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INTRODUCTION

Helicobacter pylori (H. pylori) 
is an established risk factor for 
atrophic gastritis, peptic ulcer 
disease and gastric cancer, and 
has been classified as a Group 
I carcinogen by International 
Age n c y  for  R e s e arc h  on 
Cancer (IARC) [1]. Although 
it is believed that most H. pylori 
carriers will not develop clinical 
symptoms in their lifetime, 
studies show that they have an 
up to six times higher risk of 
developing gastric cancer [2].
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ABSTRACT

Background & Aims: The prevalence of Helicobacter pylori (H. pylori) infection is higher in developing 
countries and is often linked to lower socioeconomic status. Few studies have investigated the association 
between H. pylori and individual level characteristics in Europe, where several countries have a high prevalence 
of H. pylori infection. The study aimed to identify risk factors for H. pylori infection among adults in a large 
clinical trial in Latvia.
Methods: 1,855 participants (40-64 years) of the “Multicenter randomized study of H. pylori eradication and 
pepsinogen testing for prevention of gastric cancer mortality” (GISTAR study) in Latvia tested for H. pylori IgG 
antibodies were included in a cross-sectional analysis. Sociodemographic, lifestyle and medical factors were 
compared for participants seropositive (H. pylori+) and seronegative. Mutually adjusted odds ratios (OR) were 
calculated for H. pylori+ and factors significant in univariate analysis (education, smoking, binge drinking, 
several dietary habits, history of H. pylori eradication and disease), adjusting for age, gender and income.
Results: Of the participants 1,044 (55.4%) were H. pylori seropositive. The infection was associated with 
current (OR: 1.34, 95%CI: 1.01-1.78) and former (OR: 1.38; 95%CI: 1.03-1.85) smoking, binge drinking (OR: 
1.35; 95%CI: 1.03-1.78), having  ≥200g dairy daily (OR: 1.37; 95%CI: 1.11-1.69), and very hot food/drinks 
(OR: 1.32; 95%CI: 1.03-1.69) and inversely with ≥400g vegetables/fruit daily (OR: 0.76; 95%CI: 0.60-0.96), 
history of H. pylori eradication (OR: 0.57; 95%CI: 0.39-0.84), peptic ulcer (OR: 0.55; 95%CI: 0.38-0.80) and 
cardiovascular disease (OR: 0.78; 95%CI: 0.61-0.99). 
Conclusions: After mutual adjustment, H. pylori seropositivity was associated with lifestyle and in particular 
dietary factors rather than socioeconomic indicators in contrast to the majority of other studies. 
 
Key words: Helicobacter pylori – risk factors – socioeconomic factors – life style – diet – Latvia.

Abbreviations: BMI: body mass index; H. pylori: Helicobacter pylori; NSAIDs: non-steroidal anti-inflammatory 
drugs; PPIs: proton pump inhibitors. 

Helicobacter pylori infection has a global prevalence of 
50% with significant variation by population [3]. Overall, 
rates of H. pylori infection are higher in developing countries 
and have been linked to lower socioeconomic status [3, 
4]. The association between H. pylori infection and lower 
socioeconomic status, including crowding and sanitation, 
has been reported in several studies for children and adults, 
especially in low- and middle-income countries [3, 5, 6]. 
However, the association was not consistent especially in a few 
studies from high-income countries  [7, 8]. 

Potential associations between H. pylori infection and other 
factors vary greatly by geographic location.  For example, some 
studies have reported a higher H. pylori prevalence among 
current smokers and drinkers [3, 9], while others have found 
the contrary [10, 11]. Similarly, an association between low 
intake of fruit and vegetables and higher H. pylori prevalence 
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was reported in some studies [12, 13], but not others [14, 15]. 
Although dietary factors such as vegetable and salt intake have 
been linked to the development of gastric cancer and may 
potentiate the carcinogenic effects of H. pylori [16, 17], there 
seem to be no consistent findings on dietary factors and the 
prevalence of H. pylori infection.

Helicobacter pylori has been implicated as a risk factor 
for several extragastric diseases, with positive associations 
reported but not limited to coronary artery disease, stroke, 
metabolic syndrome, diabetes mellitus, autoimmune thyroid 
disease, and an inverse correlation with asthma [18-20] .

Studies covering a wide range of factors potentially 
associated with H. pylori other than socioeconomic status and 
living conditions have been lacking in Europe, especially in 
Central and Eastern European regions, where in some areas, 
the infection rate remains high despite being classified as high-
income countries [1, 21]. One such country is Latvia, which 
has a high prevalence of H. pylori (up to 79% in the general 
adult population) and a high burden of related disease - gastric 
atrophy and gastric cancer [22]. 

Previous analysis done by our study group on pilot study 
data showed some factors to be associated with H. pylori 
infection [23]. The current analysis includes medical history 
and a wider range of lifestyle and dietary factors in more detail.

The aim of our study was to determine potential risk factors 
for H. pylori infection in Latvia by comparing comprehensive 
information on sociodemographic, lifestyle and medical 
characteristics between participants with and without H. 
pylori infection in a cross-sectional analysis. Knowledge of 
socioeconomic, lifestyle, and health-related factors that may 
increase the risk of H. pylori infection could provide insight 
into the multifactorial process behind the acquisition and 
persistence of the infection. 

METHODS

Study population
A total of 4,620 participants aged 40 to 64 years were 

enrolled in the main study of the “Multicenter randomized 
study of H. pylori eradication and pepsinogen testing for 
prevention of gastric cancer mortality (the GISTAR study)” 
in four study centers in Latvia from March 2016 to December 
2018 [22]. Individuals were invited using patient lists of general 

practitioners in areas of local recruitment centers and contacted 
through phone or mail. Participants signed an informed consent 
form and were examined by a study physician upon enrolment. 
Ten participants were excluded, as they had a personal history 
of gastric cancer, gastric resection due to benign disease, H. 
pylori eradication therapy within the past 12 months, presence 
of alarm symptoms of digestive or other disease, or signs of 
serious disease requiring immediate management. A total 
of 4,610 participants completed a questionnaire on socio-
demographic characteristics, lifestyle (exercise, diet, smoking, 
alcohol consumption) and medical history (body mass index 
(BMI), history of disease, use of medication). After completing 
the questionnaire, study participants were randomly allocated 
either to the intervention or control group within the GISTAR 
study. The 1,885 participants of the intervention group were 
tested for H. pylori IgG group antibodies by ELISA (Eiken 
Chemical, Tokyo, Japan). Those positive for H. pylori were 
offered eradication therapy as part of the intervention. For 
the current study questionnaire data and H. pylori serology 
from the 1,885 participants of the intervention group was 
used (Fig. 1). 

The GISTAR study protocol was approved by the Ethics 
Committee of the International Agency for Research on Cancer 
(IEC 12–36) and the Central Medical Ethics Committee of 
Latvia (01–29.1/11). The study protocol is registered in the 
clinicaltrials.gov database (NCT02047994).

For the purpose of the current cross-sectional analyses, 
participants were divided into two groups based on serology: 
seropositive and seronegative for H. pylori. Self-reported 
socio-demographic, lifestyle, and medical data obtained from 
the GISTAR questionnaire was used to characterize H. pylori 
seropositive and H. pylori seronegative groups. 

Sociodemographic characteristics included age (median 
in years), gender, nationality (Latvian, Russian, other), level 
of education (primary or lower, upper secondary, professional 
vocational, higher education), monthly household income per 
household member after tax (less than 250, 250-500, more than 
500 Euros), and employment status (employed, unemployed, 
retired, handicapped). 

Lifestyle characteristics included smoking habits (current, 
former and non-smoker), binge drinking, physical activity 
and dietary habits. Binge drinking was defined as having at 
least 200 g of alcohol (ethanol content at least 40%) in one 

Fig. 1. Visual representation of the main GISTAR study in Latvia and the current study.
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sitting during the past year (none, less than once a month, or 
at least once a month, with the last category qualifying as binge 
drinking) [24]. Physical activity was assessed by the duration of 
moderate (at least 150 minutes per week) and intensive (at least 
75 minutes per week) physical activity at work and during free 
time according to the recommendations of the World Health 
Organization (WHO) on the amount of exercise necessary to 
decrease the risk of non-communicable disease [25].

Dietary habits were assessed based on self-reports of 
consuming at least 400 g of fruit and/or vegetables daily during 
the past week (yes, no) according to the recommendations 
of WHO and the Food and Agriculture Organization of 
the United Nations (FAO) on minimum fruit and vegetable 
intake [26]; at least 200 g of dairy daily during the past week 
(yes, no); consumption of portions (1 portion = 100 g) of red 
meat and poultry daily, assisted by visual representations of 
portions; consumption of very hot food and/or drinks, spicy 
food at least once a week (yes, no); addition of extra salt to 
food (never, sometimes, or always); and the frequency of 
consumption of several products on a daily basis during an 
average week in the past year (at least one, two to three, four 
to five, or six to seven days per week): fish, quark, kefir, eggs, 
legumes, pickled, cured, salted and/or smoked products, allium 
vegetables, instant coffee, ground coffee, black or green tea, and 
sweetened beverages. 

Self-reported medical history included the use of drugs 
during the past month (proton pump inhibitors (PPIs), aspirin, 
antihypertensive and non-steroidal anti-inflammatory drugs 
(NSAIDs)), history of H. pylori eradication, abdominal or 
pelvic surgery, and of diseases potentially associated with 
H. pylori reported in other studies [18, 19]: cardiovascular 
(myocardial infarction, stroke, arterial hypertension), 
gastrointestinal (peptic ulcer, inflammatory bowel disease, 
autoimmune gastritis, gallstones), thyroid, and respiratory 
disease (bronchial asthma, chronic obstructive pulmonary 
disease), as well as type 2 diabetes mellitus, B12 deficiency 
anemia, hemolytic anemia, and thrombocytopenia. Height, 
weight and abdominal circumference were measured on site. 

Body mass index (BMI) [weight (kg)/height (m)2] was 
calculated and split into three categories: ≤ 24.9 kg/m2 (normal 
or underweight), between 25.0 and 29.9 kg/m2 (overweight), 
and ≥30.0 kg/m2 (obese). Characteristics of the seropositive and 
seronegative for H. pylori participants were compared using 
Pearson chi-square and Mann Whitney tests. The percent of 
participants in each group was presented. Medians and inter-
quartile range was used for the analysis of age, as the variable 
was not normally distributed.  

All of the factors significantly associated with seropositivity 
for H. pylori in univariate analysis were included in a multiple 
binary logistic regression model with subsequent calculation 
of odds ratios (OR) and 95% confidence intervals (95% CI), 
adjusting for the potential confounders of age and gender, as 
well as income, which has previously been linked to H. pylori 
[3]. Significance at α < 0.10 level was considered as statistically 
significant in univariate analysis and at α < 0.05 level for 
multivariate analysis. Statistical analysis was performed using 
SPSS software, version 21.0 [27]. 

Additional analyses were carried out for education 
and thyroid disease, because the association with H. pylori 

lost significance in multivariate analysis, as well as for the 
consumption of dairy and a history of cardiovascular disease 
for potential confounding factors. Participants reporting a 
history of H. pylori eradication were divided into two groups – 
those seropositive and seronegative for H. pylori to determine 
whether any factors were associated with being seropositive 
despite reporting a history of eradication. Pearson chi-square 
and Mann Whitney or Kruskal-Wallis tests were used to 
identify differences in factors included in multivariate analysis.

RESULTS

The data of 1,885 participants were eligible for analysis (Fig. 
1). The median age of participants was 52 years and 62.3% were 
women. Of the participants 1,044 (55.4%) were seropositive 
for H. pylori.  Seropositivity for H. pylori was most prevalent 
in the lowest education group and decreased with increasing 
level of education (Table I). 

Seropositivity for H. pylori was more common among 
current and former smokers than nonsmokers, as well as those 
with binge drinking behavior. Participants consuming at least 
200 g of dairy daily, very hot food and/or drinks, and adding 
extra salt to food were more likely, but those consuming at 
least 400 g of fruit and/or vegetables daily were less likely to be 
seropositive for H. pylori. Participants having pickled products 
six to seven days a week were more likely to be seropositive 
for H. pylori (Table II).

Participants reporting a history of H. pylori eradication, 
peptic ulcer, cardiovascular and thyroid disease were less likely 
to be seropositive for H. pylori (Table III).

Additional analysis showed that participants with higher 
levels of education were more likely to consume at least 400 g 
of fruit and/or vegetables daily, less likely to add extra salt to 
food, have hot foods and/or drinks, report a history of peptic 
ulcer and cardiovascular disease, and to smoke (Supplementary 
file S1). The only factor other than seropositivity for H. pylori 
significantly associated with the consumption of at least 200 
g of dairy daily was the consumption of at least 400 g of fruit 
and/or vegetables daily (Supplementary file S2).

Of the 146 (7.8%) participants reporting a history of 
H. pylori eradication 58 (39.7%) were seropositive for H. 
pylori. There were no significant differences in age, gender, 
education, and income between those H. pylori seropositive 
and seronegative reporting a history of H. pylori eradication 
(Supplementary file S3).

A history of cardiovascular disease was associated with 
older age, but inversely with higher education and the 
consumption of very hot food and/or drinks in the past week 
(Supplementary file S4). Those reporting thyroid disease 
were more likely to be nonsmokers, not engage in binge 
drinking, and seemed more likely to report a history of H. 
pylori eradication (17.8% vs. 12.5% respectively, p=0.06) 
(Supplementary file S5). These factors were also associated 
with a lower likelihood of seropositivity for H. pylori (Table II).

In multivariate analysis statistically significant positive 
associations were observed between seropositivity for H. pylori 
and current and former smoking, binge drinking, having at 
least 200 g of dairy daily, and very hot food and/or drinks. 
Seropositivity for H. pylori was inversely associated with the 
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consumption of at least 400 g of vegetables and/or fruit daily, 
history of H. pylori eradication, peptic ulcer disease, and 
cardiovascular disease (Table IV). Age, gender and income 
were not significantly associated with seropositivity for H. 
pylori in multivariate analysis.

DISCUSSION

Studies have reported higher rates of H. pylori infection 
with lower socioeconomic status including low household 
income [3, 4, 9]. In most studies a higher level of education 
was found to be inversely associated with H. pylori [9, 28]. 
Although seropositivity for H. pylori was less common among 
those with a higher education in our study, the relationship was 
no longer significant after adjusting for covariates. Additional 
sensitivity analyses showed that higher levels of education were 
associated with factors also associated with seropositivity for 
H. pylori in univariate analysis. Of these factors most remained 
significantly associated with seropositivity for H. pylori in 
multivariate analysis, suggesting the association between 
seropositivity for H. pylori and education was confounded by 
other lifestyle and dietary factors. Higher education was also 
associated with higher income.

No differences were found for income level and employment 
status. However, it must be noted that general indicators of 
economic wealth may be imprecise in accurately assessing the 
socioeconomic status of each participant, as although Latvia 
has seen comparatively rapid economic growth over the past 
decade, there is still a high shadow economy index (22% of 
the GDP in 2017) [29]. The main component of the shadow 
economy index is the underreporting of salaries or “envelope-
wages” (45.5%) [29], which may have led to the underreporting 

of income in our study. Circumstances created by decreasing 
income inequality (GINI coefficient) and economic growth 
post-crisis could also explain the lack of an association between 
seropositivity for H. pylori, income and unemployment, with 
a tendency toward a relationship with education and factors 
indirectly linked to education (lifestyle) instead. Around 
the time of recruitment, Latvia had the fourth highest GINI 
coefficient in the EU-28, indicating a significant level of income 
inequality [30].

Given the above, lifestyle characteristics may better serve 
as indicators of socioeconomic and educational status in 
the current study population. This could be used to explain 
why significant associations remained between H. pylori and 
lifestyle or dietary characteristics but not income and education 
in multivariate analysis.

The association between H. pylori, smoking, and binge 
drinking in both univariate and multivariate analysis might 
be attributable to lower education and socioeconomic status. 
When comparing these lifestyle habits by the levels of education 
and income in the study population, we observed that while 
smoking was less prevalent among individuals with higher 
levels of education (p<0.001) and higher income (p=0.04), 
binge drinking was more common with increasing income 
level (p<0.001) and showed no significant association with the 
level of education (p=0.34). In most other studies no significant 
relationships were found for smoking, alcohol consumption, 
and H. pylori [3, 9], except for a select few [10, 11].

In our study H. pylori was significantly associated with 
several dietary factors, which have also been investigated as 
independent risk factors for gastric cancer.

In univariate analysis H. pylori was associated with several 
habits related to increased salt intake (adding extra salt to 

Table I. Sociodemographic characteristics of the study population and participants seropositive and seronegative 
for Helicobacter pylori

Variable, n (%) Study population 
n = 1,885

H. pylori + 
n = 1,044

H. pylori -      
n = 841

p*

Male gender 711 (37.7) 406 (38.9) 305 (36.3) 0.24

Age (years), median, IQR 52, 12 52, 12 52, 12 0.82

Education

primary or lower (0-9 years) 77 (4.1) 50 (4.8) 27 (3.2) 0.03

upper secondary (10-12 years) 333 (17.7) 190 (18.2) 143 (17.0)

professional vocational 860 (45.6) 490 (46.9) 370 (44.0)

higher 615 (32.6) 314 (30.1) 301 (35.8)

Income (Euros)a

<250 461 (28.1) 260 (28.3) 201 (27.9) 0.98

250-500 899 (54.9) 503 (54.8) 396 (55.0)

>500 278 (17.0) 155 (16.9) 123 (17.1)

Employment

Unemployed 145 (7.7) 80 (7.7) 65 (7.7) 0.56

Employed 1555 (82.5) 865 (82.9) 690 (82.0)

Retired 100 (5.3) 58 (5.6) 42 (5.0)

Handicapped 85 (4.5) 41 (3.9) 44 (5.2)

*Differences obtained using χ2 test comparing seropositive for Helicobacter pylori participants (H. pylori +) and 
seronegative participants (H. pylori -). IQR: interquartile range. a monthly household income per household 
member after tax
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food and the consumption of pickled and meat products), but 
not in multivariate analysis after including a large number of 
factors. High salt intake has been shown not only to facilitate 
the colonization of the gastric mucosa by H. pylori but also 
increase inflammation and accelerate carcinogenesis [17, 31].  
Beevers et al. [32] reported a correlation between urinary 
sodium excretion and H. pylori infection rates in 2004 in the 
EUROGAST and INTERSALT study population from ten 
countries [32]

In our study the association between H. pylori and lower 
fruit and vegetable intake remained strong in multivariate 

analysis. An association between low intake of fruit and 
vegetables, and H. pylori prevalence has been reported in 
some epidemiologic studies [12, 13]. A diet rich in fruits 
and vegetables is considered a protective factor for gastric 
cancer and the pathogenic effects of H. pylori, possibly due 
to the protective role of carotenoids, folate, vitamin C, and 
phytochemicals in carcinogenesis [17, 34].

The association between dairy products and H. pylori in 
our study is less straightforward.  Other than seropositivity for 
H. pylori, consumption of dairy was only associated with the 
consumption of fruit and vegetables despite the many other 

Table II. Lifestyle characteristics in the study population and the group of participants seropositive and seronegative 
for Helicobacter pylori

Variable, n (%) Study population 
n = 1,885

H. pylori +  
n = 1,044

H. pylori - 
n = 841

p*

Smoking <0.01

Current 398 (21.1) 243 (23.3) 155 (18.5)

Former 364 (19.3) 218 (20.9) 146 (17.4)

Non-smoker 1,120 (59.5) 582 (55.8) 538 (64.1)

Binge drinkinga <0.01

None 1213 (64.4) 640 (61.3) 573 (68.1)

Less than monthly 246 (13.1) 141 (13.5) 105 (12.5)

at least monthly 426 (22.6) 263 (25.2) 163 (19.4)

BMI 0.36

≤24.9 kg/m2 451 (24.3) 258 (25.0) 193 (23.4)

25-29.9 kg/m2 724 (39.0) 410 (39.7) 314 (38.1)

≥30 kg/m2 683 (36.8) 365 (35.3) 318 (38.5)

Dietary habits

≥ 200g dairy daily (past week) 1,149 (61.0) 660 (63.2) 489 (58.1) 0.03

≥ 400g fruit and/or vegetables daily (past week) 1,292 (68.5) 691 (66.2) 601 (71.5) 0.01

Very hot food and/or drinks (past week) 449 (23.8) 273 (26.1) 176 (20.9) 0.01

Spicy food (past week) 392 (20.8) 230 (22) 162 (19.3) 0.14

Addition of extra salt to food <0.01

Never 1390 (73.7) 741 (71) 649 (77.2)

Sometimes or always 495 (26.3) 303 (29) 192 (22.8)

Pickled products (days per week) 0.06

≤ one 326 (17.3) 180 (17.2) 146 (17.4)

2-3 416 (22.1) 232 (22.2) 184 (21.9)

4-5 1058 (56.1) 573 (54.9) 485 (57.7)

6-7 85 (4.5) 59 (5.7) 26 (3.1)

Meat products (days per week) 0.05

≤ one 284 (15.1) 159 (15.2) 125 (14.9)

2-3 235 (12.5) 119 (11.4) 116 (13.8)

4-5 1035 (54.9) 562 (53.8) 473 (56.2)

6-7 331 (17.6) 204 (19.5) 127 (15.1)

Eggs (days per week) 0.08

≤ one 40 (2.1) 17 (1.6) 23 (2.7)

2-3 144 (7.6) 72 (6.9) 72 (8.6)

4-5 1363 (72.3) 754 (72.2) 609 (72.4)

6-7 338 (17.9) 201 (19.3) 137 (16.3)
a frequency of binge drinking in the past year- at least 200 g of liquor (alcohol content at least 40%) in one sitting 
during the past year. Seropositive for Helicobacter pylori participants (H. pylori +) and seronegative participants (H. 
pylori -). BMI: body mass index. *Differences obtained using χ2 test comparing HP+ and HP- groups.
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factors investigated in this study, suggesting its role as a possible 
independent risk factor.

Milk may serve as a vector for the transmission of H. pylori 
to humans. Reported rates of H. pylori in ruminant milk vary 
from 19% of raw cow milk samples in Iran [35] to 50% in Italy 
[36]. In Latvia, the use of raw unpasteurized milk is popular, 
especially in rural areas. 

The increased rate of H. pylori among those currently 
consuming more dairy might be a reflection of circumstances 
allowing for the acquiring of the bacterium in childhood and 
early adulthood, as H. pylori infection is thought to usually 
occur during childhood, especially with low socioeconomic 
conditions [3, 5, 6]. If the participants currently reporting 
higher consumption of dairy products also did so in childhood, 
the higher rate of H. pylori could be explained by infection 
several decades ago. Despite the claims of officials and milk 
producers, independent studies in the then Soviet Union 
occupied Latvia in the 1980s showed high levels of milk 
contamination with bacteria and industrial chemicals [37]. An 
alternative hypothesis to that of milk as a vector for H. pylori 
transmission may be that of milk consumption contributing to 
a more favorable gastric environment for H. pylori persistence. 
We found no association between H. pylori infection and the 
popular fermented milk product “kefir”, despite some studies 
suggesting that certain proteins in fermented milk products 
possess antibacterial properties [38].

Of the participants reporting a history of peptic ulcer 
disease 44.4% tested positive for H. pylori, indicating that there 
is considerable potential for decreasing gastric cancer risk by 
eradicating H. pylori according to international guidelines 
[39, 40]. 

Although participants reporting a history of H. pylori 
eradication were less likely to test positive for H. pylori than 
those not, the difference between these two groups was larger 
than expected (39.7% and 56.8% respectively, p<0.001). 
In supplementary analysis no significant differences in 
sociodemographic factors were found that explain the relatively 
high percentage of H. pylori positive participants claiming to 
have undergone H. pylori eradication.  Possible explanations 
may include false reports of H. pylori eradication (a lack of 
knowledge on the topic), unsuccessful H. pylori eradication, 
and reinfection. 

Helicobacter pylori was less common among participants 
reporting cardiovascular disease than those not (51.9% 
and 56.7% respectively, p=0.06). In multivariate analysis H. 
pylori was inversely associated with a history of self-reported 
cardiovascular disease (p=0.04).

Several studies have been published on H. pylori and 
cardiovascular disease; the most recent meta-analyses in 2017 
by Yu et al. [41] reported a significant association with coronary 
artery disease, and by Rahmani et al. [42] with myocardial 
infarction. It has been hypothesized that H. pylori may 
facilitate atherosclerosis by promoting chronic inflammation, 
dyslipidemia and endothelial dysfunction [41].

Another meta-analysis published by Sun et al. [43] in 2016 
on prospective cohort studies concluded that although H. 
pylori infection increased the risk of cardiovascular disease 
events especially in earlier life, this association was no longer 
significant for studies with follow-up times of 10 or more 
years, with the effect possibly weakened or masked by other 
cardiovascular risk factors. In our study the association 
between H. pylori and cardiovascular disease was inverse, 
despite H. pylori having been associated with several known 
cardiovascular risk factors in univariate analysis (salt intake, 
smoking, alcohol consumption, and insufficient consumption 
of vegetables). In additional sensitivity analysis cardiovascular 
disease was not significantly associated with any of these 
factors. The only factor that both seropositivity for H. pylori 
and cardiovascular disease were significantly associated with 
was the level of education, with both less likely in the higher 
education group. Nevertheless, we cannot exclude reverse 
causality due to the cross-sectional nature of the current 
analysis. 

In univariate analysis participants reporting a history of 
thyroid disease were less likely to test positive for H. pylori 
than those reporting none (48.1% and 56.4% respectively, 
p=0.02). Although H. pylori has been linked to autoimmune 
thyroid disease in other studies, we were not able to investigate 
it in our study as we did not have information on the type of 
thyroid disease (autoimmune disease or inactive nodules). In 
multivariate analysis this association was no longer significant 
(p=0.06). Those reporting thyroid disease were less likely 
to engage in habits (smoking, binge drinking) which were 
associated with being seropositive for H. pylori and were 

Table III. Self-reported medical characteristics in the study population and participants seropositive 
and seronegative for Helicobacter pylori.

Variable, n (%) Study population 
n = 1,885

H. pylori +  
n = 1,044

H. pylori -  
n = 841

p*

H. pylori eradication 146 (7.8) 58 (39.7) 88 (60.3) <0.001

Proton pump inhibitor use (past month) 168 (8.9) 89 (53.0) 79 (47.0) 0.51

Peptic ulcer disease 160 (8.5) 71 (44.4) 89 (55.6) <0.01

Cardiovascular disease 528 (28.0) 274 (51.9) 254 (48.1) 0.06

Thyroid disease 241 (12.8) 116 (48.1) 125 (51.9) 0.02

Gallstones 155 (8.2) 72 (46.5) 83 (53.5) 0.02

Urticaria 34 (1.8) 13 (38.2) 21 (61.8) 0.04

Glomerulonephritis (past 3 years) 84 (4.5) 37 (44.0) 47 (56.0) 0.03

*Differences obtained using χ2 test comparing seropositive for Helicobacter pylori participants (H. pylori 
+) and seronegative participants (H. pylori -).
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more likely to report a history of H. pylori eradication. This 
suggests a possible link between health-associated behaviors 
and the ability to recall history of disease and could potentially 
explain why the reporting of other diseases (e.g. urticaria, 
glomerulonephritis) was also associated with a lower likelihood 
of seropositivity for H. pylori. The reporting of the history 
of disease was not consistently associated with the level of 
education. The number of participants reporting other diseases 
of interest was too few for analysis. 

This is a unique study investigating a wide range of 
potential risk factors for H. pylori infection in the Central and 

Table IV.  Factors associated with Helicobacter pylori infection in the study 
population included in multivariate analysis, adjusted for age, gender and income

Variable OR 95% CI p

Education

primary or lower (0-9 years) 1.38 0.79-2.41 0.25

upper secondary (10-12 years) 1.17 0.86-1.59 0.30

professional vocational 1.20 0.94-1.53 0.14

higher Ref

Smoking

current 1.34 1.01-1.78 0.04

former 1.38 1.03-1.85 0.03

non-smoker Ref

Binge drinkinga

no Ref

less than monthly 1.37 0.99-1.89 0.06

at least monthly 1.35 1.03-1.78 0.03

Dietary habits

Dairy ≥ 200g daily 1.37 1.11-1.69 <0.01

Vegetables / fruit ≥ 400g daily 0.76 0.60-0.96 0.02

Very hot food /drinks 1.32 1.03-1.69 0.03

Adding extra salt to food 1.21 0.95-1.54 0.13

Pickled products

≤ once a week Ref

2-3 days 1.03 0.74-1.43 0.88

4-5 days 0.87 0.65-1.16 0.33

6-7 days a week 1.58 0.89-2.83 0.12

Meat products

≤ once a week Ref

2-3 days 0.79 0.53-1.16 0.22

4-5 days 0.81 0.60-1.09 0.17

6-7 days a week 1.05 0.72-1.53 0.79

H. pylori eradication 0.57 0.39-0.84 0.01

Thyroid disease 0.79 0.58-1.08 0.14

Cardiovascular disease 0.78 0.61-0.99 0.04

Peptic ulcer disease 0.55 0.38-0.80 <0.01

Gallstones 0.79 0.55-1.15 0.22

Urticaria 0.64 0.29-1.39 0.26

Glomerulonephritis 0.61 0.36-1.03 0.07

H. pylori+ participants seropositive for Helicobacter pylori; ref: reference value; 
OR: odds ratio; CI: confidence interval. a frequency of binge drinking in the past 
year at least 200g of liquor (alcohol content at least 40%) in one sitting during 
the past year.

Eastern European region. The number of factors investigated 
is a strength of our study, as few studies have been able to 
include such a wide range of sociodemographic, lifestyle, and 
medical history data. This may have increased the possibility 
of identifying associations that may otherwise have gone 
unnoticed. 

Our study also has limitations. Our findings need to be 
interpreted with caution due to the cross-sectional nature of 
the study. We cannot therefore conclude whether the lifestyle 
factors associated with H. pylori infection in our study play a 
role in determining the presence of the infection or whether 
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they, along with a higher likelihood of H. pylori infection, 
are consequences of, for instance, socioeconomic status or 
childhood environment. Evaluation of dietary habits was based 
on participants’ memory, can be subject to recall bias, and may 
not accurately reflect general dietary habits over a longer time 
period. Therefore, results must be interpreted critically when 
discussing possible long-term exposures.

Our analysis was a first step in identifying possible 
associations, describing the findings from a region where 
such information is limited. Determining cause-and-effect 
relationships requires further studies.

The factors associated with H. pylori in our study have also 
been implicated in the development of gastric cancer. Since H. 
pylori and other risk factors (certain dietary habits, smoking, 
alcohol consumption, history of peptic ulcer disease) have a 
synergistic relationship in the development of gastric cancer, 
targeting this subset of the population specifically with lifestyle 
interventions and H. pylori eradication may be beneficial in 
the prevention of cancer. 

Collecting data on the current place of residence (urban 
or rural) and childhood socioeconomic status would have 
been valuable in interpreting the results pertaining to both 
sociodemographic and lifestyle factors.  Our analyses on 
self-reported medical history by H. pylori status did not 
include specific data on types of disease, such as subtypes 
of cardiovascular and thyroid disease, as the number of 
participants reporting subtypes was not sufficient for analysis. 
We did not have information to differentiate between active 
and past peptic ulcer disease. 

A detailed description of self-reported medical history 
including H. pylori eradication was added in the latest 
version of the study questionnaire with the aim of improving 
participant understanding of medical terms and decreasing 
recall bias in the future.

Including the factors associated with H. pylori seropositivity 
in our study in future studies could be beneficial in identifying 
causal relationships with sociodemographic, lifestyle and 
medical factors in other populations.

CONCLUSIONS

In our study H. pylori seropositivity was associated with 
lifestyle and in particular with dietary factors rather than 
socioeconomic indicators in contrast to the majority of 
other studies on the topic. Seropositivity for H. pylori was 
significantly associated with smoking, binge drinking, the 
consumption of at least 200 g of dairy daily and very hot food 
and/or drinks, but inversely associated with having at least 
400 g of vegetables and/or fruit daily, a history of H. pylori 
eradication, peptic ulcer disease, and cardiovascular disease.
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