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Abstract 

 

Cytotoxin-associated gene A (CagA) may induce a persistent systemic inflammatory 

response in cardiac syndrome X (CSX). We aimed to evaluate relationship of CagA status 

and high sensitivity C-reactive protein (hs-CRP) in CSX patients. Sixty CSX patients and 

60 gender matched controls were enrolled. Plasma samples were tested in terms of the 

presence of IgG antibody to Helicobacterpylori (anti-H. pylori)  and CagA (anti-CagA) 

using ELISA method. Also, plasma level of hs-CRP was measured by ELISA method. CSX 

patients were detected to have significantly higher plasma hs-CRP level in comparison with 

the control ones (3.64 ± 3.07 vs. 0.54 ± 0.49, µg/ml, P = 0.0001). Plasma levels of hs-CRP 

in CSX patients with anti-CagA+ were significantly higher than those in anti-CagA(-) 

(CSX: 4.66±3.63 vs. 2.58±1.95 µg/ml, P = 0.011). Also, plasma levels of hs-CRP in the 

controls with anti-CagA+ were significantly higher than those in anti-CagA- (1.05±0.68 vs. 

0.32±0.31 µg/ml, respectively, P = 0.004). The present data suggested that CagA status was 

probably associated with susceptibility to severe CSX by causing inflammation. The 

evidence for this hypothesis indicated that levels of hs-CRP increased in anti-CagA+ 

patients compared to the anti-CagA- ones. 
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1. Introduction 

 

Cardiac syndrome X (CSX) is a condition characterized by the presence of angina pectoris 

and a positive response to stress or radionuclide tests with a normal coronary arteriogram 

[1]. Coronary endothelial dysfunction leading to microvascular angina has been proposed 
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as the most important pathogenetic mechanism in this syndrome [2]. The mechanisms 

responsible for endothelial dysfunction in CSX patients are not well understood [3]; but, 

recent observations have revealed the role of inflammation in pathogenesis of endothelial 

dysfunction [4] and correlation of C-reactive protein (CRP) concentration with severity of 

symptoms in CSX patients [5].
 

CRP, the most exquisitely sensitive systemic marker of inflammation, has been 

recently known to be associated with vascular dysfunction [6]. The most important one 

among possible candidates for a clinically useful biomarker of cardiovascular disease risk 

is CRP as measured by high-sensitivity assay [7]. 

On the other hand, systemic inflammation that can be caused by Helicobacter pylori 

(H. pylori) may play an important pathogenic role in vascular diseases such as cardiac 

syndrome X (CSX) [8]. H. pylori is a gram-negative bacterium which infects human 

stomach. It may also lead to extra-intestinal manifestations such as vascular and heart 

diseases [9] by causing systemic inflammation [10].
 

Several studies have demonstrated that only cytotoxin associated gene A positive 

(CagA+) strain of H. pylori could increase risk of atherosclerosis, except CagA negative - 

H. pylori (anti-CagA-). CagA+ may evoke more inflammation and it has been identified 

as a possible marker of H. pylori virulence [11-13]. Therefore, this study sought to 

analyze possible relationship between CagA+ strain and hs-CRP level in CSX patients.  

 

2. Experimental 

 

2.1. Study design 

This study was a case-control one, conducted in the Department of Cardiology, Urmia 

University of Medical Sciences, Urmia, Iran. The patients with CSX and apparently 

healthy controls were studied.
 
The case group consisted of 60 consecutive CSX patients 

(38 females, 22 males; mean age of 51.8±12.3 years).
 
 

Entry criteria included typical anginal chest pain, normal 12-lead
 
ECGs at rest, 

positive exercise ECG stress test response and completely normal coronary angiogram. 

Non-cardiac causes of chest pain such as gastrointestinal
 
and musculoskeletal disorders 

and diabetes mellitus were also identified and ruled
 
out as appropriate. The control group 

consisted of 60 apparently healthy
 
subjects (39 females, 21 males; mean age of 48.9 ± 6.3 

years). None of the control subjects had previous
 
history of chest pain or acute/chronic 

diseases. Also, none of these
 
subjects were taking cardiac or non-cardiac medications. The

 

study was approved by the local research ethics committee and
 
a written informed consent 

was obtained from all the subjects. 

 

2.2. Biochemical assays 

 

A 5-mL trisodium citrated blood sample was obtained from each subject and centrifuged 

at 2,000 g for 15 min. Plasma was aliquoted and stored at -80°C
 
until the analysis. 

Specific anti-H. pylori immunoglobulin-G concentration was measured by a commercial 
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enzyme-linked immunosorbent assay (ELISA; Glob anti- H. pylori/IgG, Milan, Italy) 

according to its manufacturer’s instructions (sensitivity of 96.5% and specificity of 

98.6%). Plasma positivity to the specific virulence-associated H. pylori antigen CagA was 

assessed by ELISA (Dia.Pro, Milan, Italy; sensitivity and specificity of >98%) in H. 

pylori +, as well. Also, plasma levels of hs-CRP were determined using ELISA kits from 

Monobind Inc. (Lake Forest, California, USA). 

 

2.3. Statistical analysis 

 

The data were analyzed in SPSS software (v. 16.0). Qualitative variables (prevalence of 

H. pylori and CagA+ infections) were shown as absolute values and percentage and 

quantitative variables (age, systolic blood pressure, diastolic blood pressure and body 

mass index (BMI)) and level of hs-CRP were demonstrated as mean ± standard deviation 

(SD). Differences between the groups and subgroups were interpreted based on 

independent-samples t-test and, for qualitative data, it was on the basis of Chi-square test. 

P value of less than 0.05 was considered statistically significant. 

 

3. Results  

 

Sixty CSX patients (38 females and 22 males) with mean age of 51.8±12.3 years were 

compared with 60 healthy individuals (39 females and 21 males) with mean age of 48.9 ± 

6.3 years in the control group. Demographic and clinical characteristics of both groups are 

depicted in Table 1. There were no significant differences in terms of age, gender, systolic 

and diastolic blood pressures and BMI between CSX and control groups (P > 0.05).  

 
Table 1. Demographic and clinical characteristics of CSX patients and controls. 
 

Variables CSX Control P value 

Age (years) 51.8±12.3 48.9±6.3 0.096 

Gender (female/male) 38/22 39/21 0.851 

Systolic BP (mmHg) 122.5±9.3 120.2±7.0 0.127 

Diastolic BP (mmHg) 77.6±8.5 75.8±6.9 0.201 

BMI (kg/m2 ) 27.0±4.2 26.2±3.4 0.301 

 

BP: blood pressure; BMI: body mass index 

 

H. pylori infection was diagnosed in 57 (95.0%) patients with CSX and 24 (40.0%) 

individuals in the control group (P<0.01). Also, among CSX group, 31 patients had 

positive CagA (54.4% of H. pylori+) while only 13 ones had CagA+ (54.2% of H. 

pylori+, P>0.05) in the control group. 
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Levels of hs-CRP were measured and compared between CSX and control groups. As 

presented in Fig. 1, the patients with CSX were detected to have significantly higher 

plasma levels of hs-CRP in comparison to the control group (3.64 ± 3.07 vs. 0.54 ± 0.49, 

µg/ml; P = 0.0001). 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 1. The plasma levels of hs-CRP in CSX patients and controls. 

 

 

Also, in CSX and control groups, levels of hs-CRP were compared between anti-H. 

pylori+/ anti-H. pylori- and anti-CagA+/anti-CagA- subgroups. As presented in Table 2, 

in both groups, plasma levels of hs-CRP in anti-H. pylori+ subgroup [CSX: 3.71±3.14; 

control: 0.72±0.65 µg/ml] were higher than those in anti-H. pylori- subgroups [CSX: 

2.40±0.81; control: 0.42±0.30 µg/ml, (P = not available and P = 0.021, respectively). 

Regarding the low number of CSX patients by anti-H. pylori- (5%: three of the samples 

were anti-H. pylori-), P-value was not statistically valuable for anti-H. pylori status in 

CSX patients.  

 
Table 2. The levels of hs-CRP in Anti-H. pylori+, Anti-H. pylori-, Anti-CagA+ and Anti-CagA- 

subgroups of CSX patients and controls. 
 

 

P Anti-CagA- Anti-CagA+ P Anti-H. 

pylori- 

Anti-H. 

pylori+ 

Group 

0.004 0.32 0.31 1.05 0.08 0.021 0.42 0.30 0.72 0.65 Controls 

0.011 2.58 1.95 4.66 3.63 NA 2.40 0.81 3.71 3.14 CSX 

 

 

In addition, as shown in Table 2, in both groups, plasma levels of hs-CRP in anti-

CagA+ subgroups [CSX: 4.66±3.63 µg/ml; control: 1.05±0.68 µg/ml)] were significantly 

higher than those in anti-CagA- subgroups [CSX: 2.58±1.95; control: 0.32±0.31 µg/ml], 

(P = 0.011 and P = 0.004, respectively). 
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On the other hand, we made a correlation gender wise and anti-CagA status (positive 

or negative). We found anti-CagA (-)_CSX- females were significantly higher than CSX- 

females in anti-CagA(-) subgroups (P = 0.031) (see Table 3). 

 
    Table 3. Correlation between gender and anti-CagA status in CSX patients and controls. 

 

P* Anti-CagA- Anti-CagA+ Gender (female/male) 

0.459 6/5 9/4 Controls    

0.031 13/13 24/7 CSX 
 

             P*= pearson correlation. 

 

4. Discussion 

 

It has been recently found that H. pylori  is associated with CSX [14]. This organism may 

cause inflammation and immune response by releasing some cytotoxic substances which 

are mainly responsible for systemic manifestations of H. pylori [15]. Numerous pieces of 

evidence have shown that inflammation plays  a  key role in cardiovascular diseases [16-

18]. Tondi et al. showed a significant role for subclinical inflammation in the impairment 

of endothelium-dependent vasodilator function of these patients [19].
 

CRP is a sensitive, nonspecific systemic marker of inflammation [20]. Although CRP 

was initially believed to be only a marker of vascular inflammation, recent research have 

indicated that it also plays an active role in atherogenesis [7]. Calabro et al. [21] 

demonstrated that smooth muscle cells of human coronary arteries may also produce CRP 

as a local response to inflammatory cytokines. They further noted that this locally 

produced CRP may participate in the atherogenic process [21]. Compared to controls, 

patients with CSX had significantly higher hs-CRP concentrations [22].
 

In addition, some recent studies have indicated that high levels of CRP are associated 

with coronary microvascular endothelial dysfunction in CSX [3]. Recio-Mayoral et al. 

[23] suggested a role for inflammation in the modulation of coronary microvascular 

responses in CSX patients. 

Arroyo-Espliguero et al. conducted a study in which it was shown that CRP 

concentrations are correlated with intima–media thickness of the common carotid artery in 

CSX patients; this issue confirmed the presence of an impaired arterial wall structure and 

some degrees of atherosclerotic burden in these patients despite normal findings on 

coronary angiography. Also, as observed in the patients with coronary artery diseases, 

elevated CRP levels in CSX patients were shown to be independent from age, gender, 

obesity and cholesterol levels, which suggested that inflammation may enhance effect of 

certain conventional risk factors on promoting endothelial dysfunction and atherogenesis 

[3].
 

As reported previously [24], prevalence of H. pylori infection in CSX patients was 

significantly higher than normal controls ; however, there was no significant difference in 

the prevalence of anti-CagA+ between two groups. The patients with CSX were detected 

http://www.ncbi.nlm.nih.gov/pubmed?term=Tondi%20P%5BAuthor%5D&cauthor=true&cauthor_uid=22013731
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to have significantly higher plasma hs-CRP levels in comparison with normal controls. 

Also in both groups, plasma levels of hs-CRP in anti-H. pylori+ and anti-CagA+ subjects 

were higher than those in anti-H. pylori- and anti-CagA- ones, respectively. 

Regarding the present results, it could be speculated that H. pylori and prominently its 

CagA+ strain infection can cause chronic inflammation and increase generation of various 

inflammatory metabolites including hs-CRP. Probably, this involves the whole 

atherogenic process, facilitates everything from the initial recruitment of leukocytes to the 

vessel walls that may affect vessel motility and elicits inflammatory and proliferative 

changes in vessel walls, leading to endothelial dysfunction as the most prominent cause of 

CSX. 

 

5.  Conclusion 

 

In conclusion, it is hypothesized that H. pylori infection and prominently CagA+ can be a 

trigger for the probable mechanism of endothelial dysfunction via increasing levels of hs-

CRP in the pathogenesis of CSX. Since endothelial dysfunction is the trigger point for 

many diseases, more attention is to be paid to diagnosis and treatment of H. pylori. As far 

as H. pylori is concerned, it may be the cause of (or at least one of the leading factors in) 

many other diseases. To address this hypothesis, it is necessary to perform more 

prospective studies for evaluating role of H. pylori eradication on endothelial function. 

.           
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