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Abstract

Purpose Helicobacter pyloriis a primary driver of peptic ulcer disease and gastric adenocarcinoma, yet
epidemiological data regarding its prevalence among indigenous communities in Sarawak are scarce. This study
aimed to determine the H. pylori seroprevalence and identify associated socio-demographic and lifestyle factors
within the Dayak population.

Method It was a cross-sectional study carried out in rural areas of Kuching Division. Data was collected using blood
sampling, interview-guided questionnaires, and anthropometric measurements. The questionnaire included socio-
demographic profiles, history of illness, smoking habit, alcohol consumption, physical activity, and dietary intake.
Factor analysis was used to identify dietary patterns. Health profile including helicobacter pylori infection status, blood
pressure and body mass index were collected.

Result A total of 199 respondents aged 18 to 91 years from six villages participated in this study, yielding a response
rate of 96.6%. About 60% of the respondents were found to be overweight or obese, and 48.7% had hypertension.
Blood test analysis detected H. pylori antibodies in 46.2% of the respondents. In the multivariate analysis, several
factors were found to be significantly associated with the presence of H. pylori antibodies: increasing age (OR: 1.042,
95% Cl: 1.011-1.074), lower systolic blood pressure (OR: 0.967, 95% Cl: 0.941-0.994), high physical activity level (OR:
0.278,95% Cl: 0.121-0.640), and medium intake of nutritious food and dairy (OR: 3.364, 95% Cl: 1.394-8.117).

Conclusion Implementing community-level screening programs is essential for early detection and targeted
intervention, which could ultimately reduce the burden of infection and its associated complications.
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Introduction

Helicobacter pylori infection is one of the most common
infections worldwide, currently affecting an estimated
43.1% of the global population [1]. While prevalence is
decreasing, a systematic review by Namikawa et al. [2]
highlights significant regional variation; for instance,
prevalence remains high in Mongolia (74%) compared
to Switzerland (19%) and the US (36%) [3, 4]. A nota-
ble trend is the marked decline in East Asia, particu-
larly among younger populations. In Japan, infection
rates have dropped from 67% in the 1930 birth cohort
to approximately 7% in those born in 2000, with a 15%
decrease in risk for every successive 10-year cohort [5, 6,
7]. Despite these declining trends, the fact remains that
most infected individuals remain asymptomatic, compli-
cating efforts for early detection and treatment. While
nearly all infected individuals exhibit gastric mucosal
inflammation, it is estimated that 25-30% will eventually
develop gastrointestinal or extra-gastrointestinal compli-
cations during their lifetime [8, 9, 10]. H. pylori has been
associated with peptic ulcer disease and gastric cancer
[11, 12]. Several epidemiological studies have shown that
the incidence of gastric cancer is high in Asian countries
such as China, Japan, and India [13].

In Malaysia, the seroprevalence of H. pylori has been
reported to range from 10% to 55%, with the high-
est rates observed among the Chinese (40-50%) and
Indian (50-55%) populations [14]. Epidemiological stud-
ies conducted in East Malaysia have reported that the
indigenous ethnic groups of Sabah and Sarawak have
seroprevalence rates as high as 65.3% and 55.5%, respec-
tively [15]. However, a study among the Penan indigenous
group in Sarawak showed a lower prevalence H.plyori
infection of 37.5% [16].

Studies have shown that H. pylori is mainly transmit-
ted through oral-oral and fecal-oral contact, as well as
through contaminated water sources [17, 18]. Addition-
ally, epidemiological studies have linked H. pylori infec-
tion to the development of obesity, metabolic syndrome,
and cardiovascular disease [19, 20, 21]. As H. pylori is
related to the development of peptic ulcer disease, fac-
tors such as smoking, alcohol consumption, and physi-
cal inactivity have been identified as indirect risk factors
for infection [22, 23]. Reports on gastric carcinoma inci-
dence suggest that H. pylori infection can lead to gastric
cancer later in life, and that lifestyle choices and dietary
habits can increase the risk of infection [24, 25]. Consum-
ing pickled, fermented, smoked, or salty foods, as well as
diets high in carbohydrates and simple sugars, has been
found to be associated with an increased risk of H. pylori
infection [26, 27]. Xia et al. [26] found that a high-protein
dietary pattern—including animal offal, animal blood,
fish, seafood, and poultry—as well as a grains-vegeta-
bles pattern, were associated with a reduced prevalence
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of H. pylori infection. Similarly, Shu et al. [27] reported
that prudent and traditional dietary patterns, rich in veg-
etables, fruits, soy products, fish, rice, and wheat, were
linked to a lower risk of H. pylori infection.

While most published data on H. pylori infections
come from hospital settings, implementing community-
level screening can offer significant advantages. Early
identification of infections within the community allows
for timely treatment, prevention of complications, and
control of infection spread. This proactive approach sup-
ports more effective preventive healthcare strategies.
Additionally, it enables the identification of individu-
als or communities at higher risk of H. pylori infection,
allowing for targeted interventions. Infected individuals
can receive eradication therapy, and those exhibiting red
flag symptoms can be referred to hospitals for further
management. Such measures play a crucial role in the
primary prevention of H. pylori-associated conditions,
including peptic ulcer disease, upper gastrointestinal
bleeding, perforated peptic ulcers, chronic gastritis, and,
importantly, gastric cancer.

Previous studies [15, 16] have only reported on seg-
ments of the population in Sarawak and did not explore
the most predominant indigenous group—the Dayak
communities. Given that the Dayak represent the largest
indigenous group in Sarawak, understanding the preva-
lence and impact of H. pylori infection within this pop-
ulation is crucial. The unique cultural practices, dietary
habits, and genetic backgrounds of the Dayak may influ-
ence both the transmission and clinical outcomes of H.
pylori infection. The traditional longhouse architec-
ture involves high-density communal living in shared
spaces (the ruai) which, when combined with a reliance
on untreated gravity-feed water systems and the fre-
quent consumption of traditional fermented foods such
as kasam, creates a distinct environment that facilitates
both person-to-person and waterborne transmission of
H. pylori [28]. However, there is currently a lack of data
specifically addressing this group. Therefore, this explor-
atory study aimed to determine the seroprevalence of
H. pylori (primary outcome) and identify its associated
socio-demographic and lifestyle factors (secondary out-
comes) among the Dayak communities of Sarawak. By
filling this critical knowledge gap, the findings provide
a foundation for targeted public health strategies and a
more comprehensive understanding of indigenous gas-
tric health.

Method

This was a cross-sectional study carried out among
Dayak communities in the Kuching Division. The Kuch-
ing Division covers an area of approximately 4,559 square
kilometers and is one of the larger administrative divi-
sions in Sarawak. It has an estimated population of over
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700,000 people, with the Bidayuh and Iban—the most
predominant indigenous groups—comprising the Dayak
communities. These communities have a significant
presence in the rural areas surrounding Kuching Divi-
sion, especially in the Bau and Lundu districts. The list
of localities with the most populated Dayak communities
was obtained with permission from the respective dis-
trict offices. Based on this list, a total of 10 villages were
randomly selected.

The sample size for this study was determined using the
formulan = (Z* x P x (1 - P)) / €. In this formula, Z rep-
resents the value from the standard normal distribution
corresponding to the desired confidence level (Z=1.96
for a 95% confidence interval). The variable P denotes the
expected true proportion, while e signifies the desired
precision, defined as half the width of the desired confi-
dence interval. Given a prevalence rate of 37.5% [16], a
precision margin of error of 7%, the minimum sample
size required for this study was calculated to be 200, with
an attrition rate of 5%. A total of 199 respondents par-
ticipated in the study (99.5% response rate). This minor
deviation is not expected to impact the statistical signifi-
cance or the validity of the associations observed.

The inclusion criteria for the study were as follows: par-
ticipants must be Dayak population, aged 18 years and
above, and residing in the Kuching Division. Additionally,
they had to be able and willing to participate in the study.
The exclusion criteria included individuals with severe
cognitive impairment, those with major medical illnesses
requiring immediate medical attention, and individuals
who could not communicate in English or Malay.

After approaching the villages, only six village heads
gave consent to carry out the study due to scheduling
conflicts with ongoing community events and celebra-
tions. Announcements were made during social activities
and via village social media. On the day of data collec-
tion, villagers gathered at the community hall or church
compound. Written consent was obtained prior to data
collection on the same day.

Data collection methods included blood sampling,
interview-guided questionnaires, and anthropomet-
ric measurements. Blood samples were collected under
aseptic conditions via venipuncture from the antecubital
vein into sterile plain tubes. To ensure logistical feasibil-
ity and participant compliance in a community-based
setting, serological testing for H. pylori-specific IgG anti-
bodies was utilized. While immunochromatographic
stool antigen tests can identify active infection, serology
was selected as the most practical modality for this study
due to the challenges of maintaining a cold chain for fecal
samples during transport from remote rural locations to
the laboratory. Furthermore, while serology cannot dis-
tinguish between an active infection and a past exposure,
it remains a highly validated, minimally invasive, and
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cost-effective tool for assessing the cumulative prevalence
of exposure within a population—the primary objective
of this study. The samples were processed and analyzed at
a certified private laboratory using a standardized immu-
noassay (ELISA) to ensure high sensitivity and specificity.

The questionnaire included the collection of socio-
demographic profiles and history of illness, including
history of gastric problems. Dietary intake was assessed
using a modified version of the food frequency question-
naire (FFQ) from the Malaysian Adults Nutrition Survey
(MANS 2014) [29]. While this tool was originally vali-
dated for the general Malaysian population and not spe-
cifically for indigenous Dayak groups, it was selected as
the most comprehensive standardized tool available to
capture general dietary trends across all Malaysian eth-
nicities. Respondents were asked about their consump-
tion of various foods on a daily, weekly, or monthly basis.

Information on smoking habits was gathered to exam-
ine the smoking behavior of the respondents. Alcohol
consumption was assessed using the Alcohol Use Dis-
orders Identification Test (AUDIT), a 10-item screen-
ing tool developed by the World Health Organization
(WHO) to evaluate alcohol consumption, drinking
behaviors, and alcohol-related issues.

Blood pressure was measured using a digital blood
pressure monitor, calibrated with a manual sphygmo-
manometer. Respondents were seated and relaxed for
at least 5 min before measurement. Two readings were
taken; if the initial reading was high, another reading was
taken after 30 min. Classification of hypertension was
based on the Clinical Practice Guidelines for the Man-
agement of Hypertension (5th edition, 2018), Ministry of
Health Malaysia.

Physical activity level was assessed using the Interna-
tional Physical Activity Questionnaire (IPAQ). Respon-
dents were asked to recall their physical activities over
the last 7 days, reporting the frequency (days per week)
and duration (minutes per day) of each type of activity.
Physical activity levels were calculated in MET-minutes/
week and categorized into low, moderate, and high physi-
cal activity. Height and weight were measured using a
weighing scale and stadiometer, with two readings taken
for consistency. Body Mass Index (BMI) was calculated
using the formula: BMI (kg/m®) = Weight in kilograms /
(Height in meters)®. Classification of BMI was based on
the Malaysian Clinical Practice Guidelines on the Man-
agement of Obesity (2004). Waist circumference was
measured using a flexible, non-stretchable measuring
tape.

Ethical approval for this study was obtained from the
Medical and Ethics Committee of Universiti Malaysia
Sarawak (UNIMAS/TNC(PI)/09-65/01 ]J1d.3(90)). All
respondents were informed about the study and their
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Table 1 Socio-demographic characteristic and health profiles of the respondents (N=199)

Overall H.pylori p value
Negative Positive

Age (year) 55241442 53541447 57111417 0.074

Gender
Male 80 (40.2) 41(383) 39 (424) 0.559
Female 119 (59.8) 66 (61.7) 53 (57.6)

Religion
Christian 194 (97.5) 102 (95.3) 92 (100.0) 0.063
Islam 5(2.5) 5(4.7) 0(0.0)

Marital status
Married 155 (77.9) 84 (78.5) 71(77.2) 0.865
Not married/divorcee/ 44 (22.1) 23 (21.5) 21(22.8)

widow/widower

Water source
Piped treated water 144 (72.4) 100 (93.5) 84 (91.3) 0.600
Gravity feed 55 (27.6) 7 (6.5) 8(8.7)

Smoking
Yes 44 (22.1) 21(19.6) 23(25.0) 0.395
No 155(77.9) 86 (80.4) 69 (75.0)

Occupation
Not working/retired 116 (58.3) 58 (54.2) 58 (63.0) 0.249

Student/housewife
Working 83 (41.7) 49 (45.8) 34 (37.0)

Body mass index 269+542 27.7+584 259+4.71 0.027
Normal 77 (38.7) 37 (34.6) 40 (43.5) 0.170
Overweight 71(35.7) 37 (34.6) 34 (37.0)

Obese 51(25.6) 34 (30.8) 18 (19.6)

Waist circumference (cm) 89.4+15.59 91.8+13.13 86.6+17.70 0.019

Systolic blood pressure (mm/Hg) 133.5+22.36 13741821 129.3+25.82 0014

Diastolic blood pressure (mm/Hg) 79.9+13.65 81.9+1146 77541553 0.023

Blood pressure
Normal 39(19.6) 15(14.0) 24.(26.1) 0.048
Elevated & hypertension 160 (80.4) 92 (86.0) 68 (73.9)

Known illness

Hypertension
No 123 (61.8) 63 (58.9) 60 (65.2) 0383
Yes 76 (38.2) 44.(41.1) 32(34.8)

Diabetes Mellitus
No 175 (87.9) 97 (90.7) 78 (84.8) 0.275
Yes 24.(12.1) 10(9.3) 14 (15.2)

Heart Disease
No 189 (95.0) 101 (94.4) 88 (95.7) 0.755
Yes 10 (5.0) 6 (5.6) 4(43)

Cancer
No 198 (99.5) 107 (100.0) 91 (98.9) 0462
Yes 1(0.5) 0(0.0) 1(1.1)

History of gastric
No 125 (62.8) 62 (57.9) 63 (68.5) 0.143
Yes 74 (37.2) 45 (42.1) 29 (31.5)

Physical activity
Low 42 (21.1) 22 (20.6) 20 (21.7) 0.046
Medium 53 (26.6) 36 (33.6) 17 (18.5)

High 104 (52.3) 49 (45.8) 55 (59.8)

AUDIT (alcohol)

Low risk 176 (884) 92 (86.8) 84(91.3) 0.369
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Table 1 (continued)

Overall H.pylori p value

Negative Positive
Increasing & high risk 21 (10.6) 14 (13.2) 8(8.7)
Table 2 Food intake and Helicobacter pylori serostatus (N=199)
Overall H.Pylori p value
Negative Positive

Total Energy intake 17759 (IQR=1023.58) 1739.4 (IQR=905.02) 1818 (IQR=1149.86) 0.588
Total Protein intake 764(IQR=51.5) 75.6 (IQR=48.24) 773 (IQR=55.31) 0.813
Total Fat intake 442(IQR=35.62) 41.9 (IQR=28.06) 46.9 (IQR=42.78) 0322
Total Carbohydrate intake 2634 (IQR=140.04) 2619 (IQR=137.79) 265.1 (IQR=143.36) 0.876
Total Fiber intake 6.1(IQR=5.75) 6.4 (IOR=5.86) 58 (IQR=5.63) 0474
Average amount of cooking oil used per month (kg) 31+1.75 31+1.86 32+1.63 0.662
Average amount of sugar used per month (kg) 25+16 24+154 26+1.68 0.295
right to withdraw. Confidentiality and anonymity were Result

maintained by omitting personal information.

Data were entered and analyzed using IBM SPSS ver-
sion 27.0. Descriptive data were generated. Normality
testing was conducted to determine whether the data-
set followed a normal distribution, which is crucial for
validating the assumptions of both univariate and mul-
tivariate analyses. Multicollinearity diagnostics were
performed using Variance Inflation Factor (VIF) and
tolerance values to ensure that correlated anthropo-
metric and cardiovascular variables did not destabilize
the model; a VIF value>10 was used to indicate high
multicollinearity [30]. Before entering multiple logistic
regression analysis, variables demonstrating a p-value of
0.25 and below in the univariate analysis were included
as potential factors [30]. All determinations of statistical
significance were based on a threshold of 0.05.

Dietary patterns were determined using principal com-
ponent analysis (PCA). Data adequacy was assessed using
the Kaiser-Meyer-Olkin (KMO) test. The data had to
meet a KMO value greater than 0.5 and a Bartlett’s test of
sphericity p-value <0.05 [24] before proceeding to PCA.
Varimax rotation was used to keep factors uncorrelated
and to facilitate interpretability. A total of 17 food groups
were retained. The number of factors to be extracted was
determined based on the inflection point on the Scree
plot and an eigenvalue > 1.0. The factors were then named
based on the food groups with the highest factor load-
ings. Dietary patterns were determined using principal
component analysis (PCA). A test of data adequacy using
Kaiser-Meyer Olkin test measurement of sample was car-
ried out. The data has to meet Kaiser-Meyer Olkin test
greater than 0.5 and Bartlett test of sphericity of p <0.05
[31] before moving to the PCA. Varimax rotation was
used to keep factors uncorrelated and ease the interpret-
ability between factors.

A total of 199 respondents aged 18 to 91 years from six
villages participated in this study, yielding a response
rate of 96.6%. The mean age was 55.2 years (SD=14.42).
The majority of respondents were Christians (97.5%),
and more than two-thirds were married. Piped treated
water was the most common source of water supply in
the villages (72.4%). About 60% of the respondents were
found to be overweight or obese, which is higher than
the national prevalence of 54.4% reported in the National
Health and Morbidity Survey (NHMS) 2019 [32], and
48.7% had hypertension, aligning with the prevalence
of 30.0% to 50.0% often reported in rural Malaysian set-
tings. Blood test analysis detected H. pylori antibodies
in 46.2% of the respondents. More details on the socio-
demographic characteristics, health profiles of the
respondents, and their relationship with H. pylori infec-
tion are presented in Table 1.

Table 2 presents the differences in food intake between
respondents with positive and negative H. pylori serosta-
tus. Univariate analysis showed that there was no sig-
nificant relationship between food intake and H. pylori
serostatus.

After varimax rotation, factor analysis revealed four
distinct dietary patterns and their corresponding fac-
tor loadings (see Table 3). These four dietary patterns
accounted for 50.43% of the variance in total food intake.
The Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy was 0.644. Although this value exceeds the
minimum acceptable threshold of 0.5, it is relatively low,
suggesting that the items in the questionnaire do not cor-
relate strongly enough to produce a highly robust factor
structure. Therefore, these dietary patterns should be
interpreted as exploratory trends rather than definitive
dietary profiles. Additionally, Bartlett’s test of sphericity
was significant (p<0.001), further indicating the appro-
priateness of the analysis. To maintain the integrity of the
factor loadings, a complete-case analysis approach was
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Table 3 Rotated component matrix for dietary pattern (N=181)

Food item Dietary pattern

Plant-based food High salt and sugar food Processed food Nutri-

tious
food and
Dairy

Fresh & dried mushroom 0.735

Salted & dried vegetables 0.725

Bean sprout 0.706

Ladies finger 0621

Other types of legumes 0.597

Lollies & ice-cream 0.846

Cake & pastry 0.819

Salted egg 0.643

Sweet spreads 0476

Processed chicken & meat products 0.822

Packaged snacks & kuih* 0611

Burger, fried chicken, pizza, fries, mashed potatoes, 0.599

coleslaw

Processed fish, seafood products 0.575

Fruits 0.709

Brown rice, cereal, grains, corn 0.586

Yogurt, cheese, evaporated milk 0.544

Dried fruits 0.541

*sweet and savory treats made from rice flour, coconut milk, and other ingredients

Table 4 Multivariate analysis of factors associated with Helicobacter pylori seropositivity (N=181)

Variable Odd ratio 95% ClI p value

Age 1.042 1.011-1.074 0.007

Systolic blood pressure 0.967 0.941-0.994 0.017

Physical activity level

Low reference

High 0.278 0.121-0.640 0.003

Nutritious food & Dairy

Low intake reference

Medium intake 3.364 1.394-8.117 0.007

employed for this component; thus, PCA was conducted
on the 181 participants who had complete responses
across all dietary items, excluding 18 participants with
partial missing data. The four dietary patterns were gen-
erated based on 17 food groups, which included fresh
and dried mushrooms, salted and dried vegetables, bean
sprouts, ladies’ fingers, other legumes, lollies, ice cream,
cakes and pastries, salted eggs, sweet spreads, processed
chicken and meat products, packaged snacks and kuih,
burgers, fried chicken, pizza, fries, mashed potatoes,
coleslaw, processed fish and seafood products, fruits,
brown rice, cereals, grains, corn, yogurt, cheese, evapo-
rated milk, and dried fruits. The first pattern, “plant-
based food,” was characterized by a high intake of fresh
and dried mushrooms, salted and dried vegetables, bean
sprouts, ladies’ fingers, and other legumes. The second
pattern, “high salt and sugar food,” consisted of lollies, ice
cream, cakes and pastries, salted eggs, and sweet spreads.

The third pattern, “processed food,” included processed
chicken and meat products, packaged snacks and kuih,
burgers, fried chicken, pizza, fries, mashed potatoes,
coleslaw, and processed fish and seafood products. The
fourth pattern, “nutritious food and dairy,” was character-
ized by a high intake of fruits, brown rice, cereals, grains,
corn, yogurt, cheese, evaporated milk, and dried fruits.
In a multivariate analysis (Table 4), age was positively
associated with H. pylori seropositivity (OR: 1.042, 95%
CI: 1.011-1.074), indicating a 4.2% increase in risk for
every one-year increase in age. Conversely, systolic blood
pressure was found to be negatively associated with the
bacterium’s serostatus (OR: 0.967, 95% CI: 0.941-0.994).
Regarding lifestyle factors, a high physical activity level
acted as a protective factor, reducing the odds of seropos-
itivity by 72.2% (OR: 0.278, 95% CI: 0.121-0.640) com-
pared to low physical activity. Interestingly, a medium
intake of nutritious food and dairy was associated with a
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significantly higher risk of seropositivity (OR: 3.364, 95%
CI: 1.394-8.117) compared to low intake.

Discussion

To the best of our knowledge, this is the first commu-
nity-based study conducted in Sarawak since the 2004
study on the Penan communities. In our study among
the Dayak communities, we found a seroprevalence of
46.2%, a figure similar to those reported among Chinese
communities in other local studies, but lower than that
observed in Indian and other ethnic groups in Sarawak.
Nevertheless, this prevalence is higher than that reported
in the study on the Penan indigenous group. However,
these comparisons must be interpreted with caution due
to the different diagnostic modalities employed. Our
study used a blood test to detect H. pylori antibodies,
which indicate past or current exposure to the bacterium.
Conversely, the Penan study determined prevalence using
stool antigen detection, a method that identifies active,
current infection. Because antibodies can persist in the
bloodstream for months or years after an infection has
been cleared, serology-based prevalence likely overesti-
mates the burden of active infection compared to antigen
detection.

The multivariate analysis revealed that age was posi-
tively associated with H. pylori seropositivity (OR: 1.042).
This finding is consistent with previous epidemiologi-
cal studies reporting a worldwide increase in H. pylori
prevalence with age, with 40-60% of asymptomatic indi-
viduals among those who test positive [25], and as high
as 70—85% among institutionalized older adults [34, 35].
The mechanism of exposure and subsequent serocon-
version is complex and dynamic. According to Araujo et
al. [36], H. pylori infection often starts in childhood and
usually goes unnoticed because the immune response in
children is predominantly regulatory (Treg), with higher
levels of TGF-f1 and IL-10, and more FOXP3+ Treg
cells in the gastric mucosa. This allows the bacteria to
persist in the stomach with only mild inflammation and
little damage. As people enter adulthood, the immune
response shifts to a more inflammatory pattern, domi-
nated by Thl and Th17 cells. Adults have higher levels
of IFN-y, IL-12p70, IL-17 A, and IL-23, and lower levels
of TGF-B1. This change leads to more intense inflam-
mation and increases the risk of gastric damage, such as
peptic ulcers, gastric atrophy, and intestinal metaplasia,
especially in older adults [37, 38]. This may explain why
the prevalence of H. pylori infection increases with age,
likely due to cumulative exposure over time and the per-
sistence of infection acquired during childhood, making
older individuals more likely to be colonized by H. pylori
compared to younger age groups.

Our study found that systolic blood pressure was sig-
nificantly lower in participants with serological evidence
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of H. pylori exposure. This result contrasts with the find-
ings of Kopacova et al. [39] and Xiong et al. [40], both of
whom reported that H. pylori infection was associated
with significantly higher blood pressure, particularly in
older adults. This unexpected inverse association in our
cohort requires cautious interpretation and should not be
viewed as a protective effect of the infection.

One plausible explanation for this finding is reverse
causation: individuals with symptomatic gastric distress
related to H. pylori exposure may experience dyspepsia,
leading to reduced appetite, weight loss, or a voluntary
decrease in salt intake, all of which can lower blood pres-
sure. Furthermore, residual confounding may be present;
unmeasured factors such as the use of antihypertensive
medications or differences in socioeconomic status could
influence both infection risk and blood pressure levels.

Despite our observed results, the biological link
between H. pylori and vascular damage is well-supported
by recent molecular studies. Chronic infection can trig-
ger systemic inflammation, characterized by elevated
C-reactive protein and white blood cell counts [41, 42].
Beyond general inflammation, specific virulence fac-
tors—most notably the Cytotoxin-associated gene A
(CagA) protein—have been shown to directly accelerate
vascular endothelial dysfunction [43]. Recent evidence
indicates that transgenically expressed CagA can pro-
mote arteriosclerosis, while exosomal CagA can induce
macrophage foam cell formation, a critical stage in
plaque development [44].

Additionally, the role of dietary salt must be consid-
ered, as high salt consumption is a known risk factor for
both hypertension and increased H. pylori colonization
and virulence. The discrepancy between our findings and
existing literature may therefore reflect community-spe-
cific lifestyle factors, such as local salt intake patterns or a
higher prevalence of less virulent (CagA-negative) strains
in this population. Ultimately, the relationship between
H. pylori and cardiovascular health is multifactorial and
warrants further longitudinal investigation.

While some studies, such as Cheng et al. [45], suggest
that H. pylori infection is not directly associated with
physical activity, our findings showed a strong protective
effect of high physical activity (OR =0.278). This associa-
tion should be interpreted with caution as physical activ-
ity may serve as a proxy for socioeconomic status (SES)
or occupational exposure within the Dayak communities.
In this rural setting, individuals with high physical activ-
ity levels are often engaged in active manual labor or tra-
ditional farming, which may be associated with different
environmental exposures compared to those with more
sedentary lifestyles. Furthermore, higher physical activ-
ity might correlate with better overall health literacy or
higher SES in certain sub-groups, which in turn influ-
ences hygiene practices and access to clean water. While
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physical activity may theoretically reduce risk by enhanc-
ing immune function or regulating gastric acid secretion
[46], it is likely that in this population, it reflects a com-
plex interplay of multifactorial socio-economic and life-
style factors. Future studies should include more granular
data on occupation and household income to further dis-
entangle these relationships.

The association between a medium intake of “nutri-
tious food and dairy” and H. pylori seropositivity war-
rants a cautious, multi-faceted interpretation. While
our data clearly demonstrate a statistically significant
risk in this group (OR=3.364), the reasons for this non-
linear association remain hypothetical and require fur-
ther investigation. This pattern may be attributed to a
“healthy survivor” effect or differences in dietary sourc-
ing and hygiene practices between groups. We hypoth-
esize that individuals with a “high” intake of these items
might possess higher socioeconomic status or better
access to pasteurized dairy products compared to those
with “medium” intake. Conversely, those with “medium”
intake might rely on local, unpasteurized, or contami-
nated sources intermittently. In this context, the observed
association may not be a direct effect of the food items
themselves, but rather a reflection of the hygiene and
safety of their preparation and sourcing. The possibil-
ity of food acting as a transmission vehicle is supported
by broader epidemiological literature, although this was
not directly measured in the current study. While many
studies indicate that milk components like Lactobacillus
and lactoferrin possess anti-inflammatory activity [47,
48, 49], we suggest that in rural settings, the risk of con-
tamination may outweigh these nutritional benefits. For
instance, milk and dairy products can serve as a vehicle
for H. pylori transmission via contamination during milk-
ing from feces, soil, or water [50]. This is further sup-
ported by Momtaz et al. [51], who identified raw milk as a
likely source of human infection. While our study did not
test food samples for H. pylori DNA, these established
transmission pathways provide a plausible theoretical
framework for our findings.

Several limitations should be noted. First, due to the
cross-sectional study design, we cannot determine causal
relationships between various factors and H. pylori sero-
positivity. Second, data collection using survey meth-
ods may have introduced response bias, including recall
bias in the dietary assessment using the food frequency
questionnaire. Third, H. pylori seropositivity status was
determined using H. pylori-specific IgG antibody, which
may reflect both past and current infection. Fourth, the
sample size was logistically constrained to 199 partici-
pants, resulting in a margin of error of approximately 7%
based on a 37.5% expected prevalence; however, this pro-
vides adequate power for this exploratory study. Finally,
the participation of only six out of ten randomly selected
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villages introduced potential selection bias. However, the
non-participation of the four villages was due to logistical
constraints related to community activities rather than
systematic differences in health behaviors or environ-
mental factors, and participating villages were geographi-
cally dispersed across the Kuching Division, maintaining
the relevance of the findings.

Conclusion

The findings of this study highlight that H. pylori expo-
sure within the Dayak community is likely influenced by
a complex interplay of factors, including age, physical
activity, and specific dietary patterns. With a seropreva-
lence of 46.2% reflecting cumulative lifetime exposure,
these results suggest that H. pylori represents a note-
worthy public health consideration in this population.
However, given the limitations of serological testing in
distinguishing active from past infections, these findings
should be viewed as a preliminary baseline of the com-
munity’s exposure history rather than a definitive mea-
sure of active clinical cases.

To build upon these findings, local health authorities
might consider exploring targeted surveillance strategies
tailored to rural infrastructure. For instance, investigating
the impact of strengthening the monitoring of gravity-fed
water systems and communal storage tanks in rural long-
houses could provide further insight into transmission
dynamics. Furthermore, future public health initiatives
could evaluate the feasibility of introducing point-of-care
(POC) stool antigen screening within local health clin-
ics. Such an exploratory approach would help determine
the viability of a confirmed “test-and-treat” pathway for
symptomatic patients in remote settings where invasive
diagnostics are inaccessible. Ultimately, these findings
serve as a hypothesis-generating foundation for future
longitudinal research aimed at characterizing the active
disease burden and long-term gastric health of rural
indigenous populations.
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