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Abstract
Background—Helicobacter pylori infection
raises basal and meal stimulated serum gas-
trin concentrations and lowers iron stores,
which may in turn reduce fasting plasma
glucose concentrations in the population.
Aim—To determine whether H pylori in-
fection leads to lower fasting plasma
glucose concentrations in the population.
Methods—One hundred and seventy three
women and 165 men, randomly selected
from the electoral rolls of an Australian
city, participated in a cardiovascular risk
factor survey. Plasma glucose concentra-
tions and H pylori IgG antibody titres
were measured. Non-fasting subjects and
pregnant women were excluded, as were
known diabetics, whose plasma glucose
concentrations would be aVected by diet
and/or medications. Fasting plasma glu-
cose concentrations were logarithmically
transformed and the relation with H py-
lori infection, adjusting for age and other
confounding factors, was determined for
men and women separately by analyses of
variance.

Results—Helicobacter pylori infection
was significantly associated with fasting
plasma glucose concentration among
women. Infected women had a lower mean
fasting plasma glucose concentration
(5.2 mmol/litre; range, 3.9–8.2) than did
non-infected women (5.4 mmol/litre;
range, 3.9–11.1).
Conclusions—Helicobacter pylori infec-
tion may lead to lower fasting plasma glu-
cose concentrations among women and
should be considered when interpreting
concentrations bordering on diabetes.
(J Clin Pathol 2001;54:466–469)
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Helicobacter pylori infection in humans is recog-
nised as a chronic infection that usually persists
indefinitely.1 As well as being involved in the
development of several diseases, such as peptic
ulcer and gastric cancer, H pylori may disturb
normal biochemistry. Some of the changes
could aVect fasting plasma glucose concentra-
tions in the population.

Infected healthy individuals have higher
basal and meal stimulated serum gastrin
concentrations throughout a 24 hour period
than do non-infected people.2 Gastrin can
inhibit glucose absorption in the small intes-
tine,3 and amplifies glucose stimulated insulin
release.4 A link between H pylori infection,
serum gastrin, insulin concentrations, and
serum glucose concentrations has been dem-
onstrated in a small group of dyspeptic
patients.5 Because of the eVect of gastrin on
insulin release and glucose absorption, infected
healthy individuals may have lower postpran-
dial and fasting plasma glucose concentrations
than non-infected people.

Two population based studies have shown
that H pylori infection can also reduce iron
stores in healthy people.6 7 Iron stores are posi-
tively correlated with blood glucose concentra-
tions.8

If H pylori infection leads to lower fasting
plasma glucose concentrations in the popula-
tion, this eVect would need to be considered
when interpreting concentrations bordering on
diabetes. Therefore, we studied the relation
between H pylori infection and fasting plasma
glucose concentration among adults in the
general population.

Methods
SETTING

Ballarat has a population of 78 000, 92% of
whom were born in Australia. The prevalence
of H pylori infection in the general population
is 30.6%.9

Table 1 Subjects’ demographic, lifestyle, and clinical data

Women Men

Age (median (range)) 47 (19–87) 45 (19–83)
Vigorous exercise

Participation 39 (25) 23 (16)
Non-participation 116 (75) 122 (84)

Contraceptive pill
Used 20 (13)
Not used 133 (87)
Missing 2

Hormone replacement
Yes 19 (12)
No 136 (88)

Medication aVecting plasma glucose
Used 16 (10) 6 (4)
Not used 139 (90) 139 (96)

Family history of diabetes
Yes 17 (11) 8 (6)
No 138 (89) 137 (94)

Waist to hips ratio
Normal 71 (46) 116 (80)
Abnormal 84 (54) 29 (20)

Body mass index
Underweight 19 (12) 7 (5)
Normal 76 (49) 49 (34)
Overweight 34 (22) 67 (46)
Obese 26 (17) 22 (15)

Currently drinking
Yes 109 (70) 121 (83)
No 46 (30) 24 (17)

Currently smoking
Yes 29 (19) 39 (27)
No 126 (81) 106 (73)

Helicobacter pylori status
Positive 41 (28) 47 (34)
Negative 107 (72) 93 (66)
Missing 7 5

Fasting plasma glucose (mmol/l) (mean, median
(range)) 5.4, 5.2 (3.9–11.1) 5.4, 5.4 (4.1–7.2)
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Values are number (percentage) of subjects except where indicated otherwise. Excludes pregnant
women, persons known to have diabetes, and subjects who had not fasted.
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SUBJECTS

The sample was drawn from 173 women and
165 men > 20 years old who had participated
in a cardiovascular risk factor survey.10 Two
hundred and fifty nine women and 242 men,
randomly selected from the electoral rolls, had
been invited to participate in the survey (67%
and 68% response, respectively).

QUESTIONNAIRE DATA AND PHYSICAL

MEASUREMENTS

The survey used the National Heart Founda-
tion’s procedures for its surveys of Australian
capital cities.10 Participants had been asked,
through a self administered questionnaire,
whether they were taking the contraceptive pill
or hormone replacement therapy, what medi-
cation they had taken in the preceding
fortnight, whether they had been told by a doc-
tor that they had diabetes, whether their
parents or siblings had diabetes, whether they
had undertaken at least three 20 minute
sessions of exercise in the preceding week that
made them puV and pant, and whether they
drank alcohol or smoked regularly. Height and
weight had been measured and was used to
derive body mass index (BMI) values. Waist
and hip circumference had also been measured
and these were used to calculate the waist to
hip ratio.

LABORATORY INVESTIGATIONS

Fasting plasma glucose concentrations had
been measured by the glucose oxidase proce-
dure with a Beckman glucose analyser. Stored
frozen plasma samples were retrieved, thawed,
and tested for anti-H pylori IgG antibodies with
the Pyloriset EIA-G kit (Pyloriset, Orion Cor-
poration, Orion Diagnostica Espoo, Finland).
The kit uses one of the two original Marshall
and Warren strains of H pylori for antigen
preparation. A cut oV antibody titre of 500 was
used to classify subjects as positive or negative,
as recommended by the manufacturer (sensi-
tivity, 92.5%; specificity, 84.3%).

STATISTICAL ANALYSES

Relations between H pylori status and fasting
plasma glucose concentration, and between the
latter and demographic and lifestyle variables,
were examined first. Fasting plasma glucose
concentrations were not normally distributed
and any diVerences were assessed for signifi-
cance using the Mann-Whitney U test or the
Kruskal-Wallis one way anova. The distribu-
tion of fasting plasma glucose concentrations
was then normalised through logarithmic
transformation and analysis of variance was
used to compare the mean fasting plasma glu-
cose concentrations of H pylori infected and
non-infected subjects, adjusting for age and
other confounding factors. Men and women
were analysed separately. Subjects who had not
fasted were excluded from the analyses. Known
diabetic patients and pregnant women were
also excluded because of the eVect that their
diet and/or medication and pregnancy, respec-
tively, might have had on their fasting plasma
glucose concentrations and, thus, on the
association between H pylori infection and
fasting plasma glucose concentration.

Because we did not know whether any
association between H pylori infection and
plasma glucose concentration might diVer
between people with and without diabetes, the
analysis of variance was repeated after exclud-
ing those women with fasting plasma glucose
concentrations > 7.0 mmol/litre, whom the
American Diabetes Association would regard
as having undiagnosed diabetes.11 The pro-
portion of infected subjects known to have
diabetes or having a fasting plasma glucose
concentration > 7.0 mmol/litre was compared
with that of non-infected subjects using
Fisher’s exact test.

Results
Of the 173 women who had participated in the
cardiovascular survey, 18 were excluded. Eight
had not fasted, three were known diabetics, six
were pregnant, and one lacked a frozen plasma
sample. Of the 165 male participants, 20 were
excluded. Ten had not fasted, five were known
diabetics, and five lacked a frozen plasma sam-
ple.

Table 1 shows the subjects’ demographic,
lifestyle, and clinical data. Subjects who were
excluded because they had not fasted or lacked
a frozen plasma sample were similar to those
included in the analyses on all the demographic
and lifestyle variables listed in table 1, except

Table 2 Relation between fasting plasma glucose and demographic, lifestyle, and clinical
variables

Fasting plasma glucose (mmol/l) (mean, median, range)

Women Men

Age
<55 5.2, 5.2, 3.9–8.2 5.3, 5.3, 4.1–6.9
>55 5.7, 5.5, 4.3–11.1 p = 0.001 5.7, 5.6, 4.6–7.2 p = 0.002

Vigorous exercise
Participation 5.2, 5.1, 3.9–7.9 5.3, 5.4, 4.1–6.4
Non-participation 5.4, 5.3, 4.3–11.1 5.5, 5.4, 4.3–7.2

Contraceptive pill
Used 4.9, 4.9, 3.9–5.8
Not used 5.4, 5.3, 3.9–11.1 p = 0.002
Missing 2

Hormone replacement
Yes 5.5, 5.2, 4.1–8.2
No 5.3, 5.2, 3.9–11.1

Medication aVecting plasma glucose
Raise 5.7, 5.6, 4.7–8.2 5.5, 5.6, 5.0–5.7
Lower 4.8, 4.8, 4.7–4.9 5.1, 5.1, 5.1–5.1
Raise/lower 5.2, 5.2, 5.2–5.2
Not used 5.3, 5.2, 3.9–11.1 P = 0.026 5.4, 5.4, 4.1–7.2

Family history of diabetes
Yes 5.8, 5.1, 4.7–11.1 5.3, 5.5, 4.5–6.0
No 5.3, 5.2, 3.9–8.2 5.4, 5.4, 4.1–7.2

Waist to hips ratio
Normal 5.3, 5.1, 3.9–11.1 5.4, 5.4, 4.1–7.2
Abnormal 5.4, 5.3, 4.1–9.6 5.5, 5.4, 4.9–7.1

Body mass index
Underweight 5.1, 5.0, 3.9–6.3 4.8, 4.6, 4.5–5.5
Normal 5.3, 5.2, 3.9–11.1 5.4, 5.3, 4.1–6.9
Overweight 5.4, 5.3, 4.4–6.5 5.5, 5.4, 4.3–7.2
Obese 5.7, 5.3, 4.7–9.6 p = 0.010 5.7, 5.7, 4.9–7.1 p = 0.002

Currently drinking
Yes 5.3, 5.2, 3.9–11.1 5.4, 5.4, 4.1–7.2
No 5.4, 5.3, 4.1–9.6 5.5, 5.4, 4.3–7.1

Currently smoking
Yes 5.1, 5.1, 3.9–6.3 5.5, 5.4, 4.1–6.9
No 5.4, 5.3, 3.9–11.1 5.4, 5.4, 4.3–7.2

Helicobacter pylori status
Positive 5.2, 5.1, 3.9–8.2 5.5, 5.4, 4.3–7.1
Negative 5.4, 5.2, 3.9–11.1 5.4, 5.3, 4.1–7.2
Missing 7 5
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that a larger proportion of the excluded males
had a normal waist to hip ratio (100% v 79%;
Fisher’s exact text; p = 0.026).

Table 2 shows the univariate relation be-
tween fasting plasma glucose concentrations
and demographic, lifestyle, and clinical vari-
ables. Among women, fasting plasma glucose
concentrations increased with age, BMI, and
the use of medication that could incidentally
increase plasma glucose concentration, and
were lower among users of the contraceptive
pill and among smokers (although not signifi-
cantly so). Fasting plasma glucose concentra-
tions were lower among H pylori infected than
non-infected women, but not significantly so.

Table 3 shows the univariate relation be-
tween the demographic, lifestyle, and clinical
variables and H pylori infection. A greater pro-
portion of H pylori infected women were over
the age of 54, used medication that might inci-
dentally increase their plasma glucose concen-
tration, were overweight or obese, were not
using the contraceptive pill, or were non-
smokers. These variables would be expected to
mask any hypoglycaemic eVect of H pylori
infection in a univariate analysis.

After adjusting for the above confounding
factors in an analysis of variance, H pylori
infection was significantly associated with fast-
ing plasma glucose concentration among
women (p = 0.023). The precise variables
included in the analysis were age (as a continu-
ous variable); use of the contraceptive pill; tak-
ing or not taking medication that could

incidentally increase and/or decrease plasma
glucose concentration; being underweight,
normal weight, overweight or obese; and
currently a smoker or not. An analysis of vari-
ance adjusting for age, BMI, and participation
or non-participation in vigorous exercise did
not reveal an association between H pylori
infection and fasting plasma glucose concen-
tration among men (p = 0.81).

Five women had fasting plasma glucose con-
centrations > 7.0 mmol/litre and may have had
undiagnosed diabetes. When the analysis of
variance was repeated after excluding these
subjects, H pylori infection was still signifi-
cantly associated with fasting plasma glucose
concentration (p = 0.022).

The proportion of subjects known to have
diabetes or having a fasting plasma glucose
concentration > 7.0 mmol/litre was lower
among infected than non-infected women (one
of 41 v six of 109) but not significantly so,
although the numbers are small. Correspond-
ing figures for men were three of 49 and three
of 95, respectively.

Discussion
Ours is the first study to explore the association
between H pylori infection and fasting plasma
glucose concentration separately among men
and women in the general population. Infected
women had lower fasting plasma glucose
concentrations than non-infected women and
the diVerence became significant after adjust-
ing for age, use of the contraceptive pill, certain
medications, and BMI, which would be
expected to mask a hypoglycaemic eVect of
H pylori infection in a univariate analysis. The
lack of an association between H pylori infec-
tion and fasting plasma glucose concentration
among men in the general population, even
after adjusting for confounding factors, is in
agreement with the results of previous studies
among middle aged men in the UK.12 13

Although one study found no eVect of sex on
basal serum gastrin concentration,14 another
found women had higher basal and meal
stimulated serum gastrin concentrations than
men.15 This might explain the eVect of H pylori
infection on fasting plasma glucose concentra-
tions in women but not in men. Alternatively,
in some populations H pylori may be a greater
stressor on iron stores in women than in men.7

Although the numbers were small, the
proportion of subjects with known and undiag-
nosed diabetes was also lower among the
infected women. Studies conducted to date
have given conflicting results over the associ-
ation between diabetes and H pylori infection.
One study compared people with diabetes and
healthy controls and found a significantly lower
prevalence of H pylori infection among older
people with type 1 diabetes.16 The same study
found that younger people with type 1 diabetes
had a higher prevalence of H pylori infection.
There was no association between H pylori
infection and type 2 diabetes, but the number
of people with type 2 diabetes was small. Three
other studies, in which all or most of the
infected and non-infected subjects were pa-
tients with coronary heart disease, found no

Table 3 Relation between Helicobacter pylori infection and demographic, lifestyle, and
clinical variables

Women Men

Infected
n (%) Non-infected n (%)

Infected n
(%) Non-infected n (%)

Age:
<55 24 (59) 78 (73) p = 0.09 30 (64) 68 (73)
>55 17 (41) 29 (27) 17 (36) 25 (27)

Vigorous exercise
Participation 11 (27) 26 (24) 11 (23) 11 (12) p = 0.08
Non-participation 30 (73) 81 (76) 36 (77) 82 (88)

Contraceptive pill
Using 3 (7) 17 (16)
Not using 38 (93) 88 (84)
Missing 2

Hormone replacement
Yes 4 (10) 13 (12)
No 37 (90) 94 (88)

Medication aVecting plasma glucose
Raise 5 (12) 7 (7) 2 (4) 3 (3)
Lower 1 (2) 1 (1) 1 (2) 0 (0)
Raise/lower 0 (0) 1 (1) 0 (0) 0 (0)
Not used 35 (85) 98 (92) 44 (94) 90 (97)

Family history of diabetes
Yes 3 (7) 14 (13) 1 (2) 6 (7)
No 38 (93) 93 (87) 46 (98) 87 (94)

Waist to hips ratio
Normal 18 (44) 49 (46) 35 (75) 76 (82)
Abnormal 23 (56) 58 (54) 12 (26) 17 (18)

Body mass index
Underweight 6 (15) 12 (11) 2 (4) 5 (5)
Normal 18 (44) 54 (51) 11 (23) 36 (39)
Overweight 8 (20) 25 (23) 26 (55) 38 (41)
Obese 9 (22) 16 (15) 8 (17) 14 (15)

Currently drinking
Yes 23 (56) 81 (76) 38 (81) 79 (85)
No 18 (44) 26 (24) 9 (19) 14 (15)

Currently smoking
Yes 6 (15) 23 (22) 9 (19) 28 (30)
No 35 (85) 84 (78) 38 (81) 65 (70)

Number 41 107 47 93

Excludes pregnant women, persons known to have diabetes, subjects who had not fasted, and
seven women and five men with missing H pylori titres.
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association between H pylori infection and
diabetes.12 17 18 Two studies involved only or
mainly men,12 17 whereas the gender mix of the
subjects in the other studies was not dis-
closed.16 18

There is no reason to believe that the associ-
ation between H pylori infection and plasma
glucose concentration in women was the result
of bias. Infected and non-infected women were
recruited for the cardiovascular survey in the
same way, which was unrelated to their plasma
glucose concentrations. Moreover, women who
were excluded because they had not fasted or
lacked a frozen plasma sample were similar to
the women included in the analyses on all the
variables in table 1.

It is impossible to tell from a cross sectional
study whether the apparent left shift in the dis-
tribution of fasting plasma glucose concentra-
tions among women followed or preceded
infection with H pylori. However, it is diYcult
to conceive of a biological mechanism whereby
women towards the left of the fasting plasma
glucose distribution curve were more likely to
become infected. For example, low fasting
plasma glucose concentrations do not slow
gastric emptying,19 and would probably not
predispose women to H pylori infection if they
did. Diabetic gastroparesis does not predispose
people towards Campylobacter pylori infection
or histological chronic gastritis.20

Our results need to be confirmed in other
populations. Because H pylori infection may
lead to lower fasting plasma glucose concentra-
tions in women, this should be considered
when interpreting concentrations bordering on
diabetes.
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