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Abstract

Purpose Previous studies show that consuming foods preserved by salting increases the risk of gastric cancer, while results on
the association between total salt or added salt and gastric cancer are less consistent and vary with the exposure considered.
This study aimed to quantify the association between dietary salt exposure and gastric cancer, using an individual participant
data meta-analysis of studies participating in the Stomach cancer Pooling (StoP) Project.

Methods Data from 25 studies (10,283 cases and 24,643 controls) from the StoP Project with information on salt taste prefer-
ence (tasteless, normal, salty), use of table salt (never, sometimes, always), total sodium intake (tertiles of grams/day), and
high-salt and salt-preserved foods intake (tertiles of grams/day) were used. A two-stage approach based on random-effects
models was used to pool study-specific adjusted (sex, age, and gastric cancer risk factors) odds ratios (aORs), and the cor-
responding 95% confidence intervals (95% CI).

Results Gastric cancer risk was higher for salty taste preference (aOR 1.59, 95% CI 1.25-2.03), always using table salt
(aOR 1.33, 95% CI 1.16-1.54), and for the highest tertile of high-salt and salt-preserved foods intake (aOR 1.24, 95% CI
1.01-1.51) vs. the lowest tertile. No significant association was observed for the highest vs. the lowest tertile of total sodium
intake (aOR 1.08, 95% CI 0.82—1.43). The results obtained were consistent across anatomic sites, strata of Helicobacter
pylori infection, and sociodemographic, lifestyle and study characteristics.

Conclusion Salty taste preference, always using table salt, and a greater high-salt and salt-preserved foods intake increased
the risk of gastric cancer, though the association was less robust with total sodium intake.

Keywords Consortium - Pooled analysis - Sodium, Dietary - Sodium chloride - Stomach neoplasms

Introduction attributed to a decrease in the prevalence of Helicobacter
pylori (H. pylori) infection [3, 4], and to improvements in

Gastric cancer is the fourth most common cancer worldwide  food preservation practices, such as an increased use of

and the fourth leading cause of cancer deaths [1]. Over the
last several decades, there has been a steady decline in its
incidence and mortality [2]. This burden reduction is mainly

>< Nuno Lunet
nlunet@med.up.pt

Extended author information available on the last page of the article

refrigeration, which enables a greater consumption of fresh
fruits and vegetables, and a decreased use of traditional
methods of food preservation, such as salting [5].

The most recent World Cancer Research Fund/Ameri-
can Institute for Cancer Research (WCRF/AICR) Report
found strong evidence that consuming foods preserved by
salting increases the risk of gastric cancer, while there was

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10552-022-01565-y&domain=pdf

780

Cancer Causes & Control (2022) 33:779-791

limited evidence on the association between total salt or use
of table salt and gastric cancer [6]. Most studies examin-
ing these associations have been conducted in East Asian
countries, and predominantly focus on high-salt foods and
salt-preserved foods, including pickled vegetables and salted
or dried fish [6]. Additionally, analyses considering cancer
anatomical subtype have not been possible and most studies
do not take into account H. pylori infection status [6].

The Stomach cancer Pooling (StoP) Project, an interna-
tional consortium of case—control and nested case—control
within cohort studies, which uses an individual participant
data approach for the evaluation of the associations between
risk factors and gastric cancer [7], allows for some of these
limitations to be overcome. Therefore, this study aimed
to quantify the association between dietary salt exposure,
defined according to different criteria (salt taste preference,
use of table salt, total sodium intake, and high-salt and salt-
preserved foods intake), and gastric cancer, using an indi-
vidual participant data meta-analysis of studies participating
in the StoP Project.

Methods

For this study, version 3.0 of the StoP Project dataset was
used, which includes a total of 12,511 cases of gastric can-
cer and 29,964 controls from 32 case—control or nested
case—control studies [8—37]. All data were collected and har-
monized according to a pre-specified format at the pooling
center. The participating studies were conducted in accord-
ance with applicable laws, regulations and guidelines for
the protection of human subjects, and the StoP Project was
approved by the University of Milan Review Board (Refer-
ence 19/15).

The present analysis used data from 25 studies, corre-
sponding to 10,283 cases and 24,643 controls with informa-
tion on dietary salt and/or sodium intake: Brazil (two stud-
ies) [31, 32], Canada [14], China (four studies) [9, 15, 19,
20], Greece [13], Iran (two studies) [17, 18], Italy (four stud-
ies) [8, 10-12], Japan [33], Mexico (three studies) [28-30],
Portugal [22], Russia [16], Spain (two studies) [25, 27],
and USA (three studies) [21, 35, 37].

The quality of studies included was assessed using the
Newcastle—Ottawa Scale (NOS) [38]. The scale evaluates
the quality of studies based on three different categories:
selection, comparability, and exposure (case-control stud-
ies)or outcome (nested case-control studies). A study can
be awarded a maximum of nine stars, which indicates the
highest quality.

Dietary salt exposure was defined according to several
different criteria, as described in detail in Supplementary
Table 1. First, salt taste preference was collected and defined
as tasteless, normal, or salty (n=11 studies). Second, the
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frequency of use of table salt was assessed and defined as
never, sometimes, or always (n=11 studies). Third, total
dietary sodium intake in grams/day, as a computed nutri-
ent, was estimated using food frequency questionnaires
(FFQs). Two studies [9, 20] only provided information on
the consumption of salt in grams/day as reported by partici-
pants. For analysis, total sodium intake in grams/day was
categorized into study-specific tertiles according to the dis-
tribution in controls (n =16 studies). Fourth, high-salt and
salt-preserved foods intake in grams/day was estimated by
adding up the amounts in grams of each single food item or
group consumed per day obtained using FFQs. These foods
included the main food items or food groups contributing to
total dietary sodium intake [39], namely pickles or pickled
vegetables, vegetables braised in soy sauce, preserved and/
or fermented bean curd, miso soup, salty snacks (e.g., potato
chips, corn chips, popcorn, crackers), cheese (e.g., cream
cheese, parmesan cheese, sliced cheese), salty condiments
(e.g., soy sauce, mayonnaise, ketchup), salted vegetables,
fish or meat, smoked, dried or processed fish or meat (e.g.,
canned tuna, sausages or hot dogs, bacon, ham, cold cuts or
lunch meats, croquettes), and grains, cereals and potatoes
(e.g., rice, pasta, bread). For analysis, the study-specific ter-
tiles of high-salt and salt-preserved foods intake observed
in the controls were used as cut-offs to define groups of
exposure (n=20 studies).

Depending on the study, FFQs were used to obtain infor-
mation on the dietary habits of participants for the period
of one, two, or five years before diagnosis (for cases from
case—control studies), onset of disease or hospital admis-
sion (for hospital-based controls) or recruitment (for pop-
ulation-based controls, and participants from the nested
case—control study [37]; Supplementary Table 1). Most stud-
ies (n=21) used face-to-face interviews by trained research-
ers for the administration of FFQs, while the remaining used
self-administered FFQs. Fourteen of the included studies
reported that the FFQ used was previously validated using
24-h recall interviews and/or dietary records. The FFQs used
in the studies included between 19 and 147 individual food
and beverage items.

A two-stage modeling approach was used to quantify
the association between dietary salt exposure and gastric
cancer [40]. First, the study-specific odds ratios (ORs) and
corresponding 95% confidence intervals (95% CI) were
estimated for the association between each measure of
dietary salt exposure and gastric cancer using multivari-
able unconditional logistic regression models. Models were
adjusted for sex, age (5-year age groups: <40; 40-44; ...;
70-74;>75), socioeconomic status (low, intermediate, or
high, as defined in each original study based on education,
income or occupation), smoking status (never, former and
current smokers of < 10 cigarettes/day [low]; 10 to 20 ciga-
rettes/day [intermediate]; > 20 cigarettes/day [high]), alcohol
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drinking (never, low: < 13 g of ethanol/day, intermediate: 13
to 47 g of ethanol/day, high: > 47 g of ethanol/day), fruits
and vegetables intake (study-specific tertiles), total energy
intake (study-specific tertiles), study center (for multicenter
studies), and race/ethnicity (White, Black/African Ameri-
can, Asian, Hispanic/Latino, other), when appropriate and
available as described in detail in Supplementary Table 2.
Second, summary (pooled) effect estimates were computed
using random-effects models [41]. Heterogeneity between
studies was quantified using I? (%) statistics [42].

Stratified analyses were also carried out to further explore
the effect of dietary salt exposure across strata of sex, age
(£55, 56-65,> 65), geographic region, socioeconomic sta-
tus, smoking status, alcohol drinking, fruits and vegetables
intake, and type of study (hospital-based controls, popula-
tion-based controls, nested case—control study). The differ-
ence between groups was assessed through the Q test for
heterogeneity [43]. Multinomial logistic regression models
were used to estimate the ORs for each cancer anatomical
subsite separately (i.e., cardia, non-cardia, not accurately
classifiable), and each histological type separately (i.e.,
intestinal, diffuse, undifferentiated).

Sensitivity analyses were carried out by defining the
same categories of exposure for all studies according to
the distribution of total sodium intake, and high-salt and
salt-preserved foods intake in all controls. Categories of
exposure for total sodium intake were also further defined
considering the maximum intake amounts recommended
by the World Health Organization (WHO), i.e., less than
two grams of sodium/day [44]. The cut-offs that describe
consumption of less than half of the recommended amount,
between half and the recommended amount or more than the

SALT TASTE PREFERENCE USE OF TABLE SALT

Fig. 1 Forest plots describing the association between salt taste pref-
erence (salty vs. tasteless), use of table salt (always vs. never), total
sodium intake (grams/day—study-specific 3rd tertile vs. Ist tertile),
and high-salt and salt-preserved foods intake (grams/day—study-
specific 3rd tertile vs. 1st tertile), and gastric cancer using estimates
from the Stomach cancer Pooling (StoP) Project database. 95% CI
95% confidence interval, aOR adjusted odds ratio, NA not available.
“Pooled ORs were computed using random-effects models. Study-
specific ORs were adjusted, when available and applicable, for sex,
age (5-year age groups: <40; 40-44; ...; 70-74;>75), socioeconomic

recommended amount were used, resulting in three catego-
ries (< 1.0, 1.0-1.9,>2.0 g of sodium/day). Additional sen-
sitivity analyses included comparing the estimates adjusted
and not adjusted for total energy intake (n=16 studies),
as well as stratified by seroinfection by H. pylori, among
studies with the available information (n=11 studies). Fur-
thermore, studies that used a self-administered FFQ (n=4
studies), non-validated FFQs (n=11), and that scored five
or less stars in the NOS (n=35 studies, lower quality) were
removed, and analyses were also restricted to studies eval-
uating participants more than one year before the gastric
cancer diagnosis. Finally, the influence of each study on the
pooled estimates was also examined by excluding one study
at a time.

Statistical analyses were performed using STATA ver-
sion 15.1 (STATA Corporation, College Station, Texas,
USA). A p-value less than 0.05 was considered statistically
significant.

Results

The main sociodemographic characteristics of the cases and
controls are described in Supplementary Table 3, and the
distribution of dietary salt exposure, defined according to
different criteria by case—control status, is shown in Sup-
plementary Tables 4 and 5.

The study-specific and pooled adjusted ORs for dietary salt
exposure, defined according to different criteria, and gastric
cancer are presented in Fig. 1. A significantly higher risk of
gastric cancer was observed for a salty taste preference (OR
1.59, 95% CI 1.25-2.03, > =66.2%), always using table salt
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status (low, intermediate, or high, as defined in each original study
based on education, income or occupation), smoking status (never,
former and current smokers of < 10 cigarettes/day [low]; 10-20 ciga-
rettes/day [intermediate]; > 20 cigarettes/day [high]), alcohol drinking
(never, low: <13 g of ethanol/day, intermediate: 13 to 47 g of ethanol/
day, high:>47 g of ethanol/day), fruit and vegetables intake (study-
specific tertiles), total energy intake (study-specific tertiles), study
center (for multicenter studies), and race/ethnicity (White, Black/
African American, Asian, Hispanic/Latino, other)
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(OR 1.33,95% CI 1.16-1.54, P= 13.0%), and a higher high-
salt and salt-preserved foods intake (grams/day; OR highest
vs. lowest tertile: 1.24,95% CI11.01-1.51, ’=77.4%). No sig-
nificant association was observed for a greater total sodium
intake (grams/day; OR highest vs. lowest tertile: 1.08, 95%
C10.82-1.43, P= 83.2%). Using the same cut-off for all stud-
ies, defined either by the overall distribution in all controls or
taking the total sodium intake amounts recommended by the
WHO into account, led to estimates of the same magnitude,
with slightly lower heterogeneity (Table 1).

The effect of dietary salt exposure was consistent across
most strata of sociodemographic and lifestyle characteristics,
and similar when considering each cancer anatomical subsite
and histological type (Table 2). Although the difference was
not statistically significant, studies with population-based
controls presented a higher risk of gastric cancer for salty
taste preference (OR 1.83, 95% CI 1.33-2.52, 12:72.6%)
compared to studies with hospital-based controls (OR 1.27,
95% CI 0.98-1.64, >=0.0%; p for interaction=0.081). For
high-salt and salt-preserved foods intake, there were sig-
nificant differences according to geographic region (p for
interaction =0.007), with a significant association being
observed among studies conducted in Europe (OR 1.62, 95%
CI 1.42-1.85, =3.7%) but not in studies conducted in the
Americas (OR 1.22, 95% CI 0.75-1.98, >=80.0%) or Asia
(OR 0.86, 95% CI 0.58-1.26, I=69.0%). Differences were
also observed considering socioeconomic status (p for inter-
action=0.024), though no consistent pattern was observed,
a stronger and significant association was found among
those with a higher socioeconomic status (OR 1.71, 95% CI
1.32-2.22, ’=1.2%). Further sensitivity analyses did not
result in major changes in the direction or magnitude of the
associations when considering OR estimates adjusted for total
energy intake.

Additional stratified analyses according to study character-
istics generally yielded similar and consistent results through-
out (Supplementary Table 6). The magnitude of estimates
remained essentially unchanged when considering the valid-
ity of the FFQ and method of administration. Regarding the
period of assessment, the results did not materially differ from
those of the main analysis, except for a stronger and statisti-
cally significant association between high total sodium intake
and gastric cancer being observed when considering studies
evaluating dietary intake more than one year before diagnosis
(OR 1.60, 95% CI 1.33-1.93, P=0.0%). Finally, applying the
NOS to the included studies and removing those with five stars
or less (lower quality) also did not change the associations
observed in the overall analyses.

@ Springer

Discussion

In this study within the StoP consortium, a higher risk of
gastric cancer was observed for a salty taste preference,
always using table salt, and a greater intake of high-salt and
salt-preserved foods, which was consistent across sociode-
mographic, lifestyle, and tumor characteristics. No signifi-
cant association was found for the highest tertile intake of
sodium compared to the lowest tertile.

Several systematic reviews reported that excessive salt
intake is associated with the risk of gastric cancer [45-47]
and the WCRF/AICR has classified salt as an important risk
factor for gastric cancer [6]. In particular, strong evidence
was observed for the association between consuming foods
preserved by salting or high-salt foods and a greater risk
of gastric cancer [6, 47]. However, the majority of stud-
ies examining this association were conducted in Asian
countries [6]. In the current study, which includes partici-
pants from 11 countries in America, Asia and Europe, we
observed an association between high-salt and salt-preserved
foods intake and gastric cancer risk. However, a statistically
significant association was not found when considering
studies conducted in the Americas and Asia. This may have
occurred due to the diversity of items included in each study,
ranging from pickles or pickled vegetables, salty snacks,
salted vegetables or fish to salty condiments, which likely
also contributed to the heterogeneity observed. Furthermore,
although several systematic reviews found that the risk of
gastric cancer was higher among individuals with high salt
intake than in those with low levels of consumption [45-47],
the WCRF/AICR reported limited evidence regarding the
association between total salt or added salt and gastric can-
cer risk [6]. In the current study, we observed an association
between always using table salt and gastric cancer, though
our findings were less robust when considering total sodium
intake.

A concern in assessing total dietary sodium intake is the
fact that it is a natural component present in most foods, and
it may also be added during the cooking process or at the
table in amounts that individuals usually ignore or are una-
ble to accurately report [48]. Although excretion of sodium
in urine over a 24-h period is widely regarded as the gold
standard method for the assessment of sodium ingested from
different sources [49] it cannot be retrospectively used in
case—control studies. As such, several different approaches,
including salt taste preference, adding salt at the table, total
sodium intake, and high-salt and salt-preserved foods intake
were considered in the present pooled analyses. In fact, a
salty taste preference and the use of salt at the table may
result in an increase in overall salt consumption, and may be
a more comprehensive measure of dietary salt intake since
it considers more than the intrinsic sodium content of foods,



Cancer Causes & Control (2022) 33:779-791

783

Table 1 Pooled odds ratios and 95% confidence intervals for gastric
cancer according to salt taste preference (tasteless, normal, salty),
use of table salt (no, sometimes, always), total sodium intake (grams/

day—study specific, overall distribution and recommended amounts),
and high-salt and salt-preserved foods intake (grams/day—study spe-
cific, overall distribution)

Cases Controls Adjusted OR (95% CI)* P (%)
N % N %
Total 10,283 24,643
Salt taste preference’
Tasteless 1,057 23.1 1,817 25.1 1
Normal 1,935 42.3 3,578 494 1.09 (0.89-1.34) 59.2
Salty 1,581 34.6 1,845 25.5 1.59 (1.25-2.03) 66.2
Missing 78 1,082
Not available 5,632 16,321
Use of table salt*
Never 2,564 55.5 5,672 52.6 1
Sometimes 1,136 24.6 2,744 254 1.11 (0.95-1.30) 424
Always 920 19.9 2,373 22.0 1.33 (1.16-1.54) 13.0
Missing 93 4,39
Not available 5,570 13,415
Total sodium intake
According to the study-specific distribution in controls
Ist tertile 2,156 30.7 5,085 33.5 1
2nd tertile 2,290 32.7 5,038 332 1.03 (0.86-1.24) 70.7
3rd tertile 2,587 36.8 5,040 332 1.08 (0.82-1.43) 83.2
Missing 166 468
Not available 3,084 9,012
According to the overall distribution in controls
Ist tertile 2,587 36.8 5,067 334 1
2nd tertile 2,179 31.0 5,057 334 0.93 (0.77-1.13) 63.0
3rd tertile 2,267 322 5,039 332 1.05 (0.77-1.43) 75.0
Missing 166 468
Not available 3,084 9,012
According to the recommended sodium amounts (2 g/day)
<1.0 827 11.8 1,018 6.7 1
1.0-1.9 1,573 224 3,610 23.8 1.18 (0.86-1.61) 42.7
>2.0 4,633 65.9 10,535 69.5 1.12 (0.72-1.76) 56.4
Missing 166 468
Not available 3,084 9,012
High-salt and salt-preserved foods intake®
According to the study-specific distribution in controls
Ist tertile 2,052 27.9 6,393 32.8 1
2nd tertile 2,399 32.6 6,605 339 1.12 (0.98-1.27) 514
3rd tertile 2,905 39.5 6,505 333 1.24 (1.01-1.51) 77.4
Missing 80 219
Not available 2,847 4921
According to the overall distribution in controls
Ist tertile 2,229 30.3 6,491 333 1
2nd tertile 1,912 26.0 6,511 334 1.12 (0.90-1.40) 64.2
3rd tertile 3,215 437 6,501 333 1.27 (0.94-1.72) 68.2
Missing 80 219
Not available 2,847 4921

95% CI 95% confidence interval, OR odds ratio

Percentages may not add to 100% due to rounding
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Table 1 (continued)

*Pooled ORs were computed using random-effects models. Study-specific ORs were adjusted, when available and applicable, for sex, age (5-year
age groups: <40; 40-44; ...; 70-74;>75), socioeconomic status (low, intermediate, or high, as defined in each original study based on educa-
tion, income or occupation), smoking status (never, former and current smokers of < 10 cigarettes/day [low]; 10-20 cigarettes/day [intermedi-
ate]; > 20 cigarettes/day [high]), alcohol drinking (never, low: < 13 g of ethanol/day, intermediate: 13 to 47 g of ethanol/day, high: >47 g of etha-
nol/day), fruit and vegetables intake (study-specific tertiles), total energy intake (study-specific tertiles), study center (for multicenter studies),
and race/ethnicity (White, Black/African American, Asian, Hispanic/Latino, other)

®No information for studies: CANADA [14]; CHINA 1 [9] and 3 [19]; GREECE [13]; IRAN 2 [18]; ITALY 2 [10] and 3 [11]; JAPAN [33];
MEXICO 1 [28], 2 [29] and 3 [30]; SPAIN 1 [25] and 2 [27]; USA 1 [21] and 3 [37]

“No information for studies: CHINA 1 [9], 2 [15] and 4 [20]; GREECE [13]; IRAN 1 [17] and 2 [18]; ITALY 1 [8]; MEXICO 2 [29] and 3 [30];
SPAIN 1 [25] and 2 [27]; USA 3[37]

9No information for studies: BRAZIL 1 [31] and 2 [32]; CANADA [14]; CHINA 2 [15]; GREECE [13]; IRAN 1 [17]; ITALY 1 [8] and 3 [11];
USA 1 [21]. Two studies [9, 20] only provided information on the consumption of salt in grams/day as reported by participants, which was con-

verted into total sodium intake in grams/day by dividing by 2.5 [44]

°No information for studies: BRAZIL 1 [31] and 2 [32]; CHINA 3 [19]; MEXICO 3 [30]; USA 3 [37]

which may underestimate intake. In fact, previous studies
found that preference for salty foods was moderately associ-
ated with daily salt intake [50, 51]. Furthermore, the meas-
urement of total sodium intake in diet is subject to methodo-
logical difficulties. In particular, diet records or diet recall
often underestimate total sodium intake due to underreport-
ing by participants and due to difficulties in quantifying the
concentration of sodium in food items or food groups, as
well as discretionary salt intake [49].

High sodium intake is reported to act as a gastric mucosa
stimulant, leading to atrophic gastritis, increased DNA syn-
thesis, and cell proliferation, thereby providing the basis for
gastric cancer development [47]. Furthermore, high sodium
intake may weaken the protective effect of the mucous bar-
rier and promote the carcinogenic effect of H. pylori infec-
tion serostatus, which is a known primary risk factor for
gastric cancer [52]. This could translate into a stronger asso-
ciation among H. pylori positive individuals; however, we
did not observe significant differences in the risk of gastric
cancer when stratifying according to H. pylori seroinfection.
Nevertheless, these results should be interpreted cautiously
since infection status was evaluated using serum samples
in case—control studies, which may lead to false negative
results in the presence of advanced infection [53]. Addi-
tionally, there are potential aetiological differences between
gastric cancer anatomical subsites and histological types,
with previous studies suggesting a greater influence of life-
style factors among intestinal type gastric cancers compared
to those of the diffuse type [22, 54]. We conducted various
analyses considering cancer anatomical subsite and histolog-
ical type, with consistent results being generally observed.

Low socioeconomic status is a well-recognized risk factor
for gastric cancer [55-57] partly because of an unfavorable
distribution of risk factors including selected dietary and
lifestyle habits, which were included in the models as covari-
ates. Individuals with a low socioeconomic status may have
a diet high in salt, which may increase the negative effects
of other lifestyle risk factors related to a low socioeconomic
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status, potentially leading to a higher gastric cancer risk.
Additionally, in some countries refrigerator use was likely
initially restricted to higher socioeconomic status groups,
which enabled the consumption of fresh foods including sea-
sonal vegetables and fruits year round, as well as fresh meat,
and reduced the need for salting, smoking, curing, and pick-
ling to preserve food [58, 59]. As such, we could hypothesize
that lower socioeconomic status groups may have been more
exposed to salt-preserved foods due to lack of alternatives
rather than a preference for these foods. Indeed, previous
studies have found that the consumption of processed or
ultra-processed foods increases with education and income
level [60, 61], and these foods are major contributors to an
individual’s dietary salt intake [62, 63]. In the present indi-
vidual participant data meta-analysis, although differences
according to socioeconomic status were observed for high-
salt and salt-preserved foods intake, there was substantial
heterogeneity among the studies included and there was
an absence of a consistent trend. In general, no convinc-
ing evidence was observed for differences in the association
between dietary salt intake and gastric cancer according to
socioeconomic status, despite several criteria being used to
evaluate dietary salt exposure.

Significant geographical differences were observed when
considering high-salt and salt-preserved foods, with lower
estimates among studies conducted in Asia, and higher
ORs for studies from Europe and the Americas. Although
not significantly different, higher estimates were observed
among studies from Asia for salt taste preference and total
sodium intake. The geographical differences observed may
reflect the different diets, with higher sodium intakes being
generally reported in Asia [64], but also the detail of the
FFQs applied regarding the number and types of food items
included, which likely contributed to the observed heter-
ogeneity. Nevertheless, the concentration of salt in many
processed foods consumed in Europe and North America
approaches that of salt-preserved foods [6].
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Table2 Pooled odds ratio and 95% confidence interval of gastric
cancer for the highest vs. lowest salt taste preference (salt vs. taste-
less), use of table salt (always vs. never), total sodium intake (grams/

day—study-specific 3rd tertile vs. Ist tertile), and high-salt and salt-
preserved foods intake (grams/day—study-specific 3rd tertile vs. 1st
tertile) according to strata of selected variables

Salt taste preference Use of table salt Total sodium intake High-salt and salt-pre-
served foods intake
Adjusted OR P (%) Adjusted OR P (%) Adjusted OR (95% I? (%) Adjusted OR (95% P (%)
(95% CI)* (95% CI)* CD? CD*?
Overall 1.59 (1.25-2.03) 66.2 1.33(1.16-1.54) 13.0 1.08 (0.82-1.43) 83.2 1.24(1.01-1.51) 77.4
Sex
Males 1.52 (1.16-1.99) 51.2 1.20(0.98-1.47) 23.7 1.02(0.76-1.38) 744 1.14 (0.89-1.46) 72.2
Females 1.78 (1.44-2.21) 6.8 1.59(1.14-2.22) 359 1.28(0.87-1.87) 71.0  1.40 (1.12-1.75) 443
p for interaction 0.371 0.157 0.359 0.227
Age (years)
<55 1.63 (1.27-2.10) 0.0 1.29 (1.01-1.64) 0.0 0.92 (0.65-1.31) 449  1.21(0.94-1.55) 36.9
56-65 1.53 (1.14-2.05) 23,5 143(1.14-1.79) 0.0 1.21(0.83-1.75) 61.1 1.25(0.91-1.70) 59.8
> 65 1.63 (1.17-2.28) 53.1 1.32(1.02-1.71) 21.1  1.19(0.91-1.54) 51.6  1.22(0.96-1.55) 53.0
p for interaction 0.941 0.813 0.455 0.987
Geographic region
Americas 1.24(0.82-1.87) 0.0 1.36(1.18-1.56) 0.0 0.69 (0.34-1.43) 88.3  1.22(0.75-1.98) 80.0
Asia 2.24(1.25-4.03) 782 - - 1.31(0.75-2.31) 82.7  0.86 (0.58-1.26) 69.0
Europe 1.39(1.18-1.64) 0.0 1.12(0.79-1.58) 45.7 1.28(0.95-1.72) 68.4 1.62(1.42-1.85) 3.7
p for interaction 0.246 0.258 0.292 0.007
Socioeconomic status®
Low 1.80(1.28-2.52) 62.8 1.46(1.21-1.76) 0.0 1.33 (1.00-1.76) 544  1.30(0.99-1.71) 68.8
Intermediate 1.58 (1.21-2.06) 14.6 1.21(0.94-1.57) 20.3 0.91 (0.63-1.31) 659 0.98 (0.72-1.33) 61.8
High 1.00 (0.63-1.61) 0.0 1.24 (0.74-2.08) 40.7 1.07 (0.78-1.48) 0.0 1.71(1.32-2.22) 1.2
p for interaction 0.129 0.479 0.255 0.024
Smoking status
Never 1.68 (1.31-2.15) 37.0 1.52(1.23-1.88) 0.0 1.05(0.74-1.47) 729 1.24(0.96-1.61) 66.0
Former 1.57 (1.09-2.25) 204 1.28(1.06-1.54) 0.0 1.03(0.81-1.31) 103 1.18 (0.83-1.68) 60.8
Current 1.44 (1.00-2.09) 41.8 1.31(0.79-2.16) 46.1  1.32(0.76-2.30) 772  1.18 (0.93-1.50) 277
p for interaction 0.790 0.482 0.720 0.956
< 10 cigarettes/day 2.54(0.88-7.33) 60.7 0.93(0.45-1.93) 0.0 1.84(0.67-5.05) 652 1.12(0.74-1.71) 3.8
10-20 cigarettes/day 1.29 (0.67-2.48) 45.1 1.65(1.00-2.72) 0.0 1.19(0.50-2.81) 66.2  1.09 (0.70-1.70) 29.7
> 20 cigarettes/day 0.83(0.44-1.58) 8.6 0.98(0.43-2.24) 36.8 1.78(1.02-3.10) 122 1.20(0.84-1.71) 0.0
p for interaction 0.266 0.451 0.377 0.988
Alcohol drinking®
Never 1.31(0.87-1.97) 53.6  1.55(1.07-2.23) 29.0 0.88 (0.58-1.33) 584  1.10(0.83-1.47) 56.3
Ever drinker 1.47 (1.12-1.95) 412 1.32(1.11-1.56) 8.6 0.92 (0.66-1.29) 77.2  1.32(1.04-1.66) 69.1
p for interaction 0.647 0.437 0.870 0.333
<13 g/day 1.59 (1.06-2.38) 0.0 1.44(1.13-1.84) 0.0 0.82(0.47-1.41) 72.8  1.25(0.89-1.75) 54.4
13-47 g/day 1.36 (1.06-1.74) 0.0 1.59 (1.08-2.34) 44.3 1.34(1.03-1.73) 7.9 1.50(1.13-2.00) 37.6
> 47 g/day 1.61 (1.08-2.39) 0.0 0.90 (0.52-1.55) 30.4 1.11 (0.66-1.86) 36.5 1.47(1.02-2.10) 23.6
p for interaction 0.816 0.356 0.546 0.429
Fruit and vegetable
intake?
Low 1.26 (0.70-2.27) 77.1  1.30(0.95-1.78) 22.4 1.13(0.70-1.80) 712  1.37 (0.98-1.93) 64.6
Intermediate 1.45(1.12-1.89) 154 1.33(1.08-1.64) 0.0 1.04 (0.75-1.43) 53.1 1.22(0.95-1.57) 49.0
High 1.74 (1.27-2.37) 49.8 1.36(0.97-1.91) 42.8 1.09 (0.74-1.61) 65.7 1.14 (0.86-1.52) 57.5
p for interaction 0.540 0.982 0.957 0.717
Type of study
Hospital-based controls®  1.27 (0.98-1.64) 0.0 1.16 (0.69-1.94) 52.1 1.18 (0.88-1.60) 0.0 1.46(1.02-2.10) 76.6
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Table 2 (continued)

Salt taste preference Use of table salt Total sodium intake High-salt and salt-pre-

served foods intake

Adjusted OR P (%) Adjusted OR P (%) Adjusted OR (95% P> (%) Adjusted OR (95% I (%)
(95% CI)* (95% CI)* CD*? CD*?
Population-based controls’ 1.83 (1.33-2.52) 72.6 1.38(1.22-1.58) 0.0 1.18(0.76-1.83) 88.1 1.08 (0.81-1.44) 80.6
p for interaction 0.081 0.523 1.00 0.201
Nested case—control - - 1.02 (0.78-1.33) - -
study®
p for interaction - - 0.735 -
Cancer anatomical
subsite"
Non-cardia 1.40 (1.06-1.85) 27.1 1.30(1.00-1.69) 43.5 1.24(0.97-1.59) 58.2  1.46(1.21-1.76) 38.0
Cardia 2.00 (1.08-3.69) 413 1.34(1.04-1.72) 0.0 1.36(1.05-1.75) 0.0 1.25(0.80-1.95) 63.4
Not accurately classifiable 1.73 (1.16-2.57) 22.6 142 (1.15-1.75) 0.0 0.74 (0.38-1.43) 79.6  1.17 (0.84-1.63) 64.1
Histological type
Intestinal 1.65 (1.11-2.47) 50.5 147 (1.15-1.87) 0.0 1.23(0.92-1.64) 44.0  1.34 (1.00-1.79) 53.0
Diffuse 1.62 (1.20-2.19) 0.0 1.31(0.99-1.73) 0.0 1.22(0.95-1.56) 7.5 1.30(1.00-1.70) 22.8
Undifferentiated 1.60 (1.06-2.43) 30.3 1.29 (1.11-1.51) 0.0 1.17(0.97-1.42) 0.0 1.63(1.34-1.97) 8.1
Studies with information
on H. pylori infection
serostatus’
H. pylori positive 1.52(0.93-2.48) 50.5 1.64(0.98-2.74) 44.3 1.39(0.95-2.01) 65.7 1.14(0.75-1.74) 70.1
H. pylori negative 1.61 (0.60-4.35) 54.8 1.18(0.65-2.14) 0.0 0.93 (0.54-1.63) 11.9  0.97 (0.66-1.43) 6.8
p for interaction 0.919 0412 0.238 0.580
Studies with information
on energy intake*
Adjusting for energy - - 1.10 (0.83-1.46) 82.0 1.24(0.99-1.54) 60.1
intake
Not adjusting for energy ~ — - 1.38 (1.09-1.73) 839 1.35(1.10-1.66) 82.3
intake

95% CI 95% confidence interval, OR odds ratio

*Pooled ORs were computed using random-effects models. Study-specific ORs were adjusted, when available and applicable, for sex, age (5-year
age groups: <40; 40-44; ...; 70-74;>75), socioeconomic status (low, intermediate, or high, as defined in each original study based on educa-
tion, income or occupation), smoking status (never, former and current smokers of < 10 cigarettes/day [low]; 10-20 cigarettes/day [intermedi-
ate]; > 20 cigarettes/day [high]), alcohol drinking (never, low: < 13 g of ethanol/day, intermediate: 13 to 47 g of ethanol/day, high: >47 g of etha-
nol/day), fruit and vegetables intake (study-specific tertiles), total energy intake (study-specific tertiles), study center (for multicenter studies),
and race/ethnicity (White, Black/African American, Asian, Hispanic/Latino, other)

bAs defined in each original study based on education, income, or occupation
“Excluding studies: CHINA 3 [19] and 4 [20]; IRAN 2 [18]
dExcluding studies: CHINA 4 [20]; MEXICO 3 [30]

°Including studies: BRAZIL 1 [31]; CHINA 1 [9]; GREECE [13]; ITALY 1 [8], 2 [10] and 3 [11]; JAPAN [33]; MEXICO 3 [30]; SPAIN 2 [27];
USA 1 [21]. Excluding studies: BRAZIL 2 [32] and RUSSIA [16] as they include both hospital- and population-based controls

ncluding studies: CANADA [14]; CHINA 2 [15], 3 [19] and 4 [20]; IRAN 1 [17] and 2 [18]; ITALY 4 [12]; MEXICO 1 [28] and 2 [29]; PORTUGAL
[22]; SPAIN 1 [25]; USA 2 [35]. Excluding studies: BRAZIL 2 [32] and RUSSIA [16] as they include both hospital- and population-based controls

£0ne study: USA 3 [37]
hEXCluding studies: CHINA 1 [9], 2 [15], 3 [19] and 4 [20]; MEXICO 2 [29] and 3 [30]; USA 2 [35]
iE)(Cluding studies: CHINA 1 [9], 2 [15], 3 [19] and 4 [20]; GREECE [13]; JAPAN [33]; MEXICO 2 [29]; USA 2 [35]

No information for studies: CANADA [14]; CHINA 1 [9] and 3 [19]; GREECE [13]; ITALY 1 [8], 2 [10] and 3 [12]; MEXICO 2 [29]; USA 1
[21], 2 [35] and 3 [37]

¥No information for studies: BRAZIL 1 [31] and 2 [32]; CANADA [14]; CHINA 1 [9], 2 [15] and 4 [20]; IRAN 1 [17]; ITALY 1 [8] and 3 [11]
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Substantial heterogeneity was observed, particularly
when considering salt taste preference, total sodium intake,
and high-salt and salt-preserved foods intake. This is mainly
due to the different methods used to collect dietary data,
particularly the period of dietary assessment, the number
and the items included in each FFQ. Within the StoP con-
sortium, most studies used FFQ designed not only to be
representative of the diet of each country but also to con-
sider the seasonality of the items included. However, the
diversity of food items in each questionnaire, particularly
high-salt and salt-preserved foods, likely contributed to the
heterogeneity observed. Nevertheless, 12 studies included in
the present analysis used previously validated FFQs, and 21
studies collected data using trained interviewers, which have
an acceptable validity when compared to reference measures
[65, 66]. Overall, our sensitivity analyses considering study
characteristics showed no significant differences, providing
further support to the robustness of our findings.

Dietary habits were reported by participants that may
have led to recall bias, particularly among patients, since
changes in lifestyle may occur as cancer develops and
becomes symptomatic [67]. Nevertheless, studies recruited
incident, histologically confirmed gastric cancer cases, and
most obtained dietary information regarding at least the year
before diagnosis or the period before changes in dietary hab-
its. We conducted sensitivity analyses considering studies
evaluating dietary intake more than one year before diagno-
sis, and in general, the magnitude and directions of the asso-
ciations did not change meaningfully, except for the associa-
tion between high total sodium intake and gastric cancer that
became stronger and reached statistical significance among
these studies. Furthermore, no significant differences in the
results obtained were observed between hospital- or popula-
tion-based control studies and the prospective cohort study
included. Additionally, case—control studies may be prone
to selection bias. It is possible that hospital-based controls
include individuals with conditions that could potentially be
related to dietary salt intake, while population-based con-
trols are more likely to be representative of the study base.
Nevertheless, the results of our stratified analysis by type of
controls showed that the overall conclusions are not driven
by the studies with hospital- vs. population-based controls.

Although substantial heterogeneity was observed, the har-
monization of the definition of exposure and control of con-
founding used in studies of the StoP consortium, contributes
to the validity of our estimates. Additionally, the significant
effect of salty taste preference, use of table salt, and high-salt
and salt-preserved foods intake detected in the main analysis
was consistently observed among strata of different soci-
odemographic, lifestyle, and clinical variables, as well as
study characteristics. Sensitivity analyses, either removing
one study at a time or considering the same cut-off for all

studies, yielded estimates similar to those observed in the
main analyses, albeit with less heterogeneity.

In conclusion, our uniquely large individual participant
data meta-analysis of studies participating in the StoP Pro-
ject showed salty taste preference, always using table salt,
and a greater intake of high-salt and salt-preserved foods
were associated with a risk of gastric cancer. The association
was less robust with total sodium intake, which may be due
to the high heterogeneity of the food assessment methods
used in each study. In particular, this study adds to previ-
ous evidence, allowing for analyses considering H. pylori
infection status, as well as cancer anatomical subsite and
histological type.
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tary material available at https://doi.org/10.1007/s10552-022-01565-y.
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