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Abstract

The components in our food are known as one of the important risk factors for the
development of Helicobacter pylori (H.pylori) infection. A balanced diet, rich in fruits
and vegetables, and free of fat, sugar, and salt, might protect people from the conse-
quences of H.pylori infection. Therefore, the purpose of this study was to investigate
the associations between ultra-processed foods (UPFs) intake and the risk of H.py-
lori infection. The case-control study was conducted to assess the intake of UPFs
in patients with H.pylori infection compared with healthy individuals. The dietary
data of the contributors were collected by a validated food frequency questionnaire
(FFQ). To estimate the UPFs intake, the classification of the NOVA food group was
utilized. The associations of intake UPFs with H.pylori infection were assessed using
binary logistic regression. Finally, dietary data of 150 cases and 302 controls (mean
age: 39.5 +10.95 years) were analyzed. UPFs intake was associated with higher risk of
H.pylori infection (odds ratio (OR)=1.71; 95% confidence interval (Cl): 1.05, 2.79). The
association remained constant after adjustment for age, body mass index (BMI), sex,
energy intake, physical activity, smoking, and alcohol status (OR=2.17; 95% Cl: 1.22,
3.86). Our data declare that UPFs consumption could have a role in increasing the
likelihood of the risk of H. pylori infection. To confirm the current findings, prospective

studies are suggested.
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are caused by the complex interplay of bacterial, host genetics, and

environmental agents (Amieva & EI-Omar, 2008; Malfertheiner

Helicobacter pylori (H.pylori) is one of the most widespread rea-
sons of earnest chronic bacterial infections (Aumpan et al., 2023)
and it is known as the main agent of chronic gastritis, peptic ulcer,
and primary gastric lymphoma (Bardazzi et al., 2020), that eight out
of ten cases of gastric cancer have been assigned to it (de Martel

et al., 2020). The varied pathologies ascribed to H.pylori infection

et al., 2023). Along with other modifiable environmental factors, nu-
trition and nutritional status play an important role in H. pylori infec-
tion (Oztekin et al., 2021).

During the past years, the consumption of ultra-processed
foods (UPFs) has increased dramatically worldwide, replacing

healthy dietary patterns (nuts, legumes, vegetables, and fruits) (Leo
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et al., 2020). These foods are placed in the fourth category of Nova
system in terms of the physical, biological, and chemical character-
istics. The categories of Nova system include: 1. Fresh and minimally
processed foods, without adding new substances to extend shelf-
life (for example: milled cereals, meats, eggs, milk, vegetables, nuts,
and seeds). 2. Cooking ingredients for use in food preparation (such
as salt, vegetable oils, vinegar, butter, and sugar). 3. Processed food
that is generally prepared using combinations of culinary ingredi-
ents in categories 1 and 2 (such as canned fish or beans). 4. Ultra-
processed foods that include industrially formulated food, usually
prepared with five or more ingredients from the category 1 or 2 and
food additives through a series of industrial processes (such as soft
drinks; chocolate, candies, ice cream, biscuits, and cakes; packaged
leaves of bread; nuggets and sticks, margarine, and pastries; pre-
prepared food dishes) (Monteiro et al., 2018). UPFs are rich in fat
(saturated and trans-fatty acids), sugar, calorie, and salt but poor in
protein, fiber, micronutrients, and other bioactive compounds and
include lower nutritional quality foods, compared to fresh or home-
made foods (Monteiro et al., 2018).

These foods and their components have been indicated to neg-
atively influence gut microbiota, systemic inflammation, and body
weight, raising concerns relating to their long-time impacts on
health (Chassaing et al., 2015; Srour et al., 2022). Possible mecha-
nisms of their association with health status are food composition
and their “processing.” UPFs are typically nutritionally inappropri-
ate due to their composition (Martini et al., 2021). For example,
UPFs contain large amounts of salt, which helps to increase the
colonization of H.pylori by destroying the mucous barrier of the
stomach, and in the long term leads to gastritis resulting from
H. pylori (Caruso & Fucci, 1990; Fox et al., 1999). It seems that high
contents of carbohydrates in UPFs can play a role in the patho-
genesis of H.pylori infection by delaying gastric emptying and dis-
rupting gastrin secretion (Mourot et al., 1988). Moreover, evidence
shows that high consumption of UPFs is potentially related to the
high rate of obesity (Cordova et al., 2021), which has been iden-
tified as a factor for increasing the risk of H.pylori infection (Suki
et al., 2018; Xu et al., 2014). UPFs consumption can also play a
role in creating an inflammatory state through different mecha-
nisms. UPFs may create an environment that is more conducive to
the growth of H.pylori. Moreover, this diet may enhance oxidative
stress and inflammation, which can disturb the immune response
to H.pylori (Tristan Asensi et al., 2023). Consequently, consum-
ing high amounts of UPFs occasionally leads to the substitution
of foods that are the basis of a healthy and balanced diet such as
fruits and vegetables, which are associated with anti-inflammatory
effects due to the presence of multiple compounds (Tristan Asensi
etal.,2023). Considering the widespread prevalence of Helicobacter
(in the world and Iran) (Hooi et al., 2017; Mezmale et al., 2020)
and its role in causing digestive problems and gut cancers and the
adverse consequences of consuming UPFs in the gastrointestinal
tract, it seems that investigating the possible association between
UPFs intake and the risk of H. pylori infection can become very nec-
essary. Therefore, an appropriate and balanced diet, rich in fruits
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and vegetables, and free of fat, sugar, and salt, might protect peo-
ple against the consequences of H. pylori infection (Fox et al., 1999;
Mard et al., 2014; Sohouli et al., 2021; Xia et al., 2016). To the best
of our knowledge, the present study is the first study that was de-
signed and implemented to assess the relationship between UPFs
and Helicobacter pylori infection.

2 | METHODS
2.1 | Study design and participants

This case-control study was done on 150 patients with H. pylori in-
fection and 302 healthy subjects who were referred to the Rasoul-
e-Akram Hospital, Tehran, Iran between June 2021 and November
2021. The participants in the case group (H.pylori positive) were
recruited from among patients who were in the active phase of in-
fection and were not treated before participating in this study. The
control group were subjects who had no infection with H.pylori
according to the diagnostic methods. The persons who had H. py-
lori previously and were treated or who are resistant to treatment
were not included in the control group and were excluded from
the study. We excluded patients who had BMI <18.5 or>35kg/
m?, malignant or inflammatory disease, a medical history of psy-
chosis or memory disturbances, diabetes, liver, and cardiovascu-
lar diseases, following special diet (vegan, ketogenic, fasting, etc.),
pregnant, lactating, lack of literacy to fill out the questionnaire,
and consuming any nutritional supplements (e.g., omega-3 fatty
acids) during recent 6 months. Moreover, after collecting data, per-
sons who had reported energy intake out of 800-4200kcal/d were
excluded (Fung et al., 2002).

The study protocol was approved by the Ethics Committee of the
Iran University of Medical Sciences (IR.IUMS.REC 1396.32632). The

written informed consent form was collected from each participant.

2.2 | Anthropometric assessment

Anthropometric measurements were performed by a trained
nutritionist. Weight was assessed with least clothing, without shoes,
using a digital scale (Seca 807) (100g precision). Standing height
assessment was done without shoes by a stadiometer (Seca 206)
(0.5cm precision). Waist circumference (WC) was measured using a
flexible tape at the midpoint between the last rib and the iliac crest

at minimal respiration (0.5 cm precision).

2.3 | Assessment of other variables

Information on age, gender (male/female), smoking (yes/no), and al-
cohol consumption (yes/no) was collected with a self-administered
questionnaire. We wused the International Physical Activity
Questionnaire (IPAQ) to measure the activity of participants (Craig
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et al., 2003). All data of the IPAQ were expressed as metabolic

equivalents per week (MET-minute/week).

2.4 | Diagnosis tools

Helicobacter pylori infection should be distinguished by the
serological antibody testing (Immunoglobulin G (IgG) and
Immunoglobulin A (IgA)) in blood samples, stool antigen testing
in fecal matter samples, urea breath test (UBT), endoscopy, and
gastric biopsy.

2.5 | Dietary assessment

Dietary intakes of the contributors were evaluated by a 168-item
food frequency questionnaire (FFQ) that was already validated in
the Iranian population (Esfahani et al., 2010). Two experienced in-
terviewers completed the FFQ, and participants were asked to ex-
press their dietary intake in the form of day, week, month, or year.

The NOVA food group classification was utilized to determine
the UPFs (Monteiro et al., 2018). Food and beverages from FFQ (bis-
cuits, pastries, cakes, confectionary, some breads, meat products,
sauces, soft drinks, sugar-sweetened milk, ice cream, frozen yogurts,
french fries, pizza, packaged salty snacks, fruit drinks, dressing and
gravies, margarine and other spreads) were known as UPFs (Lane
et al., 2022). To characterize the portion of each subgroup of UPFs
to overall UPFs intake, the average daily intake of each of UPFs sub-
groups (dairy products, nondairy beverages, margarine and sauces,
cakes and cookies, chips and snacks, fast food, and meat, sweet,

TABLE 1 The features of case and

and others) was divided by the total UPFs daily intake and then mul-
tiplied by 100.

2.6 | Statistical analysis

The normality of the data was assessed using the Kolmogorov-
Smirnov test and histogram chart. Baseline data and dietary in-
takes of participants were stated as mean+SD (for quantitative
variables with normal distribution) and median (for quantitative
variables with skewed distribution). Comparison of the continu-
ous and categorical variables between two groups was done using
independent sample t-test and chi square, respectively. Also, we
used binary logistic regression in different adjusted models to
obtain odds ratio (OR) and 95% confidence interval (Cl) for the
relationship between UPFs and Helicobacter pylori infection. All
analyses were done by the SPSS software (version 21). P-values
less than .05 were considered significant levels.

3 | RESULTS

One hundred fifty cases and 302 controls with complete data and
a mean age of 32.31+10.96years (61.7% were male) were included
in the statistical analysis. The demographic characteristics of case
and control are represented in Table 1. Compared with those in the
control groups, the case groups were significantly older, had higher
BMI, had higher waist circumference, and were more likely to be cur-
rent smokers. No other significant difference was observed in this
regard. As we show in Table 2, individuals with H.pylori had a higher

control participants. Variables Cases (150) Controls (302) p-value
Age (year)b 42.0+13.5 371+8.4 <.001
BMI (kg/m?)° 28.1+6.6 24.8+3.2 <.001
Waist circumference (cm)® 108.8+13.6 96.5+6.3 <.001
Male, N (%)? 48 (32.0) 135 (44.7) .011
Current smokers, N (%)? 11 (7.3) 8(2.6) .025
Alcohol consumption, N (%)* 16 (10.7) 21(7.0) .203
Helicobacter pylori diagnosis, N (%)? 167
Endoscopic biopsy 51 (34.0) 75 (24.8)
Urea breath test 30(20.0) 81 (26.8)
Serum immunoglobulin 37 (24.7) 80 (26.5)
Stool antibody 32(21.3) 66(21.9)
Physical activity, N (%)? 484
Low 114 (76.0) 220(72.8)
Moderate 29 (19.3) 59 (19.5)
High 7(4.7) 23(7.6)

Note: Data are presented as mean +SD for continuous and percentage for categorical variables.

Abbreviation: BMI, Body mass index.

@Using chi-square test for categorical variables.

bUsing independent samples T-test for normal continuous variables.
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TABLE 2 Dietary intake among the
Variables Cases (150) Controls (302) p-value Y .. &
case and control participants.

Energy (kcal/day)b 2590.7 (932.8) 2246.9 (854.9) <.001
Protein (energy %)? 14.3+2.2 13.5+2.3 <.001
Carbohydrate (energy %)° 60.3(7.0) 56.9 (9.5) <.001
Total fat (energy %)° 29.0(17.2) 31.4(9.1) .018
UPFs (energy %)P 9.8(7.2) 8.7 (7.5) .072
Nondairy beverages (UPFs 4.9 (6.2) 2.5(4.5) .034

energy %)°
Cookie and cakes (UPFs energy 20.0(23.5) 18.2 (25.1) .383

%)P
Dairy beverages (UPFs energy 12.8 (15.9) 13.0(18.3) .238

%)P
Fast foods (UPFs energy %)° 6.9 (17.9) 5.2(9.1) .005
Processed meats (UPFs energy 1.1 (4.3) 3.6 (6.8) <.001

%)P
Qils and sauces (UPFs energy 10.4 (16.1) 3.3(6.6) <.001

%)P
Sweets (UPFs energy %)° 22.6 (19.0) 31.9 (25.6) <.001

Note: Data are presented as mean +SD or median (interquartile range (IQR)) for continuous

variables.

Abbreviation: UPFs, Ultra-processed foods.

2Using independent samples T-test for normal continuous variables.
bUsing Mann-Whitney for abnormal continuous variables.

24%

) -

intake of energy, protein, carbohydrate, nondairy beverages, fast
foods, oils, and sauces, and a lower intake of total fat, processed
meats, and sweets compared to controls. The contribution (%) of
total UPFs subgroups consumption is shown in Figure 1. Also, the
contribution of UPFs subgroups consumption across UPFs tertile is
represented in Figure 2.

The association between UPFs and Helicobacter pylori is shown
in Table 3. In comparison to the first tertile, we observed a signifi-
cant higher odds of H.pylori infection in the third tertile of UPFs in
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FIGURE 1 The contribution (%) of total
UPFs subgroups consumption.
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the crude model (OR=1.71; 95% Cl: 1.05, 2.79). After adjusting the
role of age, BMI, and sex in the second model, a higher odds of H. py-
lori infection still were seen in the third tertile in comparison to the
first one (OR=2.21; 95% Cl: 1.29, 3.77). In comparison to the first
tertile in the third model, after adjusting the role of potential con-
founders (age, BMI, sex, energy intake, physical activity, smoking,
and alcohol status), a significant association was seen in the second
and last tertile (T,: OR=1.83; 95% CI: 1.02, 3.28 and T,: OR=2.17;
95% Cl: 1.22, 3.86).
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FIGURE 2 The contribution of UPFs
subgroups consumption across UPFs
tertile. T1: tertile 1. T2: tertile 2. T3:
tertile 3.
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TABLE 3 Association between tertiles of ultra-processed foods and risk of Helicobacter pylori infection.

Tertiles of ultra-processed foods Case (N) Control (N)

T, (£6.86% energy) 40 110 Ref.
T, (6.87-11.48% energy) 52 99

T, (211.49% energy)® 58 93

p* .031

Model 1 OR (95% Cl)

1.44 (0.88-2.36)
1.71 (1.05-2.79)

Model 2 OR (95% ClI) Model 3 OR (95% ClI)

Ref. Ref.
1.66(0.97-2.84) 1.83(1.02-3.28)
2.21(1.29-3.77) 2.17 (1.22-3.86)
.004 .012

Note: Data are presented as OR (95% Cl). The T1 tertile was considered as reference.

Model 1: crude model.
Model 2: adjusted for age, BMI, and sex.

Model 3: adjusted for age, BMI, sex, energy intake, physical activity, smoking, and alcohol status.

*The third tertile of UPFs was considered as high UPFs intake.
*p for trend: obtained from binary logistic regression.

4 | DISCUSSION

The present study's findings showed that the consumption of UPF,
which was associated with a high intake of sweets and cakes, non-
dairy drinks, dairy drinks, processed meats, and fast foods, was posi-
tively associated with the chance of developing H.pylori infection.
According to our results, higher UPFs intake leads to 2.17 times in-
creased odds of H.pylori infection.

A positive and significant relationship between UPFs con-
sumption and irritable bowel syndrome and dyspepsia (Schnabel
et al., 2018), weight gain (Hall et al., 2019), cardiovascular disease
(Srour et al., 2019), type 2 diabetes mellitus (Srour et al., 2020),
and inflammatory diseases (Srour et al., 2022) has been reported.
However, so far no study has investigated the association between
UPFs and H.pylori. Therefore, in this study, we investigated this re-
lationship that based on our results, there was a significant relation-
ship between UPFs and H.pylori infection.
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Ultra-processed foods (UPFs) are usually high in fat, sugar,
salt, and energy and low in minerals, fiber, protein, and vitamins
(Monteiro et al., 2019). Also, UPFs contain ingredients used infre-
quently or in small amounts in cooking, such as high fructose corn
syrup, hydrogenated oil, flavors, colors, artificial sweeteners, and
maltodextrin, which are used with the purpose of making food tasty
(Elizabeth et al., 2020).

Possible mechanisms of UPFs association with H.pylori infection
may be the components contained and their “processing.” In fact,
UPFs are typically nutritionally inappropriate due to their compo-
sitions. For example, UPFs are rich in salt, and high amounts of salt
consumption over time can destroy the mucous barrier of the stom-
ach, which helps to increase the colonization of H.pylori, which in
the long term causes gastritis caused by H. pylori infection (Caruso &
Fucci, 1990; Fox et al., 1999). In this regard, Shu et al. indicated that
a higher salt intake was associated with a higher risk of H.pylori in-
fection (Shu et al., 2019). In an ecological study by Beevers et al., the
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findings showed a positive relationship between salt intake and the
risk of H.pylori (Beevers et al., 2004). It seems that high content of
carbohydrates (e.g., soft drinks) in UPFs may play a role in the patho-
genesis of H.pylori infection by increasing urea influx and ammonia
production by the bacteria due to prolonging the periods of gastric
acidification (Nseir et al., 2012).

Ultra-processed foods (UPFs) play a role in many chronic in-
flammatory diseases, such as metabolic syndrome and inflamma-
tory bowel disease (Srour et al., 2022). Also, it has been shown
that inflammation can affect the occurrence of bacterial infections.
Furthermore, the presence of inflammation is a favorable condition
for the growth of H.pylori (Meduri, 2001). In a cross-sectional study,
it was observed that UPFs consumption in adolescents was associ-
ated with an increase in inflammatory markers, such as C-reactive
protein (CRP) and interleukin (IL)-8 (dos Santos et al., 2022). The role
of UPFs in causing inflammation can be attributed to the presence
of its high saturated fatty acid (SFA) and fructose. In a systematic
review study, it has been reported that the consumption of SFA was
associated with an increase in high sensitivity-CRP (hs-CRP) (Santos
et al., 2013). Also, the role of fructose in increasing inflammatory
biomarkers has been indicated (Aeberli et al., 2011; Cox et al., 2011).

Also, the studies revealed that people with H.pylori received
more fast foods and oils. In addition to the content of fast foods
(sodium, sugar, SFA, and trans-fatty acids), they can be related to
the risk of contracting Helicobacter pylori by unsuitable food han-
dling, poor sanitation practices, and its transmission from person
to person (Kassid et al., 2022; Mhaskar et al., 2013). Finding from
a case-control study showed that the consumption of restaurant
foods is a risk factor for developing H.pylori (Mhaskar et al., 2013).
Also, in a study by Kassid et al., a significant relationship was seen
between fast food consumption and an increased incidence of H. py-
lori (Kassid et al., 2022). In another study in 2002, it was indicated
that fast food consumption was related to an increased incidence of
H.pylori (Kyriazanos et al., 2002).

The current study illustrated that people with H.pylori re-
ceived more energy and had more body weight and waist circum-
ference. UPFs, such as potato chips, sugar-sweetened beverages,
sweets, desserts, and fried foods, are associated with weight gain
(Crimarco et al., 2021; Elizabeth et al., 2020; Pereira et al., 2005).
A positive linear correlation between H.pylori and BMI has been
detected (Xu et al., 2014). Also, a study by Suki et al. showed a
positive relationship between BMI and H. pylori (Suki et al., 2018).
Our findings also illustrated that people with H. pylori have signifi-
cantly greater weight than those with H.pylori-negative people.
Due to the study's cross-sectional nature, the cause-and-effect
relationship between H.pylori and BMI cannot be answered.
However, some studies have demonstrated that obesity in both
animals and humans may be linked to several microbes, includ-
ing viruses, parasites, and bacteria (Hegde & Dhurandhar, 2013;
Pasarica & Dhurandhar, 2007). Increasing BMI can cause changes
in adaptive and innate immunity (Marti et al., 2001). These immu-
nological changes may create a favorable immune environment for
H.pylori (Xu et al., 2014).
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A study by Mard et al. showed that lower consumption of fruits
and vegetables and higher consumption of fast food increase the
chance of acquiring H.pylori infection (Mard et al., 2014). A recent
research clearly shows how persons who consume more UPFs have
less fruit and vegetable consumption (Dinu et al., 2022). A healthy
diet contains many compounds with anti-inflammatory effects.
Dietary antioxidants predominantly from fruits and vegetables
can provide a balanced defense mechanism against the harmful ef-
fects of reactive oxygen species (ROS). Antioxidants inhibit bacte-
rial growth by reducing reactive oxygen species and inflammations
caused by H.pylori (YaoBin et al., 2019). In addition, low fruit and
vegetable consumption results in a low dietary fiber intake, which
disturbs the intestinal microbiota, and increases intestinal permea-
bility and pro-inflammatory response (Aguayo-Patrén et al., 2017).
Intestinal microbiota plays a role in strengthening the immune sys-
tem and preventing the entry of pathogens by providing nutrients
produced from fatty acids and vitamins (Oh et al., 2016). Changes in
gut microbiota can interfere in H.pylori-related immune responses
(Chen et al., 2021). Therefore, consumption of UPFs can increase
the chance of developing H.pylori by changing the intestinal micro-
biota and thus changing the function of the immune system.

The present study was the first to examine the relationship be-
tween UPFs consumption and the chance of H.pylori infection. Also,
we used a reliable and valid questionnaire to collect the data. In addi-
tion, controlling many confounding factors to achieve more correct
results was one of the strengths of the present study. One of the
study's limitations is the lack of causal relationships due to the na-
ture of the study. Also, using the FFQ questionnaire was one of the
other limitations of the present study because the participants might
have difficulty in remembering the type and amount of consumed
foods. However, using this questionnaire in epidemiological studies

is one of the best methods to collect dietary data.

5 | CONCLUSION

In the present study, higher UPFs consumption was associated with a
higher chance of getting affected by H.pylori. Also, the findings indi-
cated increased energy intake and weight gain with receiving UPFs.
In these people, the chance of acquiring H.pylori infection was also
higher. More studies are needed to determine the exact mechanisms
by which UPFs can increase the likelihood of developing H. pylori. Also,

more studies are required to confirm the current study's findings.
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