%, 68.2%,
and 18.2% of patients with RA showed low, moderate, and severe disease activities, respectively.

The most frequent symptom of RA was fatigue (54.5%), followed by dyspepsia (43.9%), subcutaneous
nodules (36.4%), dryness of eyes (34.8%), and tingling and numbness (33.3%). Approximately 77%, 71.2%,
51.5%, and 47.0% of patients with RA were treated with hydroxychloroquine and nonsteroidal anti-
inflammatory drugs, steroids, methotrexate, and leflunomide, respectively.

Table 2 shows the ultrasound assessment of FMD in the study groups. Significantly lower mean values of
dilation after sublingual GTN (GTN %) and FMD% were observed in the RA group than in the control group
(p < 0.01). The frequency of FMD < 7% was significantly higher in the RA group than in the control group
(13.6% versus 3.0%, respectively; p < 0.05).
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Variables RA group (n = 66) Control group (n = 66) Statistical test p-value

GTNMD %       

Mean ± SD 16.4 ± 4.2 18.8 ± 3.5
t = 3.6 0.001**

Range 8–26 10.5–26.5

FMD %       

Mean ± SD 11.4 ± 3.2 12.7 ± 2.6
t = 2.8 0.007**

Range 5–19 6–16

FMD < 7% 9 (13.6%) 2 (3.0%) χ2P = 4.9 0.027*

TABLE 2: Endothelial function using dilatation percentage in the study groups.
*Significant p value at < 0.05; **Highly significant p value at < 0.01

t: Student’s t-test; χ2P: Pearson chi-square test; FMD: flow-mediated dilatation; GTNMD: glyceryl trinitrate-mediated dilatation; RA: rheumatoid arthritis

Table 3 shows the genotype and allele frequencies of lp13.3 genomic region-rs646776 in both study groups.
The RA group had a significantly higher frequency of the AG genotype than the control group (34.8% and
15.2%, respectively; p < 0.01). Three percent of patients with RA had the GG genotype, whereas no patients
in the control group had this genotype (p > 0.05). The RA group had a significantly higher frequency of the G
allele than the control group (20.5% and 7.6%, respectively; p < 0.01).

Variables RA group (n = 66) Control group (n = 66) Used test p-value

Genotypes, n (%)       

AA 41 (62.1%) 56 (84.8%) χ2P = 8.8 0.003**

AG 23 (34.8%) 10 (15.2%) χ2P = 6.8 0.009**

GG 2 (3.0%) 0 (0.0%) Fisher 0.079

Alleles, n (%)       

A 105 (79.5%) 122 (92.4%)
χ2P = 9.1 0.002**

G 27 (20.5%) 10 (7.6%)

TABLE 3: Genotype frequencies of lp13.3 genomic region–rs646776 in the study groups.
*Significant p-value at < 0.05; **highly significant p-value at < 0.01

χ2P: Pearson Chi-square test; RA: rheumatoid arthritis

Table 4 shows the consistency of the observed genotype frequencies with Hardy-Weinberg equilibrium in the
RA group. The differences in genotype frequencies between the observed values (RA group) and expected
values (reference values) were not significant, indicating the consistency of the observed genotype
frequencies of the RA group with Hardy-Weinberg equilibrium.
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Genotypes Observed values Expected values χ2 p-value

AA 41 41.8

0.33  0.56AG 23 21.5

GG 2 2.8

Variant allele frequency 0.20    

TABLE 4: Genotype distribution and Hardy-Weinberg equilibrium in the RA group (n = 66).
The genotype frequencies of rs646776 polymorphism in the lp13.3 region were in accordance with the Hardy-Weinberg equilibrium. Comparisons were
performed using χ2 tests.

RA: rheumatoid arthritis

Table 5 shows GTN% and FMD% among Genotype AA and Genotype AG/GG in RA patients. There is a
statistically significant difference between the two groups. Low FMD (< 7%) was noted in 36% of Genotype
AG/GG compared to 0% in Genotype AA. 

Variables Genotype AA (n=41) Genotype AG/GG (n=25) Used test p-value

GTN%

Mean ± SD 18.7 ± 3.2 12.5 ± 2.3
T=8.4 < 0.0001 **

Range 13.5-26 8-15.9

FMD%

Mean ± SD 13.2±2.3 8.5 ± 2.1
T=6.5 < 0.00001**

Range 9.7-19 4.5-12

FMD < 7% 0 (0.0%) 9 (36.0%) Fisher 0.00006**

TABLE 5: Endothelial functions according to Ip13.3 genomic region-rs646776 in RA patients (n-66)
** Highly significant p-value at < 0.01

t: Student’s t-test; Fisher: Fisher’s exact test; GTN: glyceryl trinitrate; FMD: flow-mediated dilatation

Discussion
This study included 66 patients with RA without clinically evident CVD and 66 healthy controls; both groups
were subjected to ultrasound evaluation of ED to assess its relation to lp13.3 genomic region-rs646776
polymorphism. Both groups were matched for age and sex.

Several studies have investigated the associations of multiple genes with traditional vascular risk factors,
CVD, and mortality in patients with RA [12-14]. The current results showed a significant reduction in the
mean values of dilation detected by ultrasound of sublingual GTN (GTN%) and FMD% in the RA group
compared with those in the control group. These results were in agreement with several previous studies, in
which FMD and dilatation ratio were found to be significantly lower in patients with RA than in controls
[15,16]. A similar Egyptian study conducted by Elshereef et al. reported significantly lower endothelial
function parameters, including post-FMD, FMD% dilatation, and dilatation ratio, among patients with RA
than among controls [16]. ED, indicated by impaired FMD, has been observed in the RA population,
including in patients with no traditional CVD risk factors, at both the early and late stages of the disease.
Moreover, ED appears to be related to RA severity [17-19].

The most replicated region for risk of CVD is located near lp13.3. Numerous studies have concluded that a
variant polymorphism within or near the lp13.3 region is associated with a higher risk of coronary artery
disease (CAD) and myocardial infarction as well as the overall risk of CVD and ED [20]. The association
between ED or subclinical atherosclerosis and two gene polymorphisms (rs646776 and rs599839) in the
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lp13.3 genomic region was observed in several studies. Berry et al. examined the associations of these two
single nucleotide polymorphisms (SNPs) (rs646776 and rs599839) with CAD and found that these SNPs were
associated with an increased lifetime risk of CVD [21].

In patients with RA, López-Mejías et al. studied polymorphisms at lp13.3 genomic region-rs599839 [2]. They
showed that patients with RA carrying the G allele exhibited greater ED (FMD%: 4.61%) than patients
carrying the A allele (FMD%: 6.01%). Their results demonstrated a correlation between the rs599839
polymorphism and ED in RA. In the current study, significantly lower mean values of GTN% and FMD% were
observed among patients with RA carrying the AG/GG genotypes than in those carrying the AA genotype.
Moreover, 36% of patients with the AG/GG genotypes showed FMD < 7%, indicating significant ED.
Ultrasound was the prime modality to detect ED and its association with genotype.

This study had several strengths. First, it was a case-control study, which is advantageous when studying
dynamic populations, such as patients with RA and CVD. Furthermore, the study design was appropriate for
evaluating diseases with a long latency period between etiological factors (e.g., generic susceptibility) and
disease manifestation. Another strength of the study is the ethnic and racial homogeneity of the Egyptian
population with similar genetic backgrounds and allele frequencies. Because the overall RA and CVD risk
varies among different populations (i.e., Egyptian, American, European, and Asian), long-term longitudinal
studies using large cohorts with multiple subgroups are required to ensure the generality of the results. The
use of ultrasound for detecting ED was objective and reliable. However, one limitation of this study was the
heterogeneity of manifestations of the study cohort, including various levels of biomarkers and different
severities of symptoms and signs. The dependence on a single radiologist to perform the ultrasound
procedure may also represent a bias.

Conclusions
Ultrasound is a valid imaging modality to evaluate the relationships between lp13.3 genomic region-
rs646776 polymorphism and ED. To the best of the authors' knowledge, this is the first Egyptian study that
focused on the determination of the allele frequency of lp13.3 genomic region-rs646776 polymorphism in
patients with RA without clinically evident CVD and healthy controls. Patients with RA carrying the G allele
had significantly lower mean GTN% and FMD% values indicating the association between ED and G allele.
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