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Does Helicobacter pylori infection have a role in

coronary artery disease?

Koroner arter hastaliginda Helicobacter pylori enfeksiyonunun roli var midir?
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Bacground/aims: Various infectious diseases have been linked to
coronary artery disease on epidemiological and pathogenic
grounds. The aim of this study was to investigate the relationship
between Helicobacter pylori infection and coronary artery disease.
Methods: A total of 170 consecutive cases undergoing coronary
angiography at Ege University Cardiology Department were
included in the study. Seroprevalence of Helicobacter pylori infec-
tion and antibodies to cagA and plasma levels of fibrinogen, vita-
min By, folic acid and homocysteine were then evaluated. Results:
Coronary artery disease was diagnosed in 114 (67.1%) cases by
angiography. Anti-Helicobacter pylori IgG was found to be positive
in 83 (72.8%) cases with coronary artery disease and in 46 (82.1%)
of those without it (p>0.05). Among 129 Helicobacter pylori-positive
subjects, antibodies to cagA were detected in 53% (44/83) of the
cases with coronary artery disease and in 52.2% (24/46) of those
without the disease (p>0.05). Plasma levels of vitamin B12 were sig-
nificantly lower in coronary artery disease cases than in those with-
out it (224.1+108.5 and 275.8+197.7 pmol |l respectively, p=0.029),
while homocysteine levels were significantly higher in coronary
artery disease cases than in those without (14.9+5.2 and 12.8+4.8
mmol/l, respectively, p=0.012) it. No significant difference was
detected between the cases with and without coronary artery disease
in terms of fibrinogen and folate levels and none of the parameters
studied showed any significant difference between Helicobacter
pylori seropositive and seronegative groups. However, plasma vita-
min By levels were found to be significantly lower in the cagA pos-
itive group than in cagA negative cases (209.6+104.2 and
252.9+109.8 pmol/l, respectively, p=0.023). Conclusions: In this
study, no significant difference was detected between cases with and
without coronary artery disease in terms of Helicobacter pylori and
cagA seropositivity rates. The detection of lower vitamin By and
higher homocysteine levels in patients with coronary artery disease
suggests the role of vitamin By deficiency in its pathogenesis.
Lower vitamin B s levels found in cagA-positive cases also suggests
that infection with cagA-positive Helicobacter pylori strains might
contribute to the development of coronary artery disease by decreas-
ing vitamin B9 absorption.
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INTRODUCTION

Helicobacter pylori (H.pylori) is the main factor in
the development of gastritis and peptic ulcer dis-

Amacg: Cesitli infeksiyon hastaliklary ile koroner arter hastaligi
arasinda epidemiyolojik ve patogenetik iliski kurulmaktadir. Bu
calismanin amact, Helicobacter pylori infeksiyonu ile koroner arter
hastaligr arasindaki iliskisinin arastirimasidir. Yontem: Ege
Universitesi Tip Fakiiltesi Kardiyoloji Anabilim Dali'nda koroner
anjiyografileri yapilan ardisitk 170 olgu calismaya alindt.
Helicobacter pylori ve cagA seroprevalanst ile plazma fibrinojen,
B9 vitamini, folik asit ve homosistein diizeyleri arastirildi.
Bu%gular: Anjiyografi ile 114 (%67.1) olguda koroner arter
hastaligt saptandi. Koroner arter hastaligi olan 114 hastanin
83’iinde (%72.8) ve koroner arter hastaligi olmayan 56 olgunun
46’sinda (%82.1) anti-Helicobacter pylori IgG (+) bulundu (p>0.05).
Helicobacter pylori seropozitif bulunan 129 olgudan koroner arter
hastaligr olanlarin %53’iinde (44/83), koroner arter hastalig
olmayanlarin ise %52.2’sinde (24/46) cagA antikoru pozitif bulun-
du (p>0.05). Koroner arter hastaligt olan grupta, koroner arter
hastaligr olmayanlara gore By vitamini anlamly derecede diisiik
(sirasyyla 224.1+108.5 ve 275.8+197.7 pmol/l, p=0.029), homosis-
tein diizeyi ise anlamli derecede yiiksek (sirasiyla 14.9+5.2 ve
12.8+4.8 mmol /1, p=0.012) bulundu. Fibrinojen ve folik asit diizey-
leri agisindan iki grup arasinda fark saptanmadi. Helicobacter
pylori seropozitif ve seronegatif olan gruplarda, incelenen
degerlerin hi¢ biri agisindan farklilik saptanmazken, cagA pozitif
grupta, negatif olanlara oranla By vitamini diizeyi anlamli dere-
cede diisiik bulundu (sirasiyla 209.6+104.2 ve 252.9+109.8 pmol /I,
p=0.023). Sonu¢: Bu calismada, koroner arter hastaligi olan ve
olmayan olgularda Helicobacter pylori ve cagA seropozitifligi
acisindan fark bulunmamastir. Koroner arter hastaligi olan hasta-
larda By vitamininin disitk ve homosistein diizeyinin yiiksek
bulunmast, koroner arter hastaligi patogenezinde By vitamininin
eksikliginin roliinii diisiindiirmektedir. CagA (+) olgularda da By
vitamininin digitk bulunmasi, cagA (+) Helicobacter pylori
suslariyla enfeksiyonun, By vitamininin emilimini bozarak,
koroner arter hastaliginin olusumuna katkida bulunabilecegini
diigiindiirmektedir.

Anahtar kelimeler: Helicobacter pylori, koroner arter hastalgi,
cagA, fibrinojen, Bqo vitamini, folik asit, homosistein.

ease. Many extragastrointestinal disorders of
unknown etiology have also been investigated for
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any association with H.pylori infection. Coronary
artery disease (CAD), the main cause of death in
western countries, has been studied extensively.
The exact pathogenic mechanisms of it are not
fully known but it has been suggested that CAD
may be associated with persistent bacterial or
viral agents (1). Several infectious diseases, such
as chronic dental infection, cytomegalovirus and
chlamydia pneumonia have been linked to CAD
on epidemiological and pathogenic backgrounds
(2-6). In 1994, Mendall et al. first reported that
the H.pylori seropositivity rate was significantly
higher in CAD patients than in control cases (7).
To date, a number of epidemiological and clinical
reports with on the association of CAD and
H.pylori infection have been published controver-
sial findings.

Several mechanisms have been suggested as to
how H.pylori might increase the risk of CAD.
Infection-related chronic inflammation may
increase CAD risk by increasing some systemic
inflammatory markers (8-10). H.pylori infection
can also cause platelet aggregation and induces a
procoagulant activity (11). Other suggested mech-
anisms include changes in circulating lipid profile
and immunological cross-reactivity between bac-
terial and human heat shock proteins (5). Sung
and Sanderson also hypothesized that H.pylori
gastritis could cause B vitamin deficiency, leading
to hyperhomocysteinemia and thus increased risk
of CAD (12).

If inflammation-related factors play a role in
CAD, more virulent strains of H.pylori would be
expected to be more common in CAD patients.
Recently, Pasceri et al. suggested that more viru-
lent cagA-positive strains of H.pylori in particular
(which cause more inflammatory activity) might
be related with CAD (13).

The aim of this study was to determine the sero-
prevalence of H.pylori infection and antibodies to
cagA, an antigen that is expressed by the most vir-
ulent H.pylori strains inducing an enhanced gas-
tric inflammatory response, and any relationship
with the presence of CAD in patients undergoing
coronary angiography. The association of plasma
fibrinogen, vitamin B12, folate and homocysteine
levels with CAD and H.pylori infection was also
investigated.

MATERIALS AND METHODS

A total of 170 consecutive cases admitted to the
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Department of Cardiology at Ege University
Medical School during the first six months of the
year 2000 for elective coronary angiography were
studied. Written informed consent was obtained
from each subject. Cases with previously treated
H.pylori infection were excluded. Diagnosis of
CAD was based on angiographic findings (>50%
diameter stenosis of =>1 major coronary artery).
Angiograms were read by experienced cardiolo-
gists blinded to the results of H.pylori status.

Fasting venous blood was drawn prior to coronary
angiography under standardized conditions.
Within 30 minutes, the blood was centrifuged ,
immediately divided into aliquots, and frozen at
—70°C until analysis.

Specific anti-H.pylori and anti-H.pylori cagA IgGs
were measured by use of a commercial ELISA
(Radim) according to the manufacturer's instruc-
tions. Plasma homocysteine levels were assessed
by flouresceint polarization immune assay
method. Fibrinogen levels were measured by
coagulometric method and vitamin B12 and folate
with immunoassay.

Parameters of patients with and without CAD
and seropositives and negatives for H.pylori and
cagA were compared statistically using chi square
and student’s t tests. p values less than 0.05 were
accepted as significant.

RESULTS

Of the total 170 cases, 114 (67.1 %) were diag-
nosed with CAD by cornary angiography (83 M,
72.8% and 31 F, 27.2%) while there were 56 cases
without CAD (38 M, 67.9% and 18F, 32.1%). The
mean age was 58.8+10 and 50+14 years in cases
with and without CAD respectively. There were
no significant difference between groups accord-
ing to age and gender.

Anti-H.pylori IgG was found to be positive in 83
(72.8%) of 114 cases with CAD and in 46 (82.1%)
of 56 without CAD (p>0.05) (Figure 1). Antibodies
to cagA protein were positive in 68 (52.7%) of a
total of 129 H.pylori-seropositive cases. The cagA
positivity rates were 53% (44/83) and 52.2%
(24/46) in cases with and without angiographical-
ly diagnosed CAD in whom anti-H.pylori IgG anti-
bodies were positive (p>0.05) (Figure 2).

Mean plasma levels of vitamin B;y (normal val-
ues: 180 - 914 pmol/l) were significantly lower in
CAD patients than in those without CAD
(224.1+£108.5 and 275.8+197.7 pmol/l respectively,
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Figure 1. Seroprevalence of H.pylori infection in cases with
and without angiographically diagnosed CAD.

p=0.029). Plasma vitamin Bjy levels did not
change according to H.pylori status (230.2+108.3
and 246.3+237.7 pmol/l in H.pylori seropositive
and negative cases respectively, p>0.05) but it was
significantly lower in cagA-positive cases than in
cagA-negative ones (209.6+104.2 and 252.9+109.8
pmol/l respectively, p=0.023) (Table 1).

Table 1. Mean plasma vitamin Bjg levels of the case
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Figure 2. CagA positivity rates in cases with and without
CAD.

Mean plasma folate levels were 7.3+3.3 and
7.7+£3.9 nmol/l in cases with and without CAD
respectively. (p>0.05). Mean plasma folate levels
of H.pylori seropositive and seronegative cases
(7.1+3.4 and 8.1+4.0 nmol/l, respectively) and also
cagA-positive and negative cases (7.6+x4.1 and
6.6+2.4 nmol/l, respectively) showed no significant
difference (Table 2).

Table 2. Mean plasma folate levels of the case groups.

groups.
Case groups n Vitamin B
(pmol /1)

With CAD 114 224.1+108.5 *
(26 — 435)

Without CAD 56 275.8£197.7
(99 - 560)

H.pylori-positive 129 230.2+108.3
(26 — 400)

H.pylori-negative 41 246.3+237.7
(53 — 560)

CagA-positive 68 209.6+104.2 **
(26 —400)

CagA-negative 61 252.9+109.8
(118 —415)

H.pylori-positive

CAD cases 83 212.0+90.6
(99 - 400)

H.pylori-negative

CAD cases 31 204.4+96.3
(53 — 435)

CagA-positive

CAD cases 44 192.8+91
(26 — 380)

CagA-negative

CAD cases 39 232.2+87
(118 — 415)

Values are mean+SD. Ranges are given in paranthesis.
* 1 p=0.029 (cases with CAD vs. without CAD)
*#* 1 p=0.023 (cagA-positive vs. cagA-negative cases)

Case groups n Folate
(nmol /1)

With CAD 114 7.3+3.3
(2.58 — 14.46)

Without CAD 56 7.7£3.9
(3.20 — 20.00)

H.pylori-positive 129 7.1£3.4
(3.20 — 14.61)

H.pylori-negative 41 8.1+4.0
(3.30 - 18.10)

CagA-positive 68 7.6+4.1
(3.20 — 14.46)

CagA-negative 61 6.6+2.4
(3.50 — 12.96)

H.pylori-positive

CAD cases 83 7.1+£3.7
(3.20 — 14.46)

H.pylori-negative

CAD cases 31 8.5+4.4
(3.30 — 13.81)

CagA-positive

CAD cases 44 7.6+4.5
(3.20 — 14.46

CagA-negative

CAD cases 39 6.5+2.5
(3.52-11.11)

Values are mean+SD. Ranges are given in paranthesis.
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Table 3. Mean plasma homocysteine levels of the case
groups.

Case groups n Homocysteine
(mmol /1)

With CAD 114 14.9+5.2 *
(8.2-37.8)

Without CAD 56 12.8+4.8
(6.8 —20.5)

H.pylori-positive 129 14.5+5.6
(8.2 -37.8)

H.pylori-negative 41 15.5+7.2
(7.4 -21.6)

CagA-positive 68 14.6+6.2
(8.3 -37.8)

CagA-negative 61 14.5+5.0
(7.4 - 23.0)

H.pylori-positive

CAD cases 83 15.7+5.8
(8.2-37.8)

H.pylori-negative

CAD cases 31 14.9+6.6
(7.4 -21.6)

CagA-positive

CAD cases 44 16.6+6.5
(8.3 -37.8)

CagA-negative

CAD cases 39 14.6+5.1
(7.4 — 22.8)

Values are mean+SD. Ranges are given in paranthesis.
* 1 p=0.012 (cases with CAD vs. without CAD)

Mean plasma homocysteine level was 14.9+5.2
mmol/l in CAD cases which was significantly high-
er than in those without CAD (12.8+4.8 pmol/l)
(p=0.012). Plasma homocysteine levels of H.pylori
seropositive and seronegative cases were similar
(14.5+5.6 and 15.5+7.2 mmol/l, respectively,
p>0.05). Also no significant difference was
observed between cagA-positive and negative
cases by means of plasma homocysteine levels
(14.6£6.2 and 14.5+5.0 mmol/l, respectively)
(Table 3).

Mean plasma fibrinogen levels (normal values :
200-400 mg/dl) were 358.6+85 mg/dl in cases with
CAD and 332.1+77 mg/dl in those without CAD,
which was not significantly different. Fibrinogen
levels also showed no significant difference
between H.pylori and cagA seropositive and nega-
tive cases (341.3+68.6 and 352.3+82.0 mg/dl in
H.pylori-positive and negative cases; 332.8+60.9
and 350.4+75.9 mg/dl in cagA-positive and nega-
tive cases, respectively) (Table 4).
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DISCUSSION

In 1994, Mendall et al. reported that H. pylori
seropositivity was twice as common in CAD
patients as in control subjects (59% versus 39%
respectively) (7). Since then, a number of studies
have been published with controversial results. In
some studies, H.pylori infection was found to be
associated with an increased risk of developing
CAD (3,10,14-16), but in some others no signifi-
cant difference was detected between cases with
and without CAD (17-21). In a review of 20 full or
preliminary reports on H.pylori and CAD pub-
lished between 1994 and 1996, it was concluded
that evidence for a causal association between H.
pylori and CAD was weak (5).

Proposed mechanisms for how H. pylori might
increase CAD risk mainly include elevation of
some systemic inflammatory markers. Several
studies have reported strong correlations between
H. pylori infection and various markers of sys-
temic inflammation, presenting a potential patho-
physiological link with CAD (22). These correla-
tions, however, have not been confirmed by other
studies and were not found to be significant in a
meta-analysis (23).

Table 4. Mean plasma fibrinogen levels of the case
groups.

Case groups n Fibrinogen
(mg/dl)
With CAD 114 358.6+85.2
(196.1 - 551.0)
Without CAD 56 332.1+774
(166.2 - 439.2)
H.pylori-positive 129 341.3+68.6
(166.2 - 447.0)
H.pylori-negative 41 352.3+82.0
(217.0 - 489.6)
CagA-positive 68 332.8+60.9
(196.1 - 429.0)
CagA-negative 61 350.4+75.9

(204.3 - 464.0)
H.pylori-positive
CAD cases 83 345.9+65
(224.6 - 447.0)
H.pylori-negative
CAD cases 31 340.6x70
(229.4 - 454.0)
CagA-positive
CAD cases 44 330.7+66
(196.1 - 442.0)
CagA-negative
CAD cases 39 361.9+63

(213.0 - 551.0)

Values are mean+SD. Ranges are given in paranthesis.
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If H.pylori infection increases the risk of CAD by
increasing systemic inflammatory factors, more
virulent, cagA-bearing strains of H.pylori would
be expected to be more common in CAD patients.
The cagA-bearing H.pylori strains have been
found to be associated with enhanced virulence
and cytotoxin production and were more frequent-
ly associated with peptic ulceration and higher
grades of gastric inflammation compared with
cagA-negative strains (24,25). Evidence from a
small case-control study by Pasceri et al. has sug-
gested that the association between H.pylori and
CAD might depend on the presence of the more
virulent cagA-positive H pylori strains (13). In
that study, prevalence of cagA-positive strains
was significantly higher in CAD patients than in
control subjects (43% and 17%, respectively),
whereas no association was seen with cagA-nega-
tive strains and CAD. In some other studies the
prevalence of cagA-positive H.pylori strains was
also found to be higher in CAD patients than con-
trol cases. Pieniazek et al. reported that antibody
to cagA protein was found to be significantly high-
er in patients with CAD, diagnosed by coronary
angiography, than in healthy controls (47.3% and
28% respectively) (16). In the study of Gunn et al.,
it was also concluded that the association of
chronic H.pylori infection with risk of myocardial
infarction appears to be restricted to cagA-bearing
strains (26). However, the association of infection
with cagA-positive H pylori strains and CAD was
not confirmed in some other studies. For example,
Koenig et al. assessed the prevalence of infection
with H pylori and the anti-cagA antibody in their
large case-control study including 312 stable CAD
patients and 479 control subjects (27). They found
that the prevalence of cagA-positive strains was
only slightly higher in patients than in control
subjects (27.9% and 21.7%, respectively; p=0.076).
They concluded that there was no independent
association between more virulent cagA-positive
strains of H.pylori and CAD. Murray et al. also
found no independant association between cagA-
positive H.pylori strains and CAD (28).

In this study, the prevalence of antibodies to
H.pylori, and especially to the more virulent
strains bearing cagA protein, was not found to be
higher in cases with CAD diagnosed by coronary
angiography than in those without CAD. In fact,
atlhough the difference was not statistically sig-
nificant, seroprevalence of H.pylori infection was
higher in cases without CAD than in those with
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CAD. This finding does not support the hypothesis
that infection with H pylori might be a major risk
factor for CAD.

In some studies, higher plasma fibrinogen levels
have been found in H.pylori-positive subjects than
in H.pylori negative ones (29). Torgano et al. have
also reported a significant decrease in plasma fib-
rinogen levels after antibiotic treatment (30).
However, other studies have failed to show any
significant difference between H.pylori-positive
and negative cases in terms of plasma fibrinogen
levels (15,16,27,31-33). In this study, plasma fib-
rinogen levels did not show any significant differ-
ence according to H.pylori or cagA status.

Hyperhomocysteinemia is generally accepted as a
novel and independent risk factor for CAD (34-36).
Two major hypotheses have been proposed to
explain the harmful effects of homocysteine on
vessels. It can damage endothelial cells allowing
plaque formation and simultaneously interferes
with the vasodilatory effect of nitric oxide.
Homocysteine also promotes vascular smooth
muscle cell hypertrophy and these processes
induce vessel occlusion (37). High plasma homo-
cysteine levels have been found in patients with
atherosclerosis and coronary, cerebral and perip-
heral vascular diseases (38-43). Tokgozoglu et al
have reported that plasma homocysteine over 15
mmol/l was a significant risk factor for the pres-
ence and extent of CAD (44). Plasma homocys-
teine concentration is determined by genetic and
nutritional factors (36). Deficiences of vitamin Bg,
B9 and folic acid lead to increased plasma homo-
cysteine levels. One of the suggested mechanisms
is the elevation of plasma homocysteine levels
caused by reduced vitamin Bg, Biy; and folate
absorption due to chronic H.pylori gastritis (12).
In the study of Tokgozoglu et al. the mean plasma
folate was found to be low and correlated nega-
tively with homocysteine in CAD cases (44). The
relationship between plasma homocysteine, folate
and vitamin B levels has been investigated in
some other studies. Dierkes et al. reported the
presence of a weak relationship between plasma
homocysteine levels and levels of folate and vita-
min By (45), while Dalery et al. and Turgan et al.
found high homocysteine but normal folate and
vitamin B levels in CAD patients (41,43). In this
study, higher plasma homocysteine levels and
lower vitamin B, levels were found in cases with
CAD than in those without CAD. However, mean
plasma levels of homocysteine and vitamin B, did
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not show any significant difference according to
H.pylori serostatus. In addition, no significant dif-
ference was observed between homocysteine and
vitamin Bqy levels of H.pylori cagA seropositive
and negative cases with CAD. These findings sug-
gest that increased homocysteine and decreased
vitamin By levels are not related with H.pylori
infection, but are related with CAD. In this study,
the significantly lower plasma vitamin By levels
found in cagA-positive cases compared with cagA-
negative cases lead us to speculate that chronic
gastritis associated with cagA-positive H.pylori
infection could lead to failure of vitamin Bqg
absorption. Endoscopic and histologic examina-
tions must be performed in further studies to clar-
ify this issue. Although vitamin B levels were

REFERENCES

1. Libby P, Egan D, Skarlatos S. Roles of infectious agents in
atherosclerosis and restenosis: an assessment of the evi-
dence and need for future research. Circulation 1997; 96:
4095-103.

2. Saikku P. Chlamydia pneumoniae as a risk factor in acute
myocardial infarction. Eu Heart J 1993; 14: 62-5.

3. Aceti A, Mazzacurati G, Amendola MA, et al. H.pylori and
C.pneumonia infections may account for most acute coro-
nary syndrome. BMdJ 1996; 313: 428-9.

4. Gupta S, Camm JA. Chlamydia pneumonia and coronary
heart disease. BMdJ 1997; 314: 1778-9.

5. Danesh J, Collins R, Peto R. Chronic infections and coro-
nary heart disease: Is there a link? Lancet 1997; 350: 430-
6

6. Mattila KJ, Valtonen VV, Nieminen MS, Asikainen S. Role
of infection as a risk factor for atherosclerosis, myocardial
infarction and stroke. Clin Infect Dis 1998; 26: 719-34.

7. Mendall MA, Goggin PM, Molineaux N, et al. Relation of
Helicobacter pylori and coronary heart disease. Br Heart J
1994; 71: 437-9.

8. Mendall MA, Patel P, Ballam L, et al. C Reactive protein
and its relation to cardiovascular risk factors: a population-
based cross-sectional study. BMJ 1996; 312: 1061-5.

9. Patel P, Carrington D, Strachan DP, et al. Fibrinogen: a
link between chronic infection and coronary heart disease.
Lancet 1994; 343: 1634-5.

10. Patel P, Mendall MA, Carrington D, et al. Association of
Helicobacter pylori and Chlamydia pneumoniae infections
with coronary heart disease and cardiovascular risk fac-
tors. BMJ 1995; 311: 711-4.

11. Miragliotta G, Del Prete R, Mosca A. Helicobacter pylori

infection and coronary heart disease. Lancet 1994; 344:
751.

12. Sung JJY, Sanderson JE. Hyperhomocysteinaemia,
Helicobacter pylori, and coronary heart disease. Heart.
1996; 76: 305-7.

13. Pasceri V, Cammarota G, Patti G, et al. Association of vir-
ulent Helicobacter pylori strains with ischemic heart dis-
ease. Circulation. 1998:97:1675-9.

14. Morgando A, Sanseverino P, Perotto C, et al. Helicobacter

AYDIN et al.

lower and homocysteine levels higher in cagA-pos-
itive CAD cases than in cagA-negative CAD cases,
the differences were not significant, probably due
to the small number of cases in the groups.

In conclusion, this study failed to show any asso-
ciation between CAD and H.pylori infection.
Higher homocysteine and lower vitamin B4 plas-
ma levels were found in CAD cases compared to
controls, but this was not related with H.pylori
status. Detection of lower plasma vitamin B4 lev-
els in cagA-positive cases than in cagA-negative
ones suggests that chronic gastritis due to cagA-
positive H.pylori strains could contribute to the
development of CAD by decreasing vitamin Bq,
absorption. However, larger studies are required
to explain this issue.

pylori seropositivity in myocardial infarction. Lancet 1995;
345:1380.

15. Ossei-Gerning N, Moayyedi P, Smith S, et al. Helicobacter
pylori infection is related to atheroma in patients undergo-
ing coronary angiography. Cardiovasc Res 1997; 35: 120-4.

16. Pieniazek P, Karczewska E, Duda A, et al. Association of
Helicobacter pylori infection with coronary heart disease. J
Physiol Pharmacol 1999; 50: 743-51.

17. Folsom AR, Nieto FJ, Sorlie P, et al. Helicobacter pylori
seropositivity and coronary heart disease incidence.
Circulation 1998; 98: 845-50.

18. Starchan DP, Mendall MA, Carrington D, et al. Relation of
Helicobacter pylori infection to 13-year mortality and inci-
dent ischaemic heart disease in the Caerphilly prospective
heart disease study. Circulation 1998; 98: 1286-90.

19. Khurshid A, Fenske T, Bajwa T, et al. A prospective, con-
trolled study of Helicobacter pylori seroprevalence in coro-
nary artery disease. Am J Gastroenterol 1998; 93: 717-20.

20. Tsai CJ, Huang TY. Relation of Helicobacter pylori infec-
tion and angiographically demonstrated coronary artery
disease. Dig Dis Sci 2000; 45: 1227-32.

21. Whincup P, Danesh J, Walker M, et al. Prospective study
of potentially virulent strains of Helicobacter pylori and
coronary heart disease in middle-aged men. Circulation
2000; 101: 1647-52.

22. Danesh J, Collins R, Appleby P, Peto R. Association of fib-
rinogen, C-reactive protein, albumin, or leukocyte count
with coronary heart disease: meta-analyses of prospective
studies. JAMA. 1998; 279: 1477-82.

23. Danesh J, Peto R. Risk factors for coronary heart disease
and infection with Helicobacter pylori: meta-analysis of 18
studies. BMJ 1998; 316: 1130-2.

24. Covacci A, Censini S, Bugnoli M, et al. Molecular charac-
terization of the 128-kDa immunodominant antigen of
Helicobacter pylori associated with cytotoxicity and duode-
nal ulcer. Proc Natl Acad Sci USA 1993; 90: 5791-5.

25. Peek RM, Miller GG, Tham KT, et al. Heightened inflam-
matory response and cytokine expression in vivo to CagA-
Helicobacter pylori strains. Lab Invest 1995; 71: 760-70.

26. Gunn M, Stephens JC, Thompson JR, et al. Significant



Helicobacter pylori and coronary artery disease

27.

28.

29.

30.

31.

32.

33.

34.

association of cagA positive Helicobacter pylori strains
with risk of premature myocardial infarction. Heart 2000;
84:267-71

Koenig W, Rothenbacher D, Hoffmeister A, et al. Infection
with Helicobacter pylori is not a major independent risk
factor for stable coronary heart disease: lack of a role of
cytotoxin-associated protein A-positive strains and absence
of a systemic inflammatory response. Circulation 1999;
100: 2326-31

Murray LJ, Bamford KB, Kee F, et al. Infection with viru-
lent strains of Helicobacter pylori is not associated with
ischaemic heart disease: evidence from a population-based
case-control study of myocardial infarction. Atherosclerosis
2000;149: 379-85

Patel P, Carrington D, Strachan DP, et al. Fibrinogen: a
link between chronic infection and coronary heart disease.
Lancet 1994; 343: 1634-5.

Torgano G, Cosentini R, Mandelli C, et al. Treatment of
Helicobacter pylori and Chlamydia pneumoniae infections
decreases fibrinogen plasma level in patients with
ischemic heart disease. Circulation 1999; 99: 1555-9.

Murray LJ, Bamford KB, O'Reilly DPJ, et al. Helicobacter
pylori infection: relation with cardiovascular risk factors,
ischaemic heart disease, and social class. Br Heart J 1995;
74: 497-501.

McDonagh TA, Woodward M, Morrison CE, et al.
Helicobacter pylori infection and coronary heart disease in
the North Glasgow MONICA population. Eur Heart J
1997; 18: 1257-60.

Wald NJ, Law MR, Morris JK, Bagnall AM. Helicobacter
pylori infection and mortality from ischemic heart disease:
negative result from a large, prospective study. BMJ 1997;
315: 1199-201.

Clarke R, Daly L, Robinson K, et al. Hyperhomocysteine-
mia: an independent risk factor for vascular disease. N

35.

36.

37.

38.

39.

40.

41

42.

43.

44.

45.

293

Engl J Med 1991; 324: 1149-55.

Graham IM, Daly LE, Refsum HM, et al. Plasma homocys-
teine as a risk factor for vascular disease. The European
Concerted Action Project. JAMA 1997; 277: 1775-81.

Hankey JH, Eikelboom JW. Homocysteine and vascular
disease. Lancet 1999; 354: 407-13.

Fanapour PC. Hyperhomocysteinemia: an additional car-
diovascular risk factor. WMJ 1999; 98: 51-4.

Clarke R, Daly L, Robinson K, et al. Hyperhomocysteine-
mia: an independent risk factor for vascular disease. N
Engl J Med 1991; 324: 1149-55.

Stampfer MdJ, Malinow MR, Willet WC, et al. A prospective
study of plasma homocysteine and risk of myocardial
infarction in US physicians. JAMA 1992; 268: 877-81.

Lolin YI, Sanderson JE, Cheng SK, et al
Hyperhomocysteinemia and premature coronary artery
disease in Chinese. Heart 1996; 76: 117-22.

Dalery K, Lussier-Cacan S, Selhub J, et al. Homocysteine
and coronary artery disease in French Canadian subjects:
relation with vitamins B12, B6, pyridoxal phosphate, and
folate. Am J Cardiol 1995; 75: 1107-11.

Aronow WS, Ahn C. Association between plasma homocys-
teine and coronary artery disease in older persons Am J
Cardiol 1997; 80:1216-8.

Turgan N, Boydak B, Habif S, et al. Plasma homocysteine
levels in acute coronary syndromes. Jpn Heart J 1999; 40:
729-36.

Tokgozoglu SL, Alikasifoglu M, Atalar E, et al. Methylene
tetrahydrofolate reductase genotype and the risk and
extent of coronary artery disease in a population with low
plasma folate. Heart 1999; 81: 518-22.

Dierkes J, Bisse E, Nauck M, et al. The diagnostic value of

serum homocysteine concentration as a risk factor for coro-
nary artery disease. Clin Chem Lab Med 1998; 36: 453-7.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


