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Purpose. Systematic reviews of case-control and prospective studies showed a positive association between habitual salt intake and
gastric cancer. Given new studies published thereafter, we carried out a meta-analysis to assess the association between dietary salt
intake and gastric cancer. Methods. Case-control studies and cohort studies published between January 1992 and January 2012 on
PubMed and Embase were searched. We quantified associations between salt intake and gastric cancer with meta-analysis. Results.
Eleven studies (7 case controls and 4 cohorts) finally were included in the meta-analysis (total population: n = 2076498; events:
n = 12039). The combined odds ratio showed significantly positive association between high salt intake and gastric cancer com-
pared with low salt intake (OR = 2.05, 95% CI [1.60, 2.62]; P < 0.00001). In subgroup meta-analysis, findings were slightly different
when analyses were restricted to salty food intake (OR = 2.41, 95% CI [2.08, 2.78]; P < 0.00001) as well as in Asia (OR = 1.27 95%
CI [1.22,1.32]; P < 0.00001). There was no evidence that sample size, exposure assessment substantially influenced the estimate of
effects. Conclusions. The systemic review supports the hypothesis that dietary salt intake is positively associated with the risk of

gastric cancer.

1. Introduction

Dietary factors are important environmental risk determi-
nants for cancer development. The role of dietary factors in
gastric cancer was studied in the last 40 years and received
particularly attention recently. It is difficult to establish a
causal relationship between salt intake and gastric cancer due
to methodological limitations among which is the valid mea-
surement of accurate salt intake. Therefore, the conclusion
is still unclear. In 2007, the Second Expert Report from the
World Cancer Research Fund [1] supported the view that salt
intake is significantly related to gastric cancer. From then on,
two meta-analyses have been published addressing the asso-
ciation between salt intake and gastrointestinal metaplasia
or gastric cancer. The study [2] on salt intake and gastroin-
testinal metaplasia revealed a positive trend but no statis-
tical significance was observed. Another meta-analysis [3]
included 7 prospective studies in total, and four out of seven
were carried out in Japan. Although it demonstrated a posi-
tive association between salt consumption and incidence rate

of gastric cancer, the limitation in geographic location pre-
vents its generalization. Although prospective studies have
more power in controlling confounders than case-control
studies, the tendency of using baseline salt intake to represent
the subsequent salt consumption causes inaccuracy in actual
salt intake. Therefore, we carried out this systematic review
to assess the relationship between habitual dietary salt intake
and risk of gastric cancer.

2. Materials and Methods

2.1. Data Sources and Searches. This paper was planned,
conducted, and reported according to the PRISMA statement
[4]. We performed a systematic search for publications using
MEDLINE and Embase databases (from 1992 to 2012). The
following keywords were used in searching: “salt or sodium
or salty or sodium chloride” and “gastric cancer or stomach
cancer.” Moreover, we searched for the keywords in titles,
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abstracts and performed a manual search of references cited
in the selected articles and published reviews.

2.2. Eligibility Criteria. Citations selected from the initial
search were subsequently screened for eligibility. The list
of references was independently screened by two reviewers.
Cohort and case-control studies were included in the sys-
tematic review when all the following criteria were met: (1)
original research addressing the association between the
consumption of salt or salted foods and the occurrence of
gastric cancer in humans; (2) prospective design; (3) adult
population; (4) exposure defined as salt or salted foods by the
authors of each study or including foods with high contents
of salt as defined in the latest report of the World Cancer
Research Fund and the American Institute for Cancer
Research (processed foods such as processed meat; salty
foods such as potato crisps or chips, salted nuts, and salty
snack foods; salted foods such as bacon, sausages, and ham;
salt-preserved foods such as salted meat, fish, vegetables, and
fruits); (5) diagnosis of gastric cancer determined prospec-
tively as outcome (gastric cancer incidence and/or mortality
rate); (6) indication of the number of participants exposed
and the rate or number of events in different categories of
salt/sodium intake; (7) articles written in English.

2.3. Data Extraction and Quality Assessment. We designed
a data collection form before selecting eligible studies. The
following data were extracted independently by two authors
using a unified data form, the first author’s full name, year
of publication, country, gender, age, range of followup, study
population, the events and mortality of gastric cancer, types
of estimate of habitual sodium intake, and factors controlled
and matched or adjusted variables in the design or data
analysis. The results of the two authors were compared,
and a consensus result would be achieved if there were any
disagreement.

The Newcastle-Ottawa Scale [5] was used by two authors
independently to evaluate the quality of the included studies.
The Coding Manual for Case-Control Studies (an 8-stars
system) was used to assess the quality of case-control studies,
in which a study was judged on 3 broad perspectives as
follows: (a) the selections of both study groups, (b) the com-
parability of study groups, and (c) exposure levels of study
groups. The Coding Manual for Cohort Studies (a 9-star sys-
tem) was used to assess the quality of cohort studies, as well
as in case-control study. Each cohort study was judged on 3
broad perspectives as follows: (a) the selections of both study
groups, (b) the comparability of study groups, and (c) out-
come of the two study groups. The results of the two authors
were compared, and a consensus result would be received if
there was any disagreement.

2.4. Statistical Methods. We evaluated the differences bet-
ween low salt consumption and high salt consumption on
the occurrence of gastric cancer. The original data from the
studies was used to calculate the summary OR with its 95%
confidence intervals (CIs) in all analyses. A random-effects
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model was used to account for between-study heterogeneity
and publication bias.

The method of Mantel-Haenszel test [6] was used to
assess the pooled OR and corresponding 95% confidence
intervals (Cls) across studies. Forest plots were used to
visually assess the results of Mantel-Haenszel test.

To assess the heterogeneity of ORs across studies, the
Cochran Q statistic [7] (significance level of P < 0.10) and
the I? statistic [8] (which quantifies the percentage of varia-
tion attributable to heterogeneity) were calculated. Subgroup
analyses were carried out by region and food items to
assess the relationship between salt intake and gastric cancer.
The Begg test [9] and funnel plot [10] were used to assess the
possibility of publication bias.

3. Results

3.1. Literature Search. Our search strategy yielded 1580
articles: 810 from Embase and 770 from Pubmed. A flow dia-
gram that detailed the process is presented in Figure 1. The
main details of the flow diagraph are as follows: after the first
step, only 492 articles with full-text access are reserved. There
were 159 reviews, 14 letters or editorial, and 50 duplicated
articles among the 492 articles. 242 articles were excluded
after we had reviewed titles and abstracts, and only 27 articles
are reserved. 16 articles were excluded after reviewing the full
text, because there were no original data. Finally, 11 studies
(7 case-control studies [11-17] and 4 cohort studies [18-21])
were included in the meta-analysis.

3.2. Characteristics of the Included Studies. The characteris-
tics of the studies included in our meta-analysis are showed
in Table 1 [11-21]. The total number of participants was
2076498 [11-20, 20, 21]. The study design types were as
follows: case-control study (n = 7 [11-17, 21]) and cohort
study (n = 4 [18-21]). Studies were conducted in Japan (n =
3 [19-21]), Korea (n = 2 [16, 18]), China (n = 1 [17]), Spain
(n = 1[14]), Portugal (n = 1 [11]), Colombia (n = 1 [12]),
Iran (n = 1 [13]), and Mexico (n = 1 [15]). Only 2 [18, 20] of
the final 11 studies reported women and men independently.
Total salt intake was used to assess sodium intake in 4 studies
[11-13, 20]. Salted food was used in 6 studies [14—17, 20, 21].
Salt preference was used in the last 1 study [18].

The study quality scores were listed in Table 2: 6 studies
got a score of 8 (4 case-control studies and 2 cohort studies),
5 studies got 7 points (3 case-control studies and 2 cohort
studies).

3.3. The Risk of Gastric Cancer of High Salt Intake and Low Salt
Intake. The multivariable-adjusted ORs for each study and
combination of all studies for the high versus low categories
of salt intake are shown in Table 3. The summary OR of all
studies, using a random-effects model, showed that the high
salt intake was significantly associated with a 105% greater
risk of gastric cancer compared with low salt intake (OR =
2.0595% CI [1.60, 2.62]; Z = 154.7; P < 0.00001). However,
there was statistically significant heterogeneity across



Gastroenterology Research and Practice

$10108] A1B191p I9Y10
pue ‘Gunjows xas 93y

POOJ PapPId

911

oIl

0scel

GI<

/A

1002-9861

uede(

00T

[07] ueo3N

[oyoo1e pue “Aj1aTioe
Teatsdyd qorasajoyd

‘I utwe)A d)erpAyoqred
‘urayoid [ejo) AS10U0

[10) JO a¥eIUT $10108]
A1e3a1p pue syiqey Supjowrs
ejut 19qy A1e391p

pUe D) UIWEB)IA ‘7q UTWERIA
[B10) ‘SNII[[OT SA}oqRIp
Xopur ssewr Apoq 10U
Jo A103STY Arurey 1oo[n
ondad jo £103s11] [ROTPOW
‘sninsed orqgdorye wonoayul
110]4d 1210090212} X35 93y

YeIUL J[es [810],

€6

L9VC

0r<

N/A

¢00C—8661

uede(

900¢

[61] erexrys

Iopuad a3y

J[es
‘spooj papp1d pue payows

4!

91

S0¢

08-C¢

/A

68619861

uredg

200t

[¥1] T2 30 uourey

120U JO
£10381y ATTurey pue Ay1anoe
Tea1sdyd ‘wonduwnsuod
[0YOd[E ‘syqey

Sunjowus ‘TN xos 98y

ouardja1d Jfes

€6¢C1

6C18¥CT

08—0¢

W/A

€007-9661

BIIOY]

010T

[81] wmy

I90ued uo £10181Y
Apurey pue ‘uonednpa
oudpIsal ‘Iopuaf 93y

SYeIUT ITeS [eI0],

L1T

119

(s'11)
T 9¥'G9

W/A

S007—€00¢

uel|

600T

[€1] 1zTRjINO]

rendsoy pue aopuad o8y

IeIUl J[es [e10],

0¢

91¢

L¥9

SL—6¥

N/

200¢—000T

eIqIO[0D)

900¢

[z1] soduren

ayejur
AS19U2 [10) PUE ‘UOTIIJUT
110]4d "[y ‘Sunjouus
‘uoreonpa Iopuad 9y

YeIUT J1es 8107,

(444

1L01

681

W/A

900C—100¢

[eSnizog

10T

[11] 01319139

STSATeUe djeLIBA)[NUI

SYBIUT WNIPOS  AJITeIIOIN  SIUSAT
Ul J0J PI[[OIIUO0D S10)08,] [enIIqey Jo 2Jewrnsd Jo adAT, (u) 10ued orseny  uonemdod Apmig

(1)

(s1eak) 98y

x99

pouiad Apnig

uoned0

1824 uomEIIqNg

IOYINe ISIL]

*STSA[RUR-BIOUT ) UT PAPNOUT SATPNIS ) JO SHNSLINIBILYD Y, :] ATAV],



Gastroenterology Research and Practice

S9[qe1a39A Usaly

(S1qe10824 pappo1d ‘saysy

' 9QINL ¢ — —
pu H.,m mﬂmwﬁw MMMMMW DUE 18911 OO} PoI[eS 00€ 006 SL0¥ W/ 0107-900  ®BUYD 1102 [£1] Suex
uornddjur 110j4d "[ pue
Sunjurip [oyoo[e ‘Gunyows . .
Gaoues S1sed Jo A103s1y Sy pajusuris)-jes ~ 69 89¢ ~ W/A  66661-€6661 Ba103] €00¢ [91] 991
A[Turey ‘uonjeonpa xas 93y
A10351Y TROTPOW (YSy pa3es 10 paLip
[euosiod pue K1oisty  pue ‘saazesaxd ysy pajyes
SuD{ULIp ‘OYeIUI J[QeIoB2A 90X USY paj[es ‘So[qeIdFoA  [9¢ 98% S906¢€ 65-0F% /A 1007-0661 uede( $002 (1] ouednsy,
pue Jmiy ‘Sunjows pappord ‘dnos ostur)
operedn dopuad 98y  wonduwnsuod pooj pajes
SILIO[BD speus A
1230 pue Topuas 98y SoeUs A)feg ~ 0T (943 ~ W/d 0661-6861 OO 6661 [ST] pTem
SISA[eUR 2)BLIPAT)[NI SYBIUT WINIPOS  AJI[RJION  SIUDAY (1)
(s1eak) By X9 pourad Apnig  uomeso]  Ieaf uonedqng IOyINe ISIL]

Ul 10J PA[[ONTUOD SI018 [eIIeY] JO dewnsd Jo ad4T,

(u) 190UEd DLIISED) uonendod Apmg

‘panunuo)) :] a14v],



Gastroenterology Research and Practice

8 0 ¥ ¥ ¥ X ¥ X X ¥ [81] 0TOT ‘wury

8 0 ¥ ¥ ¥ x X ¥ ¥ * [91] €00T 22T

8 0 X X X ¥ x ¥ x x [F1] €661 * Te 32 uowey

/ 0 ¥ ¥ ¥ x X x ¥ 0 [02] 200T ‘ue0SN

/ 0 x x X ¥ x x x 0 [ST] 6661 ‘PTem

/ 0 x x X x x x x 0 [61] 900C “eeqIyS

8 0 ¥ ¥ X x ¥ X X X [£1] 110T ‘Suex

g 0 x x X x X x x x [€1] 6007 ‘1z1e}IMOq

8 0 ¥ ¥ X x X X X ¥ [TT] 1102 ‘011939[3d

8 0 ¥ * ¥ x X ¥ ¥ x [12] 00T Suesns],

/ 0 M x ¥ x x 0 X x [21] 9007 ‘sodwren

ySuop JUSWISSISSE 110405 $SOUDAI-1BIUDSIIdDI
dnmoygoy dnmof[o/poyzaw  aW02IN0/FUIW Juasaxd Jou JUSUILIEI9ISY pasodxauou/sased 10yod d
arenbape/ajel JUSWIUIRIISE -Uure)I90se 2WooINo/uon - 2msodxa/uonad[Rs Jo pasodxa/uonruyap Auuwwuwwwvﬁ“uﬁmwwuhw“m
b:wwu%wuoh suodsaitoN S[OIJUOD PUE SISBD amsodxyg Lpqeredwop YR SIONTOD SIOREEO ssouaAnejuasardoy ajenbapy .
: ymsa1/amsodxy uo1nI[As $193(q0

*SISATRUB-BJOUI UT PIPN[OUT SAIPNIS 3} JO 591005 Afenb Apnis oy, :z a14Vv],



Pubmed and Embase
search (n = 1580)

Gastroenterology Research and Practice

Articles excluded on the basis of (a) nonhuman
(n = 256), (b) nonpublished in the last 20 years
(n = 245), (c) non-English language (n = 157), and (d)

no access to full text (n = 430)

Free full-text papers
(n =492)

27 articles matched the final

Free full-text papers excluded on the basis of (a)
reviews (n = 159), (b) letter or editorial ( n = 14),
(c) duplicate articles (n = 50), and (d) title and abstract

not relevant (n = 242)

inclusion criteria

Studies without reporting the original

events number and total participants (n = 16)

11 articles included in the meta-analysis
Case-control studies (n = 7)

Cohort studies (n = 4)

FIGURE 1: Process of study selection for salt intake and risk of gastric cancer.

the studies (P < 0.01; I? = 92%), regarding the methods
were used to evaluate the exposure, the food items evaluated,
the consumption categories considered for analysis, and the
degree of adjustment for possible confounders. Subgroup
analysis was used for categorical variables.

A trend toward a direct association between salt intake
and gastric cancer risk was detected in all 11 individual stud-
ies that were included in the meta-analysis and statistically
significant in 9 of them.

3.4. Subgroup Analysis. Stratifying by geographic region, the
pooled ORs of gastric cancer for the high versus low cate-
gories of salt intake were 1.15 (95% CI, [0.88, 1.52]) for stud-
ies conducted in Europe, there was no statistically significant
heterogeneity among studies of salt intake in Europe (P =
0.19 and I? = 41%) (Table 4); and 1.27 (95% CI, [1.22, 1.32])
for studies conducted in Asia with stratification according
to geographic region, and there was statistically significant
heterogeneity among studies of salt intake in Asia (P <
0.00001 and I? = 95%) (Table 5). So separate analysis of the
studies reporting further analyses was carried out to check
for potential sources of heterogeneity that might explain the
association between dietary salt intake and gastric cancer
events in Japan. The OR was 2.61 (95% CI, [2.02, 3.38]) for
studies conducted in Japan (Table 6).

We also conducted analyses that were stratified according
to the food items, using studies that reported results on gas-
tric cancer in relation to food items. The OR for salt was 1.20
(95% CI, [1.15, 1.26]), and there was statistically significant
heterogeneity among these studies (P = 0.03 and I? = 67%)

(Table 7). The OR for salty food was 2.41 (95% CI, [2.08,
2.78]), statistically significant heterogeneity was also found
among these studies (P < 0.000 01 and I? = 89%) (Table 8).
The results showed that different sources of salt intake (salt
or food items) had different risks on gastric cancer.

4. Discussion

Diet is considered to be associated with carcinogenesis. In
this meta-analysis, we attempted to collect the evidence to
identify the relationship between dietary salt intake and
gastric cancer. Findings from the current study suggested
that, compared with low salt intake, high salt intake showed
significantly positive association with gastric cancer (overall
OR =2.05,95% CI [1.60, 2.62]; P < 0.00001). However, there
was a significant heterogeneity among the included studies.
In subgroup analysis by category of salt intake, geographical
regions, and sex, however, the significantly positive associa-
tion was not changed.

Although we observed a positive association, there were
many methodological limitations in human studies which
prevent valid measurements used to assess salt consumption
effectively [24]. For example, there are greater recall and
selection biases in case-control studies because of their retro-
spective nature. In these studies, gastric cancer patients were
more likely to change their dietary behavior as well as salty
foods for their health. Then their earlier long-term dietary
habit may have been strongly influenced by the recent diet.
Because of different methods used to assess and report
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TasLE 3: High versus low categories of salt and gastric cancer.
Study or subgroup High salt Low salt Odds ratio Odds ratio
Events Total Events Total  Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Peleteiro et al. 2011 [11] 144 364 132 346 2.0% 1.06 [0.78, 1.44] T
Pourfarzi et al. 2009 [13] 121 213 95 394 0.7% 4,14 [2.90, 5.91] -
Campos et al. 2006 [12] 19 30 197 617 0.2% 3.68 [1.72,7.89] -
Kim et al. (men) 2010 [18] 2261 302734 5874 890825 73.9%  1.13[1.08.1.19] [ ]
Kim et al. (women) 2010 [22] 518 136400 1796 560116 17.5% 1.19 [1.07, 1.31] "
Jose M. Ramon et al. 1993 [14] 27 63 33 108 0.3% 1.70 [0.89, 3.25] I
Shikata et al. 2006 [19] 30 564 12 663 0.3% 3.05 [1.55, 6.01] -
Ngoan et al. (men) 2002 [20] 7 341 27 2039 02%  1.56 [0.67, 3.62] -
Ngoan et al. (women) 2002 [20] 1 316 8 2876 0.0% 1.14 [0.14, 9.13] -1
‘[/I’*S‘Ed and Lopez-Carrillo 1999 105 355 75 435 12%  2.02[1.44,2.83] i
Tsugane et al. 2004 [21] 130 89048 58 86483 1.5% 2.18 [1.60, 2.97] —_
Lee et al. 2003 [16] 47 69 22 199 0.1% 17.19 [8.77, 33.68] -
Yang et al. 2011 [17] 180 482 120 418 2.0% 1.48 [1.12,1.96] (1
Total (95% CI) 530979 1545519 100.0% 1.22[1.17,1.27] , , , .
Total events 3590 8449 0.01 0.1 1 10 100
Favours Favours
Heterogeneity: Chi? = 154.77, df = 12 (P < 0.00001); I? = 92% experimental control
Test for overall effect: Z = 9.64 (P < 0.00001)
TaBLE 4: High versus low categories of salt and gastric cancer in Europe.
Study or subgroup High salt Low salt Odds ratio Odds ratio
Events Total Events Total Weight ~ M-H, fixed, 95% CI M-H, fixed, 95% CI
Peleteiro et al. 2011 [23] 144 364 132 346 85.5% 1.06 [0.78, 1.44]
Jose M. Ramén et al. [14] 27 63 33 108 14.5% 1.70 [0.89, 3.25]
Total (95% CI) 427 454 100.0% 1.15[0.88, 1.52]
Total events 171 165 b i | ! !
Heterogeneity: Chi? = 1.70, df = 1 (P = 0.19); > = 41% 0.01 Fagélurs ! Fa\}gurs 100
Test for overall effect: Z = 1.03 (P = 0.30) experimental control
TaBLE 5: High versus low categories of salt and gastric cancer in Asia.
Study or subgroup High salt Low salt Odds ratio Odds ratio
Events Total Events Total Weight ~ M-H, fixed, 95% CI M-H, fixed, 95% CI
l[jfau]rfam etal: 2009 a3 95 394 0.8%  4.14[2.90,5.91] ~
Campos et al. 2006 [12] 19 30 197 617 0.2% 3.68 [1.72,7.89] T
Kim et al. 2010 [18] 2779 439134 7670 1450941 94.7% 1.20 [1.15, 1.25] .
Shikata et al. 2006 [19] 30 564 12 663 0.3% 3.05 [1.55, 6.01] | e
Ngoan et al. 2002 [20] 8 657 35 4915 0.2% 1.72 [0.79, 3.72] _':
Tsugane et al. 2004 [21] 130 89048 58 86483 1.6% 2.18 [1.60, 2.97] L
Lee et al. 2003 [16] 47 69 22 199 0.1% 17.19 [8.77, 33.68]
Yang et al. 2011 [17] 180 482 120 418 2.2% 1.48 [1.12, 1.96] N
Total (95% CI) 530197 1544630 100.0% 1.27 [1.22,1.32] ¢
Total events 3314 8209 0.’(; 0}1 1 150 E:o
Heterogeneity: Chi® = 133.98, df = 7 (P < 0.00001); I> = 95% Favours Favours
experimental control

Test for overall effect: Z = 11.22 (P < 0.00001)




8 Gastroenterology Research and Practice
TABLE 6: High versus low categories of salt and gastric cancer in Japan.

Study or subgroup High salt Low salt Odds ratio Odds ratio

Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Campos et al. 2006 [12] 19 30 197 617 8.7% 3.68 [1.72,7.89] -
Shikata et al. 2006 [19] 30 564 12 663  13.6%  3.05[1.55,6.01] ——
Ngoan et al. 2002 [20] 8 65 35 4915 1.0% 19.57 [8.69, 44.04] —
Tsugane et al. 2004 [21] 130 89048 58 86483  76.6% 2.18 [1.60, 2.97] [ ]
Total (95% CI) 89707 92678 100.0% 2.61 [2.02, 3.38] ¢
Total events 187 302
Heterogeneity: Chi? = 25.98, df = 3 (P < 0.00001); I* = 88% 00l 01 ] 10 100
Test for overall effect: Z = 7.29 (P < 0.00001) Favours Favours

experimental control
TaBLE 7: High versus low categories of salt and gastric cancer through salt.

Study or subgroup High salt Low salt Odds ratio Odds ratio

Events Total Events Total Weight  M-H, fixed, 95% CI M-H, fixed, 95% CI
Peleteiro et al. 2011 [11] 144 364 132 346 2.2% 1.06 [0.78, 1.44]
Kim et al. 2010 [18] 2779 439134 7670 1450841 97.1% 1.20 [1.15, 1.25]
Jose M. Ramén et al. [14] 27 63 33 108 0.4% 1.70 [0.89, 3.25]
Shikata et al. 2006 [19] 30 564 12 663 0.3% 3.05 [1.55, 6.01] —_
Total (95% CI) 440125 1451958 100.0% 1.20 [1.15, 1.26] ()
Total events 2980 7847 0.(’)1 0.’1 ] 1’0 10’0
Heterogeneity: Chi? = 9.01, df =3 (P = 0.03); I> = 67% Favours Favours
Test for overall effect: Z = 8.43 (P < 0.00001) experimental control

TasLE 8: High versus low categories of salt and gastric cancer through salty food.
Study or subgroup High salt Low salt Odds ratio Odds ratio

Events Total Events Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI

Pourfarzi et al. 2009 [13] 121 213 95 394 12.3% 4.14 [2.90, 5.91] -
Campos et al. 2006 [12] 19 30 197 617 2.9% 3.68 [1.72,7.89] —_
Ngoan et al. (men) 2002 [20] 8 657 35 4915 3.5% 1.72 [0.79, 3.72] 4—
Mary H. Ward 1999 105 355 75 435 20.3% 2.02 [1.44, 2.83] -
Tsugane et al. 2004 [21] 130 89048 58 86483  25.1% 2.18 [1.60, 2.97] -
Lee et al. 2003 [16] 47 69 22 199 1.5% 17.19 [8.77, 33.68] -
Yang et al. 2011 [17] 180 482 120 418 34.4% 1.48 [1.12, 1.96] s
Total (95% CI) 90854 93461 100.0% 2.41 [2.08, 2.78] (]
Total events 610 602 F } . {
Heterogeneity: Chi? = 56.59, df = 6 (P < 0.00001); I? = 89% 0.01 Fa\(I)(.)lurs ! Fa\}gurs 100
Test for overall effect: Z = 11.75; (P < 0.00001) experimental control

salt consumption across studies, we could not evaluate a
dose-response relation between salt consumption and gastric
cancer. We cannot be able to exclude the other confounding
factors, such as mutagens in the salty foods or processed
food.

The World Cancer Research Fund and the American
Institute for Cancer Research published in 2007 a large

systematic review and meta-analysis, which concerned the
effect of salt in the development of gastric cancer [1]. A 17-
article systematic review and meta-analyses on addressing
the association between dietary salt exposure and gastric
intestinal metaplasia received a positive association [2]. A
meta-analysis (7 articles included) to assess the association
between habitual salt intake and risk of gastric cancer
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in prospective studies also got a positive association [3].
However, there was a significant heterogeneity among the
included studies in the three articles.

4.1. Potential Mechanisms. Several mechanisms which sug-
gested that salt intake may increase gastric cancer risk have
been postulated although there has been no consistent con-
clusion.

4.1.1. The Destruction of the Mucosal Barrier. Intragastric
high salt concentration destroys the mucosal barrier, through
the increase of surface mucous cell mucin and decrease of
gland mucous cell mucin [25], leading to inflammation and
damage such as diffuse erosion and degeneration [21],
produces atrophic gastritis and decreases the acidity of the
stomach. It creates a condition favoring H. pylori infection
[12].

4.1.2. Intestinal Metaplasia. Intestinal metaplasia is also an
important risk factor of gastric cancer. Mucosal damage in
the stomach increases the rate of mitosis, leading to excessive
cell replication [22] and hyperplasia of the gastric pit epithe-
lium with increased potential for mutations [23]. Intestinal
metaplasia characterized by the presence of caliciform cells
in glands and in foveolar gastric mucosa was detected near
regenerative hyperplasia foci high NaCl diets animals [26].
High salt intake will increase concentration of NaCl in the
stomach; then it may accelerate the procedure of intestinal
metaplasia and increase the risk of gastric cancer in the
future.

4.1.3. Hypergastrinemia. Gastrin itself may mediate epithe-
lial cell growth in H. pylori-colonized mucosa [27] and
induce hypergastrinemia [28]. Chronic hypergastrinemia
can synergize with Helicobacter infection and lead to eventual
parietal cell loss and progression to gastric cancer [29].

4.1.4. H. pylori. H. pyloriis one of the important recognized
risk factors of gastric cancer. The damage caused by salt
may also increase gastric H. pylori colonization. H. pylori
responds to changes in the concentration of NaCl in its
environment in such a way that growth, cell morphology,
survival, and virulence factor expression are all altered by
increased salt concentration [30]. Elevated salt concentra-
tions result in alterations in expression of the virulence factor
CagA in H. pylori strain 26695 and enhance the ability of
CagA to translocate into gastric epithelial cells and enhance
the ability of H. pylori to alter gastric epithelial cell function
[31].

4.1.5. Endogenous Mutations. Salt may also directly damage
gastric mucus, improve inflammatory responses of the gas-
tric epithelium [32], which may increase epithelial cell pro-
liferation as part of the repair process, potentiate the action of
carcinogens [33], and increase the probability of endogenous
mutations [34].

4.1.6. Exposure to Carcinogens. High dietary salt intake
damages the stomach mucosa that protects the stomach and
increases the susceptibility of the mucosal cells to carcinogens
from foods, such as N-nitroso compounds. And its repair
is associated with inflammatory changes [35] and leads to
cell death [36]. But the studies included in the current meta-
analysis did not report the potential carcinogens of the salty
foods or processed food. Future observational studies should
pay more attention in this area.

4.2. Limitations. Despite these advantages, the current meta-
analysis, however, had limitations.

First, the majority of included studies used questionnaire
to assess habitual salt intake which had limited value [37].
Only few studies used 24h urinary sodium excretion as
indictor of salt consumption which is recommended by the
World Cancer Research Fund as the best measurement of salt
intake [38]. The information derived from the questionnaire
is subjective, qualitative and had not covered all the sources
of sodium intake [39]. In most studies, the consumption
of salted food which is high in salt and nitrites as well was
recorded as a source of sodium intake. It is well known
that nitrite is a mutagen that is closely related to gastric
carcinogenesis [40, 41]. These methodological limitations
compromised the association between salt intake and gastric
cancer, either toward exaggeration or underestimation of risk
estimates.

Second, due to the huge heterogeneity of the related data
presented in the studies, the number of studies involved in
the meta-analysis was relatively small. Therefore, subgroup
analyses were difficult to perform.

Third, the current meta-analysis is unable to rule out
the possible influence of confounding factors on the revealed
association. Some confounders were inherent in the included
studies. Although each study recruited some known risk
factors for adjustment for gastric cancer, these covariates
were not consistent and unknown confounders such as
mutagens in salted foods cannot be excluded as a potential
explanation for the observed findings.

Fourth, the cutoff values corresponding to the low and
high categories for salt intake varied widely among the
studies, which might also affect the obtained results.

In conclusion, the overall current literature on dietary
salt intake and the risk of gastric cancer suggested sig-
nificantly positive association. Due to the nature of the
association, more well-designed prospective studies that use
unified measures of dietary salt intake are needed to fully
characterize such an association, and it is impossible to
perform a large randomized, controlled clinical trial to clarify
the cause-effect relationship. Therefore, future observational
study with recommended salt assessment method and
maximized exclusion of confounders from salted foods is
necessary.
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