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Abstract
Objective-To determine whether Helico-
bacter pylori infection is associated with
the development of ischaemic heart
disease and whether such infection can
explain the social class inequality in
ischaemic heart disease.
Design-Cardiovascular risk factor lev-
els, prevalence of ischaemic heart disease
(Rose questionnaire angina, and/or a his-
tory ofmyocardial infarction), and serum
antibodies to H pylori (enzyme linked
immunosorbent assay) were assessed in a
cross sectional population based survey.
Setting-Belfast and surrounding dis-
tricts, Northern Ireland.
Participants-1182 men and 1198 women
aged 25-64 years randomly selected from
the Central Services Agency's general
practitioner lists.
Main outcome measures-The relation of
H pyloni infection with cardiovascular
risk factors and ischaemic heart disease.
The association of social class with
ischaemic heart disease.
Results-Systolic and diastolic blood
pressure, plasma viscosity, and total
cholesterol were not associated with
H pylon infection. A weak negative asso-
ciation existed between Hpylori infection
and fibrinogen (mean (SE) difference
in fibrinogen between infected and un-
infected individuals - 0 09 (0.04) gIl, P =
0.02) and between infection in women
and high density lipoprotein (HDL)
cholesterol (mean (SE) difference in HDL
cholesterol between infected and unin-
fected individuals - 0'06 (0.02) mmolMl, P
= 0.006). A potentially important associa-
tion was demonstrated between H pyloni
infection and ischaemic heart disease but
this did not reach statistical significance
(odds ratio (95% confidence interval (CI)
1*51 (0.93 to 2.45), P = 0.1). Social class
was associated with ischaemic heart dis-
ease independently of cardiovascular risk
factors and Hpylori infection (odds ratio,
manual v non-manual (95% CI) 1*82 (1.14
to 2.91), P = 0.01).
Conclusion-H pyloni may be indepen-
dently associated with the development of
ischaemic heart disease but if this is so
the mechanism by which this effect is
exerted is not through increased concen-
tration of plasma fibrinogen. H pyloni
infection does not explain the social class
inequality in ischaemic heart disease
which exists independently of known car-
diovascular risk factors.

(Br HeartJ_ 1995;74:497-501)
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There are substantial social class differences
in the risk of developing ischaemic heart
disease.'2 Interclass variations in established
cardiovascular risk factors such as cigarette
smoking, raised blood pressure, and serum
total cholesterol concentration account for a
proportion of these differences but much of
the association remains unexplained.' This
suggests that there are important unrecognised
factors, influencing the development of
ischaemic heart disease which are more preva-
lent in the lower social classes. Chronic infec-
tion of the gastric mucosa with Helicobacter
pylori (H pylon), a curved, Gram negative
bacillus, predominantly affects persons of low
social class-7 and infection with this organism
has been shown to be associated with
ischaemic heart disease.8 Furthermore, plasma
fibrinogen, a risk factor for ischaemic heart
disease,9 has recently been found to be
increased in H pylori infected patients'0 and
fibrinogen concentrations are raised in persons
of lower social class,"'12 irrespective of smok-
ing habit. Infection with Hpylori is possibly an
important determinant of the social class
inequality in ischaemic heart disease and the
increased risk of this condition in H pylon
infected individuals may, at least in part, be
mediated through raised plasma fibrinogen.
We have studied the relations among H

pylon infection, social class, and ischaemic
heart disease in 2380 randomly selected par-
ticipants from a cross sectional population sur-
vey in an area with a high incidence of
ischaemic heart disease."3 We have also exam-
ined the relations between H pyloni infection
and established cardiovascular risk factors
including fibrinogen.

Patients and methods
STUDY POPULATION
Participants studied were those recruited in
Northern Ireland into the World Health
Organisation co-ordinated MONICA (moni-
toring of trends and determinants in cardio-
vascular disease) Project's second population
survey. A stratified random sample of 4912
participants aged 25-64 years was drawn from
the Northern Ireland Central Services
Agency's general practitioner lists. Some 745
of the sample were ineligible because they
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resided outside the MONICA Project area
(Belfast and surrounding districts) or their age
was outside the specified range: 30 were dead.
A further 485 were untraceable after at least
two visits to the last known address and refer-
ence to other sources. Of the 3652 eligible and
traceable subjects, 2380 were screened by
trained observers adhering to a strict protocol
between September 1986 and July 1987 giving
a response rate of 65-2%.

SURVEY METHODS
At screening information was collected on
medical history, diet, alcohol consumption,
smoking history, education, and socio eco-
nomic status. The London School of Hygiene
and Tropical Medicine chest pain question-
naire (the Rose questionnaire) was adminis-
tered. Height, weight, and blood pressure
(Hawksley random zero sphymomanometer;
diastolic phase V) were measured and a blood
sample taken: centrifugation and separation
took place within 3 h of venepuncture.

Blood was analysed for total cholesterol by
the CHOD-PAP method (Boehringner (CF)
and Sohne, Mannheim), high density
lipoprotein (HDL)-cholesterol by precipita-
tion employing phosphotungstic magnesium
reagents,'4 plasma fibrinogen with the Clauss
method, and plasma viscosity using the
Coulter-Harkness capillary viscometer.'5
Serum not required for these assays was
divided into aliquots and stored at - 70°C.
Serum used for the determination of H pylori
status had thawed on only one previous occa-
sion. Serum was available for detection of
Hpylori antibody in 2115 participants (88&9%)
and plasma was available for estimation of fib-
rinogen concentration and viscosity in 2101
and 1899 individuals respectively.

DETERMINATION OF H PYLORI STATUS
H pylori specific immunoglobulin G (IgG)
antibodies were measured by enzyme linked
immunosorbent assay using an acid glycine
extract of Hpylori NCTC 12 686.16 Sera were
diluted 1: 200 and assayed in duplicate and
the mean optical density expressed as a per-
centage of the optical density of a positive con-
trol serum assayed on the same plate. The
results obtained were bimodally distributed. A
log normal distribution which closely approxi-
mated the first peak of the biomodal distribu-
tion was calculated and a threshold was
determined which allocated 95% of the results
in this peak as negative for Hpylori antibodies.
The sensitivity and specificity of the system
within a test population of 75 symptomatic
patients undergoing endoscopy and antral
biopsy compared with that of culture and
polymerase chain reaction were 95% and 94%
respectively.

STATISTICAL METHODS
Participants were classified as having
ischaemic heart disease if they answered affir-
matively to the question "have you ever been
told by your doctor that you have had a heart
attack, coronary thrombosis, or a myocardial
infarct?" or if they reported a history of chest

pain with characteristics satisfying all of the
Rose angina questionnaire criteria: (1) the
presence of any pain, discomfort, pressure, or
heaviness; (2) located in the upper or middle
sternum or the left anterior chest and left arm;
(3) present when hurrying, walking uphill, or
at an ordinary pace on the level; (4) that
requires the patient to stop, slow down or take
nitroglycerin; (5) with subsequent relief; (6)
occurring in 10 min or less.

Age, body mass index, systolic and diastolic
blood pressure, fibrinogen, plasma viscosity,
total cholesterol and HDL-cholesterol were
used in the analyses as continuous untrans-
formed variables. Smoking habit was grouped
into four categories: current smoker of 20 or
more cigarettes a day, current smoker of less
than 20 cigarettes a day, ex-smoker, and never
smoked. The amount of exercise (recreational
or occupational) taken in a week was cate-
gorised into three groups, none, less than 2 h
and 2 h or more. Social class was coded
according to the registrar general's classifica-
tion of occupations and was grouped into
manual (IIIM, IV, and V) and non-manual (I,
II, and IIINM).

Bivariable (independent samples t test and
xI) and multivariable analyses (multiple
regression and logistic regression) were per-
formed using SPSS. Multiple regression mod-
els were constructed with mean systolic and
diastolic blood pressure, total cholesterol,
HDL-cholesterol, plasma viscosity, and fib-
rinogen as dependent variables and H pylori
status as the independent variable with covari-
ables age, sex, body mass index, smoking sta-
tus, and exercise taken. Multiple logistic
regression was performed with ischaemic heart
disease as the dependent variable, H pylori
infection as the independent variable, and
covariables age, sex, social class, smoking
habit, and HDL-cholesterol.

Results
Of 2115 subjects (1047 men and 1068
women) with measured IgG antibodies to
H pylori, 1219 (57 6%) were H pylori positive
and 135 (6A4%) had ischaemic heart disease
(82-5% aged 45 years or older). The male to
female ratio of H pylori positivity was
1: 1 and that of ischaemic heart disease was
1-65: 1.
The prevalence of serum antibodies to

H pylori increased with age and from social
class I to V (table 1). Bivariable analysis of
data from all participants showed that there
were positive relations between infection with
H pylori and systolic and diastolic blood pres-
sure, body mass index, plasma viscosity, and
total cholesterol, and a negative relation with
HDL-cholesterol (table 2). With adjustment
for potential confounding variables (including
age, sex, body mass index, smoking, and exer-
cise) using multiple regression these relations
were not statistically significant (table 3).
H pylori infection was more common in
current smokers (60-1 %) and ex-smokers
(63 8%) than in non-smokers (52 6%)
(X3 21-8 df 3, P < 0-0001) and this relation
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Table 1 Age and social class distribution ofparticipants
infected with Hpylori

Age group Hpylori Social Hpylori
(years) positive (%) class positive (%)

25-29 38 5
30-34 37 7 I 38 0
35-39 51 1 II 45 3
40-44 56 1 IIINM 52 4
45-49 63 3 IIIM 66 5
50-54 65 6 IV 704
55-59 68 5 V 66 0
60-64 72-9

remained significant for those smoking 20 or
more cigarettes a day (odds ratio of infection
(95% confidence interval (CI); 1-4 (106 to
1-86), P = 0 02) after adjustment for age, sex,
and social class.

Analysis of data relating only to male partic-
ipants produced similar results. When analysis
was confined to female participants a weak but

Table 2 Bivariable analysis: cardiovascular risk factors and Helicobacter pylori
(Hpyloi) infection

Mean (SD) Mean (SD) Difference t
Variable Hpylori negative H pylori positive in means statistic P Value

Systolic blood 126 (18) 130 (21) 4 4 66 < 0 001
pressure (mm Hg)
Diastolic blood 76 (12) 78 (12) 2 3 15 0 002
pressure (mm Hg)
Body mass index 25-2 (4 0) 25 9 (4 3) 0 7 3 87 < 0 001
(kg/M2)
Total cholesterol 5-91 (1 18) 6 12 (1 26) 0 21 3 98 < 0 001
(mmol/l)
HDL-cholesterol 1-36 (0-35) 1 3 (0 34) - 0 06 - 3 59 < 0 001
(mmol/l)
Fibrinogen (g/l) 3 06 (0 84) 3 09 (0 89) 0 03 0 69 0 488
Plasma viscosity 1 68 (0 09) 1 7 (0 1) 0-02 5-32 < 0 001
(cP)

Table 3 Multiple regression: cardiovascular risk factors as dependent variables,
Helicobacter pylori (H pylori) infection as the independent variable with and without
adjustment for potential confounders

Difference in variable
mean (SE) between
H pyloni positive
and Hpylori negative

Variable Adjusted for participants P Value

All participants
Mean systolic blood pressure 4 16 (0 89) < 0 001
(mm HG) Age - 0 62 (0 82) 0 45

Ageandsex -078 (081) 034
Mean diastolic blood pressure - 1 72 (0 55) 0-002
(mm Hg) Age - 0 22 (0 54) 0-69

Age and sex - 0 37 (0 53) 0 48
Total cholesterol (mmol/l) - 0214 (0 05) < 0 001

Age -0 02 (0 05) 0 71
Age, sex, body mass - 0 05 (0 05) 0 31
index, smoking, and
exercise

Body mass index (kg/mi) - 072 (0 19) < 0 001
Age -030(0-19) 011
Age, sex, smoking, and - 0 30 (0 19) 0 12
exercise

HDL cholesterol (mmol/l) - 0 06 (0-02) < 0-001
Age - 0-05 (0 02) 0 002
Age, sex, body mass - 0-03 (0 01) 0-06
index, smoking, and
exercise

Fibrinogen (g/l) 0 03 (0 04) 0 488
Age - 0 07 (0-04) 0 01
Age, sex, body mass - 0 09 (0 04) 0 02
index smoking, and
exercise

Plasma viscosity (cP) - 002 (0 004) < 0 001
Age 0-01 (0 004) 0 02
Age, sex, body mass 0 01 (0 004) 0 1
index smoking, and
exercise

Women
HDL cholesterol (mmol/l) - 0 08 (0 02) < 0 001

Age - 0 07 (0 02) < 0 001
Age, body mass index, - 0 06 (0 02) 0 006
smoking and exercise

significant negative relation between infection
with H pylori and HDL-cholesterol remained
after adjustment for age, body mass index,
smoking, and exercise (mean (SE) difference
in HDL-cholesterol between H pylori positive
and H pylori negative participants - 0-06
(0 02) (mmol/l), P = 0 006).

Bivariable analysis of data from all partici-
pants showed no significant difference
between mean (SD) fibrinogen concentrations
in H pylori negative (3-06 (0 84) g/l) and H
pylori positive individuals (3 09 (0 89) g/l,
independent samples t test, P = 0 49) but after
adjustment for age, sex, body mass index,
smoking, and exercise a weak, though signifi-
cant, negative association between H pylori
infection and fibrinogen concentration was
seen (mean (SE) difference in fibrinogen
between Hpylori positive and Hpylori negative
participants - 0 09 (0-04, P = 0 02). This
association held when only male participants
were examined. A similar pattern was seen in
female individuals, although the relation did
not achieve statistical significance.

Table 4 gives the odds ratio for the associa-
tion of infection with H pylori and ischaemic
heart disease before and after adjustment for
potential confounding variables. Analysis of
data from all participants before adjustment
showed that the odds ratio for ischaemic heart
disease was increased in patients infected with
H pylori (odds ratio (95% CI) 2-38 (1-59 to
3-56), P < 0 0001). The direction of this asso-
ciation held after adjustment for age, sex,
social class, smoking habit, and HDL-choles-
terol but the magnitude of the odds ratio
decreased, and the association was no longer
statistically significant (odds ratio (95% CI)
1.51 (0-93 to 2.45), P = 0 1). A similar pat-
tern was seen when the analysis was restricted
to only male or female subjects.

Table 5 gives the logistic regression model
for all participants. Social class remained
strongly and significantly associated with
ischaemic heart disease after adjustment for
age, sex, smoking habit, HDL cholesterol,
and H pylori infection (odds ratio, manual
v non-manual (95% CI) 1-97 (1.26 to 3 07),
P = 0003). This association also remained
after further adjustment for conventional
cardiovascular risk factors of blood pressure,
total cholesterol, body mass index, fibrinogen,
and plasma viscosity (odds ratio, manual
v non-manual (95% CI) 1-82 (1.14 to 2-91),
P = 0-01).

Discussion
A case-control study8 has demonstrated an
association between H pylori infection and
development of ischaemic heart disease,
although the authors acknowledged deficien-
cies in their study design and recommended
further investigation to confirm (or refute) the
association. If Hpylori infection is a risk factor
for the development of ischaemic heart disease
then this risk factor may be highly modifiable.
Effective treatment is available for H pyloni
infection'7 and eradication regimens are
becoming simpler and more acceptable.
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Table 4 Logistic regression: ischaemic heart disease as the dependent variable,
Helicobacter pylori infection as the independent variable with and without adjustmentfor
potential confounders

Odd ratio
Adjustedfor (95% confidence interval) P Value

All participants
2-38 (1-59 to 3 56) < 0 0001

Age 1-67 (1.1 to 2 52) 0-02
Age and sex 1-63 (1-08 to 2 48) 0-02
Age, sex and social class 1-58 (0-98 to 2 55) 0-06
Age, sex, social class and smoking 1-55 (0-96 to 2-5) 0-07
Age, sex, social class, smoking and HDL 1-51 (0 93 to 2.45) 0.1

Men
2-86 (1-65 to 4 94) 0-0002

Age 1-94 (1l1 to 3-41) 0-02
Age and social class 1-68 (0 90 to 3-10) 0.1
Age, social class, and smoking 1-62 (0-87 to 3 03) 0-12
Age, social class, smoking and HDL 1-68 (0-89 to 3-16) 0.1

Women
1-78 (0-97 to 3-26) 0-06

Age 1-32 (0-71 to2-45) 0-38
Age and social class 1-49 (0-69 to 3-17) 0-31
Age, social class and smoking 1-53 (0-71 to 3 29) 0-27
Age, social class, smoking and HDL 1-39 (0-64 to 3 00) 0 4

HDL, high density lipoprotein.

Table S Logistic regression modelfor all participants of ischaemic heart disease, Hpylori
infection, and potential confounding variables

Variable Odds ratio (95% confidence interval) P Value

Hpylor infection 1-51 (0 93 to 2 45) 0.1
Age (years) 1-07 (1-05 to 1 10) < 0-001
Sex (F:M) 0-85 (0-51 to 1-40) 0 53
Smoking

Ex-smoker 1-64 (0-96 to 2 80) 0 07
< 20 cigarettes a day 2-04 (1-14 to 3-66) 0-02
> 20 cigarettes a day 1-12 (0-58 to 2-19) 0-72

HDL cholesterol (mmolIl) 0 11 (0 05 to 0 24) < 0 001
Social class (NM:M) 1-97 (1-26 to 3 07) 0 003

Furthermore, reinfection after successful erad-
ication in adulthood is not common and the
eradicated state, once achieved, is prolonged'8
and may be life long. Life time modification of
a risk factor for ischaemic heart disease may,

therefore, be possible after a short course of
antibiotics and acid suppressive drugs. There
can be little doubt that the elucidation of the
nature of the relation between H pylori infec-
tion and ischaemic heart disease is of major
public health importance.

Examination of stored serum from partici-
pants recruited in Northern Ireland into the
MONICA Project afforded an opportunity to
examine, in a cross sectional population sur-

vey, the relation between H pylori infection,
cardiovascular risk factors and ischaemic heart
disease. The response rate obtained in this
survey (65.2% of eligible and traceable indi-
viduals) may be lower than is desirable for a

study of this nature and if non-responders dif-
fer significantly from responders in respect of
a link between ischaemic heart disease and
infection with H pylori the magnitude (and
possibly direction) of any association between
these two variables may be affected. About
10% of the original sample were untraceable
and it is possible that participants not traced
may differ from those successfully traced
either in their H pylori or ischaemic heart dis-
ease status, for example the "well" or those
from higher social classes (lower prevalence of
H pylon infection) may be more mobile. The
age, sex, and social class structure of the study
population, however, closely resembled that of

Northern Ireland as a whole. Serum was not
available for analysis of antibodies to H pylori
from all participants but the lack of serum was
random and unlikely to introduce any system-
atic error.

In this study no association was found
between H pylori infection and body mass
index, blood pressure, total cholesterol, or
plasma viscosity. A weak but significant associ-
ation was shown between infection and HDL-
cholesterol in women and a similar pattern
was seen in men which did not achieve statisti-
cal significance. The clinical significance of
such a weak association is debatable.
We also found a weak negative association

between H pylori positivity and fibrinogen.
This is in contrast to the finding by Patel et al'0
of a strong positive association between H
pylori infection and fibrinogen despite both
studies using similar assays. The study by
Patel et al examined fibrinogen concentrations
in only 72 men aged 50-69 years selected from
a general practice, while this study examined
concentrations in 2101 subjects, both men
and women aged 25-64 randomly selected
from the general population.

It would therefore seem that if H pylori
infection is associated with the development of
ischaemic heart disease then this association is
independent of conventional cardiovascular
risk factors and that, in particular, the effect is
not mediated through an increase in fibrino-
gen in infected persons.
The classification of angina pectoris in epi-

demiological studies is frequently made on the
basis of the London School of Hygiene cardio-
vascular questionnaire-the Rose question-
naire'9 as in this study. The validity of this
instrument has been subject to considerable
scrutiny and its sensitivity has been shown to
range from 25 to 83% and specificity from 48
to 98%. The reliability of the questionnaire for
identifying myocardial ischaemia has been
shown to be particularly low in females.20
Despite this the questionnaire is generally well
regarded as a means of measuring angina pec-
toris in population based studies, although its
use may result in some misclassification of
ischaemic heart disease. Misclassification of
outcome (ischaemic heart disease) is therefore a
possibility in this study. Such misclassification
will reduce the association between H pylori
infection and ischaemic heart disease unless H
pyloni related dyspepsia is wrongly classified as
cardiac pain of ischaemic origin. However, as
current evidence does not support a significant
association between H pyloni infection and
non-ulcer dyspepsia and as most dyspepsia is
not ulcer related (and therefore not H pylori
related) any misclassification of dyspepsia as
ischaemic heart disease is, in fact, unlikely to
increase the odds ratio of the association.
Furthermore, the extent of misclassification of
dyspepsia as ischaemic heart disease may be
small: the proportions of participants taking
antacids in the 2 weeks before interview were
similar in those with ischaemic heart disease or
without (7 0% and 6-6% respectively).

Misclassification of exposure is possible ifH
pylori infection does not precede the develop-
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ment of ischaemic heart disease in all cases.

Acquisition of H pylori infection in adulthood
21 22is rare, however, infection predominantly

occurring in childhood and therefore likely to
precede ischaemic heart disease.

In this study the odds ratio for ischaemic
heart disease was increased in patients infected
with H pylori before and after adjustment for
the confounding effects of age, sex, social
class, smoking habit, and HDL-cholesterol.
Other cardiovascular risk factors were not
included in the logistic regression model as

they were not associated with H pyloni infec-
tion and therefore were not, by definition,
confounding variables. Although the associa-
tion of fibrinogen with ischaemic heart disease
is well established and in our study fibrinogen is
negatively associated with H pylori infection
and is therefore a potential confounder, it has
not been included in the logistic regression
model as other investigators have suggested
that it may lie on the causal pathway.'0 The
association between infection and ischaemic
heart disease did not achieve conventional sta-
tistical significance on controlling for con-

founding variables but the magnitude of the
effect and the small decrease in odds ratios
with further adjustment after correction for
age support a potentially important associa-
tion.
The data in this study may, therefore, sug-

gest an important association between Hpylori
infection and ischaemic heart disease but as

infection is closely related to deprivation in
childhood H pyloni may merely be a proxy
measure for some aspect of childhood depriva-
tion which exerts an effect on the development
of ischaemic heart disease in later life. We
were unable to examine the effect of control-
ling for childhood living circumstances as no

such data were collected.
Social class was associated with ischaemic

heart disease independently of established car-
diovascular risk factors and controlling for H
pylori infection had minimal effect on the asso-
ciation. Despite infection with H pylori being
closely associated with social class and infec-
tion possibly being an independent risk factor
for ischaemic heart disease there was no evi-
dence to suggest that the social class inequality
in ischaemic heart disease can be attributed to
infection with this organism.

In conclusion, this study suggests that H
pylori may be independently associated with
the development of ischaemic heart disease
but if this is so the mechanism by which this
effect is exerted is not through infection
increasing plasma fibrinogen. Furthermore, H
pylori infection does not explain the social class
inequality in ischaemic heart disease which
exists independently of known cardiovascular
risk factors. Further investigation, for example
prospective cohort studies with assessment of

childhood living conditions or intervention
studies, are required to elucidate more clearly
the relation between H pylori and ischaemic
heart disease.
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