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Abstract: The relationship between Helicobacter pylori infection and many extragastroduodenal manifesta-
tions remains a fascinating topic of investigation. Since the stomach is a large organ containing a potentially high
bacterial load, H. pylori infection might elicit a spectrum of pathologic consequences beyond the gastroduodenal
tract through either inflammatory mediator released into circulation or the host immune response. Currently, al-
though for several proposed associations the potential pathogenic mechanism remains unclear, a bacterial involve-
ment cannot be excluded. In the intestinal tract, an interaction between H. pylori and microbiota, with protective
or aggressive outcome, could explain the features of several diseases. Inflammatory bowel disease (IBD), that
comprises Crohn’s disease and ulcerative colitis, originates from a dysregulation of the host’s immune response
to commensal bacteria in individuals with genetic predisposition. The reduction of biodiversity and other specific
imbalances in the fecal microbiota composition of IBD patients compared to that of healthy controls support this
hypothesis. In such a scenario, an inverse correlation between H. pylori infection and IBD prevalence has been
confirmed worldwide. Growing interest in a potential role of H. pylori arises from studies investigating metabolic
syndrome, a condition involved in the pathogenesis of cardiovascular diseases. Other reported fields of investiga-
tion are hepatology, with a particular focus on non-alcoholic fatty liver disease; neurology, including Parkinson’s
disease and Alzheimer’s disease; and hematology as well as dermatology. The present narrative review highlights
the main associations between H. pylori and extragastroduodenal manifestations published during the past year.
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INTRODUCTION

Since the early 1990s, when the first potential associations between Helicobacter pylori infec-
tion and extragastroduodenal manifestations were reported, a large number of studies have
been carried out to investigate this topic'. While for some of these associations a causal role
has been confirmed, for others the association remains inconclusive due to epidemiological
limitations of the studies and multifactorial etiology of the investigated diseases.

In this review, we analyzed the main and well-designed studies including adults, on the
relationship between H. pylori infection and extragastroduodenal manifestations, published
between April 2020 and March 2021. A literature search was performed in the PubMed data-
base. The keyword used was “Helicobacter pylori”.
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EXTRAGASTRODUODENAL DISORDERS OF THE GASTROINTESTINAL TRACT
Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is one of the gastrointestinal (Gl) functional disorders, along
with dyspepsia. Since H. pylori plays a key role in functional dyspepsia?, it might be involved in
IBS too. Recently, Liang et al® conducted a nationwide population-based retrospective study
in Taiwan, comparing subjects with H. pylori infection to uninfected individuals. The cumu-
lative incidence risk of IBS was higher in the H. pylori group compared to controls; the over-
all hazard ratio (HR) was 3.1 (95% confidence interval [Cl]: 1.9-4.9, p<0.001). Furthermore,
those who received eradication therapy had a lower risk of IBS than untreated subjects. A
meta-analysis based on controlled trials® showed that H. pylori eradication significantly im-
proved the remission rate of IBS patients. Nevertheless, Li et al®, in a systematic review with
meta-analysis, including eight studies with a total of 1,861 patients, found that the H. pylori
infection rate was not significantly different between IBS cases (53.8%) and controls (41.7%).

Inflammatory Bowel Diseases

Inflammatory bowel diseases (IBD), that include ulcerative colitis (UC) and Crohn’s disease
(CD), are chronic Gl disorders with unclear pathogenesis. An inverse association between IBD
and H. pylori has been reported, supporting the hypothesis of a protective role of this bac-
terium®. A recent meta-analysis’, comparing the prevalence of H. pylori infection in patients
with IBD and in healthy controls, found a pooled relative risk (RR) of <1, and in the subgroup
analysis, the RR was 28% greater for UC than CD. Ding et al?, in a Chinese case-control study,
reported a significantly lower prevalence of H. pylori infection in IBD patients (9.6%) than in
healthy subjects (29.8%), with no difference between patients treated with previous medica-
tions versus naive ones.

HEPATOBILIARY DISEASES

Zhao et al® assessed the association between H. pylori infection and liver damage in 60 pa-
tients with hepatitis B virus (HBV) cirrhosis. The levels of HBV DNA and transaminases were
higher in patients with H. pylori infection than in uninfected subjects. Furthermore, inflam-
matory factors and the mRNA levels of retinoic acid receptor-related orphan receptor gam-
ma-t (ROR t) and fork- head box P3 (FoxP3) in liver and serum samples were higher in pa-
tients with H. pylori compared to others; overall, this condition was associated with more
severe hepatic damage.

Abid et al'%, in a case-control study, assessed the impact of H. pylori eradication and small
intestine bacterial overgrowth (SIBO) treatment on minimal hepatic encephalopathy (MHE).
H. pylori eradication did not improve MHE while the resolution of SIBO induced a significant
amelioration of MHE.

In recent years, non-alcoholic fatty liver disease (NAFLD) has become the most important
cause of cirrhosis. In a Chinese retrospective study'', the authors found a positive correlation
between H. pylori infection and NAFLD and its severity; in particular, male and younger NA-
FLD patients were more likely to have an H. pylori infection compared to others. In a Guate-
malan cross-sectional study'?, no overall association was found, but some bacterial antigens
(VacA, CagA and Helicobacter hepaticus antigen HH0713) were correlated to NAFLD.

In a systematic review with meta-analysis'®, the authors found a positive correlation be-
tween the gallbladder and H. pylori infection, concerning both chronic cholecystitis and
cholelithiasis (OR: 3.05, 95%Cl: 1.81-5.14). Makkar et al'4, in a case-control study, observed a
correlation between more virulent strains (CagA positive) and the risk of biliary tract cancer,
but the results were not statistically significant after correction for multiple comparisons.
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NEUROLOGICAL DISORDERS

Multiple sclerosis is a chronic disorder with unclear physiopathology. On the basis of immu-
nological mechanisms induced by H. pylori, the potential role of this bacterium has been
investigated. In contrast with previously published data, an endoscopic-based study' showed
that H. pylori infection rate was significantly higher in multiple sclerosis patients versus con-
trols (p=0.002). Hence, the authors hypothesized that molecular mimicry, caused by H. pylori,
could induce a cross reaction with ganglioside surface components.

Guillain-Barré syndrome (GBS) is an autoimmune disorder arising after an infectious ep-
isode, the main causal agent being Campylobacter jejuni. Dardiotis et al'® performed a me-
ta-analysis and found a higher positivity to IgG antibodies for H. pylori in GBS patients com-
pared to controls, both in serum (OR: 2.31, 95%CI: 1.30-4.11) and in cerebrospinal fluid (OR:
42.45, 95%Cl: 9.66-186.56).

Beydoun et al assessed the relationship between Alzheimer’s disease (AD), H. pylori se-
ropositivity, periodontal disease and periodontal infections. The authors found that 55% of
the patients were H. pylori positive, and selected periodontal pathogens titers, factors and
clusters interacted synergistically with H. pylori seropositivity to increase the risk of AD and
all-cause dementia. Doulberis et al'®, in a systematic review, highlighted that the changes in
the Gl microbiota, including H. pylori, as a component of the “gut-brain axis”, might be in-
volved in the physiopathology of AD.

CARDIOVASCULAR AND CEREBROVASCULAR DISEASES

Considering the global impact of cardiovascular and cerebrovascular diseases, intensive re-
search has been carried out on the possible role of H. pylori infection in this particular patho-
genesis.

In a cross-sectional Chinese study'®, the authors included 17,100 participants and observed
that the prevalence of hypertension was higher in subjects positive for H. pylori infection,
with an OR: 1.117 (95%¢Cl: 1.029-1.213, p=0.008).

In an Iranian systemic review and meta-analysis?°, based on 145 serological and molecular
studies involving patients with coronary artery disease, H. pylori prevalence was higher in the
case of serological tests (OR: 63.3%, 95%Cl: 60-66.5) and lower in the case of molecular tests
(OR: 12.8%, 95%Cl: 4-22). In a multicenter Swedish study?', including 310 patients with acute
myocardial infarction (AMI), the overall prevalence of H. pylori infection was 20% (95%Cl:
15.5-24.7); interestingly, H. pylori was more common in patients with ST-elevation MI (STEMI)
than in those with the non-STEMI type (26% and 15%, respectively). Wang et al??, in a me-
ta-analysis including case-control and cohort studies, found that H. pylori infection signifi-
cantly increased the risk of cardiovascular events, especially MI (OR: 1.80, 95%Cl: 1.42-2.26).

In another meta-analysis??, including 40 studies with a total of 273,135 patients, the au-
thors showed that both anti-CagA antibody and urea breath test (UBT) positivity were asso-
ciated with increased risk of stroke with an OR: 1.77 (95%Cl: 1.25-2.49) and OR: 2.21 (95%Cl:
1.33-3.66), respectively.

RESPIRATORY TRACT DISEASES

A Chinese observational study?* found H. pylori infection in 61.2% of patients with a chronic
cough versus 43.9% in the control group and, following bacterial eradication, 65.5% of the
former group improved. Hence, the authors proposed that H. pylori could be a target in pa-
tients with a chronic unexplained cough.

In a retrospective Korean study?®, comparing patients with chronic obstructive pulmonary
disease versus those without, no association was found between H. pylori infection and lung
dysfunction.
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HEMATOLOGICAL DISEASES

The correlation between immune thrombocytopenic purpura (ITP) and H. pylori infection has
been supported by the Maastricht V/Florence Consensus Report?®. Nevertheless, an interna-
tional survey?, assessing how hematologists approached the relationship between H. pylori
infection and ITP, found that among those who completed the questionnaire, only 29% test-
ed patients systematically for H. pylori infection.

Lee et al®®, in an analysis of the upside of eradication therapy in patients with ITP, reported
that after H. pylori eradication, patients had a 2.78-fold increase in platelet count compared
to baseline (p=0.016).

METABOLIC DISEASES

In the past year, several authors searched for a link between H. pylori infection and metabolic
syndrome (MS), which includes dyslipidemia, hypertension, hyperglycemia and obesity.

Watanabe et al?%, in an analysis of the changes in lipid levels in patients who underwent
H. pylori eradication, reported that high-density lipoprotein (HDL)-cholesterol levels were
higher in cured patients compared to those with ongoing infection. Accordingly, Fallah et
al*® highlighted that patients with H. pylori infection not only had lower HDL-cholesterol
levels, but they also had an impaired cholesterol efflux capacity. A Korean prospective cohort
study®!, including 2,626 adults, confirmed the benefit of H. pylori eradication on dyslipid-
emia. Eradication therapy reduced the risk of incident dyslipidemia compared to persistent
infection (HR: 0.85, 95%¢Cl: 0.77-0.95, p=0.0004). In another Korean study?? including 1,065
patients, total cholesterol levels in males and HDL in females were associated with H. pylori
infection. Shimamoto et al*3, in a meta-analysis, confirmed that H. pylori had a negative in-
fluence on HDL levels and a positive correlation with low-density lipoprotein (LDL) and total
cholesterol levels.

A case-control study carried out in China** found a positive link between obesity and H.
pylori infection (OR: 1.07, 95%¢Cl: 1.036-1.11).

In a community-based population study, conducted in a rural community of Bangladesh®,
H. pylori was found in 54.5% out of 767 subjects, with no relationship between H. pylori and
MS. In a cross-sectional study, performed in an Ethiopian Hospital®®, H. pylori-positive pa-
tients had higher levels of total and LDL cholesterol compared to H. pylori-negative patients.
Among 320 pregnant Chinese women, H. pylori was found to increase the risk of preeclamp-
sia and gestational diabetes mellitus (DM)".

Diabetes Mellitus

Peng et al®® reported that H. pylori infection induced alterations in glucose regulation in mice
models. This event was associated with gut dysbiosis, with H. pylori being a possible causal
agent. In a Chinese study?®®, including patients with DM, arterial stiffness was lower in patients
without H. pylori infection than in infected patients. In a systematic review with meta-analy-
sis, Song et al*® found that H. pylori eradication failure was higher in patients with type 2 DM
compared to non-diabetics (OR: 2.59, 95%Cl: 1.82-3.7). Nevertheless, eradication therapy im-
proved glycemic control. Accordingly, in a Brazilian study*, glycated hemoglobin levels (GHL)
were higher in patients with H. pylori, but this association was also dependent on the activity
of chronic gastritis and the degree of inflammation. In a retrospective Korean cohort study*?,
66,706 patients with type 2 DM were divided into two groups: those treated for H. pylori and
those untreated. Antibiotic treatment was associated with a risk of overall mortality (HR: 0.74,
95%Cl: 0.59-0.93, p=0.011). In an Iranian case-control study*, including 302 healthy controls
and 150 patients with H. pylori infection, a significant association among glycemic index, gly-
cemic load and glycemic consumption, and H. pylori infection was found. A meta-analysis*
including studies assessing the prevalence of H. pylori infection in diabetic patients reported a
pooled prevalence of 54% (95%Cl: 44-64). A study performed in Cameroon, enrolling dyspep-
tic patients with and without type 2 DM*, showed a statistically significant H. pylori prevalence

4



REVIEW - HELICOBACTER PYLORI AND EXTRAGASTRIC DISEASES

in diabetics compared to non-diabetics (OR: 1.472, p=0.02); moreover, a body mass index (BMI)
=25 kg/m?, in combination with H. pylori infection, strongly favored the onset of DM. On the
other hand, these findings were not confirmed in a cross-sectional study*¢. In fact, no correla-
tion between H. pylori infection and DM (OR: 1.02; 95%Cl: 0.88-1.18) was observed.

BONE DISEASES

Shafrir et al*” reported that vitamin D levels were inversely associated with both H. pylori
prevalence and successful eradication therapy.

In a cross-sectional Chinese study, H. pylori, BMI and homocysteine were associated with
osteoporosis in premenopausal females?, reinforcing the hypothesis that chronic inflamma-
tion due to H. pylori can induce bone damage. In a prospective study, Gennari et al* found
that H. pylori infection, in particular with the more pathogenic strains, was a potential risk
factor for osteoporosis. In a cohort of 1,149 adults followed up for eleven years, those infect-
ed by CagA-positive strains had a higher probability to have fractures (HR: 5.27, 95%Cl: 2.23-
12.63, p<0.0001). In a Korean cohort study®® including 10,482 women, those with H. pylori
infection had a higher risk of osteoporosis compared to those H. pylori negative (HR: 1.23,
95%¢Cl: 1.03-1.45).

SKIN DISEASES

Chronic urticaria (CU) is a common skin disease characterized by erythematous lesions and
angioedema, with unclear physiopathology. Guo et al*', in a retrospective study including 522
patients with CU, reported that those with CU and H. pylori infection had clinical relief and a
reduced rate of CU recurrence after bacterial eradication. In a randomized double-blind study
performed in Egypt*, 27 out of 72 patients with CU had an H. pylori stool antigen positivity.
Patients with H. pylori infection were randomly assigned to receive eradication therapy or
placebo. Those being actively treated showed more clinical benefit of CU compared to the
placebo group. In a tertiary hospital in Tanzania®, patients with CU had a significantly high
rate of H. pylori infection compared to controls (OR: 5.5, 95%Cl: 1.2-24.8, p=0.02). In a retro-
spective Taiwanese cohort study®*, including 23,802 patients with peptic ulcer disease (PUD)
and 23,802 controls, the authors found that the risk of CU was related to PUD, independently
of H. pylori infection, compared to controls, the HR was 1.45 (95%CI: 1.19-1.79) for patients
with both PUD and H. pylori and 1.34 (95%Cl: 1.09-1.64) for patients with only PUD.

In a Saudi study, Ahmed et al*> reported that psoriatic patients treated for H. pylori infec-
tion had a significant reduction in the psoriasis area and severity index, compared to untreat-
ed patients. Wu et al*®, analyzing the National Health insurance Research Database in Taiwan,
found no correlation between H. pylori and the risk of psoriasis (HR: 1.081, 95%Cl: 0.9-1.28).

In an Egyptian cross-sectional study®, including 100 patients with acne vulgaris (AV) and
100 healthy controls, those with severe AV presented higher levels of fecal H. pylori antigen
compared to patients with a mild or moderate form of AV or healthy controls (p<0.001).

NON-GASTRIC CANCER

Several studies®®>° reported an association between H. pylori infection and colorectal cancer
(CRC)>. In a Sudanese cross-sectional study®?, the presence of H. pylori was detected in the co-
lonic samples of 16 participants, 13 of whom with adenocarcinoma. The correlation between
H. pylori infection and CRC was significant (p=0.028). In a Chinese study®’, 3,872 patients with
CRC and 2,362 with normal colonic mucosa were compared by UBT as well as biopsies taken
during gastroscopy. Patients with H. pylori-related atrophic gastritis had a higher risk of CRC
(OR:3.46, 95%Cl: 2.63-4.55, p<0.01). Butt et al®, in a prospective multicenter European study,
found that 51% of CRC patients had an H. pylori seropositivity compared to 44% in the con-
trol group (OR: 1.36, 95%Cl: 1.00-1.85). A positive link between H. pylori and CRC emerged in
a meta-analysis performed by Zuo et al*®. Forty-seven studies, with a total of 17,416 patients
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with CRC and 55,811 healthy controls were included. Although the overall OR for the first
group was 1.70 (95%Cl: 1.64-1.76), the heterogeneity between the studies was high. In anoth-
er Chinese study®?, the authors found no correlation between H. pylori infection and the risk
of CRC after analyzing serology of 428 patients with CRC and 207 healthy controls.

In a Taiwanese study®, 109,360 patients with PUD were compared with 218,720 controls.
The cumulative risk of laryngeal cancer in cases with PUD was 2.27 (95%Cl: 1.16-4.44), and H.
pylori eradication may play a role in the prevention of this subtype of cancer. These data were
confirmed in a Croatian prospective study®* including 26 patients with chronic laryngitis and
51 patients with laryngeal cancer. The authors found that chronic gastritis and H. pylori were
risks for laryngeal carcinoma.

Acknowledgements

This work was not supported

Conflict of interest

The authors declare to have no conflict of interests.

REFERENCES

1. Pellicano R, laniro G, Fagoonee S, Settanni CR, Gasbarrini A. Extragastric diseases and Helicobacter pylori in-
fection. Helicobacter 2020; 25 Suppl 1: e12741.

2. Jin X, Li YM. Systematic review and meta-analysis from Chinese literature: The association between Helico-
bacter pylori eradication and improvement of functional dyspepsia. Helicobacter 2007; 12: 541-546.

3. Liang CM, Hsu CH, Chung CH, Chen CY, Wang LY, Hsu SD, Chang PK, Hong ZJ, Chien WC, Hu JM. Risk for irri-
table bowel syndrome in patients with Helicobacter pylori infection: A nationwide population-based cohort
study in Taiwan. Int J Environ Res Public Health 2020; 17: 3737.

4. Xiong Y, Liu L, Zhou X, Wen Y, Wang R. Anti-Helicobacter pylori treatment can effectively improve the clinical
remission rates of irritable bowel syndrome: a controlled clinical trial meta-analysis. Clinics (Sao Paulo) 2020;
75: e1857.

5. Li C, Shuai Y, Zhou X, Chen H. Association between Helicobacter pylori infection and irritable bowel syndrome:
A systematic review and meta-analysis. Medicine (Baltimore) 2020; 99: e22975.

6. Castafio-Rodriguez N, Kaakoush NO, Lee WS, Mitchell HM. Dual role of Helicobacter and Campylobacter spe-
cies in IBD: a systematic review and meta-analysis. Gut 2017; 66: 235-249.

7. Imawana RA, Smith DR, Goodson ML. The relationship between inflammatory bowel disease and Helicobacter
pylori across East Asian, European and Mediterranean countries: a meta-analysis. Ann Gastroenterol 2020; 33:
485-494.

8. Ding ZH, Xu XP, Wang TR, Liang X, Ran ZH, Lu H. The prevalence of Helicobacter pylori infection in inflamma-
tory bowel disease in China: A case-control study. PLoS One 2021; 16: e0248427.

9. Zhao B, Sheng QJ, Qin Y, Wang XL, Zhao H, Zhao N. Correlations of Helicobacter pylori with liver function,
inflammatory factors and serum levels of FoxP3 and ROR t in patients with hepatitis B cirrhosis. Eur Rev Med
Pharmacol Sci 2021; 25: 459-465.

10. Abid S, Kamran M, Abid A, Butt N, Awan S, Abbas Z. Minimal hepatic encephalopathy: Effect of H. pylori in-
fection and small intestinal bacterial overgrowth treatment on clinical outcomes. Sci Rep 2020; 10: 10079.

11. Xu MY, Ma JH, Du J, Yin J, Liu L, Cui F, Lu QB. Nonalcoholic fatty liver disease is associated with Helicobacter
pylori infection in North urban Chinese: A retrospective study. Gastroenterol Res Pract 2020; 2020: 9797841.

12. Alvarez CS, Florio AA, Butt J, Rivera-Andrade A, Kroker-Lobos MF, Waterboer T, Camargo MC, Freedman ND,
Graubard BI, Lazo M, Guallar E, Groopman JD, Ramirez-Zea M, McGlynn KA. Associations between Helico-
bacter pylori with nonalcoholic fatty liver disease and other metabolic conditions in Guatemala. Helicobacter
2020; 25: e12756.

13. Wang L, Chen J, Jiang W, Cen L, Pan J, Yu C, Li Y, Chen W, Chen C, Shen Z. The Relationship between Helico-
bacter pylori infection of the gallbladder and chronic cholecystitis and cholelithiasis: A systematic review and
meta-analysis. Can J Gastroenterol Hepatol 2021; 2021: 8886085.

14. Makkar R, Butt J, Huang WY, McGlynn KA, Koshiol J, Pawlita M, Waterboer T, Freedman ND, Murphy G. Sero-
positivity for Helicobacter pylori and hepatobiliary cancers in the PLCO study. Br J Cancer 2020; 123: 909-911.

15. Kountouras J, Papaefthymiou A, Gavalas E, Polyzos SA, Boziki M, Kyriakou P, Katsinelos P, Zavos C, Liatsos C,
Tzivras D, Tzitiridou-Chatzopoulou M, Dardiotis E, Deretzi G, Vardaka E, Doulberis M. Helicobacter pylori infec-
tion as a potential risk factor for multiple sclerosis. Med Hypotheses 2020; 143: 110135.

16. Dardiotis E, Sokratous M, Tsouris Z, Siokas V, Mentis AA, Aloizou AM, Michalopoulou A, Bogdanos DP, Xirom-
erisiou G, Deretzi G, Kountouras J, Hadjigeorgiou GM. Association between Helicobacter pylori infection and
Guillain-Barré Syndrome: A meta-analysis. Eur J Clin Invest 2020; 50: e13218.

17. Beydoun MA, Beydoun HA, Weiss J, Hossain S, El-Hajj ZW, Zonderman AB. Helicobacter pylori, periodontal
pathogens, and their interactive association with incident all-cause and Alzheimer’s disease dementia in a
large national survey. Mol Psychiatry 2020. doi: 10.1038/s41380-020-0736-2. Online ahead of print.



REVIEW - HELICOBACTER PYLORI AND EXTRAGASTRIC DISEASES

18. Doulberis M, Kotronis G, Gialamprinou D, Polyzos SA, Papaefthymiou A, Katsinelos P, Kountouras J. Alzhei-
mer’s disease and gastrointestinal microbiota; impact of Helicobacter pylori infection involvement. Int J Neu-
rosci 2021; 131: 289-301.

19. Xiong X, Chen J, He M, Wu T, Yang H. Helicobacter pylori infection and the prevalence of hypertension in
Chinese adults: The Dongfeng-Tongji cohort. J Clin Hypertens (Greenwich) 2020; 22: 1389-1395.

20. Dadashi M, Hajikhani B, Ghazi M, Yazdani S, Goudarzi M, Nasiri MJ, Shokouhi S, Owlia P, Yaslianifard S. The
global prevalence of Chlamydia pneumoniae, Helicobacter pylori, Cytomegalovirus and Herpes simplex virus
in patients with coronary artery disease: A systematic review and meta-analysis. Microb Pathog 2021; 152:
104572.

21. Warme J, Sundqvist M, Mars K, Aladellie L, Pawelzik SC, Erlinge D, Jernberg T, James S, Hofmann R, Back M.
Helicobacter pylori screening in clinical routine during hospitalization for acute myocardial infarction. Am
Heart J 2021; 231: 105-109.

22.Wang B, Yu M, Zhang R, Chen S, Xi Y, Duan G. A meta-analysis of the association between Helicobacter pylori
infection and risk of atherosclerotic cardiovascular disease. Helicobacter 2020; 25: e12761.

23. Doheim MF, Altaweel AA, Elgendy MG, Elshanbary AA, Dibas M, Ali AAHA, Dahy TM, Sharaf AK, Hassan AE.
Association between Helicobacter pylori infection and stroke: a meta-analysis of 273,135 patients. J Neurol
2020. doi: 10.1007/s00415-020-09933-x. Online ahead of print.

24.He M, Zheng Y, Ma A, Zhang C, Yu Y, Wang H, Chen Y, Xiang M, Tao K, Shen J. Helicobacter pylori is associat-
ed with weakened pulmonary function and reduced incidence of allergic conditions in patients with chronic
cough. Exp Ther Med 2020; 20: 47.

25. Lee HY, Kang HR, Lee JK, Heo EY, Choi SH, Kim DK. The effect of Helicobacter pylori infection on the decline
of lung function in a health screening population. Ann Palliat Med 2020; 9: 3115-3122.

26. Malfertheiner P, Megraud F, O’'Morain CA, Gisbert JP, Kuipers EJ, Axon AT, Bazzoli F, Gasbarrini A, Atherton
J, Graham DY, Hunt R, Moayyedi P, Rokkas T, Rugge M, Selgrad M, Suerbaum S, Sugano K, EI-Omar EM, Eu-
ropean Helicobacter and Microbiota Study Group and Consensus panel. Management of Helicobacter pylori
infection-the Maastricht V/Florence Consensus Report. Gut 2017; 66: 6-30.

27. Vishnu P, Duncan J, Connell N, Cooper N, Lim W, Rodeghiero F, Tomiyama Y, Grace RF, Bakchoul T, Arnold
DM; Platelet Immunology Scientific, Standardization Committee. International survey on Helicobacter pylori
testing in patients with immune thrombocytopenia: Communication of the platelet immunology scientific and
standardization committee. J Thromb Haemost 2021; 19: 287-296.

28. Lee A, Hong J, Chung H, Koh Y, Cho SJ, Byun JM, Kim SG, Kim I. Helicobacter pylori eradication affects platelet
count recovery in immune thrombocytopenia. Sci Rep 2020; 10: 9370.

29. Watanabe J, Hamasaki M, Kotani K. The Effect of Helicobacter pylori eradication on lipid levels: A meta-anal-
ysis. J Clin Med 2021; 10: 904.

30. Fallah S, Marsche G, Mohamadinarab M, Mohassel Azadi S, Ghasri H, Fadaei R, Moradi N. Impaired cholesterol
efflux capacity in patients with Helicobacter pylori infection and its relation with inflammation. J Clin Lipidol
2021; 15: 218-226.e1.

31. Park Y, Kim TJ, Lee H, Yoo H, Sohn |, Min YW, Min BH, Lee JH, Rhee PL, Kim JJ. Eradication of Helicobacter pylori
infection decreases risk for dyslipidemia: A cohort study. Helicobacter 2021; 26: e12783.

32.Seo Kl, Heo JJ, Kim SE, Park SJ, Park MI, Moon W, Kim JH, Jung K, Cho DH. Sex differences between Heli-
cobacter pylori infection and cholesterol levels in an adult health checkup program. Helicobacter 2020; 25:
e12704.

33. Shimamoto T, Yamamichi N, Gondo K, Takahashi Y, Takeuchi C, Wada R, Mitsushima T, Koike K. The association
of Helicobacter pylori infection with serum lipid profiles: An evaluation based on a combination of meta-anal-
ysis and a propensity score-based observational approach. PLoS One 2020; 15: e0234433.

34.Zhang J, Chen Y, Chen W, Xu H, Wang H, Chen L, Ye Y, Wang Z, Ye J. Persistent infection of Helicobacter pylori
affects weight loss in obese population compared with persistent negative: A case-control study based on
healthy Chinese. Helicobacter 2020; 25: e12697.

35. Rahman MM, Kibria MG, Sultana N, Akhter M, Begum H, Hague MA, Haque R, Sarker SA, Ahmed F, Hasan M.
Seroprevalence of Helicobacter pylori and its association with metabolic syndrome in a rural community of
Bangladesh. JGH Open 2020; 5: 64-72.

36. Abdu A, Cheneke W, Adem M, Belete R, Getachew A. Dyslipidemia and associated factors among patients
suspected to have Helicobacter pylori infection at Jimma University Medical Center, Jimma, Ethiopia. IntJ Gen
Med 2020; 13: 311-321.

37. Xia B, Wang W, Lu Y, Chen C. Helicobacter pylori infection increases the risk of metabolic syndrome in preg-
nancy: a cohort study. Ann Transl Med 2020; 8: 875.

38.Peng C, Xu X, He Z, Li N, Ouyang Y, Zhu Y, Lu N, He C. Helicobacter pylori infection worsens impaired glucose
regulation in high-fat diet mice in association with an altered gut microbiome and metabolome. Appl Micro-
biol Biotechnol 2021; 105: 2081-2095.

39. Yang YF, Li Y, Liu JH, Wang XM, Wu BH, He CS, Gu JW. Relation of Helicobacter pylori infection to peripheral
arterial stiffness and 10-year cardiovascular risk in subjects with diabetes mellitus. Diab Vasc Dis Res 2020; 17:
1479164120953626.

40.Song X, Cai C, Jin Q, Chen X, Yu C. The efficacy of Helicobacter pylori eradication in diabetics and its effect on
glycemic control: A systematic review and meta-analysis. Helicobacter 2021; 26: e12781.

41. Maluf S, Salgado JV, Cysne DN, Camelo DMF, Nascimento JR, Maluf BVT, Silva LDM, Belfort MRC, Silva LA,
Guerra RNM, Salgado Filho N, Nascimento FRF. Increased glycated hemoglobin levels in patients with Helico-
bacter pylori infection are associated with the grading of chronic gastritis. Front Immunol 2020; 11: 2121.

42. Kim YI, Kim YA, Kim HJ, Kim SH, Hwangbo Y, Kim JG, Kim JJ, Choi lJ. Effect of Helicobacter pylori treatment on
the long-term mortality in patients with type 2 diabetes. Korean J Intern Med 2020; 36: 584-595.



M. Gesualdo, S. Fagoonee, G.M. Saracco, R. Pellicano
______________________________________________________________________________________________________________________________________________J

43. Sohouli MH, Haghshenas N, Pouladi F, Sayyari A, Olang B, G man MA, Kord-Varkaneh H, Fatahi S. Association
between glycemic index and Helicobacter pylori infection risk among adults: A case-control study. Nutrition
2021; 83: 111069.

44. Mansori K, Dehghanbanadaki H, Naderpour S, Rashti R, Moghaddam AB, Moradi Y. A systematic review and
meta-analysis of the prevalence of Helicobacter pylori in patients with diabetes. Diabetes Metab Syndr 2020;
14: 601-607.

45. Kouitcheu Mabeku LB, Noundjeu Ngamga ML, Leundji H. Helicobacter pylori infection, a risk factor for Type
2 diabetes mellitus: a hospital-based cross-sectional study among dyspeptic patients in Douala-Cameroon. Sci
Rep 2020; 10: 12141.

46.Man S, Ma Y, Jin C, Lv J, Tong M, Wang B, Li L, Ning Y. Association between Helicobacter pylori infection and
diabetes: A cross-sectional study in China. J Diabetes Res 2020; 2020: 7201379.

47. Shafrir A, Shauly-Aharonov M, Katz LH, Paltiel O, Pickman Y, Ackerman Z. The association between serum
vitamin D levels and Helicobacter pylori presence and eradication. Nutrients 2021; 13: 278.

48.Wang JW, Dong FX, Su H, Zhu L, Shao S, Liu H. H. pylori is related to osteoporosis but only in premenopausal
female: a cross-sectional study. BMC Musculoskelet Disord 2020; 21: 559.

49. Gennari L, Merlotti D, Figura N, Mingiano C, Franci MB, Lucani B, Picchioni T, Alessandri M, Campagna MS,
Gonnelli S, Bianciardi S, Materozzi M, Caffarelli C, Gonnelli S, Nuti R. Infection by CagA-positive Helicobacter
pylori strains and bone fragility: A prospective cohort study. J Bone Miner Res 2021; 36: 80-89.

50. Kim TJ, Lee H, Min YW, Min BH, Lee JH, Rhee PL, Kim JJ. Cohort study of Helicobacter pylori infection and the
risk of incident osteoporosis in women. J Gastroenterol Hepatol 2021; 36: 657-663.

51. Guo Y, Li HM, Zhu WQ, Li Z. Role of Helicobacter pylori eradication in chronic spontaneous urticaria: A propen-
sity score matching analysis. Clin Cosmet Investig Dermatol 2021; 14: 129-136.

52. Elhendawy M, Hagras MM, Soliman SS, Shaker ESE. Positive Effect of Helicobacter pylori treatment on out-
come of patients with chronic spontaneous urticaria. Am J Clin Pathol 2021; 155: 405-411.

53. Dennis MF, Mavura DR, Kini L, Philemon R, Masenga EJ. Association between chronic urticaria and Helico-
bacter pylori infection among patients attending a tertiary hospital in Tanzania. Dermatol Res Pract 2020;
2020: 5932038.

54. Chen CM, Huang WT, Chang LJ, Hsu CC, Hsu YH. Peptic Ulcer Disease is associated with increased risk of chronic
urticaria independent of Helicobacter pylori infection: A population-based cohort study. Am J Clin Dermatol
2021; 22: 129-137.

55. Ahmed AS, Al-Najjar AH, Alshalahi H, Altowayan WM, Elgharabawy RM. Clinical significance of Helicobacter
pylori infection on psoriasis severity. J Interferon Cytokine Res 2021; 41: 44-51.

56. Wu MC, Ma KS, Chen HH, Huang JY, Wei JC. Relationship between Helicobacter pylori infection and psoriasis:
a nationwide population-based longitudinal cohort study. Medicine (Baltimore) 2020; 99: e20632.

57. Saleh R, Sedky Mahmoud A, Moustafa DA, Abu El-Hamd M. High levels of Helicobacter pylori antigens and
antibodies in patients with severe acne vulgaris. J Cosmet Dermatol 2020; 19: 3291-3295.

58.Zuo Y, Jing Z, Bie M, Xu C, Hao X, Wang B. Association between Helicobacter pylori infection and the risk of
colorectal cancer: A systematic review and meta-analysis. Medicine (Baltimore) 2020; 99: e21832.

59. Mohamed AK, Elhassan NM, Awhag ZA, Ali FS, Ali ET, Mhmoud NA, Siddig EE, Hassan R, Ahmed ES, Fattahi A,
Ahmed A, Muneer MS, Osman HA, Mohamed NS, Edris AMM. Prevalence of Helicobacter pylori among Suda-
nese patients diagnosed with colon polyps and colon cancer using immunohistochemistry technique. BMC Res
Notes 2020; 13: 322.

60. Wang M, Kong WJ, Zhang JZ, Lu JJ, Hui WJ, Liu WD, Kang XJ, Gao F. Association of Helicobacter pylori infection
with colorectal polyps and malignancy in China. World J Gastrointest Oncol 2020; 12: 582-591.

61. Butt J, Jenab M, Pawlita M, Tjenneland A, Kyrg C, Boutron-Ruault MC, Carbonnel F, Dong C, Kaaks R, Kihn
T, Boeing H, Schulze MB, Trichopoulou A, Karakatsani A, La Vecchia C, Palli D, Agnoli C, Tumino R, Sacerdote
C, Panico S, Bueno-de-Mesquita B, Vermeulen R, Gram IT, Weiderpass E, Borch KB, Quirés JR, Agudo A, Ro-
driguez-Barranco M, Santiuste C, Ardanaz E, Van Guelpen B, Harlid S, Imaz L, Perez-Cornago A, Gunter MJ,
Zouiouich S, Park JY, Riboli E, Cross AJ, Heath AK, Waterboer T, Hughes DJ. Antibody responses to Helicobacter
pylori and risk of developing colorectal cancer in a European cohort. Cancer Epidemiol Biomarkers Prev 2020;
29: 1475-1481.

62. Luan C, Liu Z, Li Y, Dong T. Association among Helicobacter pylori infection, gastrin level and colorectal cancer
in patients aged 50 years and over. Pak J Med Sci 2020; 36: 899-903.

63. Lu YT, Hsin CH, Lu YC, Wu MC, Huang JY, Huang CC, Wang PH, Yang SF. Risk of head and neck cancer in pa-
tients with peptic ulcers and the effect of Helicobacter pylori treatment. Sci Rep 2021; 11: 6229.

64. Paji Mati I, Mati I, Maslovara S, Veselski K, Stojadinovi T, Vu kovi |. Helicobacter pylori gastric infection in
patients with laryngeal cancer and chronic laryngitis. Eur Arch Otorhinolaryngol 2021; 278: 135-139.



