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Abstract Objective: There are two genotypes of the vacA intermediate region, i1 and i2; however, the association between
the genotypes and gastroduodenal disease remains to be elucidated. The aim of this article was to investigate the interaction
between the genotypes and H. pylori-associated diseases such as chronic gastritis, peptic ulcer disease (PUD) and gastric
cancer. Methods: The meta-analysis was performed in Review Manager 4.2.2. Results: Eleven (ten articles and one abstract)
met the inclusion criteria and were included. The i1 genotype increased the risk of PUD (OR = 1.70, 95% CI: 1.24-2.33, P <
0.001) and gastric cancer (OR = 3.90, 95% Cl: 2.64-5.78, P < 0.001). Sub-analysis showed that the i1 genotype was signifi-
cantly associated with gastric ulcers (OR = 2.59, 95% CI: 1.05-6.35, P = 0.040), but not with duodenal ulcers (OR = 1.04, 95%
Cl: 0.61-1.76, P = 0.90). In addition, the association between the i1 genotype and PUD and GC existed in studies not only
from Europe but also Asia, except for the association between the i1 genotype and PUD in Asian population. Conclusion: The
vacA i1 genotype is associated with an increased risk of the development of peptic ulcer disease (mainly gastric ulcer) and
gastric cancer. In geographical distribution, the association between the i1 genotype and PUD and GC existed in studies not

only from Europe but also Asia, except for the association between the i1 genotype and PUD in Asian population.
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Helicobacter pylori infects almost half of the adult
population worldwide !, but the consequences of this
infection such as chronic gastritis, peptic ulcers and gas-
tric cancer vary among different individuals, different
geographic regions and different ethnical populations 2.
Although genetic and environmental factors may play
substantial roles in the variation of the consequences,
bacterial factors, especially virulence factors, have been
implicated in the development of the consequences. One
of the major virulence factors of H. pyloriis vacA. VacA
has many biological functions, including vacuolization of
cultured epithelial cells, induction of apoptosis, increase
in the permeability of the epithelial monolayer, forma-
tion of hexameric pores in cells, and suppression of im-
mune cell functions B*. It has been demonstrated that
vacA was associated with peptic ulcer disease and the
development of gastric cancer ®. The vacA gene has
polymorphy within its signal, intermediate, and middle
regions, and each has two genotypes (sl and s2, m1 and
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m2, and il and i2). It has been described that the signal
region affects the vacuolating activity of vacA, and the
middle region determines the cell specificity of the toxin
[10-13); the strains with sl have greater cytotoxin activity
than those with s2; similarly, those with m1 have great-
er cytotoxin activity than those with m2 7, Rhead et
al reported the i-region, for the first time, in 2007, and
showed that s1/m1 and s2/m2 strains exclusively have il
and i2, respectively and only the s1/m2 strains vary in
their i types ' '], This region determines the vacuolating
activity among the s1/m2 strains "% 3%, Most important-
ly, a close correlation was found between the il genotype
of vacA and gastric cancer in Iran "% Subsequent studies
showed that infection with the vacA il strains was as-
sociated with more severe inflammatory cell infiltration
in the gastric mucosa than that with vacA i2 strains .
Moreover, studies from Western countries showed that
the vacA il strains are significantly associated with the
development of peptic ulcer disease (PUD) and gastric
cancer I, However, a few studies from East Asian and
Southeast Asian countries, where strains of H. pylori al-
most always belong to the il genotype, did not confirm
such an association **2. Thus, the association of the il



genotype of H. pylori with consequences of H. pylori in-
fection remains unclear.

Therefore, the present meta-analysis was carried out
to determine whether il genotype of H. pylori is associ-
ated with the development of PUD and gastric cancer in
patients with H. pylori infection.

Materials and methods

Study sources and literature search

We searched PubMed, MEDLINE, EMBASE, Google
Scholar, CNKI (Chinese) and Wanfang (Chinese) digital
database for relevant articles and abstracts published in
English and Chinese from January 2007 to April 2013.
The search was limited to human studies, but was oth-
erwise unrestricted. MeSH terms and keywords used to
identify articles were as follow: “vacA gene”, “i-region”,
“intermediate region”, “vacA il genotype”, “Helicobacter
pylor”, “H. pylori” and “genotypes”. Boolean operators
(NOT, AND, OR) were used in succession to narrow and
widen the search.

Study selection

Abstracts or full articles that passed the primary
screening were further reviewed. The inclusion criteria
of the articles for the meta-analysis were: (a) genotyping
the vacA s-, m- and i-regions in H. pylori strains isolated
in any countries worldwide; (b) providing detailed geno-
type information; and (c) determining the association of
the vacA s-, m- and i-region genotypes with the risk of
developing gastrointestinal diseases. However, review
articles or meta-analyses were excluded. In addition, in
the eligible studies, patients in whom the vacA gene was
not fully genotyped, or those who appeared to be infected
with multiple strains (both s1 and s2 or both m1 and m?2
or both il and i2) were excluded from the meta-analysis.

Data extraction

Two independent reviewers identified articles meeting
the inclusion criteria during the literature search and then
extracted the data from the articles. Data on study design,
study population, genotypes, the number of patients in
the study and in each disease and genotype group and
the number and frequency of il genotype in each group.
There was greater than 95% agreement in data extraction
between the two investigators; all disagreed extracted
data were resolved with a face-to-face conference discus-
sion.

Data analysis

The analysis was performed using Review Manager
4.2.2. The association of vacA i-region genotypes with
the risk of development PUD and gastric cancer were ex-
pressed as odds ratios (ORs) with 95% confidence inter-
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vals (Cls) with reference to that with non-ulcer dyspepsia
(NUD) or chronic gastritis, since there were no H. pylori
positive “healthy” controls in any of the studies, and thus
the enrolled studies used either “NUD” or “chronic gas-
tritis” as the control reference group. NUD was generally
defined as dyspeptic symptoms without a history or endo-
scopic evidence of gastroesophageal reflux disease, PUD
or gastric cancer. In the present meta-analysis, “chronic
gastritis” was accordingly designated into the “NUD” cat-
egory. Sub-group analyses on the association between
vacA i-region genotypes and type of PUD (i.e. duodenal
ulcer and gastric ulcer) were also performed. For each
analysis, we assessed the heterogeneity in the recruited
studies. The critical Pvalues were set to be 0.05, meaning
if there was a significant heterogeneity (P < 0.05), a ran-
dom-effects model would be selected to pool the data; if
not, a fixed-effects model would be selected. All Pvalues
were two-sided and P values less than 0.05 were consid-
ered to be statistically significant.

Results

Included studies

Initially, a total of 19 articles, 16 full articles and three
abstracts, were identified according to the MeSH terms
and keywords for literature search. Of these articles, eight
articles were excluded; two articles and two abstracts [~
%1 did not provide detailed genotype formation, three ['®
19291 did not determine the association between the i-re-
gion and gastrointestinal diseases and one article ! was
a meta-analysis. Thus, a total of eleven articles, ten full
articles 1% 2243135 and one abstract ¢ were identified
to meet the inclusion criteria, and thus further included
in this meta-analysis. Of these eleven articles, ten were
published in English '* 2233151 and one in Chinese

Nineteen relevant articles were initially indentifed:
sixteen full articles and three abstracts

Seven did not meetinclusion criteria:
* Two articles and two abstracts did not provide
detailed genotype formation
* Three articles did not determine the association
between i-region and gastrointestinal diseases

v

r
Twelve articles met inclusion criteria:
eleven full articles and one abstract

4-' One meta-analysis was excluded

Eleven were included:
ten full articles and one abstract

Fig. 1 The flow chart illustrating the process of identification of articles
eligible for the meta-analysis
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Table 1 The genotypes of vacA i regions in studies included in the meta-analysis

Year of Country/ ' . Genetypes of strains [n (%

Authors [ref] publication regioril Patients (n) Diseases T P - [ ( )]Mixe F
Rhead et al 12 2007 Iran 73 N 30 (41.2) 28 (38.4) 15 (20.5)

USA/UK 42 NA 22 (52.4) 18 (42.9) 2(4.8)
Ogiwara et al 2 2008 East Asia 313 NUD, DU, GU, GC 300 (96) 4(1.3) 9(2.9)
Hussein et al 4 2008 Iran, Iraq 108 NUD, DU, GU 29 (26.9) 58 (53.7) 21(19.4)
Basso et al 2! 2008 Italy 170 CG, DU, GU, GC 96 (56.5) 64 (37.6) 10 (5.9)
Yoshiyuki et al &8 2008 Japan 114 CG, DU, GU, GC 96 (84.2) 16 (14.0) 2(1.8)
Douraghi et al 2 2009 Iran 212 NUD, PUD, GC 111 (52.4) 96 (45.3) 5(2.4)
Sheu et al @ 2009 China 107 CG, DU, GU, GC 107 (100) 0 7(6.5)
Qian et al 24 2010 China 124 CG, DU, GU, GC 116 (93.5) 6 (4.8) 4(3.2)
Effrosini et al &l 2010 Greece 155 NUD, PUD 91 (58.7) 53 (34.2) 11(7.1)
Daniel et al &4 2012 Bulgaria 230 NUD, PUD 79 (34.3) 137 (59.6) 14 (6.1)
Rui et al £ 2012 Portugal 192 NUD, GC 78 (40.6) 73 (38.0) 41 (21.4)

NUD, non-ulcer dyspepsia; GC, gastric cancer; NA, ; GU, gastric ulcer; DU, duodenal ulcer; PUD, peptic ulcer disease. * s1/s2, m1/m2, or i1/i2 strains

Table 2 Correlations of vacA i genotype with vacA s/m genotypes of H. pylori strains included in the meta-analysis [n (%)]

s1/ml (n =584) s1/m2 (n=419) s2iml(n=2)
Authors [ref] i 2 i1 2 i1 2
Rhead et al 1 35(35.7) 1(1.0) 17 (17.3) 26 (26.5) 1(1.0) 0
Ogiwara et al 22 254 (83.6) 0 46 (15.1) 4(1.3) 0 0
Hussein et al &Y 23 (26.4) 2(2.3) 6(6.9) 36 (41.4) 0 0
Basso et al 21 52 (42.3) 0 14 (11.4) 5(4.1) 0 1(0.8)
Douraghi et al &2 64 (30.9) 5(2.4) 47 (22.7) 43 (20.8) 0 0
Sheu et al & 19 (19) 0 81 (81) 0 0 0
Yoshiyuki et al 91 (81.3) 0 5(4.5) 9(8.0) 0 0
Qian et al 37(30.8) 1(0.8) 76 (63.3) 4(3.3) 0 0
Effrosini et al 54 (37.5) 0 36 (25.0) 15 (10.4) 1(0.7) 0
Daniel et al & 85 (39.4) 4(1.9) 49 (22.7) 50 (23.1) 3(1.4)
Rui et al 51 (42.9) 2(1.5) 9(7.2) 2(17) 1(0.8) 1(0.7)
Total 765 (46.9) 15 (1.0) 386 (23.7) 194 (11.9) 3(0.2) 5(0.3)

s2/m2 (n = 146) Total (n = 1151)

Authors [ref.] n > T >
Rhead et al & 0 18 (18.4) 53 (54.1) 45 (45.9)
Ogiwara et al 4 0 0 300 (98.7) 4(1.3)
Hussein et al 1 0 20 (23.0) 29 (33.3) 58 (66.7)
Basso et al 2 0 51 (41.5) 66 (53.7) 57 (46.3)
Douraghi et al 2 0 48 (23.2) 111 (53.6) 96 (46.4)
Sheu et al & 0 0 100 (100) 0(0)
Yoshiyuki et al & 0 7(6.3) 96 (85.7) 16 (14.3)
Qian et al 0 2(17) 113 (94.2) 7(5.8)
Effrosini et al &3 0 38 (26.6) 91 (63.2) 53 (36.8)
Daniel et al 4 0 25 (11.6) 137 (63.4) 79 (36.6)
Rui et al & 0 53 (44.5) 62 (52.1) 57 (47.9)
Total 0 262 (12.7) 1158 (71.0) 472 (29.0)

(Fig. 1). Characteristics of the eleven studies used in the
meta-analysis were summarized in Table 1.

The frequencies of vacA s-, m- and i-genotypes

In the included studies, 1781 H. pylori strains were
isolated and genotyped from a total of 1814 patients with
H. pylori infection. Among these patients, vacA was not
completely genotyped in 57 patients, and infection of

more than one strain appeared in 94 patients; thus, strains
from these patients were excluded from the further analy-
sis. Therefore, 1630 strains from 1630 patients with clear
genotyping of vacA and diagnosis of gastrointestinal dis-
eases were included in the meta-analysis. Of these 1630
strains, 780 were typed as s1/m1 genotype [765 (98.1%)
were il type and 15 (1.9%) were i2 type], 262 as s2/m?2
genotype (all 262 were i2 type), 580 as s1/m2 genotype
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Table 3 Association between vacA i genotypes and gastrointestinal diseases with non-ulcer dyspepsia or chronic gastritis as a reference [n (%)]

Authors [ref ] Country / regions NUD! DU @ GU PUD GC
Rhead et al 19 Iran 14 (36.8) NA © o NA NA 16 (80)*
Ogiwara et al 22 East and Southeast Asian 114 (96.6) 50 (92.6) 58 (96.7) 108 (94.7) 79 (97.5)
Hussein et al 4 Iraq 4(13.8) 2(13.3) 4 (80)* 6 (30) NA
Basso et al? Italy 31(43.7) 27 (69.2)* 3 (50) 30 (66.7) 35 (79.5)
Douraghi et al &2 Iran 61 (43.9) NA NA 20 (58.8) 30 (88.2)
Sheu et al & Taiwan 30 (100) 30 (100) 30 (100) 60 (100) 17 (100)
Yoshiyuki et al &3 Japan 45 (63.3) 13 (59.1) 18 (100)* 31(77.5) 20 (100)*
Qian et al & China 85 (94.4) 5(83.3) 8 (100) 13(92.9) 18 (90.0)
Effrosini et al Greece 45 (57.0) NA NA 46 (73.0) NA
Daniel et al &4 Bulgaria 16 (25.0) NA NA 63 (41.4) NA

Rui et al & Portugal 36 (34.6) NA NA NA 42 (89.4)
Total 481 (58.9) 127 (76.5) 121 (95.3)* 377 (69.6)* 257 (90.8)*

NUD, non-ulcer dyspepsia; GU, gastric ulcer; DU, duodenal ulcer; PUD, peptic ulcer disease; GC, gastric cancer; NA, . T chronic gastritis is included in
the NUD group; * P < 0.01, compared with NUD; ** P < 0.05, compared with NU

Review: The risk of H. pylori associated diseases of upper diagestive tract related to vacAi1 genotype

Comparison: 01 PUD.GU.DU and GC versus NUD

Outcome: 01 i1 genelype be significantly associated with peptic ulcer

Stuby PUO NUO OR (fixed) Weight OR (fixed)

or sub-category niN n/N 95% Cl % 95% CI
Basso 2008 30/45 31T _—— 13.22 2.58[1.19, 5.61]
Hussein 2008 620 4/29 —_— ) 377 2.68 [0.64, 11.13]
Qgivara 2008 108/114 114/118 —_— 9.72 0.63[0.17, 2.30]
Yoshiyuki 2008 31/40 45/50 e 14,84 0.38[0.12, 1.25]
Douraghi 2009 20/34 61/139 i I 16.27 1.83 [0.85, 3.91]
Sheu 2009 60/60 30/30 Not estimable
Effrosini 2010 46/63 45/79 —_— 17.76 2.04 [1.00, 4.17]
Qian 2010 13114 85/90 ¢ 2.69 0.76 [0.08, 7.08]
Daniet 2012 63/152 16/64 —— 21.73 212 [1.11,4.07)
Total (35% CI) 542 670 < 100.00 1.70 [1.24, 2.33]
Total events: 377 (PUD). 431 (NUD)

Test for heterogeneity: Chi® = =11.07. df =7 (P =0.14). = 36.8

Test for overall effect: Z = 3.32 (P = 0.0009)

0.1

Favours PUD

05 1 2 5 10
Favours NUD

Fig. 2 Analyses of association between vacA i1 genotype and peptic ulcer disease (PUD), with non-ulcer dyspepsia (NUD) as a reference. Chronic

gastritis is included in the NUD group

[386 (66.6%) were il type and 194 (33.4%) were i2 type],
and eight strain as a rare s2/i2/m1 genotype (Table 2).

Association between infection of
H. pylori strains of vacA il genotype
and peptic ulcer disease

Analysis of nine articles 2124313436 showed that there
was a significant association (OR = 1.70, 95% CI: 1.24—
2.33, P < 0.001) between the vacA il genotype and the
development of PUD (Table 3, Fig. 2). The test for hetero-
geneity in Fig. 2 showed no significant difference among
articles (P=0.14).

Then, sub-analysis, in terms of type of PUD (i.e. duo-
denal ulcer and gastric ulcer) was performed. The study
by Douraghi er al, Effrosini er al and Daniel et al 3%
did not provide the formation on the subgroups, and thus
was excluded from the sub-analysis. Analysis of the re-
maining six studies’ 27231 3] regults indicated that the

vacA il genotype was associated with the risk of gastric
ulcer, compared to NUD (OR = 2.59, 95% CI: 1.05-6.35,
P = 0.040; Fig. 3a); no heterogeneity was found among
the studies (P= 0.200). However, there was no significant
association between the il genotype and duodenal ulcers
(OR =1.04, 95% CI: 0.61-1.76, P=0.90; Fig. 3b); howev-
er, significant heterogeneity among studies was observed
(P=0.009).

Sub-analysis in relation to the different regions world-
wide showed that the association between the il geno-
type and PUD existed in studies from Europe, but not in
studies from Asia (Fig. 4).

Association between infection of H. pylori
strains of vacA il genotype and gastric cancer
Analysis of eight articles showed that vacA il genotype
was associated with an increased risk of gastric cancer
(OR = 3.90, 95% CI: 2.64-5.78, P < 0.001, Fig. 5); there
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Reviw: The risk of H. pylori assoclated diseases of upper diagestive tract related to vacA i1 genotype
Comparison: 01 PUD.GU.DU and GC versus NUD
Outocrne: 01 Corretation beeween vachA i1 genetype and GU
Study GU NUD OR {fixed) Weight OR (fixed)
or sub-category niN n/N 95% CI % 95% Cl
Basso 2008 316 3nm ————— 36.15 1.29[0.24, 6.84]
Hussein 2008 4/5 4/29 e 3.52 25.00 [2.20, 284.61]
Ogiwara 2008 58/60 114/118 —_— 28.34 1.02[0.18, 5.72]
Yoshiyuki 2008 18/18 45/54 R E— 9.20 7.730.43, 139.66)
Sheu 2009 30130 30/30 Mot estinable
Qian 2010 8/8 85/90 + » 12.79 1.09 [0.08, 21.52]
Total (95% Cl) 127 392 e 100.00 2.59 [1.05, 6.35)
Total events: 121 (GU), 309 (NUD)
Test for heterogenety: Chi® = 6.00, df = 4 (P = 0.20), I = 33.3%
Test for overall effect : 2 = 2.07 (P = 0.04)
0102 05 1 2 5 10
a Favours GU  Fawvours NUD
Reviw: The risk of H. pylori assoclated diseases of upper diagestive tract related to vacA i1 genotype
Comparison: 01 PUD.GU.DU and GC versus NUD
Outocrne: 01 Corretation beeween vacA i1 genetype and DU
Study DU NUD OR (fixed) Weight OR (fixed)
or sub-category niN n/N 95% CI % 95% Cl
Basso 2008 27/39 3m —_— 2515 2.90[1.27, 6.63]
Hussein 2008 2/15 4/29 8.80 0.96 [0.16, 5.96]
Ogiwara 2008 50/54 114/118 B — e 19.74 0.44 [0.11, 1.82)
Yoshiyuki 2008 13122 45/54 —a—— 39.68 0.29[0.10, 0.88]
Sheu 2009 30/30 30/30 Non estimable
Qian 2010 516 85/90 L, - 6.59 0.29[0.03, 3.02]
Total (95% CI) 166 392 e 100.00 1.04 [0.61, 1.76]
Total events; 127 (DU}, 309 (NUD)
Test for heterogeneity: Chi = 13.58, df = 4 (P = 0.008), 12=70.5%
Test for overall effect: Z = 0.13 (P = 0.90)

b

01 02 10

Favours GU

05 1 2 5
Favours NUD

Fig. 3 Sub-analyses of associations of the vacA il genotype with gastric ulcer (a) and duodenal ulcer (b), with non-ulcer dyspepsia as a reference.

Chronic gastritis is included in the NUD group

was no heterogeneity among the studies (P < 0.001).

In contrast to PUD, sub-analysis in relation to the dif-
ferent regions worldwide showed that the association be-
tween the il genotype and gastric cancer existed in stud-
ies from Europe and Asia (Fig. 6).

Discussion

In the present meta-analysis, we found that 98.1%
of s1/m1 vacA genotype strains of H. pylori were the il
type, 100.0% of s2/m2 genotype strains were the i2 type,
and 66.6% of s1/m2 genotype strains were the il type.
We confirmed that the il genotype was associated with
PUD and gastric cancer; however, the association varied
among different geographic regions.

The vcaA amino-terminal fragment of 422 residues,
consisting of p37 and the first 111 residues of p58, appears
to be essential for the induction of intracellular vacuola-
tion ). This fragment includes the i-region, but not the
m-region. Three clusters of the il region, clusters A, B,
and C, have been defined . The N-terminal region of
vacA has a strong tendency to interact with the mem-

brane, and some residues are protected from proteolysis
when vacA interacts with lipid membranes 8. One such
“protected” region is located just 6 residues downstream
of the i-region cluster B and included the cluster C, and
this could explain why cluster C had a greater effect on
vacuolating activity ' Therefore, the vacA i-region is
suggested to be a more important determinant of H pylori
toxicity than vacA s- or m-type and the best independent
marker of vacA-associated pathogenicity %

This hypothesis was further supported by Basso *!!and
Douraghi #%, who demonstrated that the vacA il geno-
type was a risk factor for duodenal ulcer in Italian popu-
lation and for gastric cancer in both Italian and Iranian
population. Hussein B! and Yoshiyuki ¥ also showed
that the il genotype was closely associated with an in-
crease risk of gastric ulcer in Middle Eastern and Japanese
populations. However, such as associations were not con-
firmed by Oqiwara ?, Sheu ® and Qian ?4, in the South,
Southeast and Eastern Asian populations.

As reported in most previous studies [* 2124 31331 thig
meta-analysis confirmed that nearly all s1/m1 were the il
type, and all s2/m2 were the i2 type, whereas and s1/m2
could be either the il ori2 type. In the present meta-anal-
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Review: The risk of H. pylori associated di of upper diagestive tract related to vacA i1 genotype
Comparison: 01 distinct diversity of vacA i1 type
QOulcme: 01 association between vacA i1 genotype and PUD in Europe
Study GC NUD OR (fixed) Weight OR (fixed)
or sub-category niN niN 95% CI % 95% Cl
Basso 2008 30/45 317 —_— 25.07 2.58 [1.19, 5.61]
Effrosini 2010 46/63 4579 R 33.69 2.04 [1.00, 4.17]
Daniel 2012 63/152 16/64 —— 41,23 2.12[1.11, 4.07]
Total (35% CI) 260 214 -~ 100.00 2.21[1.47,3.33)
Total events: 139 (PUD), 92 (NUD)
Test for heterogeneity: ChiZ = 0.21, df = 2 (P = 0.90), 1= 0%
Test for overall effect: Z = 3.80 (P = 0.0001)
01 02 05 1 2 5 10
a Favours PUD Favours NUD
Review: The risk of H. pylori associated diseases of upper diagestive tract related to vacA i1 genotype
Comparison: 01 distinct diversity of vacA i1 type
Oulcme: 01 association between vacA i1 genotype and PUD in Asia
Study GC NUD OR (fixed) Weight OR (fixed)
or sub-category niN niN 95% CI % 95% Cl
Douraghi 2009 20/34 61/139 R 34.41 1.83 [0.85, 3.91]
Hussein 2008 6/20 4/29 ) 7.97 2.68[0.64, 11.13]
Ogiwara 2008 108/114 114/118 _— 20.55 0.63[0.17, 2.30]
Yoshiyuki 2008 31/40 45/50 . 31.37 0.38 [0.12, 1.25]
Sheu 2009 60/60 30130 Not estimable
Qian 2010 13114 85/90 ¢ - 5.70 0.76 [0.08, 7.08]
Total (9%3% CI) 282 456 - 100.00 1.14 [0.69, 1.87]
Total events: (PUD), 339 (NUD)
Test for heterogeneity: Chi® = 70.4, df = 4 (P = 0.13), I? = 43.2%
Test for overall effect: Z = 0.50 (P = 0.62)
01 02 05 1 2 5 10
b Favours PUD Favours NUD

Fig. 4 Analyses of association between the i1 genotype and peptic ulcer disease (PUD) in studies from Europe (a) and Asia (b), respectively. Chronic
gastritis is included in the NUD group

Review: The risk of H. pylori associated diseases of upper diagestive tract related to vacA i1 genotype

Comparison: 01 PUD, GU, DU and GC versus NUD

Qulcme: 01 Correlation between vacA i1 genetype and GC

Study GC NUD OR (fixed) Weight OR (fixed)

or sub-category niN niN 95% CI % 95% CI
Rhead 2007 16/20 14/38 —_— 6.71 6.86 [1.91, 24.63]
Basso 2008 35/44 31 —_— 16.87 5.02 [2.10, 11.97]
Ogiwara 2008 79/91 114/118 —— 45,50 0.23[0.07, 0.74]
Yoshiyuki 2008 20120 45/54 - 2.08 8.56 [0.48, 154.22)
Douraghi 2009 30/34 61/139 —_— 9.81 9.58 [3.21, 28.69]
Sheu 2009 1717 30/30 Not estimable
Qian 2010 18/20 85/90 - 10.74 0.53 [0.10, 2.95]
Rui 2012 42/47 36/107 — 8.29 15.87 [5.77, 43.63]
Total (9%% CI) 293 644 < 100.00 3.90 [2.64, 5.78]
Total events: 257 (GC), 416 (NUD)

Test for heterogeneity: Chi® =39.05, df = (P = 0.00001), * = 84.6%

Test for overall effect: Z = 6.80 (P < 0.00001)

01 02 05 1 2 5 10

Favours GC  Favours NUD

Fig. 5 Analyses of association between vacA i1 genotype and gastric cancer, with non-ulcer dyspepsia as a reference. Chronic gastritis is included

in the NUD group

ysis, we integrated all of above genotype information, and
found that the vacA il genotype was significantly associ-
ated with PUD and gastric cancer. However, sub-analysis
revealed an association of the il genotype with gastric ul-
cer, but not with duodenal ulcer.

In the sub-analyses according to studies from different

regions, it was found that the il genotype was only asso-
ciated with any H. pylori-associated diseases such as PUD
and gastric cancer in a Europe population (i.e. Italian) and
Middle Eastern populations (i.e. Iranian and Irapi), but
not in populations in the other regions of Asia. The dis-
crepancies among the studies may be largely explained
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Fig. 6 Analyses of association between the i1 genotype and gastric cancer (GC) in studies from Europe (a) and Asia (b), respectively

by the fact that almost all strains in the other regions of
Asian populations are the il genotype whereas only ap-
proximately 50% of strains in European and Middle East-
ern populations are the il genotype as shown in Table 1
[10. 2124, 321" Statistically, a significant association between
the il genotype and gastrointestinal diseases (if any)
would be more likely to be detected when the frequency
of the i1 genotype approaches to 50%, and a large sample
size would be required when the frequency is over 90%.
Unfortunately, the sample sizes in the included studies
were all relevantly small or very small (ranging form 73
to 313). Therefore, studies with larger sample sizes are
required to further confirm the findings in the present
meta-analysis.

A few limitations existed in the present meta-analysis.
First, as described earlier, the number of enrolled stud-
ies, the numbers of cases included in the studies, and the
numbers of patients with each of different gastrointestinal
diseases were small, which may affect the results. How-
ever, even with the small number of studies with rela-
tively small number of cases, the present meta-analysis
did demonstrated positive associations of the il genotype
with PUD (mainly gastric ulcer) and gastric cancer, espe-
cially in populations in which the strains of i1 genotype
are less predominant. It is expected that the associations

would be revealed populations in which the il genotype
strains are predominant if the sample sizes in the stud-
ies are increased, as described above. Second, only one
study ! was from Italy, a Western country, which re-
ported positive associations of the il genotype with PUD
and gastric cancer. It is noted that this was the only study
showing a positive association between the il genotype
and duodenal ulcer, whereas another study from Japan
showed a negative association . Third, there lacked
well-designed epidemiological studies that specifically
determine the associations of the il genotype with PUD
or gastric cancer with reference to general populations
or healthy volunteers. Finally, a family history of gastro-
intestinal diseases, especially gastric cancer, was not re-
ported in all the included studies, and thus, the impact of
a family history on the results is unknown. Thus, a family
history should be taken into account in the future stud-
ies.

In conclusion, the vacA il genotype is associated with
an increased risk of the development of peptic ulcer dis-
ease (mainly gastric ulcer) and gastric cancer, especially
in a European population and Middle Eastern popula-
tions. However, further studies with large sample sizes
from other countries or regions in the world are required
to elucidate the associations between vacA i-region and



H. pylori-associated disease of the upper digestive tract.
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