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Risk of gastric cancer in the environs of industrial facilities in the MCC-Spain study
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95%Cls: 95% confidence intervals
p-BH: p-value adjusted by Benjamini & Hochberg’s method

p-BY: p-value adjusted by Benjamini & Yekutieli’s method
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Abstract

Background: Gastric cancer is the fifth most frequent tumor worldwide. In Spain, it presents a large
geographic variability in incidence, suggesting a possible role of environmental factors in its etiology.
Therefore, epidemiologic research focused on environmental exposures is necessary.

Objectives: To assess the association between risk of gastric cancer (by histological type and tumor
site) and residential proximity to industrial installations, according to categories of industrial groups
and specific pollutants released, in the context of a population-based multicase-control study of incident
cancer conducted in Spain (MCC-Spain).

Methods: In this study, 2664 controls and 137 gastric cancer cases from 9 provinces, frequency
matched by province of residence, age, and sex were included. Distances from the individuals’
residences to the 106 industries located in the study areas were computed. Logistic regression was used
to estimate odds ratios (ORs) and 95% confidence intervals (95%CIs) for categories of distance (from
1 km to 3 km) to industries, adjusting for matching variables and potential confounders.

Results: Overall, no excess risk of gastric cancer was observed in people living close to the industrial
installations, with ORs ranging from 0.73 (at <2.5 km) to 0.93 (at <1.5 km). However, by industrial
sector, excess risks (OR; 95%CI) were found near organic chemical industry (3.51; 1.42-8.69 at <2
km), inorganic chemical industry (3.33; 1.12-9.85 at <2 km), food/beverage sector (2.48; 1.12-5.50 at
<2 km), and surface treatment using organic solvents (3.59; 1.40-9.22 at <3 km). By specific pollutant,
a statistically significant excess risk (OR; 95%CI) was found near (<3 km) industries releasing
nonylphenol (6.43; 2.30-17.97) and antimony (4.82; 1.94-12.01).

Conclusions: The results suggest no association between risk of gastric cancer and living in the
proximity to the industrial facilities as a whole. However, a few associations were detected near some
industrial sectors and installations releasing specific pollutants.

Capsule:

Our results suggest no association between risk of gastric cancer and living in the proximity to the
industrial facilities as a whole, although a few associations were detected near specific industries.

Key Words: gastric cancer; industrial pollution; risk factor; case-control study; residential proximity;
MCC-Spain
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1. Introduction

Gastric cancer is the fourth leading cause of cancer death and the fifth most frequent cancer
worldwide, with 1.09 million new cases in both sexes in 2020 (International Agency for Research on
Cancer, 2020). In Spain, 6981 new cases of gastric cancer were estimated in the same year (2.5% of all
malignant tumors) (International Agency for Research on Cancer, 2020). Gastric cancer incidence has
been decreasing during the last decades in Spain (Galceran et al., 2017); however, survival rates are
still among the lowest of all cancer sites, with an estimated age-standardized 5-year net survival for the
period 2010-2014 of 27.6% (Allemani et al., 2018). Moreover, this tumor presents a marked geographic
variability in its incidence, both worldwide and among Spanish regions (Galceran et al., 2017).

With respect to the etiology of gastric cancer, the strongest risk factor for the most frequent type
(the non-cardia gastric cancer) is the infection with the bacterium Helicobacter pylori (De Martel and
Parsonnet, 2018a; Fernandez de Larrea-Baz et al., 2017). Apart from genetic predisposition, other
suggested or alleged risk factors include the Epstein-Barr virus, smoking, alcohol consumption,
consumption of salt-preserved foods, low fruit and vegetable intake, obesity, and ionizing radiation
(Aragonés et al., 2019; De Martel and Parsonnet, 2018b; Poorolajal et al., 2020; Rawla and Barsouk,
2019; WCRF/AICR, 2018), although they account for up to 3/4 of all cases (Charafeddine et al., 2017;
Ko et al., 2018; Parkin et al., 2011; Poirier et al., 2019). Therefore, epidemiologic research focused on
other potential risk factors, especially environmental causes, seems to be advisable.

With regard to environmental exposures, some authors have found associations between
exposure to certain endocrine disrupting chemicals (EDCs), such as organophosphate esters (Li et al.,
2020) or phthalate plasticizers (Wong et al., 2019), and gastrointestinal cancers. On the other hand,
recent studies have suggested associations between air pollution and risk of gastric cancer, both

incidence and mortality, due to particulate matter (PM), such as PM2s and PMyo (Ethan et al., 2020;
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Guo et al., 2020; Nagel et al., 2018; Weinmayr et al., 2018; Yin et al., 2020). PM is released by
industrial installations, which also emit numerous potential carcinogens suspected of being related to
gastric cancer, such as some heavy metals (e.g.: arsenic and lead) and polycyclic aromatic hydrocarbons
(PAHS) (Deng et al., 2019; Liao et al., 2014; Nufez et al., 2016; Zhao et al., 2014). A recent systematic
review of ecological studies revealed positive associations between proximity to certain industrial
facilities and stomach cancer mortality and incidence (Khazaei et al., 2020). Moreover, industrial
facilities generate hazardous waste, including metalworking fluids and materials containing asbestos,
which have also been associated with gastric cancer risk (Di Ciaula, 2017; Park, 2001; Peng et al.,
2015; Zhao et al., 2005). Accordingly, it is necessary to carry out epidemiological studies to ascertain
whether residing close to industrial pollution sources might increase the incidence of gastric cancer.
The aim of the present paper was to assess the possible association between gastric cancer risk
(by histological type and tumor site) and residential proximity to industrial installations, according to
categories of industrial groups and specific pollutants released by the plants, in the context of a
population-based multicase-control study of common tumors in Spain (MCC-Spain). Our study
presents the novelty of being able to analyze the risk of gastric cancer associated with the proximity to
industrial pollution sources using individual data, an area of research that has been deserted for many
years in relation to gastric cancer. The results of the paper will allow to identify the existence, or not,
of potential industrial sectors and specific pollutants possibly related to an increased risk of gastric

cancer.

2. Materials and methods

2.1 Study population and data collection



164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

The design of the MCC-Spain study and the overall methodology carried out to analyze the
proposed objectives have been previously described (Castafio-Vinyals et al., 2015; Garcia-Pérez et al.,
2018). In brief, among the five types of tumors (breast, colorectal, leukemias, prostate, and gastric)
included in the MCC-Spain study, a total of 459 histologically confirmed incident gastric cancer cases
(codes C15.5, C16, and D00.2, according to the International Classification of Diseases-10"), between
20 and 85 years old, were recruited in in the period 2008-2013 in nine provinces of Spain (Valencia,
Navarre, Madrid, Leon, Huelva, Granada, Cantabria, Barcelona, and Asturias) in the period 2008-2013.
All of them had resided in the hospitals’ catchment areas for at least 6 months prior to recruitment.
Tumors were classified as cardia or non-cardia, according to their location (tumor site), and intestinal
or diffuse, according to their morphology (histological type) following Lauren’s classification (Lauren,
1965; Laurén and Nevalainen, 1993).

To facilitate the logistics of the study, population-based controls (n=3440) for the entire MCC-
Spain study (common to the five types of cancers) were randomly selected from the administrative
records of the primary health care centers located within hospitals’ catchment areas, and were
frequency matched to the overall distribution of all of the cases (gastric cancer and the others) by age
(in 5-year age groups), province of residence, and sex. Specifically, the selection process was as
follows: a) Firstly, we made an initial estimate of the age-sex distribution that all of the combined cases
would have in each province, according to the tumors they had recruited and the cancer incidence rates
from the Spanish cancer registers; b) secondly, we applied these estimates to predefine the age-sex
distribution of our population-based controls, which were randomly selected from the general
practitioner lists of primary health care centers in each hospital’s catchment area; and, c) finally, when

the recruitment of cases finished, we compared again the age-sex distribution of controls and cases and
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recruited new participants if necessary in an attempt to ensure that each case had at least one control of
its 5-year age interval and sex in each province.

Information on family history of gastric cancer, sociodemographic factors, medical history, and
lifestyle was collected through a structured questionnaire administered face-to-face by trained
interviewers, with an average duration of 70 min. In order to reduce interviewer bias, experienced
professional interviewers were instructed to adhere to the question and answer format strictly and
equally for both, controls and cases interviews. The ad hoc epidemiological questionnaire was designed
by the researchers participating in the project after discussing and agreeing about the main questions to
achieve the MCC-Spain objectives. In many instances, questions were based on questionnaires already
used in previous studies by the research team. Controls were initially contacted by phone and those
who agreed to participate in the study were scheduled for a personal interview. The interviews were
carried out in the collaborating hospitals and primary health care centers. Dietary information in the
year prior to diagnosis (or prior to the interview for controls) was obtained through a food-frequency
questionnaire provided to each participant during the interview for self-fulfillment and returned by
mail. Missing values in specific questions and relevant variables were completed through subsequent

telephone contact.

2.2 Residential locations

A total of 3890 participants’ domiciles (3432 controls and 458 cases) could be geocoded into
ED50/UTM zone 30N (EPSG:23030) coordinates using Google Earth Pro. Subsequently, these
coordinates were individually checked using the National Cadastre and the “street-view” application
of Google Earth Pro to ensure their exact location. Taking into account the selection process of the

population-based controls (Garcia-Pérez et al., 2020, 2018), only cases and controls residing in the area
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of influence of the corresponding primary health care centers and with complete information about the
variables of interest were included in the present study. Consequently, 748 controls and 318 cases were

excluded because they were located outside these areas.

2.3 Industrial installation locations

Data on industries (geographic locations of the installations and pollutant emissions released by
them) were obtained from the facilities governed by the Integrated Pollution Prevention and Control
Directive and installations included in the European Pollutant Release and Transfer Register,
corresponding to 2009. Taking into account a minimum induction period of 10 years for gastric cancer
development (in line with estimations for solid tumors (Armenian and Lilienfeld, 1974)), the facilities
that had come into operation prior to 10 years before the mid-year of the recruitment period of each
province were identified (n=106). These industries — whose coordinates had been previously geocoded
into ED50/UTM zone 30N (EPSG:23030) and subsequently validated (Garcia-Pérez et al., 2019, 2008)
— were classified into one of the following 20 industrial groups: combustion installations; production
and processing of metals; galvanization; surface treatment of metals and plastic; mining industry;
cement and lime; glass and mineral fibers; ceramic; organic chemical industry; inorganic chemical
industry; fertilizers; pharmaceutical products; hazardous waste; non-hazardous waste; disposal or
recycling of animal waste; urban waste-water treatment plants; paper and wood production; food and

beverage sector; surface treatment using organic solvents; and, ship building.

2.4 Statistical analyses

10
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Differences in the distribution of sociodemographic characteristics and risk factors between
gastric cancer cases and controls were tested using the two-sided Chi-square test and the Mann-Whitney
U-test, where appropriate.

The shortest distance between each participant’s domicile and each of the 106 industrial
installations was calculated (industrial distance). To estimate odds ratios (ORs) and 95% confidence
intervals (95%CIs) of gastric cancer in the environs of industrial facilities, four statistical analyses,
using mixed multiple unconditional logistic regression models, were performed. Matching factors (age,
sex, and province of residence as a random effect term), as well as potential confounders (family history
of gastric cancer (none, second degree only, one first degree, and more than one first degree), tobacco
smoking (never, former smoker, and current smoker), and education (less than primary school, primary
school completed, secondary school, and university)) were included in all of the models.

1) Analysis 1: risk of gastric cancer in the environs of industrial facilities as a whole. According
to several industrial distances ‘ID’ (3, 2.5, 2, 1.5, and 1 km), the exposure variable for each
participant was categorized as: a) “exposed area”, if the participant lived at <’ID’ km from any
facility; b) “intermediate area”, if it lived between ‘ID’ and 3 km from any facility; and, c)
“reference area”, if it lived at >3 km from any facility.

2) Analysis 2: risk of gastric cancer in the environs of industrial facilities according to categories
of industrial groups (n=20). The exposure variable was analogous to the previous analysis,
where the “exposed area” was defined as participants residing at <’ID’ km from any installation
belonging to the industrial group in question.

3) Analysis 3: risk of gastric cancer in the environs of industrial facilities, according to specific

pollutants (n=43) released by them. The exposure variable was analogous to the first analysis,

11
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where the “exposed area” was defined as participants residing at <’ID’ km from any installation
releasing the specific pollutant in question.

4) Analysis 4: assessment of the existence of radial effects near industrial facilities (risk gradient
analysis): a) as a whole, b) by industrial group, and c) by specific pollutant. According to
concentric rings (0-1 km, 1-1.5 km, 1.5-2 km, 2-2.5 km, 2.5-3 km, and using the 3-30 km ring
as a reference), OR for each ring was estimated and the presence of radial effects (i.e., rise in

OR with increasing proximity to facilities) was ascertained.

Given that matching conditions were applied taking into account the overall distribution of all
of the cancer cases in each province included in the MCC-Spain study (“multicase-control”, i.e., not
individually), unconditional logistic regression models including the matched factors were used
(Rothman et al., 2008). In the study of the association between proximity to industrial installations and
risk of gastric cancer by histological type (intestinal or diffuse) and tumor site (cardia or non-cardia),
the four abovementioned analyses were replicated using multinomial logistic regression models.

Moreover, with the aim of introducing robustness and controlling for potential biases in the
analyses, only participants living in their last domiciles for at least 10 years (long-term residents) were
considered in a sensitivity analysis carried out for the four analyses mentioned in the previous
paragraphs.

Lastly, the issue of multiple comparisons was addressed by controlling for the false discovery
rate (expected proportion of false positives) with p-values adjusted by the methods proposed by
Benjamini & Hochberg (p-BH) (Benjamini and Hochberg, 1995) and Benjamini & Yekutieli (p-BY)

(Benjamini and Yekutieli, 2001).
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3. Results

3.1 Characteristics of the study population
The final study population (participants with no missing values in any of the potential
confounders) comprised 2664 controls and 137 cases, whose main characteristics are listed in Table 1.

In general, controls were slightly younger and had a higher educational level than cases.

3.2 Results of the analysis 1

ORs of gastric cancer, by histological type and tumor site, in the environs of industrial facilities
as a whole are included in Table 2 (analysis with all of the individuals). No excess risk was observed
for any of the industrial distances, with ORs ranging from 0.73 (at <2.5 km) to 0.93 (at <1.5 km). By
histological type, ORs of intestinal tumors were slightly higher than those of diffuse tumors, at
distances between 2.5 km and 3 km, and the opposite at distances between 1 km and 2 km. ORs of
intestinal tumors were homogeneous for all of the industrial distances, between 0.89 (at <2.5 km) and
1.06 (at <3 km and <1.5 km); however, a non-statistically excess risk of diffuse tumors (OR=1.28) was
found at <1.5 km of the industrial facilities. By tumor site, non-cardia tumors showed slightly higher
ORs than those for cardia tumors for all of the distances (with the exception of 1 km). ORs of cardia
and non-cardia tumors were lower than unity, except for 1 km for cardia tumors (OR=1.07) and 1.5 km
for non-cardia tumors (OR=1.07).

The sensitivity analysis considering only long-term residents (Table 3) showed no excess risk
for all of the industrial distances (with ORs ranging from 0.66 (at <2.5 km) to 0.95 (at <1.5 km)). The
results of the sub-analysis by histological type were similar to the analysis with all of the individuals.
ORs of intestinal tumors were very similar for all of the distances, varying between 0.80 (at <2.5 km)

and 1.05 (at <1.5 km). For diffuse tumors, an OR of 1.17 was observed at a distance of 1.5 km, although

13
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non-statistically significant. By tumor site, ORs of non-cardia tumors were slightly higher than those
of cardia tumors, at distances between 2.5 km and 3 km, and the opposite at distances between 1 km
and 2 km. Non-statistically significant ORs of cardia tumors were found at distances of <I km
(OR=1.39) and <1.5 km (OR=1.16); in the case of non-cardia tumors, the only non-significant excess

risk was observed at <1.5 km (OR=1.10).

3.3 Results of the analysis 2

The analyses by industrial groups did not reveal any excess risk for most of the industrial
distances, with the exception of those shown in Figure 1 (A): ‘Organic chemical industry’ (analysis
with all of the individuals: ORs=5.31 at 1.5 km, 3.51 at 2 km, and 2.70 at 3 km; sensitivity analysis
with long-term residents: ORs=5.65 at 1.5 km, and 4.20 at 2 km), ‘Inorganic chemical industry’
(analysis with all of the individuals: ORs=3.33 at 2 km, and 2.46 at 2.5 km), ‘Food and beverage sector’
(analysis with all of the individuals: ORs=2.48 at 2 km, and 2.19 at 2.5 km), and ‘Surface treatment
using organic solvents’ (analysis with all of the individuals: OR=3.59 at 3 km; sensitivity analysis with
long-term residents: OR=3.49 at 3 km).

In relation to the problem of multiple comparisons, the following adjusted p-values (p-
BH<0.200 and/or p-BY<0.200) should be stressed (data not shown): ‘Organic chemical industry’
(analysis with all of the individuals: p-BH=0.009, p-BY=0.029 at 1.5 km; and p-BH=0.119 at 2 km; /
sensitivity analysis with long-term residents: p-BH=0.011, p-BY=0.038 at 1.5 km; and p-BH=0.100 at
2 km), ‘Inorganic chemical industry’ (analysis with all of the individuals: p-BH=0.170 at 2 km), ‘Food
and beverage sector’ (analysis with all of the individuals: p-BH=0.170 at 2 km), and ‘Surface treatment

using organic solvents’ (analysis with all of the individuals: p-BH=0.160 at 3 km).
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On the other hand, with regard to the sub-analyses by histological type and tumor site, the
following statistically significant excess risks of non-cardia tumors in the sub-analysis by tumor site
(Figure 2 (A)) should be highlighted: ‘Organic chemical industry’ (analysis with all of the individuals:
ORs=7.16 at 1.5 km, 4.37 at 2 km, 3.40 at 2.5 km, and 3.87 at 3 km; sensitivity analysis with long-term
residents: ORs=9.76 at 1.5 km, 6.85 at 2 km,3.90 at 2.5 km, and 3.66 at 3 km), ‘Food and beverage
sector’ (analysis with all of the individuals: OR=2.69 at 2 km), and ‘Surface treatment using organic
solvents’ (analysis with all of the individuals: OR=4.45 at 3 km; sensitivity analysis with long-term
residents: OR=5.26 at 3 km). The sub-analysis by histological type showed no significant excess risks

(data not shown).

3.4 Results of the analysis 3

The only remarkable excess risks (statistically significant ORs and a number of controls and
cases>5) of gastric cancer in the environs of industrial facilities according to specific pollutants are
shown in Figure 1 (B): ‘Nonylphenol and nonylphenol ethoxylates’ (analysis with all of the individuals:
ORs=6.89 at 2.5 km, and 6.43 at 3 km; sensitivity analysis with long-term residents: ORs=5.88 at 2.5
km, and 6.25 at 3 km), ‘Phenols’ (sensitivity analysis with long-term residents: OR=2.91 at 1.5 km),
and ‘Antimony’ (analysis with all of the individuals: ORs=6.18 at 1.5 km, 3.88 at 2 km, 5.01 at 2.5 km,
and 4.82 at 3 km; sensitivity analysis with long-term residents: ORs=6.53 at 1.5 km, 4.36 at 2 km, 4.66
at 2.5 km, and 3.81 at 3 km).

As regards the problem of multiple comparisons, the following adjusted p-values (p-BH<0.200
and/or p-BY<0.200) should be highlighted (data not shown): ‘Nonylphenol and nonylphenol
ethoxylates’ (analysis with all of the individuals: p-BH=0.015, p-BY=0.065 at 2.5 km; and p-

BH=0.015, p-BY=0.065 at 3 km / sensitivity analysis with long-term residents: p-BH=0.056 at 2.5 km;
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and p-BH=0.056 at 3 km), and ‘Antimony’ (analysis with all of the individuals: p-BH=0.009, p-
BY=0.037 at 1.5 km; p-BH=0.015, p-BY=0.065 at 2.5 km; and p-BH=0.015, p-BY=0.065 at 3 km /
sensitivity analysis with long-term residents: p-BH=0.019, p-BY=0.075 at 1.5 km; p-BH=0.056 at 2.5
km; and p-BH=0.110 at 3 km).

In relation to the sub-analyses by histological type and tumor site, the following statistically
significant ORs of non-cardia tumors in the sub-analysis by tumor site are shown in Figure 2 (B):
‘Nonylphenol and nonylphenol ethoxylates’ (analysis with all of the individuals: ORs=8.65 at 2.5 km,
and 9.66 at 3 km; sensitivity analysis with long-term residents: ORs=8.63 at 2.5 km, and 11.04 at 3
km), and ‘Antimony’ (analysis with all of the individuals: ORs=6.10 at 1.5 km, 4.70 at 2 km, 7.44 at
2.5 km, and 6.16 at 3 km; sensitivity analysis with long-term residents: ORs=8.18 at 1.5 km, 6.49 at 2
km, 7.85 at 2.5 km, and 5.10 at 3 km). The sub-analysis by histological type showed a high OR of
diffuse tumors for industries releasing ‘Antimony’ at 3 km, in the analysis with all of the individuals

(OR=12.28, 95%CI=1.96-77.05, data not shown).

3.5 Results of the analysis 4

Lastly, the risk gradient analysis detected positive radial effects (data not shown) associated
with proximity to ‘Organic chemical industry’ (analysis with all of the individuals: p-trend=0.013, p-
BH=0.117; sensitivity analysis with long-term residents: p-trend=0.023), ‘Inorganic chemical industry’
(analysis with all of the individuals: p-trend=0.022, p-BH=0.132), and industries releasing ‘ Antimony’
(analysis with all of the individuals: p-trend=0.014; sensitivity analysis with long-term residents: p-

trend=0.031).
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4. Discussion

To the best of our knowledge, this paper represents the first attempt to analyze the risk of gastric
cancer, by histological type and tumor site, in the proximity of industrial facilities in Spain using
individual data. Our results suggest no association between risk of this tumor and proximity to the
industries as a whole. However, some specific statistically significant associations, especially with non-
cardia tumors, have been found with proximity to industries belonging to the chemical sector (organic
and inorganic chemical industries), food and beverage sector, and surface treatment using organic
solvents, as well as industries releasing nonylphenol and nonylphenol ethoxylates, phenols, and
antimony. These novel and remarkable results provide new hypotheses in the etiology of gastric cancer
in relation to residential proximity to these industrial sectors and pollutants.

The hypothesis that the risk of gastric cancer could be related to residing in zones close to
industrial areas is not new. Two studies showed indications of a potential association between risk of
gastric cancer and exposure to industrial pollution as early as 1969: Winkelstein et al. (Winkelstein and
Kantor, 1969) found higher mortality rates for gastric cancer in people living in an industrial area in
the US with high suspended particulate air pollution, and Ashley (Ashley, 1969) found an association
between gastric cancer mortality and residing in towns with coal mines and textile industries in counties
of England and Wales. Moreover, in that same year, an experimental model that induced gastric tumors
in mice fed on benzo(a)pyrene, provided emerging support for a possible role of airborne PM, obtained
from a petrochemical area in the etiology of gastric cancer in air polluted areas (Neal and Rigdon,
1969). However, the subsequent literature about environmental exposures in the vicinity of industrial
areas and risk of gastric cancer has been sparse. An ecologic study conducted in Croatia showed higher
mortality rates of stomach cancer in an industrialized area compared to a non-industrialized region

(Dorici¢ et al., 2018). In Italy, Fantini et al. (Fantini et al., 2012) observed a statistically significant
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increased standardized mortality ratio for gastric cancer in men (but not in women) in an industrial
zone.

With respect to the industrial sectors with some statistically significant results in our study,
there are scarcely any studies on risk of gastric cancer and proximity to industries pertaining to the
chemical sector. A Chinese study revealed that people residing in chemical industrial parks, who are
exposed to higher levels of persistent toxic pollutants than those residing far from these industrial zones,
presented a non-statistically significant excess risk of stomach cancer (OR=1.87, 95%CI1=0.26-13.41)
(Li et al., 2011). The remaining studies about the chemical industry are focused on occupational
exposures, mainly in the rubber industry. Although in 1982, the International Agency for Research on
Cancer determined that there was sufficient evidence of the relationship between working in the rubber
manufacturing industry and increased risks of gastric tumors (International Agency for Research on
Cancer, 1982), recent studies have shown inconsistent findings: a British cohort of rubber workers
provided evidence of excess risks of gastric cancer (Hidajat et al., 2019; McElvenny et al., 2018),
whereas a meta-analysis conducted in France (Mathieu Boniol et al., 2017) and two cohorts of rubber
workers employed in Sweden and the United Kingdom (M. Boniol et al., 2017) showed no association
between risk of this tumor and the rubber industry. Occupational studies about other types of chemical
industries, in general, found no positive associations with gastric cancer risk (Bonneterre et al., 2012;
Coggon et al., 2004; Marsh et al., 1999; Pasetto et al., 2012). In our study, ORs of gastric cancer in the
environs of organic and inorganic chemical industries were high and statistically significant, ranging
from 2.46 to 5.31. Both industrial sectors released known and suspected carcinogens (metals, PAHS,
PMa1o, benzene, or dioxins) (European Environment Agency (EEA), 2021) and, taking into account that

the findings of occupational studies about the chemical sector and risk of gastric cancer are inconsistent,
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our results would support the hypothesis of a pathway of environmental exposure rather than an
occupational one.

Our findings about the food and beverage sector (which includes slaughterhouses, treatment
and processing intended for the production of food and beverage products, and treatment and
processing of milk) revealed a possible association with the risk of gastric cancer in the environs around
2-2.5 km. To our knowledge, no epidemiologic studies have been conducted on people residing close
to these industrial installations. As regards occupational studies, Johnson et al. (Johnson et al., 1997)
observed a non-statistically significant elevated risk of gastric cancer mortality in workers of poultry
slaughtering plants, albeit based on very few deaths. However, some studies about occupational
exposures in the food industry have found statistically significant associations with incidence
(Aragonés et al., 2002; Boffetta et al., 2000; Parent et al., 1998; Santibariez et al., 2012) and mortality
(Johnson et al., 2011) of gastric cancer. Industries belonging to the food and beverage sector release
carcinogens to both air and water, such as dioxins, PM, heavy metals, or naphthalene (European
Environment Agency (EEA), 2021), and generate carcinogenic waste, such as asbestos-containing
materials and mineral oils (European Environment Agency (EEA), 2021; Nunoo et al., 2018). Both
asbestos (Fortunato and Rushton, 2015; Kang et al., 1997; Peng et al., 2015) and mineral oils (Zhao et
al., 2005) have been associated with risk of gastric cancer, something that would be consistent with our
finding of an excess risk in the vicinity of these facilities.

In relation to industries involved in the surface treatment using organic solvents, our results
showed an increased risk of gastric cancer at <3 km of these plants, which include motor vehicle
manufacturing, printing industry, optical manufacturing industry, or abrasive manufacturing plants. To
our knowledge, no epidemiologic studies have been conducted on residents living near these industrial

plants, even though they release known or suspected carcinogens such as lead, chromium, PAHSs,
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dichloromethane, or PM1o (European Environment Agency (EEA), 2021). Although some occupational
studies did not find associations with risk of gastric cancer in workers of these industries (Brown et al.,
2002; Edling et al., 1987), most of them revealed positive associations (Chen and Seaton, 1998; Delzell
et al., 2003; Jansson et al., 2006; Kvam et al., 2005; Wang et al., 1983).

In the analysis of gastric cancer risk according to specific pollutants released by the plants,
statistically significant increased risks were detected for nonylphenol and nonylphenol ethoxylates,
phenols, and antimony. Few studies in the literature have evaluated the gastric cancer risk and exposure
to these substances. Regarding nonylphenol, Wu et al. (Wu et al., 2008) found that this EDC induced
estrogenic activity in the stomach of female mice. Moreover, a role of estrogens and estrogen receptors’
expression in the development of gastric cancer has been suggested by some authors (Ur Rahman and
Cao, 2016), representing a possible mechanism by which exposure to EDCs released by surrounding
industries could increase the risk of this tumor. In relation to phenols, a cohort of American workers
exposed to these substances showed lower than expected mortality ratios of stomach cancer (Dosemeci
etal., 1991). Finally, in relation to antimony, an Iranian study detected a high correlation between living
in areas with mineral deposits of antimony and risk of gastric cancer (Eskandari et al., 2015).

Aside from the limitations inherent to this type of study, mention should also be made of the
following: the non-inclusion of occupational exposures in the statistical models due to the lack of
individual data; the possible recall bias linked to self-reported information about potential confounders
(although this recall bias would be non-differential, which implies an attenuation of the studied effects);
the potential source of uncontrolled bias derived from the differential distribution of cases and controls
among the provinces of the study; the non-inclusion of potential factors that could be related to the
exposure misclassification (e.g.: confounding by indoor air pollution or the time actually spent within

the exposure areas); the loss of statistical power due to the exclusion of participants outside the study
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areas; the low number of cases in some sub-analyses referred to certain industrial groups and/or specific
pollutants; and the assumption of an isotropic model using the distance as a proxy of the real exposure
to the industrial pollution, which is dependent on geographic factors, such as landforms or prevailing
winds.

Another aspect to consider is the non-inclusion of information about infection with
Helicobacter pylori, an important risk factor for gastric cancer. In our study, the presence of antibodies
to Helicobacter pylori, as a marker of infection, was determined in only a subsample of the participants
and, more importantly, almost all of the participants in this subsample were seropositive (Fernandez de
Larrea-Baz et al., 2017). For these reasons, the inclusion of this variable in the analyses was discarded.
Anyway, a sensitivity analysis including this information showed similar results to those presented here
(data not shown).

With regard to the strengths of this paper, the robustness and completeness of the
methodological approach used in the analyses (including stratification of the risk by industrial groups
and specific substances), the use of adjusted p-values to control the problem of multiple comparisons,
the detailed results by histological type and tumor site, and the inclusion of a sensitivity analysis
(considering only long-term residents) for each type of analysis, have provided an exhaustive
description of the association between industrial pollution and gastric cancer risk. The study included
population-based controls and histologically confirmed incident cases, which adds specific value to our
findings. Specifically, the recruitment of incident cases also served to prevent potential changes of
address associated with the cancer diagnosis. Hence, if there were any bias affecting proximity to
industrial facilities in the relevant periods of the participants’ life, this bias would be non-differential,
causing an underestimation of the estimated risk. Lastly, our paper is a multicenter case-control study

carried out in nine provinces, representative of the general Spanish idiosyncrasy and located throughout
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the geography of Spain, covering both urban and rural settings. Our analyses included a random
province-specific intercept term that accounted for unexplained heterogeneity in the models due to

unmeasured factors in the different regions.

5. Conclusions

Our results suggest no association between the risk of gastric cancer and living in the proximity
to the industrial facilities as a whole. However, some associations, especially with non-cardia tumors,
have been found with proximity to a few industrial sectors (chemical, food/beverage, and surface
treatment using organic solvents) and plants releasing specific pollutants (nonylphenol, phenols, and
antimony). Further studies in the environs of industrial facilities are recommended to improve our

understanding of the role of these pollutants in the etiology of gastric cancer.
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Figure legends

Figure 1: odds ratios of gastric cancer with statistically significant results and based on a number of
controls and cases >5 for the analysis of proximity to industrial facilities by category of industrial group
(A), and for the analysis of proximity to industries releasing specific pollutants (B). X-axis is plotted
in logarithmic scale.

Figure 2: odds ratios of non-cardia tumors with statistically significant results and based on a number
of controls and cases >5 for the analysis of proximity to industrial facilities by category of industrial
group (A), and for the analysis of proximity to industries releasing specific pollutants (B). X-axis is

plotted in logarithmic scale.
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Table 1: Characteristics of gastric cancer cases and controls.

Characteristic Controls (n=2664) Cases (n=137) p-value?
Age, mean (SD) 63.9 (11.5) 67.7 (11.3) <0.001
Sex, n (%)

Men 1422 (53.4) 79 (57.7)

Women 1242 (46.6) 58 (42.3) 0.372
Province, n (%)

Asturias 149 (5.6) 14 (10.2)

Barcelona 714 (26.8) 16 (11.7)

Cantabria 295 (11.1) 1(0.7)

Granada 110 (4.1) 2(1.5)

Huelva 101 (3.8) 13 (9.5)

Leon 320 (12.0) 72 (52.6)

Madrid 708 (26.6) 11 (8.0)

Navarre 251 (9.4) 7(5.1)

Valencia 16 (0.6) 1(0.7) <0.001
Family history of gastric cancer, n (%)

None 2362 (88.7) 111 (81.0)

Second degree only 131 (4.9) 5 (3.6)

1 first degree 163 (6.1) 19 (13.9)

>1 first degree 8(0.3) 2 (1.5) <0.001
Tobacco smoking, n (%)

Never 1185 (44.5) 70 (51.1)

Former smoker 918 (34.5) 38 (27.7)

Current smoker 561 (21.0) 29 (21.2) 0.223
Educational level, n (%)

Less than primary school 540 (20.3) 32 (23.4)

Primary school completed 932 (35.0) 59 (43.1)

Secondary school 721 (27.0) 32 (23.4)

University 471 (17.7) 14 (10.2) 0.049
Individuals living in their current residence for >10 years, n (%) 2249 (84.4) 109 (79.6) 0.161
Histological type, n (%)

Intestinal - 65 (47.4)

Diffuse - 29 (21.2)

Other / not classified - 43 (31.4)

Tumor site, n (%)

Cardia - 19 (13.9)

Non-cardia - 107 (78.1)

Other / not classified - 11 (8.0)

aTwo-sided Chi-square test and Mann-Whitney U-test, where appropriate.




Table 2: Odds ratios of gastric cancer by distance to the industrial installations as a whole (all individuals), by histological type, and by tumor site.

All of the individuals

Analysis by histological type

Analysis by tumor site

n (%) Intestinal (65 cases) Diffuse (29 cases) Cardia (19 cases) Non-cardia (107 cases)
Controls Cases

Industrial distance (n=2664) (n=137) OR (95%CI)? Cases (n)  OR (95%CI)° OR (95%CI)P Cases (n) OR (95%CI)® Cases (n) OR (95%CI)P
Reference (>3 km) 870 (32.7) 50 (36.5) 1.00 20 1.00 1.00 9 1.00 35 1.00

<3 Km 1794 (67.3) 87 (63.5) 0.81(0.54-1.22) 45 1.06 (0.58-1.93) 0.79 (0.34-1.83) 10 0.70(0.25-1.97) 72 0.96 (0.60-1.54)
<2.5Km 1423 (53.4) 60 (43.8) 0.73(0.47-1.13) 28 0.89(0.47-1.70) 0.66 (0.27-1.65) 9 0.78(0.27-2.23) 47 0.83(0.50-1.37)
<2 Km 1080 (40.5) 45(32.8) 0.84(0.53-1.34) 18 0.95(0.47-1.91) 1.05 (0.42-2.61) 7 0.95(0.31-2.91) 35 0.96 (0.57-1.63)
<1.5Km 587 (22.0) 28 (20.4) 0.93 (0.55-1.58) 12 1.06 (0.48-2.33) 8 1.28(0.47-3.48) 4 0.98(0.27-3.58) 22 1.07 (0.59-1.95)
<1 Km 296 (11.1) 14 (10.2) 0.79(0.41-1.54) 7 0.93(0.36-2.40) 3 1.06(0.27-4.23) 3 1.07(0.25-4.61) 9 0.76 (0.34-1.69)

80Rs were estimated from various mixed multiple logistic regression models (an independent model for each of the categories of industrial distance), including age, sex, education, family history of gastric cancer, tobacco smoking, and province of residence (the latter

as a random effect term).

ORs were estimated from various multinomial logistic regression models (an independent model for each of the categories of industrial distance), including age, sex, education, family history of gastric cancer, tobacco smoking, and province of residence.




Table 3: Odds ratios of gastric cancer by distance to the industrial installations as a whole (individuals living in their current residence for >10 years), by

histological type, and by tumor site.

Individuals living in their current
residence for >10 years

Analysis by histological type

Analysis by tumor site

n (%) Intestinal (51 cases) Diffuse (26 cases) Cardia (17 cases) Non-cardia (84 cases)
Controls Cases

Industrial distance (n=2249) (n=109) OR (95%CI)? Cases (n) OR (95%CI)® Cases (n) OR (95%CI)° Cases (n) OR (95%CI)® Cases (n) OR (95%CIl)°
Reference (>3 km) 728 (32.4) 41 (37.6) 1.00 16 1.00 10 1.00 8 1.00 29 1.00

<3 Km 1521 (67.6) 68 (62.4) 0.73(0.46-1.17) 35 0.93(0.47-1.84) 16 0.79(0.32-1.95) 9 0.63(0.20-1.93) 55 0.86 (0.50-1.46)
<2.5Km 1192 (53.0) 46 (42.2) 0.66 (0.40-1.08) 22 0.80(0.39-1.67) 10 0.63(0.23-1.69) 8 0.72(0.23-2.26) 35 0.74 (0.42-1.30)
<2 Km 901 (40.1) 37(33.9) 0.86(0.51-1.45) 15 0.94 (0.43-2.07) 10 1.04 (0.39-2.80) 7 1.07(0.33-3.42) 28 0.97 (0.54-1.76)
<1.5 Km 480 (21.3) 23(21.1) 0.95(0.53-1.72) 10 1.05(0.44-2.52) 6 1.17(0.38-3.57) 4 1.16 (0.30-4.46) 18 1.10(0.56-2.15)
<1 Km 237 (10.5) 11 (10.1) 0.80 (0.38-1.70) 5 0.81(0.27-2.44) 2 0.84 (0.16-4.30) 3 1.39(0.32-6.17) 7 0.76 (0.31-1.91)

80Rs were estimated from various mixed multiple logistic regression models (an independent model for each of the categories of industrial distance), including age, sex, education, family history of gastric cancer, tobacco smoking, and province of residence (the latter

as a random effect term).

ORs were estimated from various multinomial logistic regression models (an independent model for each of the categories of industrial distance), including age, sex, education, family history of gastric cancer, tobacco smoking, and province of residence.




A) CATEGORIES OF INDUSTRIAL SECTORS

Distance: 1.5 km
INDUSTRIAL GROUP (no. industries)

Distance: 2 km

Distance: 2.5 km

Distance: 3 km

Analysis with all of the individuals Co Ca OR (95%Cl) Co Ca OR (95%Cl) Co Ca OR (95%Cl) Co Ca OR (95%Cl)
Organic chemical industry (11) 103 9 5.31(2.02-13.96) - = 226 12 3.51(1.42- 8.69) —_— 381 15 2.39 (0.98 -5.81) —_—— 490 19 2.70(1.08 - 6.78) ——
Inorganic chemical industry (2) 43 5 3.33(1.12-9.85) = 97 9 2.46(1.01-5.98) —_— 115 11 2.32(0.98 - 5.53) I —
Food and beverage sector (13) 38 6 165(060-451) <@ —— 136 13 2.48(1.12-550) ———— @ ——— 216 15 2.19 (1.03 -4.68) — 429 19 142 (0.74-272) —®——
Surface treatment using organic solvents (3) 190 9 2.63(0.95-7.33) = 219 12 3.59 (1.40-9.22) ——
Sensitivity analysis with long-term residents
Organic chemical industry (11) 94 8 5.65(1.96-16.29) - & 211 10 4.20(1.51-11.67) = 346 11 2.28(0.83-6.27) = 441 14 236(0.84-663) —— @ —
Inorganic chemical industry (2) 83 8 2.54(0.97 -6.62) = 98 9 209(081-539) — @ ——
Food and beverage sector (13) 114 9 2.35(0.92-6.00) <« @#————— 181 11 229(0.94-553) — @ ———— 362 15 1.41(0.68-294) <« @——
Surface treatment using organic solvents (3) 172 6 2.10(0.65-6.77) = 191 9 3.49(1.22-10.03) —_—
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POLLUTANT (no. industries) co ca OR (95%CI
Analysis with all of the individuals Co Ca OR (95%Cl) (95%CH Co Ca OR (95%Cl) Co Ca OR (95%Cl)
N —a— - —a—
Nonylphenol and nonylphenol ethoxylates (1) 60 7 6.89(2.39-19.89) 97 9 6.43(2.30-17.97)
Phenols (11) 83 5 270(0.98-742) < @ 239 9 185(083-4.16) 604 12 0.95(0.45-2.02) » 944 18 0.92(0.44-1.92) »
i o ’ 145 9 3.88(1.43-10.57 — B - = B S —
Antimony (7) 63 8 6.18(2.29-16.63) e ( ) 179 12 5.01 (1.97 -12.71) 224 14 4.82(1.94-12.01)
Sensitivity analysis with long-term residents
- —_— B R —
Nonylphenol and nonylphenol ethoxylates (1) 209 8 2.09(0.87.499) 4— @ 54 6 5.88(1.86-18.55) 84 8 6.25(2.05-19.08)
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Phenols (11) 77 5 2.091(1.03-8.26) - el (l - 54) . 509 9 0.93(0.39-2.20) 783 14 0.94(0.41 - 2.20)
Antimony (7) 57 7 653 (2.24-19.07) B ( ) 169 10 4.66 (1.71-12.68) 209 11 3.81(1.43-10.18)
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A) CATEGORIES OF INDUSTRIAL SECTORS

Distance: 1.5 km

INDUSTRIAL GROUP (no. industries)

Distance: 2 km

Distance: 2.5 km

Distance: 3 km

Analysis with all of the individuals Co Ca OR (95%Cl) Co Ca OR (95%CI) Co Ca OR (95%Cl) Co Ca OR (95%CI)
Organic chemical industry (11) 103 6 7.16 (2.19-23.42) —_—.— 226 8 4.37(1.50-12.78) - & 381 11 3.40(1.18-9.80) . E— 490 14 3.87(1.25-11.98) - &
Food and beverage sector (13) 136 10 2.69(1.09-6.63) — @& —— 216 11 2.23(0.92-539) —— @& —— 429 15 1.70(0.80-3.62) —®—
Surface treatment using organic solvents (3) 190 6 2.48(0.70-8.81) = 219 9 4.45(1.44-13.78) . —
Sensitivity analysis with long-term residents
Organic chemical industry (11) 94 6 9.76 (2.70 -35.19) —_— 211 7 6.85(2.06-22.72) ol 346 8 3.90(1.17-12.97) ol 441 10 3.66 (1.02 -13.08) ol
Food and beverage sector (13) 114 7 281(096-823) «—&%—— 181 8 2.48(0.88-6.99) — @ —— 362 12 1.71(0.73-4.03) <—@——
Surface treatment using organic solvents (3) 191 7 5.26(1.51-18.33) =
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B) SPECIFIC POLLUTANTS
Distance: 1.5 km Distance: 2 km Distance: 2.5 km Distance: 3 km
POLLUTANT (no. industries)
Analysis with all of the individuals Co Ca OR (95%Cl) Co Ca OR (95%Cl) Co Ca OR (95%Cl) Co Ca OR (95%Cl)
Nonylphenol and nonylphenol ethoxylates (1) 60 5 8.65(2.45-30.58) B — 97 7 9.66(2.78 -33.62) e —
Antimony (7) 63 5 6.10(1.81-20.50) —_— 145 6 4.70(1.48-14.89) L 179 9 7.44(2.60-21.26) — 224 10 6.16(2.18-17.43) I E—
Sensitivity analysis with long-term residents
Nonylphenol and nonylphenol ethoxylates (1) 54 5 8.63(2.29-32.54) e 84 7 11.04 (2.86-42.58) e
Antimony (7) 57 5 8.18(2.35-28.51) — 137 6 6.49 (2.04 -20.60) = 169 8 7.85(2.59-23.84) —_— 209 8 5.10(1.69-15.41) B —
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