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Background: Gastrointestinal cancers are among the most common cancers in different communities.
Gastrointestinal tract cancer is the most common cancer among Iranian men and the second common
cancer among Iranian women. Due to the impact of environmental factors on the risk of
gastrointestinal cancer and the increasing use of agricultural pesticides, this study aimed to investigate
the effects of exposure to pesticides on gastrointestinal cancer among pistachio farmers, Rafsanjan,
Iran

Materials and Methods: In this case-control study, 79 patients with gastrointestinal cancer (cases)
and 143 healthy people (controls) were studied. For each case, two people were selected as controls
for each case from their neighbors and relatives. Data were collected using the study checklist
which included demographic information and specific items related to their exposure. Data were
analyzed using independent t-test, chi-square test, Fisher’s exact test, and logistic regression.

Results: The risk of gastrointestinal cancer after controlling some confounding factors among
individuals who were exposed to spraying pesticides for less than 10 days per year was 1.38 (ClI:
0.70-2.71), and in individuals who were exposed to it for between 10 to 20 days per year was 1.71
(Cl: 0.79-3.7). The difference was not statistically significant . However, for individuals who had this
exposure for more than 20 days per year, the risk was increased to 8.53 (ClI: 2.1-34.7) which was
statistically significant (P = 0.004). Unexpected exposure to agricultural pesticides and living close to
pistachio gardens, both significantly (P < 0.05) increased the risk of gastrointestinal cancers by 8.67
(CI: 1-75.71) and 2.7 (CI: 1.43-5.1), respectively. Among subjects who used protective equipment,
the risk of gastrointestinal cancer was statistically lower (OR = 0.18, 95%CI: 0.042-0.85) than this
risk among people who did not use this equipment (P = 0.03).

Conclusions: Our findings showed that exposure to pesticides, in particular for long time, increased
the risk of gastrointestinal cancer among pistachio farmers. Further studies in this area are
recommended.
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Introduction communities. In the United States of America,
after prostate cancer, gastrointestinal tract
cancer is the second most common
noncutaneous cancer (2). In Iran, cancer is the
third most common cause of death, and 30000

Despite some success in preventing infectious
diseases in recent decades, there has been an
increasing incidence of chronic diseases. In
some countries after cardiovascular disease,
cancer is the second leading cause of death (1).
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people die from cancer each year (3).
Gastrointestinal tract cancer is the most
common cancer among Iranian men and it is
the second most common cancer among
Iranian women (4, 5).

Every year, 50000 people are diagnosed with
cancer in Iran and the organ most involved is
the gastrointestinal tract (by more than 38% of
all cancers). Cancers of the stomach,
esophagus, and colon are the three most
common cancers in men and women, after
breast cancer, these three types of cancer are
among the most commonly reported cancers
(6). In Iran, nearly half of all deaths due to
cancers are related to gastrointestinal cancers
(3).

The two main causes of cancer are genetic and
environmental factors, and the environmental
factors are controllable and preventable (7).
Environmental and climatic conditions in
different regions provide the underlying
factors for some diseases including cancer (8).
One of the risk factors associated with
gastrointestinal cancer that has been
investigated in various studies is exposure to
agricultural pesticides (9). Pesticides are
chemicals that are used to minimize the effects
of harmful organisms such as insects, rodents,
weeds, and fungi that live around humans.
Rafsanjan is an area with abundant agricultural
lands and about 88 thousand hectares of
pistachio gardens. Therefore, about 700 tons of
pesticides for pistachios are used in this city
every year (10). In a study conducted by
Vazirinezhad et al. on the geographical
distribution of death due to cancer in the city
of Rafsanjan and Anar (lran), a clear
difference was observed in mortality due to
cancer between parts of Rafsanjan which had
greater accumulation of pistachio gardens
compared to other parts of the city. This study
strengthens the hypothesis of the relationship
between exposure to pesticides of pistachios
and cancer (the article is being published).
Thus, the present study aimed to investigate
the effects of exposure to pesticides of
pistachios on gastrointestinal cancer in the city
of Rafsanjan and Anar.
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Material and Methods

This was a case-control study conducted on
222 individuals aged between 20-29 years who
lived in four districts of the city of Rafsanjan.
In this study, the sample size was calculated
using the formula of the minimum sample size
for comparison of the two communities, with
the power of 90% and error of 0.05, and the
number 79 was calculated for each group.

(Zywrn + Z13) [RA-R)+ B (1- P,)]
H = >
(A-PR)°

In this formula, the approximate ratio of
patients with gastrointestinal cancer (case
group) who had been exposed to pistachio
pesticides and the approximate ratio of healthy
individuals (control group) who were exposed
to pistachio pesticides, according to a pilot
study on two groups of 10 individuals from the
case and control groups, were calculated as 0.7
and 0.44, respectively. In this study, the
number of individuals invited for the control
group was twice that for the case group and a
total of 222 patients were enrolled in the study.
Individuals who had been diagnosed with
gastrointestinal cancer between the years 2009
and 2014 by pathology centers and their names
were recorded in the health department of the
university were selected as the case group.
Moreover, for each individual in the case
group, two witnesses (control), including
neighbors and relatives, were selected.

The inclusion criteria included being Iranian
and aged 20-90 years. The two groups were
matched in terms of confounding variables
such as age, gender, socioeconomic status, and
place of residence. Data was collected by
trained health care providers during 2 months
through interviews with the participants. The
checklist used in this study included
demographic and general information,
information on agricultural activities, exposure
to pesticides, and occupational information.
The information of the checklist, after
collection and coding, was entered into SPSS
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software (version 21, SPSS Inc., Chicago, IL,
USA). To compare the mean quantitative
factors in the two groups, independent two-
sample t-test was used. To compare the
frequency distribution of qualitative variables
in the two groups, chi-square or Fisher's exact
test was wused. Then, using the logistic
regression and logistic regression multivariate
model, the relationship between exposure to
pesticides of pistachios and gastrointestinal
tract cancer were evaluated after excluding
confounding factors such as smoking. In the
final logistic regression model, the relationship
between exposure to pesticides of pistachios
and cancer of the gastrointestinal tract was
reported as OR (Odds Ratio) and 95%
confidence interval for OR and P-value to
evaluate the significance of the relationship. In
this study, the significance level was 0.05.

Results

No significant differences were observed
between the variables of age (mean age of the

subjects in the case group was 61.18 + 15.91
years and in the control group was 60.92 +
15.02 years), gender, and place of residency.
However, in terms of tobacco consumption,
there was a statistically significant difference
between the two groups (Table 1). Since
smoking was a confounding factor in this
study, this factor was controlled in the analysis
phase. The findings of this study showed that
69.6% and 58% of the case and control group
participants had performed agricultural
activities and this difference was not
statistically significant based on the chi-square
test (P = 0.089). Independent t-test results
showed that the mean duration of agricultural
activity in the case group was 28 + 23 years
and in the control group was 23 + 23 years and
this difference was not statistically significant
(P = 0.150). The mean number of days/years
of pesticide spraying in the case group was
13.21 = 20.91 and in the control group was
5.38 + 9.51 and this difference was statistically
significant (P = 0.003).

Table 1: Distribution of subjects in the two groups in terms of demographic variables

Case grou Control grou
Variables group group P-Value
% N %
<40 8 10.1 13 9/00
40-49 9 11.4 17 11.9
Age 50-59 16 20.3 27 18.9 0.9
60-69 21 26.6 44 30.8
70 < 25 31.6 42 29.4
Female 19 24.1 36 25.2
Gender Male 60 75.9 107 748 0.75
. City 13 16.5 38 26.8
.081
Place of residency Village 66 835 105 732 0.08
. Yes 34 43 32 22.4
Smoking No 45 57 111 776 0.001

Based on the logistic regression model, the
risk of gastrointestinal tract cancer in people
who were involved in pesticide spraying
programs, after controlling the confounding
factor of smoking, was 1.64 (Cl: 0.9-2.99) and
was not statistically significant (P = 0.100)
(Table 2). In table 2, the relationship between
the variables of exposure to pesticides and
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gastrointestinal tract cancer, in raw and
adjusted mode, has been shown for the
confounding variable of smoking. Based on
the number of days/years of pesticide
spraying, the risk of the gastrointestinal tract
cancers was 1.38 (CIl: 0.70-2.71) in people
who had worked less than 10 days in that
environment and 1.71 (CI: 0.79-3.7) in people
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who had worked between 10 to 20 days. This
difference was not statistically significant.
Nevertheless, for the participants who had
worked for more than 20 days, the risk was
8.53 (CI: 2.1-34.7), which was statistically
significant (P = 0.004). These findings showed

that with the increase in the number of days
that a person participates in the pesticide
program, the risk of gastrointestinal cancer
also increased. This showed the impact of the
severity and duration of exposure to pesticides
on gastrointestinal tract cancer.

Table 2: The relationship between the variables of exposure to pesticides and cancer of the gastrointestinal tract
in raw and adjusted mode for the confounding variable of smoking

Univariable Multivariable Hosmer-Lemeshow
Variables OR(95%ClI for OR(95%ClI for goodness- of- fit
OR) P-Value OR) P-Value test
Presence in pesticide NO 1 - 1 - 0.89
spraying programs Yes 1.71(0.95-3.081) 0.074 1.64(0.9-2.99) 0.1 '
0 1 - 1 -
'\;‘;mez‘i:c‘i’(;ed:yrs; y?irs 19 1440.74-2.8) 0.28 1.38(0.7-2.71) 0.28 0.0
P o raﬁ] YING 1020  1.88(0.88-3.96) 01 1.77(0.79-3.7) 01 '
prog 20 < 7.79(1.96-30.92) 0.004 8.53(2.1-34.7) 0.004
Unexpected exposureto  NO 1 - 1 - 0.99
agricultural pesticides Yes  11.67(1.38-98.77) 0.024 8.67(1-75.71) 0.05 '
The use of personal NO 1 - 1 - 0.73
protective equipment Yes 0.19(0.043-0.86) 0.03 0.18(0.042-0.85) 0.03 '
100< 1 - 1 -
. - 0.94
Distance of the location — 50— £5(1.46-4.69) 0.002 2.59(1.43-4.8) 0.002
. NO 1 - 1 -
Permethrin Yes  4.5(1.64-12.36) 0.002 5.37(1.9-15.17) 0.001 09
NO 1 - 1 -
i 0.95
Amitraz Yes  1.95(111-3.45) 0.02 1.86(1.04-3.32) 0.037
NO 1 - 1 -
Endosulfan Yes  1.79(1-3.087) 0.042 1.73(1.73-3.087) 0.05 089

Regarding unexpected exposure to agricultural
pesticides, the chances of developing
gastrointestinal tract cancer was 8.67 (CI: 1-
75.71) and was statistically significant (P
=0.050). Furthermore, for individuals who
used personal protective equipment, the risk of
gastrointestinal tract cancer was 0.18 (ClI:
0.042-0.85) and this variable was statistically
significant (P = 0.030) and showed the role of
protection in digestive tract cancer. Regarding
the place of residency, people who lived less
than 100 meters from the pistachio gardens
had 2.59 chance of developing gastrointestinal
tract cancer (Cl: 1.43-4.8) and this was
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statistically significant (P = 0.002). Another
important variable in this study was the type of
pesticide, and the results indicated that the risk
of gastrointestinal tract cancer in individuals
who were exposed to amitraz, endosulfan, and
permethrin (ambush) was 95% (OR 1.86, 95%
Cl: 1.04-3.32), 80% (OR 1.73, 95% CI: 1.73-
3.087), and 350% (OR 5.37, 95% CI: 1.9-
15.17), respectively, in comparison to
individuals who were not exposed to these
pesticides. There were no significant
differences among the two groups regarding
exposure to other pesticides (P > 0.050) (Table
3).

JOHE, Autumn 2015; 4 (4)



Pesticides and risk of gastrointestinal cancer

Table 3: Frequency distribution of the subjects in the two groups in terms of exposure to different pesticides

Variables x Case gro;f NControl groug;0 (95%C?$or oR) P-Value
Endosulfan Leos gé gg:i ;i 28:? 1.79(1.020-3.162)  0.04
Amitraz Leos 2? gi:g % gg:; 1.95(1.106-3.45)  0.02
Dursban Leos é? éi:é 12212 ég:; 1.041(0.48-2.25)  0.92
Zolone T\JZS ‘31513 ié;i Sg ggg 1.33(0.77-2.31) 0.31
Sumithion T\ES 745 954_19 1;6 945?1 1.036(0.29-3.65) 1
Diazinon T\ES gg ?i:‘;’ 14012 ?f; 0.84(0.45-1.57) 0.59
Mospilan YN%S 1(1) éig gg 5%)‘_‘4 0.89(0.395-2.012)  0.78
Ethion Leos jﬁ gié gg gg:i 1.36(0.78-2.36) 0.28
Permethrin Leos ég égg 127 ;5:28 4.5(1.64-12.4) 0.002
Discussion However, relationships were observed in the

The results of the present study showed that to
two groups were matched regarding the
confounding variables. There were no
significant differences between the two groups
in terms of agricultural activity, duration of
agricultural activity in years, and history of
attendance in pesticide spraying programs.
However, increase in days/years of exposure
to pesticides, unexpected exposure to
pesticides, and lack of use of personal
protective equipment when working with
pesticides increased the risk of digestive tract
cancers. The risk of gastrointestinal cancer in
people who lived near the agricultural gardens
had significantly increased.

In the study by Salerno on the relationship
between agricultural pesticides and risk of
cancer in one of the cities of Italy, there was a
possible link between exposure to pesticides
and cancer and the results were inconsistent
with the present study (11). Alexander, in a
case study with the aim of identifying the
effect of pesticides on the risk of colorectal
cancer, showed that there were no significant
relationships between exposure to agricultural
pesticides and colon and rectal cancer (12).
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separate analysis of different pesticides, but
there were limitations in determining this
relationship. Based on the results no causal
link was observed between exposure to
agricultural pesticides and colon and rectum
cancer, which was consistent with the findings
of this study (12).

A study was conducted to assess the impact of
pesticides on gastric and esophageal cancers in
southwest Turkey by Yildirim et al. (13). Their
results showed no statistically significant
relationship between exposure to pesticides
and esophagus and stomach cancer and this
finding was consistent with the findings of the
present study (13). It should be noted that
perhaps the lack of a significant relationship
between gastrointestinal tract cancers and the
history of and mean duration of working in
agriculture in terms of years in the present
study, and its inconsistency with other studies,
might be due to the fact that most people in
this region identify themselves as farmers, but
may not perform any agricultural activities.
Regarding the variable of experience in the
pesticide spraying program, it should be noted
that the number of days/years of spraying
differed between individuals. In other words,
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individuals differed in terms of duration and
intensity of exposure to pesticides. This could
be one of the reasons of the insignificancy of
the relationships; this is why the mean of the
days/years of spraying was compared in both
groups. This difference was statistically
significant and this relationship showed the
impact of the duration and intensity of
exposure to pesticide of pistachio. In this
study, the number of days/years of pesticide
spraying in people was divided into four sub-
groups. The findings showed that with
increase in the number of days that people
participate in the pesticide spraying program,
the risk of gastrointestinal tract cancer also
increases. In addition, the risk of
gastrointestinal tract cancer in individuals who
were unexpectedly exposed to high doses of
pesticides was 12 times higher than others.
Andreotti investigated the effect of exposure to
pesticides on pancreatic cancer, and showed
that with increase in the number of days of
exposure to pesticides per year, the risk of this
cancer increased even after controlling
confounding variables such as smoking,
diabetes, and age (14). These results were
consistent with the present study (14).

Rusiecki showed that with increase in the
amount of exposure to pesticides, the risk of
non-Hodgkin lymphoma also increased (15).
The results of the present study showed
increased risk of gastrointestinal cancers in
people who were at the highest level of
exposure to pesticides. These findings were
consistent with the results of some studies on
the effects of different levels of exposure to
pesticides on gastrointestinal cancers (16-21).
The results of this study showed that the risk
of gastrointestinal cancer in individuals who
had been exposed to amitraz, endosulfan, and
ambush was 95%, 80%, and 350% in
comparison to those who were not exposed to
these toxins. No significant differences were
observed between the two groups regarding
exposure to other pesticides.

The results of the case study by Weichenthal
on the relationship between exposure to
pesticides and kidney cancer through
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reviewing 28 studies was consistent with the
present study. No statistically significant
relationships were observed between use of
pesticides and the risk of cancer. However, in
some of these studies, a significant association
was observed in higher levels of exposure to
12 types of pesticides, including permethrin
(22).

Endosulfan is a chlorinated organic insecticide
and it is used in numerous agricultural
products in many areas of the world to control
a wide variety of pests and arthropod.
Endosulfan is easily absorbed by humans
through the stomach, lungs, and skin. This
pesticide can cause acute and chronic toxicity
in humans. Laboratory studies have shown that
endosulfan has potential carcinogenic effects
(23). This pesticide is responsible for a large
number of deaths due to pesticide poisoning
throughout the world. Whether endosulfan can
cause cancer in humans is a controversial issue
(24).

There are evidences of carcinogenic toxins in
amitraz. The Environmental Protection
Agency issued a list of toxins in September
2015 that can cause cancer in humans and
amitraz was also included in this list (25).
Although amitraz and endosulfan are no longer
used international community, according to the
statistics obtained from the Agricultural Jihad
in the area under review, they are currently the
most frequently used pesticides in this city.
Due to the high toxicity and deleterious effects
of these toxins on human health and the
environment, endosulfan since the end of the
year 2011 and amitraz since September 2012
have been excluded from the list of permitted
pesticides of the country, but unfortunately
they are still used in this city and are available
in their warehouses (10).

Thus, according to the results of this study and
other studies, attempting to set a schedule to
reduce the sale and use of pesticides, the use of
other methods to control agricultural pests,
providing cheap and affordable protection
equipment,  preparation of  appropriate
educational materials through mass media,
training health staff and education department
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personnel on the effects of pesticides,
especially in rural areas, and encouraging and
teaching farmers to use low-risk pesticides
appear necessary (26). There is also a critical
need for studies and research on exposure to
pesticides and their effects on health. With
regard to issues of lack of national surveillance
systems for the health of farm workers and
inequalities related to access to services,
researchers should be encouraged to review
the health effects of pesticides among the
related occupations in their studies. Assessing
the impact of chronic low-dose exposure to
pesticides and their effects on human health,
particularly in young people is vital and
studies on this population has an important
impact on our ability in this area. The main
strengths of this study were that the two
groups were matched in terms of underlying
factors and other factors were controlled in the
analysis phase using statistical tests. Despite
these strengths, the present study had several
limitations. Being a retrospective study, recall
bias, lack of access to accurate information
related to exposure to toxins in days/years, and
not studying the relationship in one type of
cancer were the limitations of this study.

Conclusion

The results of this study showed that high
exposure to pesticides increased the risk of
cancers of the digestive tract. The adverse
effects of these toxins on health have been
shown in numerous studies. However, in some
cities, these pesticides are still used in
pistachio gardens. Raising the awareness of
health officials, sensitizing the community
toward the effects of these toxins, training
people at risk, especially farmers, to control
exposure to toxins, and reducing the burden
caused by it are of particular importance.
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