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Abstract

Background and Aims: Helicobacter pylori infection may protect against some chronic
inflammatory diseases. This study examined H. pylori infection and its association with the
prevalence of the gastrointestinal diseases Crohn’s disease [CD], ulcerative colitis [UC], and
coeliac disease [CeD]. Incident cases in a follow-up period after H. pylori testing were recorded to
investigate if protective effects of H. pylori persisted after probable eradication.

Methods: This was a historical cohort study performed in the Central Denmark Region. Patients
were enrolled consecutively from primary health care centres after a urea breath test [UBT] for
H. pylori and were then followed for a median of 6 years. The patient’s diseases, country of birth,
and gender were acquired from nationwide administrative registries. We used logistic regression
to compare the prevalences of CD, UC, and CeD and Cox regression to compare the incidences
of CD, UC, and CeD between H. pylori-positive and H. pylori-negative patients, adjusting for
confounding variables.

Results: We found a lower prevalence of CD in H. pylori-positive than in H. pylori-negative patients
(odds ratio = 0.36 [0.17-0.75]). There were fewer incident cases of CD in H. pylori-positive than
H. pylori-negative patients in the follow-up period (hazard ratio = 0.59 [0.36-0.96]). Similar trends
were found for CeD but not for UC.

Conclusions: H. pylori infection may be a protective factor against the development of CD.
However, the incidence of CD is still reduced after UBT and probable H. pylori eradication; thus,
H. pylori status may be a marker for other factors that protect against CD.
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1. Introduction

Infection with Helicobacter pylori increases the risk of developing
ulcers and some upper gastrointestinal cancers.! Chronic H. pylori
infection is common, and approximately 20% of Danish patients
with dyspepsia are infected with H. pylori.2 H. pylori infection
occurs during childhood.? Poor sanitation and low socioeconomic

standards are associated with increased risk of H. pylori infection,
with prevalences in, for example, India, China, and Brazil, of well
above 50%.%’

It has been suggested that H. pylori infection protects against
the chronic inflammatory bowel diseases [IBD] Crohn’s disease [CD]
and ulcerative colitis [UC]. Several case-control studies have shown a
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lower prevalence of H. pylori in patients with CD and UC compared
with a healthy control group.®”%* However, these studies either were
smaller case-control studies or were performed in a selected cohort
who underwent endoscopy and lacked a follow-up period to observe
the incidence of CD and UC after H. pylori eradication. A meta-
analysis concluded that patients with IBD have a lower prevalence of
infection with H. pylori, suggesting a causative relationship between
H. pylori infection and IBD. However, that meta-analysis used pooled
data to examine IBD and did not distinguish between CD and UC, so
it is unclear whether these results apply to both diseases.!°

Furthermore, a protective role of H. pylori in the development of
coeliac disease [CeD], a chronic inflammatory gastrointestinal dis-
ease, is controversial. One study showed that infection with H. pylori
reduced the prevalence of CeD, and this association remained strong
after adjusting for confounders, such as socioeconomic standards.!!
However, another study found an increased CeD prevalence in the
presence of H. pylori infection.'?

In Denmark, when a patient is found to be H. pylori-positive,
the physician is instructed to initiate eradication therapy accord-
ing to the guidelines of the Danish Society of Gastroenterology and
Hepatology.!® The eradication rate after therapy is 87%.'*

As results regarding the association between H. pylori infection
and IBD have been conflicting, we studied the association between
H. pylori infection and the prevalence of CD, UC, and CeD in a
cohort of > 50 000 Danish citizens who consecutively performed a
first-time urea breath test [UBT]. In a follow-up period, we examined
CD, UC, and CeD incidences after UBT, to investigate if potential
protective effects of H. pylori persisted after probable eradication.

2. Materials and Methods

2.1. Study design, participants and setting

This was both a cross-sectional and a historical cohort study. The
cohort consisted of 56 001 patients who underwent a urea breath
test [UBT] from November 2002 through April 2013, using a sys-
tem established in 2002 in the eastern part of the Central Denmark
Region [population size approximately 700 000] to diagnose and
treat H. pylori infections in general practice.?

2.2. Variables

We extracted data from the time of the UBT and forward, includ-
ing the patient’s Danish Personal Identification Number [CPR; also
coding for gender and age| and the result of the test [negative or
positive] from local laboratory information systems. Using the CPR,

we linked individual records with data from the National Patient
Register to identify patients at the time of UBT with CD, UC, and
CeD [ICD-10 and ICD-8 codes: CD, K50.x and 563.01; UC, K51.x,
563.19 and 569.04; CeD, K90.0 and 269.00] and patients later diag-
nosed with one of those diseases. In the follow-up period we only
registered incident cases, that is patients who received their first diag-
nosis of CD, UC, or CeD after UBT. We also linked the individual
records to the Civil Registration System to determine each patient’s
country of birth. Referrals within 6 months after UBT were stud-
ied using department codes for gastroenterology departments and
gastric surgery departments, as in Denmark these perform a large
proportion of both lower and upper endoscopies.

2.3. Statistical methods

We used logistic regression to compare the prevalences of CD, UC,
and CeD between patients with and without H. pylori infection,
adjusting for the confounding variables of gender, age, and country of
birth [Denmark or any other country]. In the historical cohort study,
the cumulative risk of being diagnosed with CD, UC, or CeD was esti-
mated after UBT, using the cumulative incidence function, with death
as a competing risk, and those who survived until 1 August 2014
without having developed CD were censored. We used Cox regres-
sion to compare CD, UC, and CeD hazard rates between those who
tested positive and those who tested negative for H. pylori, adjusting
for the confounding variables of gender, age, and country of birth.
Descriptive statistics are given as the median and interquartile range
[Table 1]. For the statistical comparisons between groups with regard
to gender and age distribution, thechi-square test and non-parametric
Mann-Whitney test were used, respectively. Prevalence and incidence
results are expressed as odds ratios [ORs] or hazard ratios [HRs].
Ratios are given with 95% confidence intervals [CIs].

2.4. Ethics

The study was approved by the National Board of Health and by
the Danish Data Protection Agency [journal number 2007-58-0010].
According to Danish law, approval from the Danish Committee on
Health Research Ethics was unnecessary.

3. Results

3.1. Participants and descriptive data

In total, 56 001 individuals underwent a first-time UBT, 47 044 of
whom were born in Denmark and 8957 of whom were born outside
Denmark. The prevalence of H. pylori in the entire cohort was 20%.

Table 1. Descriptive statistics of patients who took a first-time urea breath test [UBT] in general practice in the Central Denmark Region

from 2002 to 2013.

Total H. pylori-negative H. pylori-positive
Total UBT [#] 60 709 48 879 11 830
Patients [7] 56 001 45023 10 978
Retest, in 180 days [#] 1937 1451 486
Retests, ever [n] 4708 3856 852
Age [years]® 42.4[28.7-56.7] 41.7 [27.8-56.0] 45.2[32.5-59.5]
Gender [male] 40.0% 39.5% 41.7%
Follow-up [years]* 5.9[3.3-8.4] 5.9(3.3-8.4] 6.0 [3.3-8.6]
Born in DK [7] 47 044 40923 6121
Born outside DK [#] 8957 4100 4857

Entries in brackets denote interquartile range.
DK, Denmark.
“Median [25th to 75th percentile].
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Stratification for time of birth showed that people born in 1910-
1920 had a prevalence of H. pylori of 34%, whereas people born
in 1980-1990 had a prevalence of H. pylori of 11%. The H. pylori
prevalence in people born in Denmark was 13% compared with
54% for people born outside Denmark, so we performed sub-anal-
yses according to birthplace. The median follow-up time after UBT
was similar for patients who tested positive vs negative for H. pylori
[6.0 vs 5.9 years]. H. pylori status did not affect mortality [HR of
0.99, CI: 0.90-1.09]. Of the 10 978 patients who tested positive for
H. pylori, 17.6% underwent a follow-up test within 180 days, and
75% of the tests performed in this period were negative, indicating
successful eradication of H. pylori. When tested beyond 180 days,
82% of patients were negative. Referrals within 6 months after UBT
were comparable for patients who tested positive vs negative for
H. pylori [9.59% vs 9.83%, chi-square p = 0.46].

3.2. Crohn’s disease
The prevalence of CD at the time of UBT among H. pylori-positive
patients was 0.07% compared with 0.24% among H. pylori-nega-
tive patients, with an OR of 0.36 [CI: 0.17-0.75] after adjustment
for age and gender [Table 2], indicating a protective role of H. pylori
against CD, even after stratification for place of birth. For the group
born in Denmark, the CD prevalence was 0.10% among H. pylori-
positive patients compared with 0.24% among H. pylori-negative
patients, with an OR of 0.38 [CI: 0.17-0.87] after adjustment for
age and gender, whereas the group born outside Denmark had a
CD prevalence at 0.04% among H. pylori-positive patients com-
pared with 0.14% for H. pylori-negative patients (OR = 0.28 [CI:
0.06-1.38]).

In the years following UBT, those who tested positive for
H. pylori were less likely to be diagnosed with CD than those who
tested negative, with a hazard ratio of 0.59 [CI: 0.36-0.96] [Table 2
and Figure 1a].

3.3. Ulcerative colitis

In the same population, the prevalence of UC among H. pylori-posi-
tive patients was 0.57% compared with 0.68 % among H. pylori-neg-
ative patients, with an OR of 0.89 [CI: 0.67-1.18] after adjustment
for age and gender [Table 2]. The group born in Denmark had a
prevalence of UC among H. pylori-positive patients of 0.74% com-
pared with 0.71% among H. pylori-negative patients, with an OR of
0.87 [CI: 0.63-1.20] after adjustment for age and gender. The group
born outside Denmark had a lower prevalence of UC among both
H. pylori-positive patients [0.37%] and H. pylori-negative patients
[0.39%], with an OR of 0.93 [CI: 0.47-1.82] after adjustment for
age and gender.

The risk of developing UC after UBT was lower for those who
tested positive for H. pylori, but the difference was not statistically
significant after adjustment for confounders (HR of 0.90 [CI: 0.64—
1.27]) [Table 2 and Figure 1b].

3.4. Coeliac disease

The prevalence of CeD among H. pylori-positive patients was 0.05%
compared with 0.09% among H. pylori-negative patients, with an
OR of 0.65 [CI: 0.24-1.73] after adjustment for age and gender
[Table 2]. For the group born in Denmark, the prevalence of CeD
among H. pylori-positive patients was 0.05% compared with 0.10%
among H. pylori-negative patients (OR = 0.58 [CI: 0.18-1.88]), and
for the group born outside Denmark, the prevalence of CeD among
H. pylori-positive patients was 0.04% compared with 0.05% among
H. pylori-negative patients (OR = 0.85 [CI: 0.12-6.07]).

Table 2. Patients diagnosed with Crohn'’s disease [CD], ulcerative colitis [UC], and coeliac disease [CeD] after urea breath test [UBT] in the Helicobacter pylori-negative and -positive groups.

Events [n], odds ratios [ORs], hazard ratios [HRs], and 95% confidence intervals [Cls] are shown.

HR [95% CI]

Patients after UBT [#]

[95% CI]

OR

[%]

Patient at time of UBT [n]

REF
REF
REF

173
250

0.24
0.68
0.09

116
308

CD
ucC

45023

H. pylori-negative

74
21

41

CeD
CD

[0.36-0.96]
10.31-0.78]

[0.64-1.27]

0.59°

[0.17-0.75]
[0.15-0.62]

[0.67-1.18]

0.36°

0.07

10 978

H. pylori-positive

0.49"
0.90°

0.30°
0.89°

Unadjusted

ucC

45

0.57

63

10.53-1.00]

0.73"
0.59°

[0.64-1.10]

0.89¢
0.65°

Unadjusted
CeD

[0.29-1.22]

10

[0.24-1.73]

0.05

[0.28-1.06]

0.55°

[0.20-1.27]

0.50°

Unadjusted

REEF, reference value; unadjusted values shown by italics.

*Odds ratio and confidence interval compared with H. pylori-negative.

"Hazard ratio and confidence interval compared with patients who were H. pylori-negative before urea breath test.
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Figure 1. Incidence of Crohn’s disease [CD], ulcerative colitis [UC], and coeliac
disease [CeD] after urea breath test [UBT] with presumed Helicobacter pylori
eradication after positive test. The dotted line represents patients who were
H. pylori-negative by UBT, and the solid line represents patients who were
H. pylori-positive by UBT.The x-axis shows time [years] whereas the y-axis shows
cumulative risk [%, please note that the scale differs for the three diagnoses]. A:
Cumulative risk of CD after UBT. A significantly increased incidence of CD was
found in patients who were H. pylori-negative at UBT: hazard ratio 0.59 (95%
confidence interval [Cl]: 0.36-0.96). B: Cumulative risk of UC after UBT. A trend of
an increased incidence of UC was found in patients who were H. pylori-negative
by UBT: hazard ratio, 0.90 [95% CI: 0.64-1.27]. C: Cumulative risk of CeD after
UBT. A trend of increased incidence of CeD was found in patients who were
H. pylori-negative by UBT: hazard ratio 0.59 [95% Cl: 0.29-1.22].

After UBT, the risk of developing CeD was lower in patients who
tested positive for H. pylori than in those who tested negative, but
the difference was not statistically significant, with a hazard ratio of
0.59 [CI: 0.29-1.22] [Table 2 and Figure 1c¢].

4. Discussion

We found that H. pylori-negative patients had a higher prevalence of
CD than did H. pylori-positive patients. Even after UBT and proba-
ble eradication, CD was more frequently diagnosed in the H. pylori-
negative group during the follow-up period compared with the
group of patients who were H. pylori-positive before follow-up. We
also found a similar inverse relationship between H. pylori and CeD,
but it was not statistically significant.

This study had several strengths. The cohort was large, with
56 000 patients tested in general practice; therefore, these findings
are likely generalisable. The cohort was followed for several years
with healthcare information available both before and after UBT.
The validity of the diagnoses is high in the Danish National Patient
Registry for CD and UC." In the Danish National Patient Registry,
CeD is known to be underdiagnosed 10-fold, but we have no reasons
to expect this not to divide equally between the two groups.'® When
performed correctly, the sensitivity and specificity of the UBT used
in this study to detect H. pylori are both approximately 95%, and
this method is one of two recommended non-invasive methods to
detect H. pylori according to Maastricht IV.'>'® Hence, this study
likely provides precise information about H. pylori status and valid
information about the prevalence and incidence of CD and UC in a
Danish population.

However, the study also had limitations. Adjustment for patient
socioeconomic status would have strengthened our analysis because
H. pylori infection is linked to low socioeconomic standards, and
high socioeconomic standards have been linked to CD " and CeD.?
Likewise, information about drug prescriptions could have substan-
tiated probable eradication after a positive H. pylori test, but precise
information was not obtainable.

Several biases could have led to overestimation of CD, UC, or
CeD incidence in the H. pylori-negative group. First, if patients with
dyspepsia were H. pylori-negative, they would be more likely to be
tested for other diseases that cause abdominal discomfort, eg CD,
UC, and CeD, and then misclassified. Second, people with abdominal
symptoms due to undiagnosed CD, UC, or CeD are more likely to
be tested for H. pylori, found to be negative, and later diagnosed
with CD, UC, or CeD. In fact, we did see an increased incidence
just after the UBT in all groups, probably due to established contact
with doctors. However, we found no differences in referrals between
H. pylori-negative and -positive, so the association between H. pylori
and lower incidence of CD cannot be explained by a lower probabil-
ity of being referred for work-up in hospital. Both of these biases are
only relevant in the incidence analysis and should be eliminated by
the long observation period, as active CD leads to severe symptoms
that are not likely to be endured for a longer period without further
contact with health care professionals. A bias towards underestima-
tion of CD in the H. pylori-positive group could have been present
because metronidazole, which is often used to eradicate H. pylori,
reduces the activity of CD for years after metronidazole treatment.?!
Again, the long follow-up period should have eliminated this bias.
Concomitantly, our results could be biased towards lower H. pylori
prevalence in patients with CD, UC, or CeD, as people with frequent
health care contact are more likely to receive antibiotics due to other
causes, which could have led to H. pylori eradication. However,
a previous study whose control group consisted of patients with
chronic obstructive lung disease found that a history of antibiotic
use did not play a role in the negative association between H. pylori
and CD.?? Overall, the above-mentioned biases should not affect the
conclusions of this study.

The H. pylori prevalences observed in this study matched those
previously described for the Danish population; and the lower
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prevalence in more recent birth cohorts has also been described
before, and is attributed to the improving socioeconomic stand-
ards and sanitary conditions in Denmark.? After testing positive
for H. pylori, 82% of patients showed eradication of the infection
when they were retested, which accords with a previous Danish
study that reported an eradication rate of 87%.'* Even though UBT
retest was not performed routinely, we expect similar eradication
rates to be present or even higher in the remainder of H. pylori-
positive patients, as they are less likely to be retested if symptoms
are relieved after treatment. We found a stable follow-up period in
which mortality was unaffected by H. pylori status, so we were able
to compare disease incidence between the two groups with nearly
identical follow-up times.

Our study showed that people infected with H. pylori had a
lower prevalence of CD. This finding has previously been docu-
mented in several case-control studies and a meta-analysis.®7$%10
This association was observed whether the subjects were born in
or outside Denmark. These results suggest that H. pylori protects
against CD. Even after H. pylori diagnosis and probable eradica-
tion, more patients were diagnosed with CD among those who were
H. pylori-negative prior to follow-up than among those who were
H. pylori-positive prior to follow-up. This finding has not been
previously shown.

The mechanism by which H. pylori protects against CD is not
known, but it has been suggested that H. pylori induces the develop-
ment of FoxP3* regulatory T cells and impairs dendritic cell matu-
ration, which could contribute to decreased inflammation.?** As
we observed a difference in CD incidence between the two groups,
even after UBT and probable eradication, there may be factors other
than H. pylori that contributed to our findings. This is compatible
with another hypothesis, the ‘hygiene hypothesis’, which states that
improved sanitary conditions reduce infection load in general and,
consequently, reduce exposure to bacterial antigens which may trig-
ger autoinflammation. If that hypothesis is true, then H. pylori is
merely an indicator of other infectious agents and poor sanitary con-
ditions in infancy and can be considered an associative marker of a
lifestyle protective against these gastrointestinal diseases rather than
a causal factor. However, as H. pylori infection occurs during child-
hood, one could argue that the long duration of H. pylori infection
is of greater significance to the development of CD than the 6 years
[the follow-up period of this study] without H. pylori infection. This
is supported by the fact that H. pylori seems to protect against CD
even in children, indicating that infection during childhood is par-
ticularly important for gaining the protective effects of H. pylori.®

We found UC to be more frequent in H. pylori-negative patients
than in H. pylori-positive patients, but this difference was not sta-
tistically significant. Other studies have found a negative correlation
between H. pylori infection and UC, and our negative finding may
represent a type 2 error.>!* However, after stratification into groups
born inside and outside Denmark, the prevalence of UC was identi-
cal in H. pylori-positive vs H. pylori-negative patients. Stratification
further revealed that the group born outside Denmark had a lower
prevalence of UC and a considerably higher prevalence of H. pylori,
which may indicate susceptibility bias causing the UC risk to be
underestimated in the H. pylori-positive group. In conjunction,
we did not find any difference in UC incidence between H. pylori-
negative patients and H. pylori-positive patients after UBT. Hence,
we were not able to confirm a protective effect of H. pylori against
UC. The negative association observed between H. pylori infection
and CD compared with the lack of an association between H. pylori
infection and UC may represent a biological difference between CD

and UC, as H. pylori infects the upper gastrointestinal tract and UC
is limited to the colon.

Fewer H. pylori-positive patients than H. pylori-negative patients
had CeD, but this difference was not statistically significant. Lebwohl
and colleagues showed a strong negative association between CeD
and H. pylori'' That study had a large cohort of patients who
underwent oesophagogastroduodenoscopy and a high CeD preva-
lence compared with our cohort, which may explain why our asso-
ciation was not statistically significant. The prevalence of recognised
CeD in Denmark is estimated to be 0.1-0.2%, which accords with
our data.?® After UBT, CeD was more frequently diagnosed in the
group that tested negative for H. pylori before follow-up, but this
difference was not statistically significant.

4.1. Conclusion

This study, which was cross-sectional and was the first large his-
torical cohort study on this topic, showed that H. pylori infec-
tion may protect against CD. However, a negative association
between H. pylori infection and CD was observed during the
follow-up period after UBT, and possible eradication of factors
other than H. pylori may have caused or contributed to this
phenomenon.
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