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Abstract
Helicobacter pylori (HP) is a vital element in the etiology of peptic ulcers and gastric cancer. This research aimed 
to determine the frequency, distribution, and determinants of HP infection in adults and adolescents with gastric 
symptoms in district Haripur, Khyber Pakhtunkhwa, Pakistan. This cross-sectional study was performed from June 
2018 to June 2020 at the Medical Laboratory Technology Department, The University of Haripur, Pakistan. Presence 
of HP was a research variable, while sex, age groups, education status, overcrowding, dining habits, milk intake, 
drinking water source and animal contact were grouping variables. Immuno-chromatographic technique (ICT) was 
used to for serological detection of HP antibodies. All variables were represented by frequency and percentage with 
95%CI. Prevalence of HP and its distribution by eight socio-demographic variables was testified by the chi-square 
goodness-of-fit test while association was testified by chi-square test of association. Out of total 1160 cases, 557 
(48%) were positive for HP. Population prevalence was higher in men, in the age group 20-40 years, illiterate, family 
size ≤ 10 persons, taking restaurant food, using tetra pack, using municipal water, and having animal contact. The 
observed prevalence of HP was similar to its expected prevalence in the population. The observed distribution of 
HP in the sample was different from its expected distribution in population by eight socio-demographic variables. 
Presence of HP was associated with all eight socio-demographic variables besides age groups. 

Keywords: Helicobacter pylori, prevalence, hematemesis, dyspepsia, Pakistan, Haripur.

Resumo
Helicobacter pylori (HP) é um elemento vital na etiologia de úlceras pépticas e câncer gástrico. Esta pesquisa teve 
como objetivo determinar a frequência, distribuição e determinantes da infecção por HP em adultos e adolescentes 
com sintomas gástricos no distrito de Haripur, Khyber Pakhtunkhwa, Paquistão. Este estudo transversal foi realizado 
de junho de 2018 a junho de 2020 no Departamento de Tecnologia de Laboratórios Médicos da Universidade de 
Haripur, Paquistão. A presença de HP foi uma variável de pesquisa, enquanto sexo, faixas etárias, escolaridade, 
superlotação, hábitos alimentares, ingestão de leite, fonte de água potável e contato com animais foram variáveis ​​
de agrupamento. A técnica imunocromatográfica (TIC) foi utilizada para a detecção sorológica de anticorpos para 
HP. Todas as variáveis ​​foram representadas por frequência e percentual com IC 95%. A prevalência de HP e sua 
distribuição por oito variáveis ​​sociodemográficas foi comprovada pelo teste de ajuste do qui-quadrado, enquanto a 
associação foi verificada pelo teste de associação do qui-quadrado. Do total de 1.160 casos, 557 (48%) foram positivos 
para HP. A prevalência populacional foi maior em homens, na faixa etária de 20 a 40 anos, analfabetos, família ≤ 10 
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There is a paucity of relevant research documents available 
for our population, so these 17 are our knowledge gaps. 
These 17 research problems are expanded as 17 research 
questions (RQs), 17 research objectives (ROs), and 17 
research hypotheses (RHs) as follows.

1.3. Research questions

We have tried to answer the following research questions 
in three groups.
RQ 1: What is the prevalence of HP infection in adults 

and adolescents with gastric symptoms in district 
Haripur, Pakistan? (H010)

RQs 2-9: What is the distribution of HP infection by eight 
socio-demographic factors in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan? 
(H02-H09)

RQs 10-17: Is there association between the presence of 
HP infection and eight socio-demographic factors 
in adults and adolescents with gastric symptoms 
in district Haripur, Pakistan? (H010-H017)

1.4. Research Objectives (ROs)

We had the following objectives in three groups.
RO 1: To determine the prevalence of HP infection in adults 

and adolescents with gastric symptoms in district 
Haripur, Pakistan. (H01)

ROs 2-9: To determine the distribution of HP infection 
by eight socio-demographic factors in adults and 
adolescents with gastric symptoms in district Haripur, 
Pakistan. (H02-H09)

ROs 10-17: To determine the association between the 
presence of HP infection and eight socio-demographic 
factors in adults and adolescents with gastric symptoms 
in district Haripur, Pakistan? (H010-H017)

1.5. Research (null) hypotheses
H01: The observed prevalence of HP infection is same 

as expected in adults and adolescents with gastric 
symptoms in district Haripur, Pakistan. (RQ 1, RO 1)

H02: The observed distribution of HP infection is same as 
expected by sex in adults and adolescents with gastric 
symptoms in district Haripur, Pakistan. (RQ 2, RO 2)

H03: The observed distribution of HP infection is same as 
expected by age groups in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan. 
(RQ 3, RO 3)

H04: The observed distribution of HP infection is same 
as expected by the education status in adults and 
adolescents with gastric symptoms in district Haripur, 
Pakistan. (RQ 4, RO 4)

H05: The observed distribution of HP infection is same as 
expected by overcrowding in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan. 
(RQ 5, RO 5)

1. Introduction

1.1 Background

Helicobacter pylori (HP) bacterium is a major cause of 
type B gastritis and is strongly associated with peptic and 
duodenal ulcers, and even stomach cancer (Smolka and 
Backert, 2012). The gram-negative bacterium HP is formerly 
known as Campylobacter pylori, predominantly colonizing 
the stomach’s linings (Salih, 2009; Coelho and Coelho, 
2021). HP has affected about half of the world’s population 
(Torres et al., 2000; Coelho et al., 2021). The prevalence 
of HP infection shows variations with socioeconomic 
status as in developed countries, it is low like Australia 
23%, Germany 39% and England 41%, in contrast to less 
developed countries, like Pakistan 92%, Bangladesh 90%, 
India 79% and Nepal 57% (Muhammad et al., 2012).

HP has a narrow host range more or less solely in 
humans and some non-human primates. Despite several 
studies on the risk factors for acquiring HP infection, the 
exact mechanisms whereby this bacterium is acquired 
remained mostly unknown (Hanafiah et al., 2020). The 
frequent routes of transmission are oral-oral, gastro-oral, 
fecal-oral, iatrogenic and intra-familial (Eslick et al., 1999; 
Hedayati et al., 2021; Bastán et al., 2021).

Despite high virulence, pathogenicity, and prevalence, 
in most individuals, HP infection remains asymptomatic. 
Simultaneously, few develop symptoms in later stages 
(Ahmad  et  al., 2003) like dyspepsia, epigastric pain, 
belching, and heartburn, while untreated patients may 
lead to type B gastritis, peptic or duodenal ulcer, and even 
stomach cancer (Chang and Parsonnet, 2010).

There is a need for epidemiological studies that are 
primarily designed to estimate the different risk factors 
contributing to HP infection progression in our population. 
Doing so will help the healthcare professionals understand 
the disease burden in our population and facilitate the 
policymakers to consider health issues due to HP during 
policy formulation and budgetary allocation. Therefore, 
this study was designed to determine the frequency, 
distribution, and determinants of HP infection in adults 
and adolescents with gastric symptoms.

1.2. Research problems & knowledge gaps

Epidemiological inquiry gives us the overall and group-
wise burden of a disease or a health-related event so that 
resources may be allocated accordingly to manage it. It 
further gives us the causes/ determinants of the disease, 
so that preventive measures may be recommended to 
control it in a specified population.

For our population, we are unaware of the frequency of 
HP infection, its distribution by eight socio-demographic 
factors, and its association to eight factors; this unawareness 
of 17 pieces of information are our 17 research problem. 

pessoas, consumindo comida de restaurante, usando tetra pack, usando água municipal e tendo contato com animais. 
A prevalência observada de HP foi semelhante à sua prevalência esperada na população. A distribuição observada 
de HP na amostra foi diferente de sua distribuição esperada na população por oito variáveis ​​sociodemográficas. A 
presença de HP foi associada a todas as oito variáveis ​​sociodemográficas além das faixas etárias.

Palavras-chave: Helicobacter pylori, prevalência, hematemesis, dispepsia, Paquistão, Haripur.
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H06: The observed distribution of HP infection is same as 
expected by the dining habits in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan. 
(RQ 6, RO 6)

H07: The observed distribution of HP infection is same 
as expected by the milk consumption in adults and 
adolescents with gastric symptoms in district Haripur, 
Pakistan. (RQ 7, RO 7)

H08: The observed distribution of HP infection is same as 
expected by the source of drinking water in adults 
and adolescents with gastric symptoms in district 
Haripur, Pakistan. (RQ 8, RO 8)

H09: The observed distribution of HP infection is same as 
expected by animal contact in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan. 
(RQ 9, RO 9)

H010: The presence of HP infection is associated with sex 
in adults and adolescents with gastric symptoms in 
district Haripur, Pakistan. (RQ 10, RO 10)

H011: The presence of HP infection is associated with 
age groups in adults and adolescents with gastric 
symptoms in district Haripur, Pakistan. (RQ 11, RO 11)

H012: The presence of HP infection is associated with 
education status in adults and adolescents with 
gastric symptoms in district Haripur, Pakistan. (RQ 
12, RO 12)

H013: The presence of HP infection is associated with 
overcrowding in the population of adults and 
adolescents with gastric symptoms (RQ 13, RO 13)

H014: The presence of HP infection is associated with 
dining habits in adults and adolescents with gastric 
symptoms in district Haripur, Pakistan. (RQ 14, RO 14)

H015: The presence of HP infection is associated with milk 
consumption in adults and adolescents with gastric 
symptoms in district Haripur, Pakistan. (RQ 15, RO 15)

H016: The presence of HP infection is associated with the 
source of drinking water in adults and adolescents 
with gastric symptoms in district Haripur, Pakistan. 
(RQ 16, RO 16)

H017: The presence of HP infection is associated with 
animal contact in adults and adolescents with 

gastric symptoms in district Haripur, Pakistan. 
(RQ 17, RO 17)

1.6. Significance and applicability

HP is a significant public health problem associated 
with peptic ulcer disease and gastric carcinoma and 
has a high global prevalence. By having identified the 
associated exposures as socio-demographic variables, 
we will recommend the strategy for its prevention and 
control at personal and community levels.

1.7. Operational definitions

Adult as defined by WHO: An adult is older than 19 years 
of age unless national law defines a person as an adult at 
an earlier age. Besides, as defined by WHO, adolescents 
are aged 10 to 19 years inclusive (WHO, 2013).

2. Material and Methods

2.1. Study design, settings & duration and ethical approval 
& consent

This cross-sectional study was carried out at the 
Department of Medical Laboratory Technology, The 
University of Haripur, Haripur, Pakistan, from June 
2018 to June 2020. The data was collected from the 
Gastroenterology Outdoor Patient Department of District 
Headquarter Hospital, Haripur, Pakistan. Ethical approval 
was granted by the Departmental Bioethical Committee of 
The University of Haripur. Consent from the management 
of District Headquarter Hospital, Haripur, was taken to 
collect data. The consent of the patients/ guardians was 
taken before inclusion in the study.

2.2. Population, sample size, sampling technique & sample 
selection

Living in the catchment area of District Headquarter 
Hospital, Haripur, a population of 50,000 adults and 
adolescents with gastric symptoms was considered to be at 
risk for HP infection, as shown in Figure 1.The sample size 

Figure 1. Sample collection site district Haripur, Khyber Pakhtunkhwa, Pakistan.
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was calculated to be 1160 by online sample size calculator 
Raosoft with a margin of error of 3.739%, confidence 
level of 99%, the population size of 50,000, and response 
distribution of 50% (Raosoft, 2004). The sampling technique 
was consecutive non-probability. The inclusion criteria 
were the adults and adolescents presenting with the gastric 
symptoms, including hematemesis, dyspepsia, heartburn, 
vomiting, poor appetite, and irregular defecation frequency. 
The only exclusion criterion was refusal for inclusion.

2.3. Equipment and procedure of conduct

We conducted ICT as follows according to the producer’s 
instructions (CTK Biotech, 2020). About 03 ml of blood 
samples were collected in aseptic gel-vacutainers. In case 
of any delayed testing (up to 05 days), specimens were 
stored at 2-8°C. Subsequently, serum was extracted by 
centrifugation at 3500 rpm for 05 minutes. HP antibodies 
were detected in serum by using pre-coated antigen strips 
(HP Ab Combo Rapid Test CE, CTK, Biotech Inc., Poway, 
CA, USA) based on double antigen lateral flow assay 
chromatographic technique. Around 35µl serum and 35µl 
commercially available sample diluent available with the 
kit were added together to avoid any air bubbles formed 
during the assay. The results were read after 15 minutes. 
The formation of the color band against the test area was 
considered positive. In contrast, no color band at the test 
area was considered a negative result.

2.4. Data collection plan

Data were collected for one research variable; the 
presence of HP (yes & no) and eight socio-demographic 
variables/ factors with attributes in brackets; sex (men & 
women), age groups (10-19, 20-40, 41-60 & 60+ years), 
education status (illiterate, primary, secondary & higher 
education), overcrowding (family members≤10 & family 
members>10), dining habits (restaurant & home-made), 
milk consumption (tetra pack & fresh milk), source of 
drinking water (municipal, streams/lakes & boring water), 
animal contact (yes & no). All variables were on a nominal 
scale except age groups and education status on the ordinal 
scale. For eight tests of association, presence of HP was a 
single dependent variable, while each of the eight socio-
demographic variables was an independent variable.

2.5. Data analysis plan

2.5.1. Descriptive statistics & estimation of parameters

All the nine variables were described by frequency 
(count) and percentage for the sample and as confidence 

interval for proportion at 95% confidence level (CL) for the 
population using an online calculator “Statistics Kingdom” 
(https://www.statskingdom.com/proportion-confidence-
interval-calculator.html).

2.5.2. Hypotheses testing

Here, we have used two types of statistical tests. One 
is the chi-square goodness-of-fit test, and the other is the 
chi-square test of association (Pagano and Gauvreau, 2018; 
Daniel and Cross, 2018; Zar, 1999). Chi-square goodness-of-
fit test is a univariate/ single variable test, which is used to 
testify H01 to H09, giving the significance of the difference 
between the observed (sample) and expected (population) 
prevalence/ distribution for different attributes of the same 
variable. Chi-square test of association is a bivariate test 
used to testify H10 to H017 to show an association between 
the two variables; here, presence of HP is a dependent 
variable, and each one of the eight socio-demographic 
variables is an independent variable. All these 17 tests 
are conducted at alpha 0.5 through an online statistical 
calculator (Social Science Statistics). Observed and expected 
frequencies, their differences, chi-square statistic, degree 
of freedom, and level of significance are given for each.

3. Results

3.1. Descriptive statistics & estimation of parameters

3.1.1. Prevalence of HP in population (RQ 1, RO 1)

Out of the 1160 patients, 557 (48%) were positive for 
HP infection. Table 1 gives frequency and percentage of 
HP positive cases in the sample with their estimated 
prevalence in the population of 45.12%-50.88% at 95%CL 
and likewise for HP negative cases.

3.1.2. Distribution of HP positive cases in population (RQs 
2-9, ROs 2-9)

Here 557/1160 (48%) HP positive cases were distributed 
by eight socio-demographic variables with their estimated 
prevalence in the population at 95%CL in Table 2.

3.2. Hypotheses testing

3.2.1. Observed versus expected prevalence of HP in 
population (RQ 1, RO 1, H01)

Here the observed prevalence of HP was compared to 
50% expected prevalence in population through chi-square 
goodness-of-fit test at alpha 0.05, as in Table 3. H01 was 

Table 1. Frequency of HP in sample and population in adults and adolescents with gastric symptoms (RQ 1, RO 1) (n=1160).

Variable Attributes Frequency % age
95% CI for Proportion

Lower Upper

Presence of HP Yes 557 48% 45.12 50.88%

No 603 52% 49.12 54.88%

RQ = Research Question; RO= Research Objective; CI=Confidence Interval.
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accepted, showing that the observed prevalence of HP 
was similar to its expected prevalence in the population.

3.2.2. Observed versus expected distribution of HP positive 
cases by eight factors (RQs 2-9, ROs 2-9, H02-H09)

Here observed distribution of HP positive cases in 
sample was compared to the equal expected distribution 
in population by eight socio-demographic variables 
separately through chi-square goodness-of-fit test at alpha 
0.05, as in Table 4. All hypotheses (H02-H09) were rejected, 
showing that the observed distribution of HP in sample 

was different from its expected distribution in population 
by eight socio-demographic variables.

3.3. Association of presence of HP and eight socio-
demographic variables (RQs 10-17, ROs 10-17, H010-H017)

Seven out of eight hypotheses were rejected, showing 
an association between the presence of HP infection and 
seven socio-demographic variables, i.e., sex, education 
status, overcrowding, dining habits, milk consumption, 
and source of drinking water and animal contact. H011 was 
accepted, showing no association between the presence 
of HP infection and age groups, as given in Table 5.

Table 2. Distribution of HP positive cases by eight socio-demographic variables in adults and adolescents with gastric symptoms 
(n=557/1160, RQs 2-9, ROs 2-9).

Variable Attributes
Sample 

Size=1160

HP positive cases 557 (48%) 95%CI for Proportion

Frequency % age Lower Upper

Sex Men 624 356 30.68 28.04 33.34

Women 536 201 17.32 15.15 19.51

Age Groups 10-19 years 201 95 08.19 6.61 9.77

20-40 years 432 217 18.70 16.47 20.95

41-60 years 393 189 16.29 14.16 18.42

60 + years 134 56 04.82 3.6 6.06

Education Status Illiterate 309 189 16.29 14.16 18.42

Primary 372 162 13.96 11.97 15.95

Secondary 314 111 09.56 7.87 11.25

Higher Education 165 95 08.19 6.61 9.77

Over-crowding Family Members≤10 577 312 26.90 24.35 29.45

Family Members>10 583 245 21.10 18.75 23.45

Dining Habits Restaurant 430 329 28.35 25.73 30.94

Home-made 730 228 19.65 17.36 21.94

Milk Consumption Tetra pack 617 407 35.10 32.35 37.85

Fresh Milk 543 150 12.90 10.97 14.83

Source of Drinking 
Water

Municipal 557 289 24.90 22.41 27.39

Streams/Lakes 296 173 14.90 12.85 16.95

Boring Water 307 95 08.20 6.62 9.78

Animal Contact Yes 633 306 26.37 23.83 28.91

No 527 251 21.63 19.26 24.00

Total 1160 557 48.00 45.12 50.88

RQs= Research Questions; ROs= Research Objectives; CI=Confidence Interval.

Table 3. Comparison of frequency of HP between the sample and population in adults and adolescents with gastric symptoms (RQ1, 
RO1, H01, n=557/1160).

Presence of HP O E O-E (O-E)2 (O-E)2/E ∑χ2 d.f. P-value

 Yes 557 580 23 529 0.91 1.82 1 0.1773

 No 603 580 23 529 0.91 Alpha=0.05 H01 accepted

RQ= Research Question; RO= Research Objective; O=Observed frequency; E=Expected frequency; χ2=Chi-square value; d.f.= degree of freedom.
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4. Discussion

4.1. Limitations & delimitations (weaknesses)

Our study was not community-based. It was a hospital-
based one, including only adults and adolescents with 
gastric symptoms. So, it is not representative of the general 
community/ individuals without gastric symptoms.

4.2. Strengths of the study

4.2.1. Prevalence of HP in population

Pakistan is currently facing severe financial constraints 
and overburdened healthcare sector to cater massive 
influx of patients (Haqqi et al., 2021; Awan et al., 2021c; 
Qasim  et  al., 2020; Awan  et  al., 2021b; Awan  et  al., 
2021a; Alvi et al., 2021). Firstly, epidemiological research 
measures the prevalence of a disease in a specified 
population by selecting a representative sample from it, 
collecting and analyzing data for the sample, describing 
the sample using descriptive statistics, and infer 
these to describe the population through estimation 
of parameters (inferential statistics). Then sample 
statistics are compared to the population parameters 
to see if the frequency of the disease in the sample is 

similar to its prevalence in the population or otherwise 
through hypothesis testing (inferential statistics)? In 
our study, we have given frequency and percentage of 
HP positive cases in sample and confidence intervals 
(CI) for proportion for population and compared the 
frequency of HP positive cases in the samples versus 
population through hypothesis testing.

4.2.2. Observed versus expected distribution of HP in 
population

Secondly, epidemiological research measures prevalence 
of a disease in a specified population by socio-demographic 
variables/ attributes/ factors/ groups called the distribution 
of the disease. We have given distribution of HP in the 
sample as frequency and percentage, then in population 
as CI and then compared the distribution of HP positive 
cases in the sample (observed) versus population (expected) 
through hypothesis testing, all for eight socio-demographic 
groups. Very few studies have given CI for their populations. 
However, no study has compared the distribution of 
HP positive cases by socio-demographic groups in the 
sample versus population through hypothesis testing. 
This hypothesis testing would be an innovative addition 
to the global literature by us.

Table 4. Distribution of HP positive cases in sample versus equal expected distribution in population by eight socio-demographic 
variables in adults and adolescents with gastric symptoms (RQs 2-9, ROs 2-9 , H02-H09, n=557).

Variables Attributes O E O-E (O-E)2 (O-E)2/E ∑χ2/ d.f. P-value

Sex Men 356 278.5 77.5 5812.25 20.87 41.74 <0.00001

Women 201 278.5 -77.5 5812.25 20.87 d.f. 1 H02 rejected

Age Groups 10-19 years 95 139.25 -44.25 1958.06 14.06 125.01 <0.00001

20-40 years 217 139.25 77.75 6045.06 43.41

41-60 years 189 139.25 49.75 2475.06 17.77 d.f. 3 H03 rejected

60 + years 56 139.25 -83.25 6930.56 49.77

Education 
Status

Illiterate 189 139.3 49.70 2470.09 17.7 41.18 <0.00001

Primary 162 139.3 22.70 515.29 3.70

Secondary 111 139.2 -28.20 795.24 5.71 d.f. 3 H04 rejected

Higher Education 95 139.2 -44.20 195.64 14.03

Over-crowding Family Members≥10 312 278.5 33.50 1122.25 4.03 8.06 .0045

Family Members≤10 245 278.5 -33.50 1122.25 4.03 d.f. 1 H05 rejected

Dining Habits Restaurant 329 278.5 50.50 2550.25 9.16 18.31 .000019

Home-made 228 278.5 -50.50 2550.25 9.16 d.f. 1 H06 rejected

Milk 
Consumption

Tetra pack 407 278.5 128.50 16512.25 59.29 118.58 <0.00001

Fresh Milk 150 278.5 -128.50 16512.25 59.29 d.f. 1 H07 rejected

Source of 
Drinking Water

Municipal 289 185.7 103.0 10670.89 57.46 102.65 <0.00001

Streams/Lakes 173 185.7 -12.70 161.29 0.87

Boring Water 95 185.6 -90.60 8208.6 44.2 d.f. 2 H08 rejected

Animal Contact Yes 306 278.5 27.50 756.25 2.72 5.43 .01978

No 251 278.5 -27.50 756.25 2.72 d.f. 1 H09 rejected

RQs=Research Questions; ROs=Research Objectives; O=Observed frequency; E=Expected frequency; χ2=Chi-square value; d.f.=degree of freedom. 
All tests are performed at alpha 0.05.
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However, for the distribution of HP by socio-
demographic variables/ groups/ factors, almost all studies 
have wrongly calculated percentages/ prevalence. For 
example, analysis of hypothetical data is here; a sample size 
of 400 persons, including 250 men and 150 women, have HP 
infection positive in 260 cases, so the overall frequency of 
positive cases will be 260 & overall percentage (prevalence) 
of positive cases will be 65% (260*100/400=65%). Whereas 
the frequency for negative cases will be 140 (400-260), and 
the percentage will be 35% (140*100/400=35%).

Now we come to the distribution of HP positive 
cases by sex. If out of 260 positive cases, there were 
160 men and 100 women, then the ‘correct’ percentage 
(prevalence) will be 40% (160*100/400=40%) for men and 
25% (100*100/400=25%) for women, the total frequency of 
positive cases to be 260/400 (65%). Nevertheless, almost all 
studies cited here have calculated HP positive percentage 
for 160 men out of a total of 250 men (and not out of total 
400 cases) to be 64% and for 100 women out of a total of 
150 women (and not out of total 400 cases) to be 66.66%, 
total 64+66.66=130.66%, which is impossible.

The paragraph above shows the distribution of HP 
positive cases by sex ‘only descriptively’ by frequency and 
percentage. This descriptive statistic is not valid to conclude 
that the prevalence of HP positive cases is higher in men 
than women or vice versa. For comparison, one has to use 
inferential statistics/ hypothesis testing. One has to put a 
hypothesis, use a test of significance of difference, and then 
develop the decision. Even then, there is no statistical test 
available to testify the frequency/ proportion/ prevalence/ 
distribution of HP positive cases or any other disease/ event 
in men versus women, i.e., by sex or by any other socio-
demographic variable/ group/ factor. The test available is 
the chi-square goodness-of-fit test (Sharma et al., 1997; 
Rahman et al., 2008; Raj et al., 2017), which compares the 
‘observed frequencies’ (counts) of HP positive cases for 
men and women in ‘sample’ to the ‘expected frequencies’ 
of HP positive cases for men and women in ‘population’. 
The expected frequencies may be taken from literature or 
hypothetical from the researcher’s background knowledge 
regarding the specified population. No such hypothesis 
testing is there in any study cited here for HP positive 
cases. Even the global literature we have come across 

Table 5. Association of HP and eight socio-demographic variables in population in adults and adolescents with gastric symptoms 
(RQs 10-17, ROs 10-17, H010-H017, n=1160).

Variables Attributes
HP Positive HP Negative

Row Totals ∑χ2/ d.f. P-value
O (E) [χ2] O (E) [χ2]

Sex Men 356 (299.63) [10.61] 268 (324.37) [9.8] 624 44.16 < 0.00001

Women 201 (257.37) [12.35] 335 (278.63) [11.41] 536 d.f. 1 H010 rejected

Age groups  10-19 years 95 (96.51) [0.02] 106 (104.49) [0.02] 201
2.98 0.3953

 20-40 years 217 (207.42) [0.44] 215 (224.57) [0.41] 432

 41-60 years 189 (188.71) [0.00] 204 (204.29) [0.00] 393
d.f. 3 H011 accepted

 60 + years 56 (64.34) [1.08] 78 (69.66) [1.00] 134

Education 
Status 

Illiterate 189 (148.37) [11.12] 120 (160.63) [10.28] 309
50.60 < 0.00001

Primary 162 (178.62) [1.55] 210 (193.38) [1.43] 372

Secondary 111 (150.77) [10.49] 203 (163.23) [9.69] 314
d.f. 3 H012 rejected

Higher Education 95 (79.23) [3.14] 70 (85.77) [2.90] 165

Over-
crowding

Family size <10 245 (277.06) [3.71] 332 (299.94) [3.43] 577 14.20 0.000164

Family size >10 312 (279.94) [3.67] 271 (303.06) [3.39] 583 d.f. 1 H013 rejected

Dinning 
Habits

Restaurant 329 (206.47) [72.71] 101 (223.53) [67.16] 430 222.26 < 0.00001

Homemade 228 (350.53) [42.83] 502 (379.47) [39.56] 730 d.f. 1 H014 rejected

Milk 
Consumption

Tetra pack 251 (296.27) [6.92] 366 (320.73) [6.39] 617 28.42 < 0.00001

Fresh milk 306 (260.73) [7.86] 237 (282.27) [7.26] 543 d.f. 1 H015 rejected

Source of 
Drinking 
Water

Municipal 289 (267.46) [1.74] 268 (289.54) [1.60] 557
41.95 < 0.00001

Stream/Lakes 95 (142.13) [15.63] 201 (153.87) [14.44] 296

Boring water 173 (147.41) [4.44] 134 (159.59) [4.10] 307 d.f. 2 H016 rejected

Animal 
Exposure

Yes 407 (308.62) [31.36] 231 (329.38) [29.38] 638 133.86 < 0.00001

Primary 162 (178.62) [1.55] 210 (193.38) [1.43] 372 d.f. 1 H017 rejected

Column Totals 557 603 1160

RQs=Research Questions; ROs=Research Objectives; O=Observed frequency; E=Expected frequency; χ2=Chi-square value; d.f.=degree of freedom. 
All tests are performed at alpha 0.05.
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to distribute other diseases/ events is not based on such 
inferential analysis. So, this effort on our part will be an 
innovative addition to the global literature. We in our study 
have given observed frequencies, expected frequencies, 
their differences, square of their differences, chi-square 
values, all for each cell separately, degrees of freedom and 
p values for all the eight chi-square goodness-of-fit tests 
separately, which are valid, reliable, verifiable, repeatable 
and replicable.

The comparison to the cited studies for the distribution 
of HP positive cases would have been based on our study’s 
hypothesis results versus cited studies. However, the 
cited studies have no hypothesis tested for it, so we have 
compared percentages to percentages in the discussion.

4.2.3. Determinants of disease (association between 
variables)

Any finding/ decision/ conclusion given in a study should 
be valid, reliable, verifiable, repeatable, and replicable. Most 
of the studies have given only a p-value for the chi-square 
test of association. It is neither verifiable nor repeatable. 
We in our study have given observed frequencies, expected 
frequencies, their differences, square of their differences, 
chi-square values, all for each cell separately, degrees of 
freedom and p values for all the eight chi-square tests 
of association (Sharma et al., 1997; Rahman et al., 2008; 
Raj et al., 2017; Nadeem et al., 2023) separately, which are 
valid, reliable, verifiable, repeatable and replicable and of 
course an innovative addition to the global literature. At 
times, authors have given decisions/ conclusions based 
on percentages; which are not valid. In such cases, we 
have applied the chi-square test of association for the 
cited studies from the available observed frequencies, 
and results for cited studies are shown in the discussion 
as chi-square/ Yate’s chi-square, degrees of freedom (d.f.), 
and p values for comparison.

4.2.4. Marwat’s Logical Trajectory of Research Process

Here in this project, we have followed the “Marwat’s 
Logical Trajectory of Research Process in Medical Sciences”, 
developed by Dr. Muhammad Marwat, our co-author. It 
is an eight-step innovative logical/ intellectual activity, 
including putting in order the research problems, 
knowledge gaps, research questions, research objectives, 
research hypotheses, data collection, data analysis, and data 
interpretation. Earlier, two research articles are published 
using this trajectory, available at https://www.gjms.com.
pk/index.php/journal/article/view/751/747 and https://
www.gjms.com.pk/index.php/journal/article/view/766/762

4.3. Interpretations & comparisons

Interpretations & comparisons are placed under three 
main headings following the aims of the current study; 
prevalence of HP infection, distribution of HP infection 
by eight socio-demographic variables and determinants 
of HP infection (association to eight socio-demographic 
variables) in our population and 17 subheadings as per our 
17 hypotheses, comparing our findings to local, national, 
regional and global literature.

4.3.1. Prevalence of HP in population (RQ 1, RO 1, H01)

The prevalence of HP infection in our sample was 
48%, and for our population, it was 45.12%-51.88% at 95% 
CL. Similar prevalence was given by Rasheed et al. from 
Islamabad, collecting asymptomatic cases of all ages from 
all over Pakistan, for 2002-2015, as 49.54% (1147/2315) 
(Rasheed et al., 2017). Similarly, Rastogi et al. (2015) from 
Kanpur, India in 2012-13 in asymptomatic adult individuals 
as 44.23% (92/208) and a global systematic review and 
meta-analysis by Hooi et al. (2017) including 184 studies 
from 62 countries for the duration 1970-2016 showing 
global prevalence as 48.46% (257,768/ 531,880).

Lower prevalence was noted by Khoder et al. (2019) 
from UAE in 2017-18 as 41.42% (145/350) in healthy 
asymptomatic individuals and a population-based cross-
sectional study by Shu et al. (2019) from Hangzhou city, 
Zhejiang province, China, including 3014 healthy 45-59 
years adults in 2015-16, as 27.50% (829/3014).

Higher prevalence was reported by Rasheed  et  al. 
(2012) from Islamabad, Pakistan in 2008-2009 involving 
asymptomatic persons 2-70 years old as 74.4% (384/516), 
by Singh  et  al. (2002) from Chandigarh, India in 
symptomatic cases as 61.25% (49/80), a meta-analysis by 
Moosazadeh et al. (2016) from Iran, including 21 articles 
(n=15,680) as 54.0% (95% CI: 53-55%) and by Assaad et al. 
(2018) from Lebanon in 2016 including adults as 52.04% 
(n=153/294).

4.3.2. Distribution of HP positive cases by eight socio-
demographic variables (RQs 2-9 & ROs 2-9, H02-H09)

4.3.2.1. (H02)

Regarding sex, the prevalence of HP in our population 
was higher for men 30.68% (95%CI 28.04-33.34%) than 
women 17.32% (95%CI 15.15-19.51%).

Similar to our study, a higher prevalence for men 28.42% 
(658/2315) than women 21.12% (489/2315) was noted 
by Rasheed  et  al. (2017) for the years 2002-2015 from 
Islamabad, by Rastogi  et  al. (2015) from Kanpur, India, 
men 29.32% (61/208) versus women 14.90% (31/208), by 
Khoder et al. (2019) from UAE, men 21.71% (76/350) versus 
women 19.71% (69/350) and by Shu et al. (2019) from China, 
men 16.25% (490/3014) versus women 11.25% (339/3014).

Higher prevalence for women 31.63% (93/294) versus 
men 20.41% (60/294) was found by Assaad et al. (2018) from 
Lebanon, by Zhu et al. (2014) for the duration 2009-2011 
from Yangzhong city, China women 36.70% (1446/5417) 
versus men 26.70% (1989/5417).

4.3.2.2. (H03)

Regarding age groups, the prevalence of HP in our sample 
and population was highest for the age group 21-40 years 
18.7% (95%CL 16.47%-20.95%) and lowest for the age group 
60+ years 4.82% (95%CL 3.6%-6.06%). Rasheed et al. (2017) 
for the years 2002-2015 from Islamabad showed the highest 
prevalence for age group 19-44 years 27.95% (647/2315), 
similar to our study, and lowest for age group 3-18 years 
5.18% (120/2315), Rastogi et al. (2015) from Kanpur, India 
showed the highest prevalence for age group 19-39 years 

https://www.gjms.com.pk/index.php/journal/article/view/751/747
https://www.gjms.com.pk/index.php/journal/article/view/751/747
https://www.gjms.com.pk/index.php/journal/article/view/766/762
https://www.gjms.com.pk/index.php/journal/article/view/766/762
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31.73% (66/208) and lowest for the age group 60+ years 
1.92% (4/208), both similar to our study. Here two groups 
of 19-29 and 30-39 years of cited study were merged to 
one group of 19-39 years for comparison to our group of 
20-40 years and two groups of 60-69 and ≥70 years for 
comparison to our one group of 60+ years.

Zhu et al. (2014) from Yang Zhong, China showed the 
highest prevalence for age group 40-59 years 53.20% 
(2882/5417) and lowest for the age group 30-39 years 
4.94% (267/5417), both different from our study. Here 
two groups of cited study 40-49 and 50-59 years were 
merged into one group of 40-59 years for comparison to 
our group of 41-60 years.

4.3.2.3. (H04)

Regarding education status, the prevalence of HP in our 
sample and population was highest in the illiterate group 
16.29% (95%CL 14.16%-18.42%) and lowest in the higher 
education group as 8.19% (95%CI 6.61-9.77%). Zhu et al. 
(2014) from China showed the highest prevalence in 
primary as 33.67% (1824/5417) and the lowest in the 
illiterate group as 1.64% (89/5417), both different from 
our study. Ozaydin et al. from Turkey showed the highest 
prevalence in primary 39.35% (1801/4577) and lowest in the 
secondary group 7.76% (335/5417), both different from our 
study (Ozaydin et al., 2013). Shu et al. from China showed 
the highest prevalence for secondary school of 17.19% 
(518/3014) and lowest for secondary school of 02.98% 
(90/3014) (Shu et al., 2019). As the cited study had three 
groups, so illiterate and primary groups of our study were 
merged into one group (189+162=351, 30.25%) compared 
to the secondary school group of the cited study. Hence 
our study will show the highest prevalence for secondary 
school group 30.25%, while the cited study shows the 
highest prevalence for secondary school of 17.19%.

4.3.2.4. (H05)

Regarding overcrowding, the prevalence of HP in our 
sample and population was higher in smaller family size 
≤10 group 26.9% (95% CL 24.35-29.45%) than larger family 
size >10 21.1% (95%CI 18.75-23.45%). Similar reports are by 
Khoder et al. (2019) from UAE with smaller family size (≤6 
persons/house) 28.0% (98/350) versus larger family size 
(≥7 persons/house) 13.42% (47/350), by Zhu et al. from 
China, smaller family size (≤ 6) 71.67% (3382/5417) versus 
larger family size (≥7) as 0.98% (53/5417) (Zhu et al., 2014). 
The family size of this cited study of 1, 2, 3, 4, 5 & 6 was 
merged into one group of ≤6 compared to our group of ≤10.

Opposite reported was by Rasheed et al. (2012) from 
Islamabad, Pakistan, in 2008-2009, showing a higher 
prevalence in a larger family size of ≥7 41.67% (215/516) 
versus the smaller family size of ≤6 as 32.75% (169/516).

4.3.2.5. (H06)

Regarding dining habits, the prevalence of HP in our 
sample and population was higher in the restaurant 
group 28.35% (95%CL 25.74-30.94%) than the home-made 
group 19.65% (95%CL 17.36-21.94%). Mhaskar et al. from 
Pune, Maharashtra State, India, during January 2008 
and November 2010, including 350 symptomatic cases, 

showed higher prevalence for home-made group 28.28% 
(99/350) than restaurant group 26% (91/350), opposite 
to our findings (Mhaskar et al., 2013). The frequency of 
outside food consumption from the cited study had four 
attributes of 1/week, 2/week, 3/week, and seldom. The 
first three attributes/groups were merged to compare 
to our restaurant group while rarely compared to our 
home-made group.

4.3.2.6. (H07)

Regarding milk consumption, the prevalence of HP 
in our sample and population was higher in tetra pack 
milk group 35.1% (95%CL 32.35%-37.85%) than fresh milk 
group 12.9% (95%CL 10.97-14.83%). No relevant studies 
were available to compare the internet in local, national, 
regional, and global literature.

4.3.2.7. (H08)

Regarding the source of drinking water, the prevalence 
of HP in our sample and population was highest in the 
municipal water group 24.9% (25%CL 22.41-27.39%) 
and lowest in boring water 8.2% (95%CL 6.62-9.78%). 
Rasheed et al. (2012) from Islamabad showed the highest 
prevalence of HP in well water (synonymous to our streams/
lakes group) as 38.95% (201/516) and lowest for city water 
(synonymous to our municipal group) 14.92% (77/516), 
both different from our study.

4.3.2.8. (H09)

Regarding animal contact, the prevalence of HP in our 
sample and population was higher in the contact yes group 
26.37% (95%CL 23.83-28.91%) than contact no group 21.63% 
(95%CL 19.26-24.0%). Similar reports are by Rasheed et al. 
(2012) from Islamabad in 2008-2009 with animal contact 
yes group 39.15% (202/516) versus no animal contact group 
35.27% (182/516), by Khoder et al. (2019) from UAE with 
animal contact yes group as 35.42% (124/350) versus no 
animal contact group of 6% (21/350), by Elhariri et al. from 
Cairo with dogs contact yes group 27.78% (61/90) versus 
no dogs contact group 16.66% (29/90) (Elhariri et al., 2017).

4.3.3. Association of presence of HP and eight socio-
demographic variables (RQs 10-17, ROs 10-17, H010-H017)

4.3.3.1. (H010)

The presence of HP infection was associated with sex 
in our population. A similar association was found by 
Khoder et al. (2019) from UAE (p=0.0014) and by Zhu et al. 
(2014) from China (Yate’s χ2 value=4.9556, d.f. =1, p=0.0260 
at alpha 0.05).

No association was reported by Rasheed et al. (2017) 
for the years 2002-2015 from Islamabad (p=0.124), by 
Rasheed et al. (2012) from Islamabad, Pakistan in 2008-
2009 (p=0.622), by Santos et al. (2005) from Brazil (n=363) 
(Yate’s χ2 value=2.5884, d.f.=1, p=0.1076), by Mabeku et al. 
(2018) from Cameroon (n=205) (Yate’s χ2 value=0.6953, 
d.f.=1, p=0.4043), by Mungazi et al. (2018) from Harare, 
Zimbabwe (n=300) (p=0.076), by Assaad  et  al. (2018) 
from Lebanon in 2016 (p=0.358), and by Shu et al. (2019) 
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from China (Yate’s χ2 value=12.5921, d.f.=1, p=0.000387 
at alpha 0.05).

4.3.3.2. (H011)

There was no association between HP infection and 
age groups in our population. Similar finding was by 
Mabeku  et  al. (2018) from Cameroon (χ2 value=4.057, 
d.f.=3, p=0.398).

Many reports showed association like Rasheed et al. 
(2017) for the years 2002-2015 from Islamabad (p <0.5), 
Rasheed  et  al. (2012) from Islamabad in 2008-2009 
(p=0.003), Khoder  et  al. (2019) from UAE (p=0.032), 
Zhu et al. (2014) for the duration 2009-2011 from China 
(χ2 value=118.46, d.f.=3, p <0.00001 at alpha 0.05), 
Santos  et  al. (2005) from Brazil (χ2 value=14.06, d.f.=3, 
p=0.0028) and Mungazi et al. (2018) from Harare, Zimbabwe 
(p=0.012).

4.3.3.3. (H012)

There was association between the presence of HP 
infection and education status. Similar report was by 
Santos et al. (2005) from Brazil (χ2 value=14.5184, d.f.=3, 
p=0.0022). Many reports of no association were from 
Rasheed  et  al. (Khoder  et  al., 2019) from Islamabad, 
Pakistan in 2008-2009 (p=0.720), Zhu et al. (2014) from 
China (χ2 value=3.6003, d.f.=3, p=0.3079 at alpha 0.05) and 
Mungazi et al. (2018) from Harare, Zimbabwe (p=0.105).

4.3.3.4. (H013)

There was association between the presence of HP 
infection and overcrowding. Similar reports are from 
Rasheed  et  al. (2012) from Islamabad in 2008-2009 
(p=0.025) and Santos et al. (2005) from Brazil (Yate’s χ2 
value=4.8974, d.f.=1, p=0.0268).

Reports of no association were from Khoder  et  al. 
(2019) from UAE (p=0.676), Zhu et al. (2014) from China 
(Yate’s χ2 value=0.0072, d.f.=1, p=0.9325 at alpha 0.05), 
Mabeku et al. (2018) from Cameroon (Yate’s χ2 value=2.6, 
d.f.=1, p=0.1068), and Mungazi et al. (2018) from Harare, 
Zimbabwe (p=0.08).

4.3.3.5. (H014)

There was association between the presence of HP 
infection and dining habits. A similar report was by 
Mhaskar et al. (2013) from Pune, Maharashtra State, India 
(Yate’s χ2 value=30.987, d.f.=1, p< 0.05).

4.3.3.6. (H015)

There was association between the presence of HP 
infection and milk consumption. No relevant studies 
were available to compare in local, national, regional, 
and global literature.

4.3.3.7. (H016)

There was association between HP infection and 
drinking water sources. A similar report was by Khoder et al. 
(2019) from UAE (p=0.001). In contrast, no association was 
from Rasheed et al. from Islamabad, Pakistan, in 2008-2009 
(p=0.885) and (Khoder et al., 2019).

4.3.3.8. (H017)

There was association between the presence of HP 
infection and animal contact. A similar report was by 
Rasheed  et  al. (2012) from Islamabad in 2008-2009 
(p=0.004). Opposing reports of no association were from 
Khoder et al. (Sharma et al., 1997) from UAE (p=0.445), 
Elhariri et al. (2017) from Cairo (Yate’s χ2 value=0.9183, 
d.f.=1, p=0.338) and Mungazi et al. (Daniel and Cross, 2018) 
from Harare, Zimbabwe (p=0.119).

Immunochromatographic test (ICT) is a rapid, 
inexpensive, widely used, and highly sensitive screening 
tool for the qualitative detection of antibodies (IgG, IgM, 
and IgA) against HP in human serum, plasma, or whole 
blood (CTK Biotech, 2020). It has been used in many 
investigational studies. Sharma et al. used it in Detroit, USA, 
in 1997 (n=96), showing 95% sensitivity, 77% specificity, 86% 
positive predictive value, and 91% negative predictive value 
in fresh serum (Sharma et al., 1997). Rahman et al. from 
Bangladesh used it in their study from June 2004-January 
2005 (n=82) and reported 90.1% specificity, 80.9% sensitivity, 
93.2% positive predictive value, 73.9% negative predictive 
value, and 87.8% accuracy (Rahman et al., 2008). Another 
recent study by Raj et al. from Bronx, NY, USA in 2009-2013 
reported 88.4% sensitivity and 93.4% specificity against 
histology (Raj et al., 2017).

5. Conclusions and Recommendations

About half the population (45-51%) of adults and 
adolescents with gastric symptoms was infected with 
HP with similar observed and expected prevalence. 
Distribution was different in sample and population by 
sex, age groups, education status, overcrowding, dining 
habits, milk consumption, drinking water source, and 
animal contact. HP infection in the population was 
associated with sex, education status, overcrowding, 
dining habits, milk consumption, drinking water 
source, and animal contact but not to age groups. This 
association does not mean that these are risk factors. 
It merely shows that these variables are seen more 
often than merely due to chance with the presence of 
HP infection. Cross-sectional inquiry lacks temporality, 
so it cannot tell which variable is exposure (risk factor) 
and which one is the outcome (disease). Still, it helps us 
which variable may be taken as exposure (speculated 
risk factor) and which one as the outcome (disease) 
in generating/ formulating hypothesis for verification 
through analytical observational (case-control and 
cohort) designs to cope further into the cause-n-effect 
relationship.

We will suggest more work for our population 
as a case-control design, whereby the relationship 
of the presence of HP infection with each of these 
socio-demographic, dietary, and lifestyle variables is 
evaluated by odds ratio and further as a cohort design 
to be assessed as a relative risk so that risk factors 
can be defined and preventive/ control interventions/ 
measures can be recommended.
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6. Ethical Approval 

Ethical approval was granted by the Departmental 
Bioethical Committee of The University of Haripur, Haripur, 
Pakistan. Consent from the management of District 
Headquarter Hospital, Haripur, was taken to collect data. 
The consent of the patients/guardians was taken before 
inclusion in the study.
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