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Abstract
Helicobacter pylori  (H. pylori ) is one of the most 
widespread infections in humans worldwide that chroni
cally infects up to 50% of the world’s population. The 
infection is involved in the pathogenesis of chronic active 
gastritis, peptic ulcer, mucosa-associated lymphoid tissue 
lymphoma and gastric cancer, therefore, it has been 

classified as class Ⅰ definite carcinogen by the World 
Health Organization. Despite the established etiological 
role of H. pylori , its actual distribution and association 
with related diseases is controversial and there is a large 
intercountry variation especially among Asian countries. H. 
pylori  infection is more frequent in developing countries like 
India, Pakistan, and Bangladesh as compared to developed 
Asian countries like Japan, China and South Korea. 
However, the frequency of gastric cancer is comparatively 
lower in India, Pakistan, and Bangladesh with that of 
Japan, China and South Korea. Such phenomenon of 
clinical diversity, defined as enigma, is judged by genetic 
variability of the infecting H. pylori  strains, differences in 
the host genetic background in various ethnic groups, and 
environmental factors such as dietary habits. Most of the 
studies have so far focused on the bacterial factor while 
environmental issues, including dietary components, were 
not given due attention as one of the factors related with 
H. pylori  associated gastric carcinogenesis. The dietary 
factor has been suggested to play an important role in H. 
pylori  related carcinogenesis, and in this respect several 
studies have corroborated the intake of various dietary 
components as modulatory factors for gastric cancer risk. 
In this review, such studies, from in vitro experiments to 
clinical trials, are being focused in detail with respect to 
enigma associated with H. pylori . It may be conceivably 
concluded from the available evidence that dietary factor 
can be a game changer in the scenario of Asian enigma, 
particularly in high risk population infected with virulent 
H. pylori  strains, however further affirmation studies are 
desperately needed to achieve conclusive outcomes. 

Key words: Helicobacter pylori ; Asian enigma; Gastric 
cancer; Dietary factor; Salt; Fermented food; Spices

© The Author(s) 2016. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Despite the established etiological role of 
Helicobacter pylori  (H. pylori ), its actual distribution 
and association with related diseases is controversial, 

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.4251/wjgo.v8.i4.341

World J Gastrointest Oncol  2016 April 15; 8(4): 341-350
ISSN 1948-5204 (online)

© 2016 Baishideng Publishing Group Inc. All rights reserved.

2016 Helicobacter pylori : Global view



342 April 15, 2016|Volume 8|Issue 4|WJGO|www.wjgnet.com

Zaidi SF. H. pylori  associated enigma and role of diet

especially among Asian countries, a phenomenon termed 
as Asian enigma. This is judged by genetic variability of 
the infecting H. pylori  strains, diversity in the host genetic 
background, and environmental factors such as diet. 
Amongst these, the dietary factor was not given much 
attention. In this review, dietary components are focused 
in detail with respect to H. pylori -associated enigma with 
a specific emphasis and comparison of dietary ingredients 
between Asian countries in order to critically evaluate its 
role in Asian enigma. 
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INTRODUCTION
Helicobacter pylori (H. pylori) have been found in the 
stomachs of humans in all parts of the world. It is one of 
the most common bacterial infections worldwide, infecting 
more than half of the world’s population[1]. H. pylori infection 
in the stomach induces mucosal inflammatory response 
and oxidative stress that leads to diverse clinical outcomes 
in humans such as gastritis, peptic ulcer and gastric 
cancer[2]. There is a strong correlation between prevalence 
of infection and socioeconomic status[3]. In some developing 
countries 70%-90% of the population is infected with H. 
pylori, whereas in high-income countries the prevalence is 
25%-50%. Most infections are acquired in childhood[4,5]. 
However, the incidence of H. pylori infection is declining, 
and today only 10% of children in high income countries 
are infected[6,7]. Regardless of the established etiological 
role of H. pylori, its actual distribution and association 
with related diseases is controversial especially in Asian 
countries. H. pylori infection is more frequent in developing 
Asian countries like Thailand, Malaysia, India, Pakistan, and 
Bangladesh, whereas, the occurrence of gastric cancer is 
comparatively lower than in developed Asian countries like 
Japan, China, and South Korea[8-10]. Such phenomenon of 
clinical diversity, defined as Enigma, is judged by genetic 
variability of the infecting H. pylori strains with respect to 
virulence factors, difference in the host genetic makeup, 
and environmental factors such as dietary habits (Figure 
1)[11].

PREVALENCE OF H. PYLORI INFECTION 
IN ASIAN COUNTRIES
Epidemiological studies indicate that Asian countries have 
a high prevalence of H. pylori infection as compared to 
Western countries, with a correspondingly high incidence 
of severe gastroduodenal (GD) diseases, especially 
gastric neoplasia[8]. However, the frequency of H. pylori 
infection differs markedly between and within populations 

of different Asian countries. In developing countries like 
India, Pakistan, Bangladesh and Thailand, infection with H. 
pylori is more frequent among the general population[9]. 
In contrast, in more industrialized and developed regions 
of Asia like Japan, China, and South Korea, frequency 
of H. pylori infection has been reported to be somewhat 
lower[8]. Singapore is also in the same category and the 
prevalence of H. pylori infection is quite low compared to 
developing countries[10].

FREQUENCY OF GASTRIC CANCER IN 
ASIAN COUNTRIES
Although the overall incidence of gastric cancer is 
declining, it is still the world’s second most widespread 
malignancy, having been overtaken by lung cancer[12]. 
There is a marked variation internationally in gastric 
cancer incidence with highest rates reported from 
Japan[8,13]. It is noteworthy that despite Japan being a 
developed country with a lower prevalence of H. pylori 
infection, it has the highest frequency of gastric cancer. 
The annual incidence of gastric cancer in Japan is around 
100 times higher than those in India. Similarly, the 
frequency of gastric cancer is quite high in China despite 
a lower frequency of H. pylori infection[8]. Contrary, 
people living in underdeveloped countries of Asia with 
high frequency of H. pylori infection have a lower 
incidence of gastric cancer[8,14]. Some studies from India 
revealed no correlation between H. pylori infection and 
gastric cancer, while studies from China and Japan are 
consistent with previous findings, affirming association 
between H. pylori infection and gastric cancer[15-17]. It 
has also been observed that frequency of gastric cancer 
varies within regions of a particular country; for example, 
in Japan and India[16,18]. These corroborations support 
a potential role of other factors in the diverse and 
contradictory presentation of gastric diseases in different 
regions and populations. 

The above mentioned evidences point out the fact 
that only H. pylori infection is solely not enough to 
cause life threatening conditions like gastric cancer, 
highlighting the importance of factors behind enigma, 
like genetic variability of the infecting strain and infected 
individual, along with life style habits. 

As much has been focused on the genetic differences 
of host and agent, therefore, in this review the basics 
of these factors will be covered, while more emphasis 
will be on environmental factors including life style and 
dietary components, to critically evaluate their plausible 
role in H. pylori associated enigma. 

REASONS BEHIND ENIGMA
Bacterial factors
H. pylori is a micro-aerophil gram-negative bacterium with 
several flagella required for bacterial motility[19]. Numerous 
biochemical factors are produced by H. pylori that are 
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important to the organism’s survival, virulence and 
initiation of pathophysiological effects in the infected host. 
Multiple pathways are modulated after H. pylori infection 
either through direct interaction or via virulent factors 
injected in the host cell which leads to the pathological 
outcome. Some of the important virulence factors are 
mentioned below that are responsible for bacterial 
colonization and pathogenesis, which are postulated to 
play some role in enigmatic diversity of clinical outcomes. 

It is postulated that all strains of H. pylori are not 
pathogenic and the genetic diversity of H. pylori virulence 
factors has been linked with clinical outcome. The most 
pathogenic and well-established cluster of virulence in 
H. pylori is the cytotoxin associated pathogenicity island 
(cag PAI); this being a 27-gene locus that is present in 
a majority of the clinical strains found in Europe, United 
States and Japan. H. pylori strains with the cag PAI have 
been shown to be more virulent, with an increased risk 
of development of GD disorders like duodenal ulcers and 
gastric adenocarcinoma, than strains lacking the gene 
complex[20]. The cytotoxin associated gene A (cagA) is 
located in the cag PAI, and encodes for the cagA protein. 
Inside the host cell the cagA interferes with cell signaling 
pathways and induces cytoskeletal rearrangements[21,22]. 
It has been suggested that cag PAI positive strains 
are involved in the activation of transcription factor 
nuclear factor-kappa B (NF-κB), resulting in production 
of inflammatory or carcinogenic molecules such as 
interleukin-8 (IL-8) or activation-induced cytidine 

deaminase (AID)[21-23]. The in vitro observation of large 
vacuoles in the cytoplasm of cells incubated with H. 
pylori lead to the discovery of the Vacuolating cytotoxin 
A (VacA)[24]. VacA induces apoptosis in epithelial cells, 
but it is still not clarified why vacuolation is required for 
this type of apoptosis. The VacA protein inserts itself 
into the epithelial cell membrane and forms a channel 
through which bicarbonate and organic anions can be 
released[25]. Several studies have documented the genetic 
polymorphism in VacA gene and have concluded that the 
presence of both cagA and VacA genotype s1/m1 is more 
associated with severe disease outcomes[26-28]. The gene 
babA2 encodes for the protein BabA, which is an outer-
membrane protein. H. pylori strains that possess the 
bab2 gene are associated with an increased incidence of 
gastric adenocarcinoma. BabA-expressing strains adhere 
more tightly to epithelial cells, which might promote 
pathogenesis[29]. Another virulence factor, iceA, has been 
linked with peptic ulceration and increased mucosal IL-8 
secretion[30,31]. Although the above mentioned studies 
provide evidence for the linkage of genetic variation in 
H. pylori with the disease outcomes, it is still not always 
conclusive due to controversial results. Genotyping 
analysis of H. pylori from an Indian population showed 
high prevalence of pathogenic strains in both adults 
and children with GD diseases as well as in control 
subjects[9,32]. However, the incidence of gastric cancer is 
quite low in India as discussed above. Hence other factors 
behind enigma play simultaneous role in producing the 

H. pylori  infection

Environmental factors
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Enigmatic outcomes
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Figure 1  Three main factors behind Helicobacter pylori associated enigma namely: (1) Bacterial virulence factors; (2) Host genetic factors; and (3) 
Environmental factors. H. pylori: Helicobacter pylori; cagA: Cytotoxin associated gene-A; VacA: Vacuolating cytotoxin A; IL-1: Interleukin-1.
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final outcome of H. pylori infection.

HOSTS GENETIC FACTORS
As discussed above, the basis for the diverse clinical 
outcomes of enigmatic scenario particularly in Asian 
countries cannot be entirely explained on the strain genetic 
diversity, as most patients are infected by more virulent 
strains than in Western countries[8]. Another reason 
behind enigma is the host genetic makeup or ethnicity. 
Infection with any microorganism results in immune 
response leading to expression of inflammatory cytokines. 
Polymorphism in the genes of these cytokines may affect 
the dynamics of response to any infection, including that 
of H. pylori. Few studies have reported such polymorphism 
in the gene cluster of IL-1, a proinflammatory cytokine 
with a potent acid inhibitory effect, and its association with 
gastric cancer risk[33,34]. Polymorphisms in other candidate 
cytokine genes, such as tumor necrosis factor-alpha and 
IL-10, may enhance or suppress inflammation of the 
gastrointestinal (GI) mucosa resulting in different disease 
outcomes[35,36]. Besides inflammatory cytokines, gastric 
atrophy associated with reduced acid secretion is also 
documented to be linked with the ethnic background. For 
example, the Japanese population has much lower acid 
secretion as compared to the western population[37]. As 
reported, gastric atrophy occurs more readily in subjects 
with lower acid secretion than in those with high acid 
secretion[38]. It was further confirmed by Kuipers et al[39] 
that the use of proton pump inhibitors, drugs that reduce 
gastric acid secretion, in the patients of reflux esophagitis 
aggravated the severity of H. pylori-associated gastritis. 
This may be one of the reasons that the Japanese have 
high incidence of gastric cancer, as gastric atrophy is a 
precancerous lesion. In short, the above findings support 
the role of genetic makeup or ethnicity in H. pylori-
associated enigmatic disease outcome but still further 
studies are required from other Asian countries like 
Malaysia, India or Pakistan to conclude the precise role 
of polymorphisms in specific genes or combinations of 
genes for disturbances in acid secretory output and gastric 
cancer risks in Asian countries. 

DIETARY AND ENVIRONMENTAL 
FACTORS
Stomach and intestines are among the parts in our body 
that are exposed at maximum to our daily diet and 
of course environmental factors like personal hygiene 
can equally affect them. Hence, it is postulated that 
diet may play a critical role in GD disorders like peptic 
ulcer or gastric carcinoma. When talking about enigma 
associated with H. pylori under the light of recent 
scientific and molecular studies, dietary components 
can modulate the pathogenic processes by simple anti-
oxidant to complex anti-carcinogenic activities. The 
paradoxical clinical outcomes after H. pylori infection 
might be crucially regulated by dietary habits of the 

population, especially when talking about the Asian 
population under Asian enigma. It has been known 
since ancient times that healthy diet prevents digestive 
problems and avoid chronic malaise, but it was not long 
ago when the dietary factor was brought into focus with 
respect to H. pylori associated pathogenesis. It was first 
reported by Holcombe[40] back in 1992 in his leading 
article on African enigma that environmental factors 
including dietary habits can influence the outcome of H. 
pylori infection. Several studies from various countries 
thereafter followed Holcombe’s hypothesis and 
documented the plausible role of dietary components in 
disease outcome.

East Asian population and dietary habits
So as to discuss about Asian enigma, two sets of 
populations can be broadly classified as mentioned 
above; one with low incidence of gastric cancer and 
high prevalence of H. pylori such as the South Asian 
population including India, Pakistan, and Bangladesh and 
the second with high incidence of gastric cancer and low 
prevalence of H. pylori such as the East Asian population 
including Japan, China and Korea. Among the latter, 
Japanese researchers initiated the focus on the dietary 
factor in their population to uncover the plausible role 
of diet in Asian enigma not only by comparing it with 
western dietary habit but also within different regions 
of Japan[8]. Both aggravating (negative) and alleviating 
(positive) effects of diet have been documented with 
respect to H. pylori associated pathogenesis but majority 
of the studies from Japan linked dietary components 
as a negative regulator. This may be due to the fact 
that the Japanese population is well recognized for high 
prevalence and mortality due to gastric cancer and the 
diet therein might be a negative regulator. However, 
it is interesting to note that different regions of Japan 
have a variable incidence of gastric cancer. For example, 
northern regions in Japan such as Akita prefecture have 
a higher prevalence of gastric cancer than the Southern 
region of Okinawa prefecture[41]. While looking at the 
dietary pattern in Akita, it was found that salt has been 
highly consumed in this region almost double to that 
of Okinawa[42]. This may further provide the convincing 
evidence that in a population of similar host genetic 
makeup and H. pylori strains, it may be due to different 
dietary habits, like high salt intake in that region that can 
lead to enigmatic outcomes.

High salt consumption is one of the most extensively 
investigated dietary component which is well known to 
increase the risk of gastric cancer[43,44]. Furthermore, 
interesting data was published in a prospective study 
of a Japanese population which demonstrated the 
aggravating effect of high-salt diet in H. pylori infected 
subjects with an increase in gastric cancer risk, when 
compared with infected subjects with lower consumption 
of salt[45]. This may be one of the leading clues for the 
potential role of diet in H. pylori associated enigma. In 
vivo studies have also shown that high salt not only 
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directly damages the gastric mucosa but also increases 
the colonization of H. pylori in stomach resulting in loss 
of parietal cells, atrophy, and intestinal metaplasia[46-48]. A 
recent study conducted in Mongolian gerbils provided the 
evidence that both cagA+ H. pylori strains and a high salt 
diet are synergistically significant risk factors for gastric 
adenocarcinoma compared with mutant cagA strain and 
a regular diet[49]. An interesting finding was revealed by 
Loh et al[49] that changes in salt concentration altered 
the gene expression in H. pylori especially cagA which 
was later observed in H. pylori infected gerbils as well[50]. 
These findings provide evidence that salt can aggravate 
gastric mucosal damage in multiple ways, shown in 
Figure 2, which might form the basis of different disease 
outcomes in a genetically similar population like in Japan. 
It may be intriguing to evaluate the effect of high salt 
intake in different populations infected with H. pylori in 
a single study along with the genetic status of H. pylori. 
This may help in identifying the role of host genetic 
makeup in the presence of high salt intake and H. pylori 
infection in the process of gastric carcinogenesis.

Other than salt, high consumption of pickled, pre
served, and smoked food in the Japanese population has 
also been postulated as a risk factor for gastric cancer[43]. 
Pickled vegetables are also very much common in the 
East Asian region such as Japan, China, and Korea and 
are almost a part of daily cuisine. Nitrosamines are 
dietary carcinogens found in pickled and smoked food 
and their intake increased the risk of gastric cancer[51,52]. 
It has been documented that nitrosamine can augment H. 
pylori associated gastric carcinogenesis not only in gerbils 
but in rhesus monkeys as well[53,54]. A recent study in 
H. pylori-infected Chinese population documented the 
similar finding; that high intake of sodium, heme iron, 
and red meat increase the risk of gastric cancer while 
abundant consumption of fresh fruits decrease the risk[55]. 
Another important source of carcinogens in the East 
Asian population is fermented products such as soybean 
pastes and kimchi, a traditional Korean dish made 
of fermented cabbage[51,56]. Nan et al[57] documented 

the increase in gastric cancer risk in Korean subjects 
consuming kimchi and soybean pastes. This may 
again be due to the presence of nitrosated compounds 
in high quantity in such fermented products which 
have been reported to augment H. pylori associated 
carcinogenesis[51,58]. In short, it can be retrieved from 
the above mentioned studies that the continuous intake 
of these salty, pickled, and fermented foods in the East 
Asian population might be a crucial factor in H. pylori-
associated enigma of gastric cancer.

South Asian population and dietary habits
When it comes to the South Asian region, including 
India, Pakistan, and Bangladesh, dietary habits are 
quite different from those in East Asian population. It 
is due to this difference in dietary pattern that many 
researchers have postulated dietary habits as one 
of the important factors behind H. pylori-associated 
disease outcome and Asian enigma[8,9,59]. One of the 
reasons behind this speculation is the low incidence of 
gastric cancer despite high prevalence of virulent H. 
pylori strains in South Asia[60]. Although host genetic 
factors may also interplay in pathogenesis, diet can be 
quite crucial when comparing East with South Asian 
countries. As discussed above, some ingredients in the 
East Asian population diet are negative (aggravating) 
regulator in H. pylori associated pathogenesis, while in 
the case of the South Asian region, one can hypothesize 
that diet might be functioning as a positive regulator 
in alleviating H. pylori-linked diseases. This seems to 
be true to some extent under the light of available 
evidence. Consumption of salty, pickled, and fermented 
food is comparatively low in the South Asian region 
than in East Asian countries. Furthermore, the use of 
spices in daily cuisine and frequent over the counter use 
of herbal or traditional medicines can be a hallmark in 
different disease outcomes[61]. It is interesting to note 
that the daily cuisine and dietary patterns in South 
Asian countries like India, Pakistan, and Bangladesh are 
quite alike, which to some extent, is a true copy of the 

H. pylori

Salt intake

More virulent H. pyloriMore colonization

Direct mucosal damage

Normal gastric mucosa

Figure 2  Multiple roles of salt in augmenting Helicobacter pylori-associated diseases. Salt can not only cause direct mucosal damage but also increase the 
colonization as well as virulent Helicobacter pylori strains. H. pylori: Helicobacter pylori.
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similarity in dietary habits between East Asian nations 
such as Japan, China, and South Korea. 

Several studies from India have documented the 
plausible role of diet on the incidence of gastric cancer 
in different regions[8,9]. Although the overall prevalence 
of gastric cancer in India is quite low when compared 
with Japan, it is worth to note that the frequency of 
gastric cancer differs in different regions of India, 
most probably due to differences in dietary habits of 
these regions; a pattern similar to that in Japan, as 
discussed above. Southern and eastern parts of India 
have high frequency of gastric cancer compared to 
the northern region. This is attributed to be due to 
frequent consumption of non-vegetarian food, like fish 
with excess spices and high salt. Contrarily, northern 
regions have a wheat-based vegetarian diet[9]. A similar 
pattern is seen in the Kashmir region of India where 
esophageal and gastric cancer frequency is higher than 
other districts[62]. This is again supposed to be due to 
high intake of dietary amines and nitrate in the Kashmir 
district[63]. Another study by Mathew et al[64] from south 
India documented the increase risk of gastric cancer 
with a high intake of rice, spicy, and high-temperature 
food. One of the limitations in these studies is the lack 
of consideration of H. pylori co-infection in the study 
subjects. However, one study by Phukan et al[65] from 
South Indian region of Mizoram demonstrated the 
association of dietary components (fermented and 
smoked meat) with H. pylori infection with an increased 
risk of gastric cancer. These facts further ascertain the 
role of diet in the diverse prevalence of gastric cancer in 
the Indian population, thus highlighting its importance 
in enigma. 

Several studies have shown protective effects of 
spices and medicinal plants against numerous diseases 
including H. pylori and GI disorders[66-70]. It is worth 
mentioning here that in South Asian countries like India, 
Pakistan, Nepal, and Bangladesh, spices are also used 
as medicinal herbs as they possess medicinal values in 
the traditional system of medicine of these countries. 
In addition, many of these dietary spices are prescribed 
for the treatment of GI diseases[67,71]. O’Mahony et al[70] 
first reported the bactericidal and anti-adhesive activities 
of culinary herbs from Malaysia against H. pylori. Later, 
we reported in a series of studies the potential effect 
of commonly used spices and medicinal plants from 
Pakistan on H. pylori and its associated pathogenesis[71-76]. 
All of the medicinal plants/spices used in these studies 
are also prescribed for the treatment of GI disorders. 
The results of these studies are very convincing, which 
reveals not only bactericidal (anti-H. pylori) activities of 
these plants but also anti-inflammatory effects against H. 
pylori-initiated pathological events. Spices like turmeric, 
nutmeg, mace, cardamom, black caraway, cumin, etc. 
which are part of daily cuisine in South Asian countries 
exhibited promising anti-H. pylori activities[71]. We further 
documented that the plants, not having anti-H. pylori 
activity, can inhibit H. pylori-induced IL-8 secretion or 
reactive oxygen species (ROS) generation in gastric 

epithelial cells. Both IL-8 and ROS are reported to play an 
important role in H. pylori-linked pathological sequel[74]. 
Among the spices that inhibit IL-8 secretion, cinnamon 
showed most strong activity, and cinnamaldehyde was 
found to be the major reason for this effect[76]. The 
major limitation with these studies was the use of only in 
vitro assays, which points out the dire need of in vivo or 
clinical trials with these herbs.

Some of the dietary components and spices have 
not only been examined against H. pylori in in vitro/in 
vivo assays but also in clinical trials. The most promising 
effects were demonstrated by the spice named turmeric 
or curcuma and its active ingredient curcumin. In in 
vitro assays, both turmeric and curcumin showed 
significant anti-H. pylori activity[71,77]. Curcumin has also 
been documented to eradicate H. pylori in C57BL/6 
infected mice and also reduced the level of gastric 
damage[78]. Anti-inflammatory activity of curcumin was 
also documented by Foryst-Ludwig et al[79] by decreasing 
H. pylori-induced NF-κB activation and the subsequent 
release of IL-8. We also demonstrated that curcumin not 
only blocked NF-κB activation but also suppressed the 
anomalous expression of AID, an enzyme highly linked 
with H. pylori-induced gastric carcinogenesis[23]. Sintara 
et al[80] reported the role of curcumin in Sprague-Dawley 
rats by reducing the gastric inflammation by inhibiting 
NF-κB. Later, a clinical study demonstrated that curcumin 
based triple therapy significantly improved dyspeptic 
symptoms and reduced serologic signs of gastric infla
mmation even after 2 mo of the therapy[81]. Hence, it 
can be postulated that the use of spices like turmeric/
cinnamon can, not only suppress H. pylori colonization, 
but also halt the inflammatory cascade initiated by H. 
pylori, ultimately preventing carcinogenesis. 

Another commonly consumed cuisine ingredient 
in South Asian countries is garlic. Garlic or allium has 
revealed promising activities against H. pylori-induced 
gastritis model of Mongolian gerbils by decreasing the 
degree of gastritis[82]. However, it has been described 
in the same study that H. pylori was not eradicated 
by the garlic extract treatment. A clinical trial was also 
conducted using garlic in H. pylori infected subjects 
revealing no effect on eradication of the bacteria[83]. This 
suggests that garlic might only be helpful in attenuating 
H. pylori-induced pathological pathways while not 
killing the bacteria itself in in vivo and clinical settings. 
Overall these studies signify the potential role of dietary 
ingredients including spices in South Asian countries in 
modulating H. pylori associated pathological processes. 
However, it cannot be overlooked that the excessive and 
continued use of a spicy diet may act as an aggravating 
factor in H. pylori-infected individuals, a question still 
needed to be affirmed in the region of South Asia. 
Last but not the least, it is important to note that high 
amount of spices are always accompanied with high 
amount of salt to give proper taste. So it might be the 
salt as the main offender in these spicy diets rather 
than spices itself. It will be interesting to see the effect 
of a high intake of spices with or without excessive 
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salt either by in vivo experiments or clinical trials in H. 
pylori-infected subjects.

CONCLUSION
H. pylori associated pathological outcome is a result of 
chronic inflammation from years to decades, and as H. 
pylori alone is not enough to cause associated diseases, 
several factors can play an important role in the final 
outcome. Each of the factors discussed above behind 
enigma is plausibly exerting some influence in the 
variable incidence of gastric cancer in Asian countries. 
Along with genetic status of both H. pylori and host, diet 
can also modulate the clinical outcome by aggravating 
or alleviating H. pylori-linked pathogenic processes 
(Figure 3). In this review, plausible mechanisms by 
which diet can manipulate the enigmatic consequences 
of H. pylori infection are discussed. As evident from 
the high prevalence of H. pylori infection among South 
Asian countries in the studies mentioned earlier, these 
dietary ingredients can barely eradicate H. pylori in the 
doses that are consumed on a daily basis. However, it is 
quite evident from the discussion that the dietary factor 
can modulate H. pylori-linked pathogenesis either by 
decreasing the colonization of H. pylori or via hampering 
the production of inflammatory/carcinogenic mediators 
released after H. pylori infection. This can end up in 
perplexing clinical outcomes leading to enigma. Besides 
the negative or aggravating role of salt among daily 
dietary components, it may be too earlier to firmly pose 
any other ingredient as a positive or negative regulator 
in the scenario of Asian enigma. There is no doubt 
concerning the role of H. pylori as a significant and 
intriguing factor in causing chronic gastritis that may later 
predispose the infected host to develop gastric cancer, 
but the nature of our daily diet can undeniably define the 
future course of disease outcome. 

Further large scale comparative studies are required 
on a national and international level, not only to identify 
perpetrators in our dietary habits but also to develop 
effective ways for preventing this cancer in high risk 

populations, as chemoprevention seems to be the most 
practical way of controlling this deadly disease. It is 
needless to mention that while designing clinical trials or 
in vivo models, the triad of causing factors, i.e., virulence 
of H. pylori, host genetic make up, and dietary habits 
should be considered, otherwise exhaustive efforts will 
again end up with no conclusive results.
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