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ABSTRACT 
 

Title of Dissertation: Occupational and Environmental Exposures, Genetic 

Polymorphisms and Bladder Cancer Risk among Male Farmers in Egypt 

 
Rebecca Smullin Dawson, Doctor of Philosophy, 2013 
 
Dissertation directed by:  Sania Amr, MD, MS, Professor 

    Department of Epidemiology and Public Health 

    University of Maryland, Baltimore 

 
Objectives:  To examine associations between bladder cancer risk and (1) farming as an 

occupation, (2) pesticide exposure, and (3) polymorphisms of the GSTM1, GSTT1, 

NQO1, and SOD2 genotypes among men farmers in Egypt, as well as (4) indirect 

exposure to farming among women living with a farmer. 

Methods: We used questionnaire and genotype data from a multicenter case-control 

study in Egypt. Cases confirmed to have either urothelial carcinoma (UC) or squamous 

cell carcinoma (SCC), and frequency-matched population controls were included. 

Unconditional logistic and polytomous (where appropriate) regression models were used 

to estimate the odds ratios (OR) and 95% confidence intervals (CIs).  

Results: Among the 1525 male cases confirmed as primary urinary bladder carcinomas 

and 2069 controls, we found that working as a farmer was significantly associated with 

increased bladder cancer risk for both smokers and non-smokers (AOR=1.72; 95% CI: 

1.43-2.05, and AOR=3.46; 95% CI: 2.56-4.66, respectively) after adjustment for other 

known risk factors. To a lesser extent women living with farmers had increased odds of 

having bladder cancer (adjusted OR=1.33; 95% CI: 0.98-1.79). 



 
 

 
 

Among the men farmers (cases=885 and controls=840), pesticide exposure was 

associated with increased risk of UC type of cancer (OR=1.28; 95% CI: 1.01-1.61) and 

the odds of having UC increased as the duration and frequency of exposure to pesticides 

increased. Furthermore, the highest risk was found among exposed farmers with genes 

encoding for moderate to low activity of the enzymes NQO1 and SOD2.  There were no 

associations between the GSTT1 and GSTM1 null genotypes and bladder cancer risks 

among Egyptian farmers. 

Conclusions: Our findings suggest that working as or living with a farmer is associated 

with increased bladder cancer risk in Egypt. Exposure to pesticides and polymorphisms 

of the NQO1 and SOD2 genotypes appear to be among the contributing risk factors.  
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CHAPTER I: LITERATURE REVIEW 
 
RATIONALE and SPECIFIC AIMS  
  

Urinary bladder cancer incidence in Egypt is among the highest worldwide; and it 

is the most common cancer among men. Smoking and a legacy effect of schistosomiasis 

only partially account for its occurrence. A large portion of that country’s population 

works in farming, an occupation and its related exposures that have been suggested to 

increase the odds of having bladder cancer.   Furthermore, the associations between 

bladder cancer risk and genetic polymorphism of enzymes, such as Glutathion 

transferases (GSTM and GSTT), superoxide dismutase (SOD2), and NAD(P)H quinine 

oxidoreductase (NQO1), all of which are potentially involved in the metabolism of 

pesticides - main farming exposures – have been examined, but the results are 

conflicting.   

Therefore, we used data from a multicenter case-control study of bladder cancer 

in Egypt to examine the associations between bladder cancer risk and 

 1) farming as an occupation among Egyptians,  

2) occupational exposures among Egyptian farmers, and  

3) genetic polymorphisms of  GSTM, GSTT, SOD2, and NQO1 and a potential gene  

pesticide exposures interaction. 
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Hypotheses: 
 
1a. Among working men, the odds of having bladder cancer are higher among those who 

work as farmers compared to those who work in other types of jobs. 

1b. Among non-working women, the odds of having bladder cancer are higher among 

those who reported farming to be the main job of their spouse/head of household 

compared to  

      those who reported other occupations. 
 
2. Among men employed as farmers, the odds of having bladder cancer are higher 

among those exposed to pesticides compared to those unexposed. 

3a. Among men working as farmers, the odds of having bladder cancer are higher for 

those with either the GSTM1 or GSTT null genotype compared to those with the 

respective functional genotype. 

3b. Among men working as farmers, the odds of having bladder cancer are higher for 

those with the genotype encoding for low-moderate activity of NQO1 (Pro/Ser or 

Ser/Ser) or SOD2 (Ala/Val or Val/Val) compared to those with high activity (Pro/Pro 

or Ala/Ala, respectively). 

3c. Among men working as farmers, the association between pesticide exposure and 

bladder cancer is modified by each polymorphism – GSTM1, GSTT1, NQO1, and 

SOD2. 
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BACKGROUND and SIGNIFICANCE 
 

Urinary bladder cancer is the ninth most common malignancy worldwide 1; it 

accounts for approximately three percent of the newly diagnosed cases each year 2-4.  It is 

the main malignancy of the urinary tract system for which male sex, older age, cigarette 

smoking, occupational exposure to carcinogens, and chronic infection with Schistosoma 

haematobium (schistosomiasis) are known risk factors.  

Urinary bladder cancer was the first cancer associated with industrialization. In 

1895, Dr. Ludwig Rehn reported an increased risk of bladder cancer among German dye 

workers who manufactured aniline dyes 5. Since then, researchers have investigated the 

association between bladder cancer and tobacco exposure, occupational and 

environmental carcinogens, chronic infection in the bladder, genetic polymorphisms, and 

other risk factors. However, the exact etiology of bladder cancer is unknown 6. 

 
Epidemiology of Bladder Cancer 
 

Urinary bladder cancer is the fourth most common malignancy among men and 

eighth among women in industrialized countries 7. More than 12 million new cases are 

diagnosed each year worldwide; over five million in developed countries and 6.7 million 

in developing countries 4. The five-year survival rate is 94 percent 8.  

The global incidence rate is 10.1 and 2.5 per 100,000 person-years for men and 

women, respectively 1,9,10. In Egypt, where bladder cancer is the most common cancer 

type among men, the incidence rate is 37 per 100,000 person-years 4. In industrialized 

countries, the highest incidence rates are in Italy (41 per 100,000 person-years) and 

Belgium (42.5 per 100,000 person-years) 11.  
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Histopathology of Bladder Cancer 
 

Urinary bladder cancer is a malignancy of the urinary bladder lining. The two 

most common types are urothelial (UC), also known as transitional cell (TCC) and 

squamous cell (SCC) carcinoma. In industrialized countries, UC is the most common 

type of bladder cancer. It develops in the innermost cells of the bladder lining and peaks 

in the seventh decade of life 9,12. UC is associated with cigarette smoking and 

occupational exposures. SCC, on the other hand, is the most common type of bladder 

cancer in Middle Eastern and other countries where endemic schistosomiasis is 

associated with chronic bladder inflammation 13. SCC develops in the thin, flat cells of 

the bladder. Adenocarcinoma (secretory cell carcinoma), small-cell carcinoma, 

lymphoma, and sarcoma are less frequent types of bladder cancer 14-16. 

Risk Factors 
 

The exact etiology of bladder cancer is unknown. The body of evidence 

establishes tobacco smoke, occupational and environmental exposures, chronic 

schistosomiasis infection, human papillomavirus, male sex, older age and genetic 

predisposition as risk factors for bladder cancer 6.  It is hypothesized that each of these 

exposures causes transformations of the urothelial cells and subsequent development of 

malignant tumors. Recent reductions in exposure to tobacco smoke and occupational 

aromatic amines in developed countries have contributed to a recent reduction in bladder 

cancer, particularly among men 4,9. 

Tobacco Smoke 
 

Tobacco smoke, which contains aromatic amines and other carcinogens, is a 

known bladder cancer risk factor 17,18. Smoking, which has been associated with both UC 
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and SCC types of cancer 19, accounts for 66 percent of new bladder cancers among men 

and 30 percent among women in industrialized countries 20,21. The risk of bladder cancer 

among smokers is two to four times that of non-smokers and it increases with the number 

of cigarettes smoked and the number of years one has smoked 9,22 found that the odds of 

developing bladder cancer among current smokers were as high as 6.6 times the odds 

among never smokers. Former smokers have a 30-60 percent lower risk of developing 

bladder cancer compared to current smokers 9.  The IARC has established smoking as a 

risk factor for bladder cancer.   

The relationship between environmental tobacco smoke (ETS) and bladder cancer 

risk has not been established. Two studies, a prospective study in Europe 23 and a case-

control study in California 24, found an association between ETS and increased bladder 

cancer risk. However, three studies - two cohort and one case-control - failed to 

demonstrate an association between ETS and bladder cancer 25-27. The study conducted 

by Zeegers 25 had a large sample size, but only allowed for six years of follow-up. It is 

possible that bladder cancer developed after the end of the study. Alberg et al did find an 

association between ETS and bladder cancer, but only among women 26.  

Schistosomaisis 
 

Schistsoma haematobium is a parasite trematode that causes chronic inflammation 

of the urinary bladder. Infection occurs when humans come into contact with 

contaminated freshwater. The parasitic eggs travel to the bladder or intestine causing 

inflammation Schistosomasis is endemic in 53 African and Eastern Mediterranean 

countries and is recognized as an important risk factor for SCC 13,28,29 . Schistosomaisis is 

prevalent among agricultural workers and those who come into contact with 



 
 

6 
 

contaminated fresh water. It has been associated with a two- to four-fold increase in 

bladder cancer risk 22. It is believed that chronic infection of the bladder cells leaves them 

more susceptible to the mutagenic insults from environmental toxicants, such as N-

nitroso-compounds 30. 

Occupation 
 

Occupational exposures play an important role in the development of bladder 

cancer6. In 1895, Rhen reported a high prevalence of bladder cancer among workers in 

the aniline dye industry. Subsequently aromatic amines, specifically 2-naphthylamine and 

benzidine, used in the dye and other industries have been identified 33,34 and established 

as urinary bladder carcinogens9,35. Industries that commonly use these chemicals include 

dye 31,36, rubber 36,37-39 and textile manufacturing 40,41. In 2008, Clapp et al documented a 

decrease in bladder cancer incidence among dye workers due to protective measures and 

the elimination of exposure to specific aromatic amines 42. 

It can take as long as 20 years after occupational exposure for bladder cancer to 

develop. Occupational tumors of the urinary tract can be caused by a variety of chemicals 

that can be inhaled as a dust or vapor, absorbed through the skin, or ingested and 

absorbed through the alimentary tract 33. In the early part of the 20th century, occupational 

exposures accounted for as much as 30 percent of bladder cancer in the United States 9. 

The development of less toxic chemicals and use of personal protective equipment in the 

workplace has led to the reduction of bladder cancer cases attributable to occupational 

exposures 18. 

Several occupations were investigated for their contribution to bladder cancer 

risk.  The literature suggests that there is a possible association between bladder cancer 
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and farming 6,31,43-46, painting 40,47-49, mining 48, leather work 18,49,50, cosmetology, textile 

industry, dry cleaning 51,52, and road haulage 9,53-57. 

Agriculture 
 

Agricultural workers, including farmers, farm laborers, pesticide applicators, and 

horticulturists, among others, are exposed to a variety of potentially carcinogenic 

substances, such as pesticides, solvents, oils and fuels, dusts, paints, welding fumes, 

zoonotic viruses, microbes, and fungi 58. Five epidemiologic studies of farmers suggest 

that farming as an occupation may be a risk factor for bladder cancer (Table 1.1).  

A pooled analysis by Mannetje et al of 11 case-control studies conducted in 

Europe found that female field crop and vegetable farm workers had increased odds of 

having bladder cancer compared to women who were never employed as field crop or 

farm workers (OR=1.80; 95% CI: 1.0-3.1) 44. More recently, in a case-control study 

conducted in New Zealand 59, the authors found that females working in horticulture or 

fruit picking had increased odds of having bladder cancer compared to females who had 

never worked in those jobs (OR=3.03; 95% CI: 1.06-8.65). Similarly New Zealand 

women working in vegetable growing/farming had increased odds of having bladder 

cancer compared to women in other occupations, although  not statistically significant 

(OR=1.97; 95% CI: 0.16-23.8). The lack of significance can be explained by a small 

number of bladder cancer cases among the vegetable farmers. 

 On the other hand, two large reviews 51 and the Agricultural Health Study 60, a 

large prospective cohort study of farmers and their spouses in Iowa and North Carolina, 

have reported a decreased risk of bladder cancer among farmers. Similar finding were 

reported in a case-control study in Italy 61.  Additional case-control studies have found no 
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association between bladder cancer risk and farming 62,63 (Table 1.1). 

Agricultural Exposures 

 Pesticides are used in agriculture to prevent, destroy, or control any pest or 

unwanted species that cause harm during the production, processing, storage, transport, 

or marketing of food or other agricultural commodities, such as cotton 64.  Worldwide, a 

wide range of pesticides is used in agriculture. In developing countries throughout Asia 

and Africa, organochlorine pesticides are often used, but they are gradually being 

replaced by organophosphate-, carbamate-, and pyrethroide- based substances 64. Many 

of these substances have been shown to be carcinogenic through a variety of mechanisms, 

including genotoxicity, tumor promotion, hormonal action and immunotoxicity. Several 

epidemiologic studies of farmers and agricultural workers occupational exposures to 

pesticides suggest that the latter could be an important bladder cancer risk 60 (Table 1.1). 

An ecological study conducted among residents of the Rhineland-Palatinate 

winegrowing community in France found a statistically significant positive association 

between high exposures to pesticides used in the vineyards and bladder cancer among 

men; the rate of bladder cancer among those living in an area with > 20% of community 

land used for winegrowing was higher than the rate among those living in an area with 

<20% of community land used for winegrowing (RtR: 1.31; 95% CI: 1.1-1.55) 45. 

Occupational exposures to pesticides and bladder cancer have been studied (Table 

1.2). A retrospective cohort study of 32,600 employees of a lawn care company in the 

United States 46 found significantly increased bladder cancer mortality rate among these 

workers (SMR=7.10; 95% CI: 1.43-20.7). However, two-thirds of the subjects with 

bladder cancer had limited or no exposure to pesticides during their employment tenure  
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according to company records. Two case-control studies, one in northern Italy 12 and the 

other in Egypt 6, found an increased risk of bladder cancer among individuals exposed to 

herbicides and pesticides (RR=4.1 (p-value <0.05), and OR=6.2; 95% CI: 3.5-11.3, 

respectively).  

On the other hand, a cohort study and two case-control studies 44,65 have reported 

no association between pesticide exposure and bladder cancer risk. This lack of an 

association has been attributed to less frequent smoking among farmers, and to the 

healthy worker effect 51,58.  

Environmental Exposures 
 
Drinking water 
 

Arsenic, trichloroethylene, disinfection byproducts, and radiation in drinking 

water have been found to increase the risk for bladder cancer. Drinking water 

contaminated with high levels of arsenic, which is classified as a human carcinogen by 

the International Agency for Research on Cancer (IARC) has been shown to increase 

bladder cancer risk 17,66,67. Byproducts of chlorination, such as trihalomethane (THM), 

were reported to be associated with increased risk of bladder cancer 68,69,70. Water 

polluted with trichloroethylene (TCE) and other solvents used in dry cleaning have also 

been linked to increased bladder cancer risk. Mallin et al found excess cases of bladder 

cancer in a single town in northern Illinois where drinking water wells were contaminated 

with TCE 71.  

Air Pollution 
 

Air pollution containing aromatic amines and polycyclic aromatic hydrocarbons 

from industrial sources and vehicle exhaust fumes may be a risk factor for bladder 
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cancer. The literature shows that individuals living for numerous years in large urban 

areas with high levels of vehicle exhaust do have increased odds of having bladder cancer 

72. Similarly, individuals living in urban areas with a high density of petrochemical 

pollution have an increased risk of bladder cancer 73. The association between bladder 

cancer and air pollution is still undetermined. Recent studies failed to show an association 

between air pollution and bladder cancer in two different populations: Danish mail 

carriers and residents of Taiwan 74,75. 

Radiation 
 

Chronic exposure to low-dose of radiation from environmental sources, such as 

nuclear power plants, has been linked to increased risk of bladder cancer 1,76-79, and it is 

thought to cause oxidative stress and impede DNA repair in the bladder 1. Pelvic 

radiation, used to treat uterine bleeding and cancers of the prostate, ovaries, and cervix, 

was reported to increase bladder cancer risk 76-79.  

Infectious Diseases 
 
Human Papillomavirus (HPV) 
 

Two studies have been conducted to investigate the relationship between HPV 

and bladder cancer. Studies in Egypt 22 and Iran 80 showed a positive association between 

HPV presence in bladder tissue and UC-type of cancer. Specifically, Bedwani found a 

significant association between HPV-16, -18, and -52 and UC type bladder cancer among 

participants in Egypt. Their data suggest a potential viral involvement in bladder cancer 

carcinogenesis 22. Barghi found that among 59 UC cases, 35.6% tested positive for HPV, 

while only 5% of the matched controls were positive (p=0.008 for difference in 

proportions) 80. A small study in Hong Kong, 81 which also assessed HPV occurrence in 
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bladder tissue found some association between HPV and UC; however it was not 

statistically significant. Youshya et al 82, on the other hand, conducted a study in London 

and found no association between HPV and UC when bladder tissue was examined for 

HPV. Only one published study to date has examined the relationship between SCC and 

HPV, and found no association 83. 

Urinary Tract Infections 
 

Data regarding the association between urinary tract infections (UTI) and bladder 

cancer are conflicting. Two large case-control studies, one in the United States and the 

other in Spain, found a significant association between increased bladder cancer risk and 

history of UTIs. Kantor et al found that in the US, a history of UTIs was significantly 

associated with high risk of bladder cancer, particularly among individuals reporting 

three or more infections (RR=2.0); and the risk for SCC was even higher (RR=4.8). 

Conflicting evidence was provided by Jiang et al who found that a history of UTI was 

associated with a reduced risk of UC among women (OR=0.66; 95% percent CI: 0.46-

0.96) but not among men 84.  

Older Age and Male Sex 
 

In industrialized countries, bladder cancer incidence peaks in the seventh decade 

of life 31,85. Most bladder cancer cases occur between the ages of 65-75 years. Only 12 

percent of bladder cancer cases occur in people less than 50 years old 86.  In developing 

countries where SCC is the predominant type of cancer, the mean age of incident cases is 

lower than that of industrialized countries 11.   

Incidence of bladder cancer is higher among men than women.  Worldwide, the 

male:female ratio varies from 3:1 in the U.S. to 7:1 in Southern European countries 8,9,87. 
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Pelucchi et al hypothesizes that the higher incidence of bladder cancer among men is 

mainly due to higher exposures to tobacco smoke and aromatic amines 9.  

Genetic Risk Factors 
 
Family History of Bladder Cancer 
 

Studies using the Utah Population 88and the Swedish Family Cancer 89 databases 

found an increased familial risk for bladder cancer. Analyses of data from the latter found 

that familial risk increased with a history of bladder cancer among first-degree relatives 

(RR=1.35; 95% CI: 0.97-1.79 and RR=2.29; 95% CI: 1.46-3.29, among males and 

females, respectively). In Egypt, Zarzour et al found that having a parent with bladder 

cancer is an important risk factor for the disease, and their odds of developing bladder 

cancer is 3.9 (95% CI: 2.2-6.9) times the odds of those with no family history of this 

malignancy 6. A case-control study conducted in Spain also demonstrated similar results: 

having one family member with bladder cancer was associated with an OR of 1.32 (95% 

CI: 1.11-1.59), and having two or more affected family members was associated with an 

OR of 1.67 (95% CI: 1.23-2.29). Crawford et al90 found a significantly increased risk of 

bladder cancer among first-degree relatives of individuals who have bladder cancer, with 

an earlier age of disease onset; and the risk was even higher if they were smokers 90.  

Genetic susceptibility of individuals has been explored to explain differences in 

inter-individual responses to environmental and occupational exposures. Several bladder 

cancer risk factors, specifically schistosomiasis and tobacco smoke, are hypothesized to 

cause malignant changes in bladder cells through processes involving local inflammation 

and production of reactive oxygen species (ROS). ROS are partial reduction products of 

oxygen, such as superoxide anions (O2-), hydroxyl radicals (*OH), and hydrogen 
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peroxide (H2O2). The formation of these radicals results in DNA damage.  Several 

enzymes are mediators of these malignant pathways, and polymorphisms in the genes 

encoding for these enzymes may result in increased susceptibility to bladder cancer 

carcinogens. Investigations of specific alleles, combinations of alleles, enzyme regulation 

by interaction between genetic and environmental factors have been conducted 30,85,91-93. 

These factors include low-penetrance single nucleotide polymorphisms (SNPs) thought to 

affect the structure and activity of enzymes involved in inflammation, telomere 

maintenance, cell cycle control, DNA repair, tumor angiogenesis and growth, and 

carcinogen detoxification. 

Among these enzymes is the family of glutathione- S transferase (GST) that 

include glutathione-S-transferase M1(GSTM1) and glutathione-S-transferaseT1(GSTT1), 

both of which provide endogenous defenses against ROS, thus protect cells against 

oxidative damage, by reducing hydrogen peroxide. Polymorphisms of the GSTM1 and 

GSTT1 loci arise from the complete deletion of each gene and can affect the metabolism 

of some substances, including pesticides. Meta-analysis of studies of theses 

polymorphisms have concluded that the GSTM1 null genotype, which has been 

associated with increased bladder cancer risk 91,94, might account for 31 percent (95% CI: 

20-46) of cases among Caucasians 93; whereas, the association between the GSTT1 null 

genotype and bladder cancer remains controversial. Several studies have found an 

increased risk among those with the null GSTT genotype compared to the functional type 

95,96 while other studies have not found an association between GSTT1 and bladder 

cancer 91,97 (Table 1.3).  

Superoxide dismutase (SOD2) encodes for manganese superoxide dismutase, a  
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mitochondrial enzyme that protects cells against damage from superoxide free radicals. 

Ultimately, it is responsible for the transformation of superoxide into hydrogen peroxide 

and oxygen. Therefore, it clears compounds and generates free radicals that cause 

damage to the cells; but, ultimately, it protects the cells from oxidative injury 98,99. A 

common polymorphism results in an Alanine (Ala) to Valine (Val) substitution in the 

protein. The homozygous form Ala/Ala is the one with high enzymatic activity, while the 

homozygous form Val/Val has low activity; the heterozygous form Val/Ala has 

intermediate activity. 

 It is hypothesized that individuals with the low activity genotype (Val/Val) are 

more susceptible to cell damage from ROS. Hung et al found polymorphisms in SOD2 to 

be an independent predictor of bladder cancer risk 100, however, Ishimura et al  found no 

association 101. The NAD(P)H quinine oxidoreductase gene (NQO1) is another gene that 

encodes for a protein that serves as a mediator of damage from ROS. A polymorphism at 

position 609 results in an enzyme with only two percent of the activity of the wild type 

102. This polymorphism (a Proline (Pro) to Serine (Ser) substitution) has been associated 

with increased cancer risk, especially among individuals exposed to ROS-generating 

carcinogens such as benzene and tobacco smoke 103,104. Associations between NQO1 

polymorphism and increased risk of bladder cancer were reported by several investigators 

103,105,106 ; and the risk was higher among men and ever smokers. In addition, NQO1 

modified the association between bladder cancer risk and smoking 106. On the other hand, 

Sanyal et al reported no association between NQO1 activity and bladder cancer risk 95.  

Association between single nucleotide polymorphism(SNP)s of other 

detoxification enzymes, such as myeloperoxidase (MPO), sulfotransferases (SULT), 
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UDP-glucuronosyl transferases (UGT), catechol-o-methyltransferase (COMT), and 

glutathione peroxidase I (GPX1) and bladder cancer were not found 91. A study by 

Franekova showed a protective effect of the polymorphism of SULT against bladder 

cancer 85. 

Others 

Diet 
A meta-analysis of observational studies found an increased bladder cancer risk 

among individuals consuming a low fruit, low vegetable, or high fat diet 107. On the other 

hand, another meta-analysis of ten case-control and three cohort studies showed that low 

fruit and vegetable intake were associated with decreased bladder risk 12.  

Medications 
 

Certain drugs, specifically cyclophosphamide and phenacetin, have been reported 

as bladder cancer risk factors. A study of cancer patients treated with cyclophosphamide 

reported a 4.5-fold increase in bladder cancer risk (95% CI: 1.5-13.6). Bladder cancer 

risk has also been associated with regular use of analgesics containing phenacetin; among 

women aged 20 to 49, those who used these drugs at least one year prior to diagnosis 

were 6.5 times more likely to have bladder cancer (95% CI: 1.5-59.2) than those who did 

not 108.  

The Chinese herb Aristolochia fangchi was added erroneously to an herbal 

weight-loss remedy during manufacturing. In a study of 39 individuals who used the 

drug, urothelial dysplasia was detected in 19 patients, and UC in 18 others. Cumulative 

doses of greater than 200 grams were significantly associated with elevated UC risk 109. 
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Bladder Cancer in Egypt 
 

Bladder cancer is among the most common cancer in Egypt 11. The incident rate is 

37 per 100,000 person years and there are an estimated 30,000 new cases each year 11. In 

Egypt the majority of the cases was SCC and associated with schistosomiasis 30. 

Schistosomiasis was first implicated in the induction of bladder cancer in 191111 and later 

confirmed in 1994 by the IARC 17. However, between 1982-2008 the risk factor profile 

of Egyptian bladder cancer cases has changed, because of the shistosoma hematobium 

eradication campaign, and the increase in exposure to chemical carcinogens 6. There has 

been a significant decline in the frequency of SCC and an increase in UC 110. At the same 

time, the median age of a new case of bladder cancer has increased from 47.4 to 60.5 

years and the male to female sex ratio has decreased from 5.4:1 to 3.3:1 110.  

Organochlorine and carbamate pesticides are the most commonly used in Egypt 

111. These pesticides, among others, are known to be carcinogenic or tumor promoting in 

animal studies 112. In humans, they have been associated with increased risk of rectal and 

colon cancer, soft tissue sarcoma, malignant lymphoma, non-Hodgkins lymphoma, and 

leukemia 64, in addition to bladder cancer 6,57,113 . 

Summary and Study Rationale 

Occupational exposure to pesticides in agriculture and bladder cancer has been 

studied extensively. Some studies showed that bladder cancer prevalence and mortality 

were lower among farmers than in the general population. However, other studies have 

shown associations between excess prevalence and mortality, farming and pesticide 

exposure. Many of the studies showing a decrease in bladder cancer among farmers had a 

limited number of cases; and they lacked exposure assessment, thus increasing the 
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.likelihood of exposure misclassification. 

The conflicting results in the literature related to the association between farming, 

pesticides, and bladder cancer warranted the need for further investigation, by conducting 

studies with large numbers of individuals employed in agriculture and with detailed 

exposure data. If increased bladder cancer risk were associated with occupations in 

farming, understanding the magnitude and causes of the increased risk will be important 

to inform the best occupational practices among agricultural populations. It will also 

provide useful information about bladder cancer etiology in the general population since 

some exposures experienced in agriculture also occur in other occupations and the 

general population 114. 

Considering the high prevalence of bladder cancer in Egypt and the number of 

individuals in farming, it is important to determine if farming, occupational pesticide 

exposure, and genetic polymorphisms are associated with increased bladder cancer risk, 

and if there is any interaction between gene (polymorphism) and the environment 

(pesticide exposure) that contribute to the development of this malignancy.
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CHAPTER II: 

METHODS 
 
Parent Study Design 
 
 The case-control study, Gender Differences in Bladder Cancer Risk Factors 

(Loffredo et al. NIH 5R01-CA115618-03; 2006-2011), served as the data source for this 

dissertation. Cases were recruited at The National Cancer Institute in Cairo, The 

Oncology Center at Minia University, and The South Egypt Cancer Institute in Assiut. 

These institutions serve mainly Lower, Middle, and Upper Egypt, respectively. The 

Institutional Review Boards of the three recruiting centers, the University of Maryland, 

Baltimore, and Georgetown University approved the study. 

Eligibility and Ascertainment of Cases 
 

Patients referred to the recruitment sites’ departments of urology, radiation 

therapy, or surgery were approached by trained interviewers for participation in the study 

if they had a presumed diagnosis of urinary bladder cancer and were 18 years of age or 

older. The recruiters explained the purposes and procedures of the study. Eligibility 

criteria for cases included diagnosis within one year and self-identification as capable of 

completing a 20 minute interview. Patients who provided informed consent were enrolled 

in the study. Trained interviewers administered face-to-face a comprehensive 

questionnaire and obtained a venous blood sample from each participant. No proxy 

interviews were conducted. Of the 4,049 presumed cases approached between July 2006 

and July 2010, 3,427  were eligible and of those, 84 percent agreed to participate in the 

study 115. Of the individuals who participated, 146 were not included in this study 

because they were found to have tumors that either were not malignant or originated from 

other sites 115. 

Table 1.3 Continued 
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One of the study’s two pathologists from the Pathology Department at the NCI-

Cairo, ascertained the diagnosis of urinary bladder cancer for all participants, by 

reviewing each case’s report as well as any tissue specimens from cystoscopic biopsies, 

transurethral lesion resections, or simple or radical cystectomies. Tumors originating 

from other sites of the body and metastasizing to the bladder were excluded. 

Control Selection 
 

Controls were selected from the general population to frequency-match the 

cumulative group of cases on sex, age (5-year interval), and governorate of current 

residence. Two methods of recruitment were used: 1) random sampling of household and 

2) random sampling of family health records.  Within each governorate, the number of 

required controls and their age and sex characteristics were determined by the number of 

cases already recruited into the study. Villages within each governorate were selected 

based on accessibility. Within each selected village a street was randomly selected each 

day and residents on both sides of the street were approached. If none of the occupants of 

the first house matched the required sex and age-range, the interview team moved to the 

next house. Similarly, if no one was home, the research team moved on to the next home.  

Once inside a home, the trained interviewer explained the study purpose and obtained 

informed consent from willing participants. For the random sampling of family health 

records, the latter were used to select controls.  In Egypt, most administrative districts 

(urban neighborhood or village within the governorate) have a government-subsidized 

medical unit where residents receive healthcare, and each family has a medical record on 

file. With the permission of the Ministry of Health, recruiters visited these primary health 

units and used health records to find potential non-cancer matched controls in these 
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districts. Then the recruiter approached the prospective participants at home, explained 

the study, and asked for their participation. 

Consenting individuals participated in an interviewer administered face-to-face 

questionnaire and provided a venous blood sample. Of the 2,792 eligible controls 

approached between July 2006 and July 2010, 97 percent agreed to participate 115. Those 

who refused to participate were asked to provide their age and smoking status.  

Participants were offered an abdominal ultrasound screening (performed by a 

physician accompanying the interview team, using a portable ultrasound device). This 

noninvasive procedure was used to screen for urinary bladder anomalies, and it is not 

typically available in local health clinics. Any abnormal findings were communicated to 

the subject and the physician referred the subject to the nearest governmental health unit 

for follow-up. If any suspicious tumor-like formation was found on the bladder during the 

screening, the individual was excluded from the study. This exclusion ensured that 

controls were unlikely to have undetected urinary bladder cancer. 

Questionnaire 
 

Most of the data were collected through a questionnaire that was translated into 

Arabic and back-translated into English to minimize language-related discrepancies.  It 

was also field tested and modified to make it culturally appropriate (Table 2.1). The 

reliability of the questionnaire as a whole was not assessed. However, questions to gather 

data on smoking status and number of cigarettes smoked per day have been validated in 

other studies 116,117. Following informed consent, trained interviewers used the 

questionnaire to conduct face-to-face interviews, collecting data on sociodemographic 

characteristics including age, education level, marital status, region of birth and place of 
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residence; occupational histories; environmental exposure histories including history of 

exposure to tobacco smoke, pesticides, organic solvents, and dyes; and medical history 

including history of schistosomiasis (Table 2.1).  Self-reported history of schistosomiasis 

was correlated with the presence of schistome ova in the bladder tissues among the cases; 

and the concordance rate was 58 percent.115  
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Table 2.1: Parent Study Questionnaire Data Used in Analysis 
Sociodemographic variables Area of residence (categorical) 

Sex (m/f) 
Age (continuous) 
Marital status (categorical) 
Education (categorical) 

Medical history Case status (case/control) 
Bladder cancer type (UC/SCC) 
Schistosomiasis history (y/n) 
Urinary tract infection other than 
schistosomiasis (y/n) 

Occupational and other exposures  Main job outside the home (categorical) 
    Farmer 
    Manual worker 
    Mechanical worker 
    Clerical work 
    Student, pupil 
    Merchant and trading work 
    Shepherd 
    Not working, house wife, on pension 
    Other 
Exposure to: 
     Dyes (y/n) 
     Leather (y/n) 
     Metal cutting or welding (y/n) 
     Gasoline and vehicle exhaust (y/n) 
     Paint (y/n) 
     Pesticides (y/n) 
     Solvents (y/n) 
     Formalin (y/n) 
     Kerosene (y/n) 
     Machine cleaning solvents (y/n) 
     Vehicle fuel (y/n) 
Years of exposure to pesticides 
(continuous) 
Frequency of exposure to pesticides 
(categorical) 

Genetic characteristics GSTM genotype (null/functional) 
GSTT genotype (null/functional) 
NQO1 genotype (Pro/Pro, Pro/Ser, 
Ser/Ser) 
SOD2 genotype (Val/Val, Ala/Val, 
Ala/Ala) 

Tobacco smoke exposures  Cigarette smoking (current/former/never) 
Waterpipe smoking 
(current/former/never) 



 
 

27 
 

Smoking duration 
Cigarette/Hagar smoked per day 
ETS at home (y/n) 
ETS at work (y/n) 

 

Table 2.1 Continued 
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Biological Specimen Preparation 
 

Blood specimens (~2 teaspoons, equivalent to 10 mL) were drawn from each 

participant and transported within 2 hours at room temperature to the main study office at 

each center for processing. Samples collected from controls in the field were stored in 

coolers and transported within 6 to 8 hours to the study’s central laboratory in Cairo for 

processing or taken to the Minia or Assiut laboratories for processing before transport to 

Cairo. Samples, processed within 24 hours of their collection, were aliquoted for long-

term storage; samples from Minia and Assiut were hand-carried weekly by train (using 

portable liquid nitrogen containers) to the Cairo facility.  

The specimens were first centrifuged. Plasma and buffy coat (including 

lymphocytes) were separated and aliquoted into multiple vials for long-term storage. The 

genomic DNA was extracted from the stored buffy coats using the Quiagen (Valencia, 

CA, USA) DNA extraction kit. Processed and aliquoted biological specimens were stored 

at -80˚C. The vial for each specimen was barcoded with a unique identification number. 

This number was the link between the sample and the data collected through the 

questionnaire. For each specimen, information about contents, freeze-thaw times and 

durations, and the investigators who had used it. The barcode also tracked remaining vial 

volume as well as freezer, shelf, rack and box number location. The central repository’s 

freezers were monitored continuously and equipped with heat sensors and alarm systems 

to trigger emergency backup in case of a temperature increase or power failure. 

Genotyping 
 

DNA was extracted from buffy coats using the QIAamp DNA Mini Kits (Qiagen, 

Valencia, CA, USA). Genotyping for the polymorphisms was performed using TaqMan 
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allelic discrimination assays (Applied Biosystems) 118-121. The assays were performed on 

the ABI 7500 TaqMan system at the parent study’s laboratories in Cairo, Egypt and 

Washington, DC (Georgetown University).  

Data Management 
 

Each participant was given a unique ID number.  The data from the questionnaires 

and the genotyping results were entered into a Microsoft Access database using a 

program that requires double entry of each record, and flags errors for correction. The 

data were merged using the ID number.  

Data Analyses 
 

We used data from the ongoing multicenter case-control study of bladder cancer 

in Egypt to address the research questions: is bladder cancer associated with 1) farming 

as an occupation; 2) occupational exposure to pesticides; and 3) genetic polymorphisms.  

Hypothesis 1a:  

Among working men, the odds of having bladder cancer are higher among those who 

reported farming as occupation as compared to those who reported other occupations. 

Independent Variable of Interest: The main independent variable was occupation: 

farmer compared to others.  

Outcome of Interest: The outcome of interest was bladder cancer, as a dichotomous 

variable (case/control).  

Outcome for Sub-Analysis: To investigate the association between each of the 

aforementioned exposures and the different types of bladder cancer, the outcome of 

interest was categorical: UC or SCC versus control. 
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Hypothesis 1b:  

Among non-working women, the odds of having bladder cancer are higher among those 

who reported farming to be the main job of their spouse/head of household as compared 

to those who reported other occupations. 

Independent Variable of Interest: The main independent variable was the occupation 

of each woman’s husband/head of household: farmer compared to others.  

Outcome of Interest: The outcome of interest was bladder cancer, as a dichotomous 

variable (case/control).  

Outcome for Sub-Analysis: To investigate the association between each of the 

aforementioned exposures and the different types of bladder cancer, the outcome of 

interest was categorical: UC or SCC versus control 

Hypothesis 2:  

Among male farmers, the odds of having bladder cancer are higher among those exposed 

to pesticides as compared to those who are unexposed. 

Exposure of Interest: The independent variables of interest were self-reported 

occupational exposure to pesticide as dichotomous (Yes/No), continuous years of 

exposure, and frequency of exposure (categorical).  

Outcome of Interest: The outcome of interest was bladder cancer, as a dichotomous 

variable (case/control).  

Outcome for Sub-Analysis: To investigate the association between each of the 

aforementioned exposures and the different types of bladder cancer, the outcome of 

interest was: UC or SCC versus control. 
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Hypothesis 3a:  

Among men working as farmers, the odds of having bladder cancer are higher for those 

with either the GSTM1 or GSTT1 null genotype as compared to those with the respective 

functional genotype. 

Exposure of Interest: The independent variables of interest were the null GSTM1 and 

GSTT1 versus the functional genotypes.  

Outcome of Interest: The outcome of interest was bladder cancer case versus control. 

Hypothesis 3b:  

Among men working as farmer, the odds of having bladder cancer are higher for those 

with either the NQO1 and SOD2 genotypes encoding for moderate-low activity as 

compared to those with high activity, respectively. 

Exposure of Interest: The independent variables of interest were the moderate-low 

activity SOD2 (Ala/Val or Val/Val) and NQO1 (Pro/Ser or Ser/Ser) versus the respective 

high activity (Ala/Ala and Pro/Pro) genotypes.  

Outcome of Interest: The outcome of interest was bladder cancer case versus control. 
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Statistical Analysis for Specific Aims 1, 2, and 3: 
 

We first conducted univariate analyses.  To perform these analyses, variables 

were classified as either categorical or continuous. Categorical variables included area of 

residence, marital status, education, case status, bladder cancer type, schistosomiasis 

history, urinary tract infection history, main job outside the home, occupational 

exposures, frequency of exposure to pesticides, pesticide use at home, cigarette smoking, 

waterpipe smoking, and GSTM1, GSTT1, NQO1, and SOD2 genotype. Continuous 

variables included age, pack-years of cigarette smoked, and years of exposure to 

pesticides. 

Proportions of cases and controls were compared with chi-square tests. For 

continuous variables cases and controls were compared using the Student’s t-test. 

Continuous variables were also assessed for normality. All continuous variables were 

examined for outliers, which were defined as observations 1.5 times the interquartile 

range (IQR) above the third quartile or 1.5*IQR below the first quartile.  

The unadjusted associations between case status and each of the independent 

variables by calculating odds ratios (OR) and 95% confidence intervals (CI). We also 

used frequency distributions and chi-square tests to compare cases and controls.  

Stratified analyses were conducted in order to ensure that all possible effect 

modifiers and confounders were identified. For the stratified analyses, each of the 

categorical variables was transformed into dichotomous variables. Frequency 

distributions from the univariate analyses were used to split the categories. The Breslow-

Day test was used to assess if the relationship between case status and the main 

independent variable (predictor) was modified by the stratification variable.  
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When the stratifying variable was determined not to be an effect modifier, a 

Mantel-Haenszel odds ratio was calculated as the common-stratum measure of 

association. Mantel-Haenszel OR were compared to the unadjusted OR, and if the two 

differed by more than 10 percent, the variable was considered a potential confounder. 

Finally, regression analyses were performed. For each of the specific aims, 

logistic regression was used since the outcome variable (bladder cancer case status) was 

dichotomous. When appropriate, polytomous logistic regression techniques were used to 

assess the relationship between the independent variables and SCC, UC, and the controls. 

All variables that were significantly (α=0.05) associated with the outcome in the 

bivariate analysis as well as confounders and potential effect modifiers were added to the 

multivariable logistic regression models. In order to build the model, variables were 

added one at a time, starting with the main independent variable for each hypothesis.  

E(BC) = β0 + β1(exposure) + β2 + … βn 

Then each of the variables identified as potential confounders in the stratified 

analyses was added to the model one at a time. The beta coefficients from the models 

were compared. If the beta coefficient changed by more than 10 percent then the variable 

was considered a confounder and included in the model. A likelihood ratio test (LRT) 

was performed comparing the -2loglikelihood from each model to help determine which 

model had the best fit.  

Potential effect modifiers were added to the model using an interaction term: 

βn (exposure*stratifying variable). 

All of the analyses were conducted using SAS version 9.2. 
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CHAPTER III:  

Bladder Cancer Risk among Egyptians with Direct and Indirect Exposure to 

Farming 

Introduction  
 
 Tobacco smoke and occupational exposures to chemicals are well-established risk 

factors for urinary bladder cancer, a malignancy that affects more men than women 

worldwide. In addition, in areas where Schistosoma Hematobium is endemic, chronic 

infection with the parasite is associated with increased bladder cancer risk. Despite 

antismoking campaigns and implementation of safety and control measures in the 

workplace, the incidence of bladder cancer has only slightly decreased 4,9.    

 Investigators have also examined occupational farming as a bladder cancer risk 

factor. Indeed, farmers are exposed to a variety of potentially carcinogenic substances, 

such as pesticides, solvents, petroleum products, zoonotic viruses, microbes and fungi 58. 

Several epidemiologic studies have found an association between farming and increased 

bladder cancer risk 12,43-45. On the other hand, numerous case control 57,37,62 and cohort 

studies as well as two meta-analyses 51,114 found either no association between farming 

and bladder cancer, or a decreased risk; the latter has been attributed to less frequent 

smoking among farmers and the healthy worker effect 58. 

 In Egypt, urinary bladder cancer incidence is among the highest worldwide 11,122. 

Smoking, especially among males, and a legacy effect of schistosomiasis only partially 

account for its occurrence. Considering that a large portion of Egypt’s population is 

employed in farming, we examined the associations between bladder cancer, both 

squamous cell carcinoma (SCC) and urothelial carcinoma (UC)—the two main 
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histological types of this malignancyand farming as an occupation, using data from a 

multi-center case-control study in Egypt 

Methods 

Study Population 
 
 The study participants were recruited at The National Cancer Institute in Cairo, The 

Oncology Center at Minia University, and The South Egypt Cancer Institute in Assiut. 

The study was approved by the Institutional Review Boards of the three recruitment sites, 

the University of Maryland Baltimore, and Georgetown University 115,123. 

Eligibility and Ascertainment of Cases 
 
 As previously reported, presumed bladder cancer cases referred to the recruitment 

sites’ departments of urology, radiation therapy, or surgery were approached for 

participation in the study. Eligibility criteria for cases included diagnosis within one year 

and self-identification as capable of completing a 20 minute interview. One of the study’s 

two pathologists ascertained the diagnosis of urinary bladder cancer for all participants by 

reviewing each case report as well as any tissue specimens from cystoscopic biopsies, 

transurethral lesion resections, or simple or radical cystectomies. Tumors originating 

from other sites of the body or metastasizing to the bladder were excluded. 

Control Selection 
 
 Healthy controls were randomly selected from the general population to frequency-

match the cumulative groups of cases by sex, five-year age groups, and governorate of 

residence 115,123. 

Data Collection 
 
 After consenting, cases and controls were questioned face-to-face by trained 
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interviewers, who collected data on sociodemographic characteristics, occupational 

histories, environmental exposure histories including exposure to tobacco smoke, and 

medical histories including history of schistosomiasis and other urinary tract infections 

(UTI). Because the majority of women in the study did not work outside the home, they 

were asked about the main job of their spouse/head of household. This question was 

aimed at capturing second-hand (indirect) exposure to different occupational hazards. 

Variables 
 
 The main independent variable was the main job of each participant or the main job 

of each participant’s husband/head of household: farming versus others. The outcome 

variable was bladder cancer case versus control.  Covariates that were examined and 

potentially included in the analyses were marital status, education, environmental tobacco 

smoke (ETS) exposure, smoking (cigarette and waterpipe) history, and schistosomiasis 

and other UTI. We grouped the area of residence in two categories, north and south, for 

the analyses.  

Statistical Analyses 
 
 To assess the relationship between farming as an occupation and bladder cancer 

risk, we included in the analyses only men who held a job outside the home; and for 

women only those whose spouse/head of household held a job outside the house. Only 29 

men (14 cases and 15 controls) reported not working outside the home. The Breslow-Day 

test was used as a preliminary test of effect modification. We used unconditional logistic 

regression to fit multivariable models that included, in addition to significant covariates, 

the matching variables age (continuous) and area of residence (North vs South Egypt). To 

compare SCC, UC and controls we used unconditional polytomous logistic regression 
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model. Chi-square test and Student’s t-test were used to compare categorical and 

continuous variables, respectively. All statistical analyses were performed using SAS 

version 9.2 software. 

Results 
 
 The study sample consisted of 1525 male cases confirmed as primary urinary 

bladder carcinomas and 2069 frequency matched controls. Among these men, 510 cases 

were SCC (33%) and 1015 were UC (67%). Nearly 70 percent of all SCC and 60 percent 

of UC cases worked as farmers compared to less than 50 percent of the controls (Table 

3.1a). The distributions of other bladder cancer risk factors among the cases and controls 

are summarized in Table 3.1b. 

 Among men, the bivariate analysis revealed significant associations between 

bladder cancer risk and farming as an occupation, schistosomiasis, smoking cigarette, 

smoking waterpipe among those who did not smoke cigarettes, exposure to ETS among 

those who never smoked, and history of UTI other than schistosomiasis (Table 3.2). 

Results of the Breslow-Day test revealed that both smoking cigarettes and a history of 

UTIs were potential effect modifiers of the relationship between working as a farmer and 

bladder cancer risk (p<0.0001 and p=0.0003, respectively). No strong evidence of 

interaction was observed with any of the other variables tested.  

 In the unconditional multivariable logistic regression model, the interaction term 

between cigarette smoking (ever/never) and occupation was significant (p<0.0001). 

Therefore, we calculated odds ratios for having bladder cancer separately for smokers 

and non-smokers (Table 3.4). Among the former, farmers had an increased odds of 

having bladder cancer compared to non-farmers after adjustment for schistosomiasis,  
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Table 3.1a. Sociodemographic Characteristics and Occupations of Working Egyptian 
Men with Either SCC or UC Bladder Cancer and Controls  
 

Characteristic 
SCC Cases 

N=510 
UC Cases 
N=1015 

Controls 
N=2069 p-value¥ 

n(%) n(%) n(%) 
Mean age ± SD 57.2 ± 10.4 61.1 ± 10.5 57.6 ± 11.7 <0.0001 
Area of residence 
     North Egypt 
     South Egypt 

 
19 (3.8) 

476 (93.3) 

 
156 (15.4) 
859 (84.6) 

 
136 (6.6) 

1933 (93.4) 

 
 

<0.0001 
Marital Status 
     Married 
     Widowed 
     Divorced/separated 
     Not married 

 
477 (93.5) 
21 (4.1) 
2 (0.4) 
10 (2) 

 
957 (94.3) 
45 (4.4) 
5 (0.5) 
8 (0.8) 

 
1938 (93.7) 

96 (4.6) 
8 (0.4) 
27 (1.3) 

 
 
 
 

0.63 
Education 
     None 
     Primary school 
     Prep, high, technical  
     College / university 

 
408 (80) 
81 (15.9) 
21 (4.1) 

0 

 
678 (66.9) 
243 (24) 
81 (8) 
12 (1) 

 
1056 (51.1) 
561 (27.1) 
376 (18.1) 
75 (3.6) 

 
 
 
 

<0.0001 
Farmer 
Other 
         Manual  
         Mechanical  
         Clerical  
         Merchant / trader 
         Other 

350 (69.6) 
153 (30.4) 

54 (10.7) 
6 (1.2) 

11 (2.2) 
16 (3.2) 

66 (13.2) 

603 (59.7) 
407 (40.3) 

90 (8.9) 
19 (1.9) 
48 (4.8) 
48 (4.8) 
202 (20) 

881 (42.9) 
1173 (57.1) 

232 (11.3) 
41 (2.0) 

272 (13.2) 
60 (2.9) 

568 (27.7) 

 
 

<0.0001 
 
 
 

<0.0001 
¥ Comparisons for categorical variables were made using the chi-square test. 
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Table 3.1b. Distribution of Urinary Bladder Cancer Risk Factors among Working 
Egyptian Male Cases (SCC or UC) and Controls      
       
 
Risk Factor 

SCC Cases 
N=510 

UC Cases 
N=1015 

Controls 
N=2069 p-

value¥ n(%) n(%) n(%) 
Schistosomiasis 
history 
     Yes 
     No 
     Do not know 

 
278 (54.5) 
193 (37.8) 
39 (7.7) 

 
547 (53.9) 
413 (40.7) 
55 (5.4) 

 
984 (47.6) 
963 (46.5) 
122 (5.9) 

 
 
 

0.0004 

UTI other than 
schistosomiasis 
     Yes 
     No 

 
96 (18.8) 

414 (81.2) 

 
199 (19.6) 
816 (80.4) 

 
326 (15.8) 
1741 (84.2) 

 
 

0.02 

Cigarette smoking 
     Current 
     Former 
     Never 
 
Waterpipe smoking 
     Current 
     Former 
     Never 
 
Smoking  
     Both 
     Cigarette only 
     Waterpipe only 
     Neither 
 
Pack-years smoked 
among smokers 
 
Exposure to ETS 
among non-smokers 
     Yes 
     No 

 
240 (47.0) 
110 (21.6) 
160 (31.4) 

 
 

65 (12.8) 
71 (13.9) 
374 (73.3) 

 
 

63 (12.4) 
287 (56.3) 
73 (14.3) 
87 (17.0) 

 
 

32.1 ± 18.2 
 
 
 

121 (75.6) 
39 (24.4) 

 
521 (51.3) 
262 (25.8) 
232 (22.9) 

 
 

128 (12.6) 
128 (12.6) 
759 (74.8) 

 
 

149 (14.7) 
634 (62.5) 
107 (10.5) 
125 (12.3) 

 
 

38.4 ± 21.6 
 
 
 

168 (72.4) 
64 (27.6) 

 
934 (45.2) 
407 (19.7) 
727 (35.2) 

 
 

290 (14.0) 
144 (7.0) 

1635 (79.0) 
 
 

162 (7.8) 
1180 (57.0) 
272 (13.2) 
455 (22.0) 

 
 

34.8 ± 19.6 
 
 
 

483 (66.4) 
244 (33.6) 

 
 
 

<0.0001 
 
 
 
 

<0.0001 
 
 
 
 
 

<0.0001 
 

 
<0.0001 

 
 
 
 

0.03 
¥ Comparisons for categorical variables were made using the chi-square test. 
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education, UTI, age, and area of residence (AOR=1.72; 95% CI: 1.43-2.05). The odds of 

having this malignancy was even higher among non-smoking farmers compared to non-

smokers with other occupations after adjustment for the same variables (AOR=3.46; 95% 

CI: 2.56-4.66) (Table 3.5). We constructed conditional multivariable logistic regression 

models and stratified by the matching variables, governorate of residence and age 

(continuous years); we observed similar results as with the unconditional logistic 

regression, which are presented in Table 3.5. 

 In the multivariable model, schistosomiasis was an independent bladder cancer risk 

factor (AOR=1.43; 95% CI: 1.01-1.48), and so was cigarette smoking among non-

farmers (AOR=2.23; 95% CI: 1.72-3.13) as well as UTI (AOR=1.23; 95% CI: 1.01-1.48). 

Among the farmers, cigarette smoking was only marginally associated with increased 

odds of bladder cancer, although not significant (AOR=1.13; 95% CI: 0.90-1.40) (Table 

3.5). Having some form of education reduced the odds of having bladder cancer 

(AOR=0.48; 95% CI: 0.41-0.57).  

 We further stratified the cases by their histological types, SCC and UC, and 

compared them separately to controls. As shown in Table 3.3, smoking was identified as 

an effect modifier of the relationship between occupation and both SCC and UC risk. 

Therefore, we included an occupation by smoking interaction term in the polytomous 

logistic regression model. Farmers who smoked had a 2.1 and 1.5 times increased odds of 

developing SCC and UC, respectively, after adjustment for schistosomiasis, education, 

age, and area of residence (SCC AOR=2.09; 95% CI: 1.58-2.77; UC AOR=1.52; 95% CI: 

1.25-1.86) (Table 3.5). Among men who did not smoke, the odds of having both SCC and 

UC bladder cancer were approximately four times higher among farmers than among 
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non-farmers after adjustment for the variables discussed above (SCC AOR=3.42; 95% 

CI: 2.20-5.31; UC AOR=3.46; 95% CI: 2.41-4.95) (Table 3.5). 

 We also evaluated whether or not indirect exposure to farming was associated with 

increased bladder cancer risk by examining the latter among women who did not work 

outside the home but whose husband or head of household worked in farming (Table 

3.6). Among the women, bivariate analyses revealed significant associations between 

bladder cancer risk and husband/head of household’s occupation, schistosomiasis, and 

history of UTI other than schistosomiasis. There was also a marginally significant 

association between bladder cancer and ETS exposure (Table 3.7). Results of the 

Breslow-Day test showed no effect modification. 

 The unconditional logistic regression model showed a significant association 

between bladder cancer, specifically SCC, and indirect exposures to farming among 

women whose husband/head of household worked as a farmer after adjustment for 

schistosomiasis, UTI, age, area of residence, and exposure to ETS (Table 3.7). Among 

women, schistosomiasis and other UTIs were identified as independent bladder cancer 

risk factors (Table 3.7). 

 We also found exposure to ETS to be a bladder cancer risk factor among men in the 

unadjusted odds ratios (Table 3.2). . We did run a multivariable logistic regression model 

among the non-smoking men (n=1,119) and found ETS exposure to be an independent 

risk factor for bladder cancer after controlling for occupation, schistosomiasis, education, 

age, and area of residence (AOR=1.98; 95% CI: 1.39-2.82). Additionally, among the men 

who did not smoke cigarettes, we found little evidence of an association between bladder 

cancer risk and waterpipe smoking (AOR=1.03; 95% CI: 0.87-1.22).  Among women the 
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adjusted odds ratios for ETS was slightly elevated but not statistically significant. 

Discussion 

We found positive and statistically significant associations between working as a 

farmer and bladder cancer risk among Egyptian men, even after adjustment for known 

risk factors such as smoking and history of schistosomiasis. We also found that smoking 

cigarettes modifies the relationship between occupation and bladder cancer risk; among 

farmers who never smoked the odds of having bladder cancer were much higher than 

among those who smoked. Similar associations were observed for either SCC or UC type 

of cases.   

Our data, although consistent with previously reported results 12,43,44,124,125, are the 

first to show an association between farming and SCC type of bladder cancer.  Indeed, 

most of the studies that reported an association between bladder cancer and farming were 

conducted in Western/developed countries where UC is the predominant type of cancer. 

On the other hand, our results conflict with other studies that did not find an association 

between working as a farmer and bladder cancer 61-63. The study by Alavanja was a 

prospective cohort conducted in the United States (where UC is most prevalent) with a 

limited follow-up period, which may not have been sufficient for the development of 

bladder cancer; a disease that has a long latency period. The remaining studies 61-63 

examined multiple occupations for their contribution to bladder cancer risk, and farmers 

were in a relatively small number.   

Our findings that smoking modifies the relationship between occupation and 

bladder cancer risk and that non-smoking farmers are at greatest risk of having bladder 

cancer were novel.  It is possible that smoking pattern in Egypt is different from the 

pattern in Western countries.  Indeed, non-daily smoker was reported to be quite common 
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among Egyptian men; smoking is somewhat associated with financial means to buy 

cigarettes, thus relatively high socio-economic status 126. Another explanation would be 

that the non-smokers are working in jobs that place them at great risk for being exposed 

to occupational hazards, such as pesticides 

Additionally, we found that indirect exposure to farming – by living with a 

husband/head of household who worked as a farmer – was associated with increased odds 

of having bladder cancer, specifically SCC. Women who do not work as farmers are 

likely to be exposed to hazards associated with farming in two different ways. First, 

residues from pesticides and other hazards can be brought home on the farmers’ clothes 

or shoes to which women, who traditionally are responsible for cleaning the clothes and 

house, became exposed. Additionally, farmers and their families may live in communities 

close to the farm where they work. These families may be further exposed to pesticides 

and other hazards through the air they breathe, water they drink, and food they eat. 

Farmers are exposed to a variety of potentially carcinogenic substances, such as 

pesticides, organic solvents, petroleum products, zoonotic viruses, microbes, and fungi 58. 

Many of these substances can be transported through the environment or on clothing and 

shoes. 

We found smoking a waterpipe to be a bladder cancer risk factor among men who 

did not smoke cigarettes in the unadjusted odds ratios (Table 3.2). When waterpipe was 

included in the multivariable analysis it was not found to be an independent bladder 

cancer risk factor after adjustment. A large proportion of participants smoked cigarettes 

and the effect of smoking cigarettes could be masking the effect of smoking waterpipe on 
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bladder cancer risk; however, our analysis of non-smoking men revealed no association 

between increased bladder cancer risk and waterpipe smoking. 

Associations between history of schistosomiasis and bladder cancer are well 

known and previously reported mainly with SCC 13,22,28,30. We found similar associations, 

not only with SCC, but also with UC; finding that is relatively novel.  Very few studies 

addressed schistosomiasis and UC risk in the past. Cigarette smoking was also associated 

with increased odds of having bladder cancer either SCC or UC among non-farmers. 

Among the farmers, there was a trend toward an increased bladder cancer risk among 

those who smoked, but the relationship was not statistically significant.  

Due to the design of this case-control study, sociodemographic characteristics, 

medical histories, occupational histories and environmental exposure histories were self-

reported, and therefore subject to recall bias, which can lead to differential 

misclassification and erroneous estimates.   However, the effects of such biases may be 

limited 127-130.  

The strength of this study is the large sample size of controls and cases. Among 

the cases, we had adequate numbers of those with SCC and UC, which allowed us to 

determine specific risk factors for each type of cancer. Further, case status was confirmed 

by one of two pathologists and population controls were frequency-matched to cases on 

sex, age, and area of residence. We believe that our controls were from the same source 

population as the cases. 

In conclusion, we found that Egyptian men working as farmers, and their 

household women have increased odds of having bladder cancer, and that is for both SCC 

and UC types. Smoking cigarettes modified the relationship between having bladder 
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cancer and working as a farmer; non-smoking farmers had the highest odds of having 

bladder cancer.  Further studies are needed to determine what exposure(s) associated with 

farming are potentially contributing to bladder cancer risk. 
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Table 3.2: Unadjusted Odds Ratios (UOR) and 95% Confidence Interval (CI) of the 
Associations between Different Variables and Either SCC* or UC** Type of Bladder 
Cancer among Working Egyptian Men  
 

Variables 
UOR (95% CI) 

All Cases 
n=1525 

SCC* 
n=510 

UC** 
n=1015 

Occupation 
     Other 
     Farmer 

 
Ref  
2.29 (2.00-2.63) 

 
Ref 
3.05 (2.47-3.75) 

 
Ref 
1.97 (1.69-2.30) 

Cigarette Smoking 
     Never 
     Former 
     Current 

 
Ref 
1.70 (1.42-2.05) 
1.50 (1.29-1.75) 

 
Ref 
1.23 (0.94-1.61) 
1.17 (0.94-1.46) 

 
Ref  
2.02 (1.62-2.50) 
1.75 (1.46-2.10) 

Waterpipe among non-
cigarette smokers 
     Never 
     Ever 

 
 
Ref 
1.47 (1.15-1.88) 

 
 
Ref 
1.40 (0.99-1.98) 

 
 
Ref 
1.43 (1.06-1.93) 

Smoking 
     Neither 
     Waterpipe only 
     Cigarette only 
     Both 

 
Ref 
1.47 (1.15-1.88) 
1.69 (1.41-2.03) 
2.87 (2.22-3.72) 

 
Ref 
1.40 (0.99-1.98) 
1.27 (0.98-1.66) 
2.03 (1.40-2.95) 

 
Ref 
1.43 (1.06-1.93) 
1.96 (1.57-2.44) 
3.35 (2.49-4.51) 

ETS among non-
smokers 
     No 
     Yes 

 
 
Ref 
1.45 (1.11-1.90) 

 
 
Ref 
1.57 (1.06-2.32) 

 
 
Ref 
1.33 (0.96-1.84) 

Schistosomiasis 
     No 
     Yes 

 
Ref 
1.36 (1.19-1.55) 

 
Ref 
1.41 (1.15-1.73) 

 
Ref  
1.30 (1.11-1.51) 

UTI# 

     No 
     Yes 

 
Ref 
1.30 (1.09-1.54) 

 
Ref 
1.24 (0.96-1.60) 

 
Ref 
1.30 (1.07-1.58) 

Married  
     No 
     Yes 

 
Ref 
1.11 (0.61-2.00) 

 
Ref 
0.66 (0.32-1.37) 

 
Ref 
1.66 (0.75-3.68) 

Education 
     None 
     Some 

 
Ref 
0.43 (0.37-0.49) 

 
Ref 
0.26 (0.21-0.33) 

 
Ref 
0.52 (0.44-.061) 

Residence           
     North 
     South 

 
Ref 
1.00 (0.76-1.30) 

 
Ref 
0.78 (0.58-1.04) 

 
Ref 
1.76 (1.08-2.88) 

 
*Squamous Cell Carcinoma; ** Urothelial Cell Carcinoma 
 
#Urinary Tract Infection other than Schistosomiasis 
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Table 3.3: Unadjusted odds ratios (UOR) and 95% Confidence Interval (CI) of the 
Associations between Bladder Cancer, Occupation, and UTI Among Working 
Egyptian Men 
  
Reported exposures UOR (95% CI) 
     Neither UTI nor farming (n=1473) Ref 
     UTI and not farmer (n=362) 1.79 (1.36-2.33) 
     Farmer and no UTI (n=1478) 2.55 (2.20-2.96) 
     Farmer and UTI (n=255) 2.35 (1.87-2.96) 
 
 
 
Table 3.4: Distribution of Working Egyptian Men by Occupation and Smoking Status 
 
 Case 

N (%) 
Control 
N (%) 

Non-farmer 
Non-smoker 

 
120 (7.4) 

 
443 (21.6) 

Non-farmer 
Smoker 

 
448 (29.6) 

 
730 (35.5) 

Farmer 
Non-smoker 

 
275 (18.1) 

 
276 (13.4) 

Farmer 
Smoker 

 
680 (44.9) 

 
605 (29.5) 
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Table 3.5: Multivariable Logistic Regression Models for Urinary Bladder Cancer 
Cases and Controls among Working Egyptian Men  

 
Independent Variable 

AOR* (95% CI) 
All Cases 
n=1132 

SCC 
n=362 

UC 
n=710 

Occupation among SMOKERS1 

     Non-farmer 
     Farmer 
 
Occupation among NON-
SMOKERS1 

     Non-farmer 
     Farmer 
 
Schistosomiasis 
     No 
    Yes 
 
Cigarette smoking among 
FARMERS 
     Never 
     Ever 
 
Cigarette smoking among 
NON-FARMERS 
     Never 
     Ever 
 
Urinary Tract Infection (UTI) 
     No 
     Yes 

 
Ref 

1.72 (1.43-2.05) 
 
 
 

Ref 
3.46 (2.56-4.66) 

 
 

Ref 
1.43 (1.01-1.48) 

 
 
 

Ref 
1.13 (0.90-1.40) 

 
 
 

Ref 
2.27 (1.77-2.94) 

 
 

Ref 
1.23 (1.01-1.48) 

 
Ref 

2.09 (1.58-2.77) 
 
 
 

Ref 
3.42 (2.20-5.31) 

 
 

Ref 
1.43 (1.15-1.78) 

 
 
 

Ref 
0.96 (0.73-1.27) 

 
 
 

Ref 
1.57 (1.03-2.39) 

 
 

Ref 
1.20 (0.91-1.59) 

 
Ref 

1.52 (1.25-1.86) 
 
 
 

Ref 
3.46 (2.41-4.95) 

 
 

Ref 
1.41 (1.19-1.67) 

 
 
 

Ref 
1.21 (0.95-1.54) 

 
 
 

Ref 
2.77 (2.01-3.82) 

 
 

Ref 
1.26 (1.01-1.57) 

 
*Adjusted odds ratios and 95% confidence interval. In addition to the variables listed 
above, models included age (continuous), residence (North vs. South) and education.  
 
 1 Occupation by smoking interaction p=0.0001  
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Table 3.6: Sociodemographic Characteristics and Medical History of Egyptian 
Women Cases and Controls, whose Husband/Head of Household Worked Outside the 
Home 
 

Characteristic 
SCC Cases 

N=177 
UC Cases 

N=174 
Controls 
N=623 p-

value* n(%) n(%) n(%) 
Mean age ± SD 60.2 ± 11.3 53.3 ± 10.7 54.7 ± 12.6 0.03 
Area of residence 
     North Egypt 
     South Egypt 

 
23 (13.0) 
154 (87.0) 

 
22 (12.4) 
152 (87.4) 

 
53 (8.6) 

567 (91.4) 

 
 

<0.0001 
Marital Status 
     Married 
     Widowed 
     Divorced/separated 
     Not married 

 
109 (61.6) 
54 (30.5) 
10 (5.7) 
4 (2.3) 

 
94 (54.0) 
75 (43.1) 
4 (2.3) 
1 (0.6) 

 
398 (64.2) 
205 (33.1) 

7 (1.1) 
10 (1.6) 

 
 
 
 

0.001 
Education 
     None 

 Literacy classes/ 
primary school 

     Prep, high, or technical 
     College or university 

 
162 (91.5) 
13 (7.3) 

 
1 (0.6) 
1 (0.6) 

 
153 (87.9) 
17 (9.8) 

 
3 (1.7) 
1 (0.6) 

 
462 (74.5) 
94 (15.2) 

 
57 (9.2) 
7 (1.1) 

 
 
 
 
 

<0.0001 
Schistosomiasis history 
     Yes 
     No      

 
123 (69.5) 
39 (22.0) 

 
125 (71.8) 
36 (20.7) 

 
  74 (12.7) 
509 (87.3) 

 
 

0.001 
UTI history# 
     Yes 
     No 

 
141 (79.7) 
36 (20.3) 

 
137 (78.7) 
37 (21.3) 

 
87 (14.0) 
533 (86.0) 

 
 

0.03 
Cigarette smoking 
     Ever 
     Never 
Exposure to ETS& 
     Yes 
     No 

 
3 (1.7) 

174 (98.3) 
 

112 (63.3) 
65 (36.7) 

 
2 (1.2) 

172 (98.9) 
 

91 (52.3) 
65 (36.7) 

 
1 (0.2) 

619 (99.8) 
 

343 (55.3) 
227 (44.7) 

 
 

0.04 
 
 

0.08 
*Comparisons for categorical and continuous variables were made using the chi-
square  
and Student’s t-test, respectively  
 
#Urinary Tract Infection other than schistosomiasis  
 
&Environmental tobacco smoke 
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CHAPTER IV:  
 
Occupational Exposure to Pesticides and Bladder Cancer Risk among Male 

Farmers in South Egypt 

Introduction 
 

Farmers are exposed to a variety of potentially carcinogenic substances, such 

as pesticides, organic solvents, petroleum products, zoonotic viruses, microbes and 

fungi 58. Pesticides are used in agriculture to prevent, destroy, or control any pest or 

unwanted species that cause harm during the production, processing, storage, 

transport, or marketing of food or other agricultural commodities, such as cotton 64.   

Worldwide, a wide range of pesticides are used in agriculture. In developing 

countries throughout Asia and Africa, organochlorine pesticides were often used, but 

they were gradually being replaced by organophophate-, carbamate-, and pyrethroide- 

based substances 14,64. Many of these substances have been shown to be carcinogenic 

through a variety of mechanisms, including genotoxicity, tumor promotion, hormonal 

action and immunotoxicity 131. Several epidemiologic studies of farmers and other 

individuals with occupational exposures to pesticides suggested that exposure to the 

latter may be a bladder cancer risk; most of these studies have been conducted in 

developed countries where urothelial carcinoma (UC) is most prevalent. Few, if any 

studies, have been conducted to examine occupational exposure to pesticides and 

squamous cell carcinoma (SCC). 

In Egypt, the incidence of urinary bladder cancer, both SCC and UC, is among 

the highest worldwide 4; and a large portion of the population works in farming.  

Using data from a multicenter case-control study of bladder cancer we recently found 
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that Egyptian men farmers have increased odds of developing both SCC and UC. 

Therefore, in the present study, we examined the associations between bladder cancer 

risk and farming exposures, specifically pesticides, among men farmers from South 

Egypt, using the same case control study. 

Methods 
 
Study Population 
 

The study cases were recruited at the National Cancer Institute in Cairo, The 

Oncology Center at Minia University, and The South Egypt Cancer Institute in 

Assiut. The study was approved by the Institutional Review Boards of the three 

recruitment sites, the University of Maryland-Baltimore, and Georgetown University 

115,123.  

Eligibility and Ascertainment of Cases 
 

As previously reported 115,123, presumed bladder cancer cases referred to the 

recruitment sites’ departments of urology, radiation therapy, or surgery were 

approached for participation in the study. Eligibility criteria for cases include 

diagnosis within one year and self-identification as capable of completing a 20 minute 

interview. One of the study’s two pathologists ascertained the diagnosis of urinary 

bladder cancer for all participants by reviewing each case’s report as well as any 

tissue specimens from cystoscopic biopsies, transurethral lesion resections, or simple 

or radical cystectomies. Tumors originating from other sites of the body or 

metastasizing to the bladder were excluded. 
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Control Selection 
 

Healthy controls were randomly selected from the general population to 

frequency-match the cumulative groups of cases by sex, five-year age groups, and 

governorate of residence 115,123. 

Data Collection 
 

After consenting, cases and controls were questioned face-to-face by trained 

interviewers, who collected data on sociodemographic characteristics, occupational 

histories, environmental exposure histories including exposure to tobacco smoke, and 

medical history of schistosomiasis and other urinary tract infections (UTI).  

Variables  
 

The main independent variables were occupational exposure to pesticides (yes 

vs. no), frequency of pesticide use (categorical), and duration of exposure in years 

(continuous). The outcome variable was bladder cancer case vs control. Covariates 

that were examined and potentially included in the analyses were occupational 

exposures to organic solvents, marital status, education, smoking (cigarette and 

waterpipe) history, schistosomiasis, and other urinary tract infections (UTI). Exposure 

to organic solvents was defined as having been exposed to kerosene or vehicle fuel. 

Statistical Analyses 
 

To assess the relationship between occupational pesticide exposure and 

bladder cancer risk, we included in the analyses only working men farmers. Based on 

the distribution of each variable, we re-categorized or grouped some of them because 

of small numbers. A variable exhibiting significant (p-value ≤ 0.05) association with 

bladder cancer risk in the bivariate analyses was assessed for its interaction with the 
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main independent variable, and accordingly included in the multivariable 

unconditional logistic regression models. Covariates that were tested included 

exposure to organic solvents (yes, no), schistosomiasis (yes, no), cigarette and 

waterpipe smoking (categorical), UTI (yes, no), and education (categorical). We also 

used polytomous logistic regression models to compare UC cases, SCC cases, and 

controls. Chi-square and Student’s t-tests were used to compare categorical and 

continuous variables, respectively. All statistical analyses were performed using SAS 

version 9.2 software. 

Results  
Among men working as farmers, 885 were confirmed as primary urinary 

bladder carcinoma cases (337 SCC (38%) and 548 SCC (62%)), and 840 matched 

controls. More than half of the SCC and the UC (~ 60%) cases reported occupational 

pesticide exposure, but only half the controls reported such an exposure (Table 4.1a). 

The distributions of other bladder cancer risk factors among the cases and controls are 

summarized in Table 4.1b. Because few cases (48) and controls (41) resided in the 

North, we limited further analyses to the farmers in South Egypt. 

The bivariate analysis revealed significant associations between bladder 

cancer and occupational pesticide exposure (yes/no), frequency of pesticide exposure, 

organic solvent exposure, cigarette and waterpipe smoking, schistosomiasis, and 

education (Table 4.2). There was also a significant association between duration of 

exposure among those who reported exposure to pesticides (Table 4.1a). Results of 

the Breslow-Day test revealed no interaction between any of the studied variables and 

the association between pesticide exposure and bladder cancer. 
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Table 4.1a. Sociodemographic Characteristics and Exposure Histories of Egyptian 
Male Farmers with Either SCC or UC Bladder Cancer and Controls  
 

Characteristic 
SCC Cases 

N=345 
UC Cases 

N=594 
Controls 
N=881 p-value* 

n(%) n(%) n(%) 
Mean age ± SD 57.5 ± 10.0 62.6 ± 10.1 60.2 ± 11.1 <0.0001 
Area of residence 
     North Egypt 
     South Egypt 

 
5 (1.5) 

337 (98.5) 

 
43 (7.3) 

548 (92.7) 

 
41 (4.7) 

840 (95.4) 

 
 

0.0003 
Marital Status 
     Married 
     Widowed 
     Divorced/separated 
     Not married 

 
328 (95.1) 
12 (3.5) 
2 (0.6) 
3 (0.9) 

 
563 (94.8) 
29 (4.9) 

0 
2 (0.3) 

 
831 (94.3) 
45 (5.1) 
3 (0.3) 
2 (0.2) 

 
 
 
 

0.31 
Education 
     None 
     Lit classes/ primary school 
     Preparatory, high,technical  
     College or university 

 
288 (83.5) 
52 (15.1) 
5 (1.5) 

0 

 
481 (81.1) 
105 (17.7) 

7 (1.2) 
0 

 
632 (71.7) 
215 (24.4) 
31 (3.5) 
3 (0.3) 

 
 
 
 

<0.0001 

Occupational Exposures     

Pesticides 
     No  
     Yes 

 
168 (48.7) 
177 (51.3) 

 
245 (41.3) 
349 (58.8) 

 
429 (48.7) 
452 (51.3) 

 
 

0.01 
Years of pesticide exposure 
among those exposed 
     Mean ± SD 

 
 

30.3 ± 17.2 

 
 

36.4 ± 20.1 

 
 

32.6 ± 15.3 

 
 

<0.0001 
Frequency of pesticide use 
     None 
     Less than once per month 
     More than once per month 
     Missing 

 
168 (48.8) 
128 (37.2) 
48 (14.0) 

1 

 
245 (41.7) 
254 (43.2) 
89 (15.1) 

6 

 
429 (50.0) 
236 (38.0) 
103 (12.0) 

113 

 
 
 

0.03 

Organic Solvents** 
     No 
     Yes 

 
288 (83.5) 
57 (16.5) 

 
502 (84.5) 
92 (15.5) 

 
698 (79.2) 
183 (20.8) 

 
 

0.008 
*Student’s t-test was used calculate the p-value comparing SCC and UC cases. 
 
**Farmers exposed to either kerosene or vehicle fuel. 
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Table 4.1b: Distribution of Urinary Bladder Cancer Risk Factors Among Egyptian 
Male Farmers with Either SCC or UC Bladder Cancer and Controls 
 

Risk Factors 
SCC Cases 

N=345 
UC Cases 

N=594 
Controls 
N=881 p-

value* n(%) n(%) n(%) 
Schistosomiasis history 
     Yes 
     No 
     Do not know 

 
190 (55.1) 
132 (38.3) 
23 (6.7) 

 
342 (57.6) 
224 (37.7) 
28 (4.7) 

 
436 (49.5) 
387 (43.9) 
58 (6.6) 

 
 
 

0.03 
Urinary tract infection other 
than schistosomiasis 
     Yes 
     No 

 
 

63 (18.3) 
282 (81.7) 

 
 

114 (19.2) 
480 (80.8) 

 
 

182 (20.7) 
698 (79.3) 

 
 
 

0.58 
Cigarette smoking 
     Current 
     Former 
     Never 
 
Waterpipe smoking 
     Current 
     Former 
     Never 
 
Smoking 
(cigarette/waterpipe) 
     Both 
     Cigarette only 
     Waterpipe only 
     Neither 
 
Pack-years cigarettes  
 
Exposure to ETS among 
non-smokers 
     Yes 
     No 

 
151 (43.8) 
80 (23.2) 
114 (33.0) 

 
 

42 (12.2) 
43 (12.5) 
260 (75.4) 

 
 
 

36 (10.4) 
195 (56.5) 
49 (14.2) 
65 (18.8) 

 
30.3 ± 17.2 

 
 
 

86 (75.4) 
28 (24.6) 

 
277 (46.6) 
159 (26.8) 
158 (26.6) 

 
 

77 (13.0) 
80 (13.5) 
437 (73.6) 

 
 
 

90 (15.2) 
346 (58.2) 
67 (11.3) 
91 (15.3) 

 
36.4 ± 20.1 

 
 
 

120 (76.0) 
38 (24.0) 

 
411 (46.7) 
193 (21.9) 
276 (31.4) 

 
 

122 (13.9 ) 
57 (6.5) 

702 (79.7) 
 
 
 

64 (7.3) 
541 (61.4) 
115 (13.0) 
161 (18.3) 

 
38.9 ± 20.0 

 
 
 

189 (68.5) 
87 (31.5) 

 
 
 

0.09 
 
 
 
 

0.0001 
 
 
 
 
 
 

0.0002 
 

<0.0001 

 

 
 
 

0.17 
*Student’s t-test was used calculate the p-value comparing SCC and UC cases. 
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We fit unconditional multivariable logistic regression models for two 

pesticide variables among all the male farmers in South Egypt: exposure (yes/no) and 

frequency of exposure (categorical). Additionally, we fit an unconditional 

multivariable logistic regression model for duration of pesticide exposure among 

those farmers who reported occupational exposure to pesticides. In the first model, we 

found the odds of having bladder cancer was marginally increased among farmers 

exposed to pesticides compared to those unexposed after adjustment for solvent 

exposure, schistosomiasis, smoking, education, and age (AOR=1.20; 95% CI: 0.98-

1.47) (Table 4.3).  

Table 4.4 summarizes the results of the unconditional logistic regression 

model where frequency of pesticide exposure (categorical) was the main independent 

variable. We found that as the frequency of pesticide exposure increases the odds of 

having bladder cancer increase; (AORs=1.21; 95% CI: 0.97-1.52, and 1.36; 95% CI: 

0.99-1.86 for exposure less and more than once per month, respectively). 

We also explored the impact of duration of pesticide exposure and bladder 

cancer among the farmers who reported occupational pesticide exposure. As seen in 

Table 1a, farmers with exposure to pesticides were exposed for an average of 36.4 

years while controls had an average exposure of 32.6 years (p-value < 0.0001). In the 

unconditional multivariable logistic regression model, we found that as the number of 

years of exposure to pesticides increased the odds of having bladder cancer by three 

percent per year after adjustment for known risk factors (AOR=1.03; 95% CI: 1.01-

1.05). 
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We further stratified the cases by their histological types, SCC and UC, and 

compared them to controls. Pesticide exposure was significantly associated with 

increased odds of having UC after adjustment for potential confounders (AOR=1.28; 

95% CI: 1.01-1.61), whereas the odds of having SCC were only marginally elevated 

(Table 4.3). Among farmers, those who were exposed to pesticides more than once a 

month had a 1.4 times increased odds of having UC compared to those who were not 

exposed after adjustment for known risk factors (AOR=1.45; 95% CI: 1.02-2.07) 

(Table 4.4). A positive, but not statistically significant, association between farmers 

with SCC and frequency of pesticide exposure was found (AOR=1.20; 95% CI: 0.79-

1.83) (Table 4.4).  

When we stratified the cases by their histological type and examined the  

duration of exposure among those who were exposed to pesticides, we found the odds 

of having SCC were 1.04 times higher for every year of exposure after adjustment for 

potential risk factors (AOR=1.04; 95% CI: 1.01-1.06). Similarly, the odds of having 

UC were 1.03 times higher for every year of pesticide exposure after adjustment for 

known risk factors (AOR=1.03; 95% CI: 1.01-1.05) (Table 4.5).   

History of schistosomiasis was associated with increased odds of having either 

SCC or UC after adjustment for potential confounders and pesticides exposure 

(Tables 4.3 and 4.4).  And among farmers exposed to pesticides, the association of 

schistosomiasis history with UC increased with the continuous duration of exposure 

The association between SCC and schistosomiasis was positive, but not statistically 

significant (Table 4.5). Cigarette and waterpipe smoking were also associated with 

bladder cancer risk, but mostly with the UC type (Table 4.3 & 4.4).  However, among 
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farmers exposed to pesticides, smoking was not associated with increased bladder 

cancer risk (SCC or UC) after adjustment for duration of pesticide exposure (Table 

4.5). 

Exposure to organic solvents and having some form of education were 

associated with decreased odds of having bladder cancer (Tables 4.3 and 4.4). 

DISCUSSION 
 
 We examined the associations between pesticide exposure and bladder cancer 

risk among men farmers in South Egypt. We found that those who reported having 

been exposed to pesticides had increased odds of having UC compared to farmers 

who reported no exposure, after adjustment for potential confounders. A positive 

association was also found between frequency and duration of pesticide use and UC 

risk. Among farmers who reported exposure to pesticides, the odds of having either 

SCC and UC increased, as duration of exposure increased. 

 Our finding that exposure to pesticides is positively associated with increased 

bladder cancer risk is consistent with some of the previously reported results 6,12,45, 

but not with the studies of Aschengrau (1996) 65 and Veil (1995) 132. Both of these 

studies were limited by the ascertainment of pesticide exposure. Aschengrau 65 used 

the distance between cranberry fields treated and each participant’s residence to 

ascertain exposure, but not the self-reported direct exposure to pesticides. Similarly, 

Veil et al used the proportion of agricultural land use as their main exposure variable. 

These indirect measurements could have led to exposure ascertainment bias and 

insignificant results. Our findings that increased frequency and duration of pesticide 

exposure were positively associated with bladder cancer are novel and they provide 
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further evidence of an association between pesticide exposure and bladder cancer 

risk. 

Organochlorine and carbamate pesticides are the most commonly used in 

Egypt 111. These pesticides, among others, are known to be carcinogenic or tumor 

promoting in animal studies 133. In humans, they have been associated with increased 

risk of rectal and colon cancer, soft tissue sarcoma, malignant lymphoma, non-

Hodgkins lymphoma, and leukemia 64, in addition to bladder cancer 1,6,113. 

One of the unexpected findings of our study was that organic solvents appear 

to decrease, not increase, the odds of having bladder cancer both SCC and UC. 

Organic solvents, such as tricholoethylene, tetrachloroethylene, and carbon 

tetrachloride, have long been reported to be associated with an increased risk of 

various types of cancer, including bladder 43,134,135. Kerosene and vehicle fuel are also 

known to be associated with bladder cancer risk 136-138; however these studies were 

not conducted among farmers. Rather truck drivers and workers in the road haulage 

industry were studied to determine bladder cancer risk associated with vehicle fuel 

and kerosene.  

 It is possible that among the farmers those exposed to organic solvents were 

healthier and thus able to work.  And better health among the exposed could be 

attributed to higher socio-economic levels than among the unexposed.  Indeed, in our 

study we found the former to be more likely educated and to smoke (Table 4.6); 

smoking in Egypt is related to the individual financial means to purchase cigarettes 

126. 
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It is also possible that farmers with acute or extensive exposure to organic 

solvents were no longer living or too ill to participate in the study. Thus the 

unexpected association between organic solvents and bladder cancer may be a result 

of survival bias, and healthy worker effect. Further investigations of the relationship 

between organic solvents and bladder cancer risk in this population are necessary. 

 Sociodemographic characteristics, medical histories, occupational histories, and 

environmental exposure histories were self-reported, and subject to recall bias, which 

can lead to differential misclassification and erroneous estimates.  However, the 

effects of such biases may be limited 127-130.  

 In conclusion, we found that South Egypt men farmers who reported pesticide 

exposure have increased odds of having bladder cancer. Furthermore, our results 

demonstrate a dose-response relationship between frequency and duration of pesticide 

exposure and bladder cancer risk.    
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Table 4.2: Unadjusted Odds Ratios (UOR) and 95% Confidence Interval (CI) of the 
Associations between Different Variables and Either SCC* or UC** Type of Bladder 
Cancer among Egyptian Male Farmers  
 

Variables 
UOR (95% CI) 

All Cases 
n=939 

SCC* 
n=345 

UC** 
n=594 

Pesticide Exposure 
     No  
     Yes 

 
Ref 

1.20 (0.99-1.45) 

 
Ref 

1.00 (0.77-1.30) 

 
Ref 

1.32 (1.07-1.64) 
Frequency of 
Pesticide Use 
     None 
     < 1 per month 
     > 1 per month 

 
 

Ref 
1.20 (0.98-1.48) 
1.40 (1.02-1.86) 

 
 

Ref 
1.01 (0.77-1.34) 
1.61 (0.78-1.74) 

 
 

Ref 
1.32 (1.05-1.67) 
1.51 (1.08-2.10) 

Organic Solvent 
Exposure 
     No 
     Yes 

 
 

Ref 
0.70 (0.55-0.90) 

 
 

Ref 
0.73 (0.52-1.03) 

 
 

Ref 
0.68 (0.51-0.91) 

Cigarette Smoking 
    Never 
    Former 
    Current 

 
Ref 

1.28 (0.99-1.66) 
1.10 (0.88-1.37) 

 
Ref 

0.99 (0.70-1.41) 
0.94 (0.70-1.26) 

 
Ref 

1.46 (1.09-1.96) 
1.21 (0.94-1.57) 

Waterpipe Smoking 
     Never 
     Former 
     Current 

 
Ref 

2.20 (1.56-3.10) 
0.94 (0.71-1.24) 

 
Ref 

1.95 (1.25-3.03) 
0.87 (0.59-1.29) 

 
Ref 

2.33 (1.60-3.38) 
0.98 (0.71-1.34) 

Smoking 
     Neither 
     Waterpipe only 
     Cigarette only 
     Both 

 
Ref 

1.01 (0.71-1.43) 
1.05 (0.81-1.36) 
2.05 (1.40-3.02) 

 
Ref 

1.02 (0.64-1.61) 
0.92 (0.65-1.29) 
1.33 (0.79-2.24) 

 
Ref 

1.00 (0.67-1.51) 
1.15 (0.85-1.54) 
2.53 (1.66-3.86) 

ETS Among Non-
Smokers 
     No 
     Yes 

 
 

Ref 
1.46 (0.99-2.15) 

 
 

Ref 
1.47 (0.88-2.48) 

 
 

Ref 
1.45 (0.92-2.28) 

Schistosomiasis 
    No 
    Yes 

 
Ref 

1.33 (1.09-1.61) 

 
Ref 

1.29 (0.98-1.66) 

 
Ref 

1.36 (1.09-1.68) 
UTI 
    No 
    Yes 

 
Ref 

0.93 (0.73-1.17) 

 
Ref 

0.89 (0.64-1.24) 

 
Ref 

0.95 (0.73-1.24) 
Education 
     None 
     Some 

 
Ref 

0.53 (0.42-0.66) 

 
Ref 

0.47 (0.34-0.66) 

 
Ref 

0.56 (0..43-0.73) 
*Squamous Cell Carcinoma; ** Urothelial Cell Carcinoma 
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Table 4.3: Multivariable Logistic Regression Models for Urinary Bladder Cancer 
Cases and Controls among Egyptian Farmers who live in South@ Egypt 

 
 

Independent Variable 
Adjusted Odds Ratio  (95% Confidence Interval)*  

 
All cases 

n=883 
SCC 

n=319 
UC 

n=562 
Pesticide Exposure      
     No  
     Yes 
 
Organic Solvent 
Exposure** 
     No  
     Yes 
 
Schistosomiasis 
     No 
     Yes 
 
Smoking 
     Neither 
     Waterpipe only 
     Cigarette only 
     Both 

 
Ref 

1.20 (0.98-1.47) 
 
 
 

Ref 
0.68 (0.53-0.89) 

 
 

Ref 
1.42 (1.15-1.74) 

 
 

Ref 
1.08 (0.74-1.37) 
1.04 (0.80-1.37) 
2.11 (1.40-3.16) 

 
Ref 

1.07 (0.81-1.40) 
 
 
 

Ref 
0.72 (0.50-1.02) 

 
 

Ref 
1.32 (1.00-1.74) 

 
 

Ref 
1.10 (0.68-1.77) 
0.95 (0.67-1.36) 
1.39 (0.81-2.40) 

 
Ref 

1.28 (1.01-1.61) 
 
 
 

Ref 
0.66 (0.49-0.90) 

 
 

Ref 
1.50 (1.19-1.91) 

 
 

Ref 
1.07 (0.69-1.66) 
1.11 (0.81-1.53) 
2.61 (1.66-4.09) 

 
*In addition to the variables listed above, models included education and age 
(continuous)  
 
**Defined as being exposed to either kerosene or vehicle fuel. 
 
@We excluded 89 farmers who reported living in different areas other than South 
Egypt from the analysis
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Table 4.4: Multivariable Logistic Regression Models of Urinary Bladder Cancer 
Cases and Controls and Frequency of Pesticide Exposure among Egyptian Male 
Farmers  
 

 
Independent Variable 

Adjusted Odds Ratio  (95% Confidence Interval)*  
 

All cases 
n=876 

SCC 
n=318 

UC 
n=556 

Frequency of pesticide 
exposure 
     None 
     < 1 per month 
     > 1 per month 
 
Organic Solvent 
Exposure** 
     No 
     Yes 
 
Schistosomiasis 
     No 
     Yes 
 
Smoking 
     Neither 
     Waterpipe only 
     Cigarette only 
     Both 

 
 

Ref 
1.21 (0.97-1.52) 
1.36 (0.99-1.86) 

 
 
 

Ref 
0.68 (0.53-0.89) 

 
 

Ref 
1.43 (1.16-1.76) 

 
 

Ref 
1.09 (0.75-1.58) 
1.05 (0.80-1.38) 
2.08 (1.38-3.13) 

 
 

Ref 
1.09 (0.81-1.47) 
1.20 (0.79-1.83) 

 
 
 

Ref 
0.72 (0.50-1.03) 

 
 

Ref 
1.34 (1.01-1.77) 

 
 

Ref 
1.09 (0.67-1.76) 
0.94 (0.66-1.35) 
1.36 (0.79-2.36) 

 
 

Ref 
1.29 (1.00-1.66) 
1.45 (1.02-2.07) 

 
 
 

Ref 
0.66 (0.49-0.90) 

 
 

Ref 
1.51 (1.19-1.92) 

 
 

Ref 
1.08 (0.70-1.68) 
1.13 (0.82-1.56) 
2.59 (1.64-4.08) 

 
*In addition to the variables listed above, models included education and age 
(continuous)  
 
**Defined as being exposed to either kerosene or vehicle fuel. 
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Table 4.5: Multivariable Logistic Regression Models of Urinary Bladder Cancer 
Cases and Controls and Duration of Pesticide Exposure among South Egyptian Male 
Farmers who Reported such an Exposure  
 

 
Independent Variable 

Adjusted Odds Ratio  (95% Confidence Interval)*  
 

All cases 
n=202 

SCC 
n=70 

UC 
n=130 

Duration of pesticide 
exposure (continuous years) 
 
Organic Solvent Exposure** 
     No 
     Yes 
 
Schistosomiasis 
     No 
     Yes 
 
Smoking 
     Neither 
     Waterpipe only 
     Cigarette only 
     Both 

 
1.03 (1.01-1.05) 

 
 

Ref 
0.36 (0.17-0.78) 

 
 

Ref 
1.76 (1.05-2.93) 

 
 

Ref 
0.56 (0.22-1.43) 
1.12 (0.54-2.30) 
1.21 (0.45-3.26) 

 
1.04 (1.01-1.06) 

 
 

Ref 
0.39 (0.14-1.11) 

 
 

Ref 
1.53 (0.79-2.95) 

 
 

Ref 
0.75 (0.23-2.45) 
1.35 (0.54-3.35) 
0.29 (0.05-1.66) 

 
1.03 (1.01-1.05) 

 
 

Ref 
0.37 (0.15-0.84) 

 
 

Ref 
1.98 (1.12-3.48) 

 
 

Ref 
0.45 (0.15-1.32) 
0.98 (0.44-2.14) 
1.56 (0.56-4.40) 

 
*In addition to the variables listed above, models included UTI, age (continuous) and 
education. 
 
**Defined as exposure to either petroleum products of motor vehicle fuel. 
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Table 4.6: Sociodemographic Characteristics and Occupational Exposure Histories  
of Egyptian Male Farmers With and Without Exposure to Organic Solvents 

 
 
 
 
 

 

Characteristic 

Solvent 
Exposure 
N=332 

No Solvent 
Exposure 
N=1488 p-value 

n(%) n(%) 
Bladder cancer 
     SCC 
     UC 
     Control 

 
57 (17.2) 
92 (27.7) 
183 (55.1) 

 
288 (19.3) 
502 (33.7) 
698 (46.9) 

 
 
 

0.02 
Mean age ± SD 59.9 ± 11.3 60.6 ± 10.6 0.29 
Area of residence 
     North Egypt 
     South Egypt 

 
11 (3.3) 

321 (96.7) 

 
78 (5.3) 

1404 (94.7) 

 
 

0.14 
Marital Status 
     Married 
     Not married 

 
331 (99.7) 

1 (0.3) 

 
1482 (99.6) 

6 (0.4) 

 
 

0.79 
Education 
     None 
     Literacy classes, primary school 
     Preparatory, high, or technical  
     College or university 

 
238 (71.7) 
78 (23.5) 
15 (4.5) 
1 (0.3) 

 
1163 (78.2) 
294 (19.8) 
28 (1.9) 
2 (0.13) 

 
 
 
 

0.008 
Schistosomiasis history 
     Yes 
     No 
     Do not know 

 
186 (56.0) 
123 (37.1) 
23 (6.9) 

 
782 (52.5) 
620 (41.7) 
86 (5.8) 

 
 
 

0.27 
Urinary tract infection other than 
schistosomiasis 
     Yes 
     No 

 
 

56 (16.9) 
275 (83.7) 

 
 

303 (20.4) 
1185 (79.6) 

 
 
 

0.15 
Smoking (cigarette/waterpipe) 
     Both 
     Cigarette only 
     Waterpipe only 
     Neither 

 
40 (12.0) 
203 (61.1) 
50 (15.1) 
39 (11.8) 

 
150 (10.1) 
879 (59.1) 
181 (12.2) 
278 (18.7) 

 
 
 
 

0.01 
Pesticide Exposure 
     Yes 
     No 

 
208 (62.6) 
124 (37.4) 

 
770 (51.7) 
718 (48.3) 

 
 

0.0003 
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CHAPTER V: 
 
GSTM1, GSTT1, NQO1, and SOD2 Polymorphisms, Occupational Pesticide 

Exposure, and Bladder Cancer Risk among Male Farmers in South Egypt 

Introduction  
 
 Genetic polymorphisms in a number of genes, including glutathione-S-

transferase  M 1 (GSTM1), glutathione-S-transferase  T1 (GSTT1), NAD(P)H 

quinine oxidoreductase (NQO1), and superoxide dismutase (SOD2), have been 

reported to modulate bladder cancer risk 85. GSTM1 and other enzymes in the GST 

family of isoenzymes play a role in the detoxification of exogenous substrates, such 

as carcinogenic compounds 85. Increased risk of bladder cancer was reported to be 

associated with the GSTM1 null genotype, but not the GSTT1 genotype 91.  On the 

other hand, GSTT1 has been shown to modify the relationship between bladder 

cancer risk and smoking 72. Polymorphisms of SOD2 and NQO1 and an association 

with bladder cancer risk are conflicting 95,100,103,135. There is evidence that 

polymorphism in SOD2 genes modifies the relationship between occupational 

exposure to polycyclic aromatic hydrocarbons (PAHs), components of pesticides, and 

bladder cancer risk 100.  

In Egypt urinary bladder cancer incidence is among the highest worldwide 4. 

It has also been shown that male farmers have increased odds of developing bladder 

cancer compared to males employed in other occupations. Few studies have 

investigated genetic polymorphisms of the GSTM1, GSTT1, NQO1 and SOD2 genes, 

farming exposures, and bladder cancer risk. Considering the high incidence of 

bladder cancer in Egypt and the fact that a large segment of the population works in 
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farming, we examined the association between bladder cancer risk, genetic 

polymorphisms, and farming exposures. Additionally, we sought to determine if the 

association between bladder cancer and occupational exposure to pesticides was 

modified by each genetic polymorphism. 

 
Methods 
 
Study Population 
 

The study participants were recruited at the National Cancer Institute in Cairo, 

The Oncology Center at Minia University, and The South Egypt Cancer Institute in 

Assiut. The study was approved by the Institutional Review Boards of the three 

recruitment sites, the University of Maryland-Baltimore, and Georgetown University.  

Eligibility and Ascertainment of Cases 
 

As previously described, presumed bladder cancer cases referred to the 

recruitment sites’ departments of urology, radiation therapy, or surgery were 

approached for participation in the study. Eligibility criteria for cases include 

diagnosis within one year and self-identification as capable of completing a 20 minute 

interview. One of the study’s two pathologists ascertained the diagnosis of urinary 

bladder cancer for all participants by reviewing each case’s report as well as any 

tissue specimens from cystoscopic biopsies, transurethral lesion resections, or simple 

or radical cystectomies. Tumors originating from other sites of the body or 

metastasizing to the bladder were excluded 115,123. 
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Control Selection 
 

Healthy controls were randomly selected from the general population to 

frequency-match the cumulative groups of cases by sex, five-year age groups, and 

governorate of residence 115,123. 

Data Collection 
 

After consenting, each participant was questioned face-to-face by trained 

interviewers, who collected data on sociodemographic characteristics, occupational 

histories, environmental exposure histories including exposure to tobacco smoke, and 

medical history of schistosomiasis and other urinary tract infections (UTI).  

Blood specimens (~2 teaspoons, equivalent to 10 mL) were also drawn from 

each participant and transported within 2 hours at room temperature to the main study 

office at each center for processing. Samples collected from controls in the field were 

stored in coolers and transported within 6 to 8 hours to the study’s central laboratory 

in Cairo for processing or taken to the Minia or Assiut laboratories for processing 

before transport to Cairo. Samples, processed within 24 hours of their collection, 

were aliquoted for long-term storage; samples from Minia and Assiut were hand-

carried weekly by train (using portable liquid nitrogen containers) to the Cairo 

facility.  

The specimens were first centrifuged. Plasma and buffy coat (including 

lymphocytes) were separated and aliquoted into multiple vials for long-term storage. 

The genomic DNA was extracted from the stored buffy coats using the Quiagen 

(Valencia, CA, USA) DNA extraction kit. Processed and aliquoted biological 

specimens were stored at -80˚C. The vial for each specimen was barcoded with a  
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unique identification number. This number was the link between the sample and the 

data collected through the questionnaire. For each specimen, information about 

contents, freeze-thaw times and durations, and the investigators who had used it. The 

barcode also tracked remaining vial volume as well as freezer, shelf, rack and box 

number location. The central repository’s freezers were monitored continuously and 

equipped with heat sensors and alarm systems to trigger emergency backup in case of 

a temperature increase or power failure 118-121. 

 
Variables  
 

The main independent variables were genetic polymorphisms of the GSTM1, 

GSTT1, NQO1, and SOD2 genotypes. Each of the genotypes was determined to be in 

Hardy-Weinberg equilibrium. The outcome variable was bladder cancer case vs 

control. Covariates that were examined and potentially included in the analyses were 

occupational exposures to pesticides, organic solvent exposure, marital status, 

education, environmental tobacco smoke exposure, smoking (cigarette and waterpipe) 

history, and schistosomiasis and other urinary tract infections (UTI).  

 
Statistical Analyses 
 

To assess the relationship between each of the genetic polymorphisms and 

bladder cancer risk among farmers, we included in the analyses only men farmers 

whose serum samples were genotyped at the time of this study.  Four study 

populations were identified: male farmers with 1) GSMT1 genotyping; 2) GSTT1 

genotyping; 3) NQO1 genotyping; and 4) SOD2 genotyping.  Based on the 

distribution of each variable, we re-categorized or grouped some of them because of 
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small numbers. The Breslow-Day test was used to determine if exposure to pesticides, 

exposure to organic solvents, schistosomiasis, or smoking were effect modifiers of 

the relationships between bladder cancer and each of the genetic polymorphisms. The 

multivariable unconditional logistic regression model also included age (continuous), 

schistosomiasis (yes, no), urinary track infection (UTI), and cigarette smoking (ever, 

never). Chi-square and Student’s t-tests were used to compare categorical and 

continuous variables, respectively. All statistical analyses were performed using SAS 

version 9.2 software. 

Results 

 The study sample consisted of men farmers whose serum specimen were 

genotyped for at least one of following: GSTM1, GSTT1, NQO1, or SOD2. The 

distributions of sociodemographic and genetic characteristics as well as bladder 

cancer risk factors are summarized in Tables 5.1a and 5.1b. Farmers recruited during 

the initial years of the study were more likely to have had genotyping completed by 

the time of analysis for this study. There were no differences in the genetic 

characteristics between the cases and controls.  

The bivariate analysis did not reveal any significant associations between 

bladder cancer risk and polymorphisms of the GSTM1, GSTT1, NQO1, or SOD2 

genotype (Tables 5.2 and 5.3). Results of the stratified analyses – where the 

relationships between bladder cancer and pesticide exposure were stratified by 

genotype – demonstrated that there was no confounding of the relationships between 

bladder cancer and pesticide exposure. Results of the Breslow-Day test revealed that 

there was no effect modification. 
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 We fit four unconditional multivariable logistic regression models. In each 

model, we created a four category gene by pesticide exposure variable (Table 5.4). 

The models for those genotyped for NQO1 or SOD2 show that individuals with genes 

encoding for moderate-low activity and occupational exposure to pesticides had 

increased odds of having bladder cancer compared to those with no pesticide 

exposure and genes encoding for high activity after adjustment for solvent exposure, 

schistosomiasis, cigarette smoking, age, and education (NQO1 AOR=1.94; 95% CI: 

1.24-3.02; SOD2 AOR=1.86; 95% CI: 1.11-3.14). Among those in the study 

population with GSTM1 and GSTT1 genotyping, there was no strong evidence of a 

difference in risk between the gene by pesticide groups after adjustment for the 

variables listed above. However, there was a trend, though no statistically significant, 

that those with pesticide exposure and either the null GSTM1 or GSTT1 gene had 

increased odds of having bladder cancer (Table 5.4). 

 Schistosomiasis was found to be an independent bladder cancer risk factor in 

each of the study populations after adjustment for genotype, pesticide exposure, 

solvent exposure, cigarette smoking, age, and education (Table 5.4). Among farmers 

with GSTM1 and GSTT1 genotyping, organic solvent exposure was found to be a 

bladder cancer risk factor after adjustment for potential confounders. However, 

among farmers with NQO1 or SOD2 genotyping, there was no significant association 

between solvent exposure and bladder cancer (Table 5.4). 

Discussion 

 We found evidence for a gene-environment interaction between moderate-low 

activity of NQO1 and SOD2 and pesticide exposure among men farmers in South  
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Table 5.2: Unadjusted Odds Ratios (UOR) and 95% Confidence Intervals (CI) of the 
Associations Between Different Genotypes and Bladder Cancer Among Egyptian 
Male Farmers 
 

Variables UOR (95% CI) 
GSTM1 
     Functional 
     Null 

 
Ref 

1.14 (0.82-1.58) 
GSTT1 
     Functional 
     Null 

 
Ref 

1.16 (0.78-1.74) 
NQO1 
     Pro/Pro (high) 
     Pro/Ser (moderate) 
     Ser/Ser (low) 

 
Ref 

1.03 (0.77-1.39) 
0.90 (0.47-1.72) 

NQO1 
     High 
     Moderate-low 

 
Ref 

0.98 (0.74-1.30) 
SOD2 
     Ala/Ala (high) 
     Ala/Val 
     Val/Val (low) 

 
Ref  

1.08 (0.75-1.54) 
1.15 (0.79-1.69) 

SOD2 
     High 
     Moderate-low 

 
Ref 

1.13 (0.82-1.57) 
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Egypt.   Among farmers exposed to pesticides, the highest risk for bladder cancer was 

for those with moderate-low activity genotypes. To our knowledge, this is one of the 

first studies to evaluate the interaction between NQO1 and SOD2 genotypes, 

pesticides, and bladder cancer. Previous work by Hung et al examined the interaction 

between NQO1 and SOD2 and various environmental exposures, including 

occupational exposures to polycyclic aromatic hydrocarbons (PAH) and aromatic 

amines (AA), though not exposure to pesticides. The study by Hung et al found an 

interaction between SOD2 and PAH exposure similar to our finding of an interaction 

between SOD2 and pesticides. However, Hung did not find an interaction between 

PAH or AA exposure and NQO1; whereas our study found an interaction between 

this pesticide exposure and moderate-low levels of NQO1. 

 It is hypothesized that bladder cancer risk associated with the moderate-low 

activity levels of NQO1 and SOD2 and pesticide exposure among farmers in Egypt is 

the result of damage caused by reactive oxygen species, which are not adequately 

metabolized. When pesticides enter the body, phase I detoxifying enzymes, such as 

p450, begin the metabolic process. As a result, reactive oxygen species are often 

created and phase II enzymes, such as NQO1 or SOD2, are responsible for further 

metabolism and removal of these species. Therefore, individuals with moderate-low 

activity levels of NQO1 and SOD2 are thought to be more susceptible to cellular 

damage from longer contact with reactive oxygen species. 

 We also evaluated the associations between polymorphisms of the GSTM1, 

GSTT1, NQO1, and SOD2 genes and bladder cancer among male Egyptian farmers. 

Previous epidemiologic studies reported controversial evidence about the 
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relationships between polymorphisms of the GSTM1, GSTT1, NQO1 and SOD2 

genes and bladder cancer risk. Our findings, though not statistically significant, 

provide evidence supporting studies that found the null GSTM1 94,96,140 and GSTT1 

95,96 as well as the genotype coding for low activity level of NQO1 103 to be associated 

with an increased odds of bladder cancer. 

Our study’s main limitation was sample size. We believe the small sample 

size of our study led to only marginally significant results with wide confidence 

intervals for each odds ratio describing the association between bladder cancer and 

genetic polymorphism. In spite of the small sample size, our results do reveal novel 

findings about the relationships between SOD2 and NQO1 polymorphisms, exposure 

to pesticides, and bladder cancer risk among farmers. We believe that these 

relationships warrant further investigation. 

 In conclusion, we found that among male Egyptian farmers there were no 

statistically significant associations between genetic polymorphisms of the GSTM1, 

GSTT1, NQO1, and SOD2 genes and bladder cancer; however, we did find evidence 

of an interaction between NQO1 and SOD2 and pesticide exposure. The combination 

of genetic factors and occupational exposures to pesticides are likely to play an 

important role in bladder cancer carcinogenesis.
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 Table 5.3: Unadjusted Odds Ratios (UOR) and 95% Confidence Intervals (CI) of the 
Associations Between Potential and Known Risk Factors and Bladder Cancer among 
South Egyptian Male Farmers Whose Genotyping Was Performed  
 
Variables UOR (95% CI) 

GSTM1 GSTT1 NQO1 SOD2 
Genotype 
     Functional 
     Null 
 
     High activity 
     Moderate-low 
     activity 

 
Ref 

1.14 (0.81-1.59) 

 
Ref 

1.21 (0.80-1.83) 

 
 

 
 

Ref 
1.09 (0.82-

1.46) 

 
 
 
 

Ref 
1.10 (0.78-

1.54) 
Pesticide Exposure 
     No 
     Yes 

 
Ref 

1.60 (1.14-2.24) 

 
Ref 

1.63 (1.16-2.30) 

 
Ref 

1.88 (1.41-
2.52) 

 
Ref 

1.98 (1.48-
2.64) 

Organic Solvent 
Exposure 
     No 
     Yes 

 
 

Ref 
1.90 (1.10-3.26) 

 
 

Ref 
1.91 (1.11-3.27) 

 
 

Ref 
0.98 (0.66-

1.46) 

 
 

Ref 
0.99 (0.66-

1.46) 
Schistosomiasis 
     No 
     Yes 

 
Ref 

1.70 (1.21-2.40) 

 
Ref 

1.68 (1.19-2.37) 

 
Ref 

2.11 (1.58-
2.83) 

 
Ref 

2.15 (1.61-
2.87) 

Cigarette Smoking 
     Never 
     Ever 

 
Ref 

1.28 (0.88-1.87) 

 
Ref 

1.29 (0.89-1.88) 

 
Ref 

1.16 (0.84-
1.59) 

 
Ref 

1.13 (0.82-
1.55) 
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CHAPTER VI:  
DISCUSSION and CONCLUSIONS 

Overview  

The papers included in this dissertation represent the first well powered 

studies to examine the relationships between bladder cancer – both SCC and UC – 

and working as a farmer, pesticide exposure, and genetic polymorphisms. Urinary 

bladder cancer incidence in Egypt is among the highest worldwide; and is the most 

common type of cancer among men. Smoking and a legacy effect of schistosomiasis 

only partially account for its occurrence. Therefore, we sought to determine if 

occupation, specifically farming, and its related exposures are associated with bladder 

cancer. The results of our case-control study show the following: 

1. Egyptian men working as farmers and their household women have 

increased odds of having bladder cancer, and that is for both SCC and UC 

types; 

2. Egyptian men farmers who are exposed to pesticides have an increased 

odds of having UC; 

3. A dose-response relationship between frequency of pesticide use and UC 

exists, as does a dose-response relationship between duration of pesticide 

use and SCC and UC; 

4. Among Egyptian farmers there was no association between genetic 

polymorphisms of the GSTM1, GSTT1, NQO1, and SOD2 genes and 

bladder cancer; and 
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5.  Polymorphisms of the NQO1 and SOD2 genes modify the relationship 

between bladder cancer and pesticide exposure among Egyptian men 

working as farmers. 

Farming and Bladder Cancer 

We found positive and statistically significant associations between working 

as a farmer and bladder cancer risk among Egyptian men, even after adjustment for 

known risk factors such as smoking and history of schistosomiasis. We also found 

that smoking cigarettes modifies the relationship between occupation and bladder 

cancer risk; among farmers who never smoked the odds of having bladder cancer 

were much higher than among farmers who smoked (AOR smokers=1.72; 95% CI: 

1.43-2.05 versus AOR non-smokers=3.46; 95% CI: 2.56-4.66). Similar associations 

were observed for either SCC or UC type of cases. 

Our data, although consistent with previously reported results, 12,43,44,124,125 are 

the first to show an association between farming and SCC type of bladder cancer.  

Indeed, most of the studies that reported an association between bladder cancer and 

farming were conducted in Western/developed countries where UC is the 

predominant type of cancer. On the other hand, our results conflict with other studies 

that did not find an association between working as a farmer and bladder cancer 61-63. 

The study by Alavanja141 was a prospective cohort conducted in the United States 

(where UC is most prevalent) with a limited follow-up period, which may not have 

been sufficient for the development of bladder cancer; a disease that has a long 

latency period. The remaining studies61-63 examined multiple occupations for their 

contribution to bladder cancer risk, and farmers were in a relatively small number.   
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Our findings that smoking modifies the relationship between occupation and 

bladder cancer risk and that non-smoking farmers are at greatest risk of having 

bladder cancer were novel.  It is possible that smoking pattern in Egypt is different 

from the pattern in Western countries.  Indeed, non-daily smoker was reported to be 

quite common among Egyptian men; smoking is somewhat associated with financial 

means to buy cigarettes, thus relatively high socio-economic status126. Another 

explanation would be that the non-smokers are working in jobs that place them at 

great risk for being exposed to occupational hazards, such as pesticides 

Additionally, we found that indirect exposure to farming among women – by 

living with a husband/head of household who worked as a farmer – was associated 

with increased odds of having bladder cancer, specifically SCC (AOR=1.54; 95% CI: 

1.05-2.26). Women are likely to be exposed to hazards associated with farming in two 

different ways. First, residues from pesticides and other hazards can be brought home 

on the farmers’ shoes or clothes, from which women, who traditionally are 

responsible for cleaning the clothes and the house, became exposed. Additionally , 

farmers and their families may live in communities close to the farm where they 

work. These families may be further exposed to pesticides and other hazards through 

the air they breathe, water they drink, and food they eat. Farmers are exposed to a 

variety of potentially carcinogenic substances, such as pesticides, organic solvents, 

petroleum products, zoonotic viruses, microbes and fungi58, all of which  can 

contaminate the environment in which they live and particularly their households. 
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Occupational Pesticide Exposure and Bladder Cancer 

We found that farmers who reported having been exposed to pesticides had 

increased risk of UC and to a lesser extend SCC, as compared to those who were 

unexposed, after adjustment for potential confounders and that risk increases with the 

frequency and the duration of pesticide exposure. We believe this is the first time 

such relationships have been found and documented in the literature. 

 Our finding that exposure to pesticides is positively associated with increased 

bladder cancer risk is consistent with some of the previously reported results6,12,45,113, 

but not with the studies of Aschengrau et al 65 and Veil et al132. Both of these studies 

were limited by the measurement of pesticide exposure. Aschengrau et al used the 

distance between cranberry fields treated and each participant’s residence to ascertain 

exposure, but not the self-reported direct exposure to pesticides. Similarly, Veil et al 

used the proportion of agricultural land use as their main exposure variable. These 

indirect measurements could have led to exposure ascertainment bias and 

insignificant results. Our findings that increased frequency and duration of pesticide 

exposure were positively associated with bladder cancer provide further evidence of 

an association between pesticide exposure and bladder cancer risk 65,132. 

Organochlorine and carbamate pesticides are the most commonly used in 

Egypt111. These pesticides, among others, are known to be carcinogenic or tumor 

promoting in animal studies133. In humans, they have been associated with increased 

risk of rectal and colon cancer, soft tissue sarcoma, malignant lymphoma, non-

Hodgkins lymphoma, and leukemia64, in addition to bladder cancer6,60,57. 
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Interaction between Pesticide Exposure and Genetic Polymorphisms 

We found a gene-environment interaction between moderate-low activity of 

NQO1 and SOD2 and pesticide exposure among men farmers in South Egypt.  

Among farmers exposed to pesticides, the highest risk for bladder cancer was for 

those with moderate-low activity genotypes; a lesser risk, although elevated, was 

noted for those with high activity genotypes.   

To our knowledge, this is one of the first studies to evaluate the interaction 

between NQO1 and SOD2 genotypes, pesticides, and bladder cancer. Previous work 

by Hung et al examined the interaction between NQO1 and SOD2 and various 

environmental exposures, including occupational exposures to polycyclic aromatic 

hydrocarbons (PAH) and aromatic amines (AA), but not pesticides. The authors 

found an interaction between SOD2 and PAH exposure similar to our finding of an 

interaction between SOD2 and pesticides. However, Hung did not find an interaction 

between PAH or AA exposure and NQO1; whereas our study found an interaction 

between this pesticide exposure and moderate-low levels of NQO1. 

 It is hypothesized that bladder cancer risk associated with the moderate-low 

activity levels of NQO1 and SOD2 and pesticide exposure among farmers in Egypt is 

the result of damage caused by reactive oxygen species, which are not adequately 

metabolized. When pesticides enter the body, phase I detoxifying enzymes, such as 

p450, begin the metabolic process. As a result, reactive oxygen species are often 

generated and phase II enzymes, such as NQO1 or SOD2, are responsible for 

metabolizing further and removing these species. Therefore, individuals with 
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moderate-low activity levels of NQO1 and SOD2 are hypothesized to be more 

susceptible to cellular damage from longer contact with reactive oxygen species. 

Genetic Polymorphisms and Bladder Cancer 

We did not find any statistically significant associations between genetic 

polymorphisms of the GSTM1, GSTT1, NQO1, or SOD2 and bladder cancer. 

Previous epidemiologic studies reported inconsistent results. Our findings, though not 

statistically significant, provide evidence supporting studies that found the null 

GSTM1 94,96,140 and GSTT1 95,96 as well as low activity level of NQO1 103 are 

associated with an increased odds of bladder cancer. 

Unique Aspects of This Study  

In this case-control study conducted in Egypt, we evaluated the associations 

between farming, pesticides, and genetic polymorphisms and bladder cancer risk. 

Data on occupation, pesticide exposure, duration and frequency were gathered 

through a self-report questionnaire. The sample size of the study population, and 

specifically those employed as or living with farmers, allowed for a well-powered 

study that lead to meaningful and significant results. These results illustrated a 

positive association between farming and exposure to pesticides and bladder cancer 

risk. Furthermore, we were able to assess risk associated with SCC and UC types of 

bladder cancer separately. We believe this is the first time risk of SCC and pesticide 

exposure was evaluated. 

Genotype analysis of DNA extracted from blood specimens provided data for 

assessing associations between GSTM1, GSTT1, NQO1, and SOD2 polymorphisms 

and bladder cancer risk among men farmers. Our study is the first to examine 
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associations between pesticides, polymorphisms, and bladder cancer risk in a sample 

that includes men with SCC and UC.  

Identification of other Bladder Cancer Risk Factors 

In agreement with the literature regarding the known bladder cancer risk 

factors, we found that smoking cigarettes was associated with bladder cancer risk, 

specifically UC type.  However, our study was the first to find that smoking modifies 

the relationship between occupational and bladder cancer risk. Cigarette smoking was 

associated with increased odds of having bladder cancer either SCC or UC among 

non-farmers. Also consistent with the literature, we found significant associations 

between bladder cancer and schistosomiasis, associations that are well known and 

previously reported mainly with SCC 13,22,28,30. We found similar associations, not 

only with SCC, but also with UC among all the working men in our study population; 

a finding that is relatively novel.  Very few studies addressed schistosomiasis and UC 

risk in the past. Among farmers exposed to pesticides, the association of 

schistosomiasis history with UC increased with the continuous duration of exposure.  

In addition to providing further evidence of a relationship between bladder 

cancer risk and schistosomiasis and smoking, we also found statistically significant 

relationships between ETS and bladder cancer. Among women the adjusted odds 

ratios for ETS was slightly elevated but not statistically significant. 

One of the unexpected findings of our study was that organic solvents appear 

to decrease, not increase, the odds of having bladder cancer both SCC and UC. 

Organic solvents, such as tricholoethylene, tetrachloroethylene, and carbon 

tetrachloride, have long been reported to be associated with an increased risk of 
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various types of cancer, including bladder43,134,135. Kerosene and vehicle fuel are also 

known to be associated with bladder cancer risk136-138. None of these studies were 

conducted among farmers; the investigators studied truck drivers and workers in the 

road haulage industry.  

It is possible that among the farmers those exposed to organic solvents were 

healthier and thus able to work.  And better health among the exposed could be 

attributed to higher socio-economic levels than among the unexposed.  Indeed, in our 

study we found the former to be more likely educated and to smoke (Table 6); 

smoking in Egypt is related to the individual financial means to purchase 

cigarettes126. 

Limitations  

By virtue of the case-control study design, odds ratios were calculated, but 

causality was not determined. However, a prospective cohort study would be 

prohibitively costly and long as the latency period for bladder cancer development 

can be more than 20 years. The study was also conducted in a single country. Results 

related to farming and pesticide exposures, therefore, may not be generalizable to 

other parts of the world or beyond the ages and governorates on which the cases and 

population controls were matched.  

In assessing the associations between gene polymorphism and bladder cancer 

risk, we used  a sub-sample of the study population; those who had their DNA 

genotyped.  Therefore, we believe that the small size of those sub-samples accounts 

for the results being only marginally statistically significant. In spite of the sample 

sizes, our results did reveal novel findings about the relationships between SOD2 and 
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NQO1 polymorphisms, exposure to pesticides, and bladder cancer risk among men 

farmers in South Egypt. We believe these relationships warrant further investigation. 

The socio-demographic, medical history, smoking, and environmental and 

occupational exposure data were collected through self-report responses to an 

interviewer-administered questionnaire. Most responses to the questionnaire were not 

verified. However, the effects of such biases may be limited127-130.  Interviewer and 

recall biases could result in differential misclassification of exposures if the 

interviewer or the cases interpreted or reported increased exposures that did not 

actually occur. If there is differential misclassification of this kind, the odds of those 

risk factors would be inflated among the cases. 

Selection of cases occurred at the three main cancer treatment centers in 

Egypt. Recruiting from only these centers limited the pool of eligible cases in the 

study. Cases who were either too sick to travel would not seek treatment at these 

centers. Therefore our study population may not include the sickest patients. 

Similarly, the recruitment of controls was limited to villages and cities that were 

accessible to the study staff, and as such the recruitment was population-based but 

with some degree of convenience.  

Although there were limitations to the recruitment of cases and controls in this 

study, we believe that the controls were drawn from the same source population as 

the cases. It is likely that if controls were to develop bladder cancer they would seek 

treatment at one of the centers we used to recruit cases.  
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Strengths 

 The focus on farming and farming exposures has not been the subject of many 

studies, and the aims we addressed resulted in novel findings and the identification of 

new bladder cancer risk factors. Case status was confirmed by either one of two 

pathologist involved in the study, thus minimizing the risk of misclassification of 

bladder cancer. Cases were also classified by cancer type. This allowed for analysis 

of UC and SCC separately. We were able to assess whether different risk factors exist 

for each type of cancer. Ultimately, we found differing risk factors for SCC and UC. 

Specifically, we found UC to be positively and significantly associated with pesticide 

exposure, as well as increased frequency and duration of pesticide use. We also 

reported that UC is positively associated with schistosomiasis, a common SCC risk 

factor. 

 Controls were selected from the same cohort population as the cases; thus they 

are a representative sample from the source population. The questionnaire used was 

translated from English to Arabic and then back-translated into English to ensure that 

the questions being asked were valid and reliable. Data related to farming exposures 

and duration of exposures were available for nearly 2000 individuals. Covariate data 

were also available. All analyses were adjusted for the two known risk factors for 

bladder cancer: cigarette smoking and schistosomiasis.  

Conclusions and Implications 

 The findings of this dissertation show that farming as an occupation, indirect 

exposure to farming through household contact, and occupational exposure to 

pesticides among farmers are associated with bladder cancer risk. Specifically, the 
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risk of UC increases as the duration and frequency of pesticide use increases among 

farmers in South Egypt. We also found that the relationship between pesticide 

exposure and bladder cancer is modified by polymorphisms of the NQO1 and SOD2 

genotypes among men farmers in South Egypt.  

 We believe our findings provide enough evidence that preventive measures 

should be discussed, implemented, and evaluated among South Egyptian farmers. 

Specifically, we recommend that farmers should be educated about the dangers 

associated with occupational pesticide use. Additionally, they should be encouraged 

to take precautionary/preventive steps such as wearing protective clothing – gloves, 

coveralls – while mixing or applying pesticides. Similarly, they should wash their 

hands after using pesticides and refrain from eating or smoking while using pesticides 

on the job. To protect their families from indirect exposure to pesticides and other 

potentially harmful substances found on farms, farmers should change their shoes and 

clothing after work. Clothing exposed to pesticides should be washed separately from 

other clothing. If possible, clothing worn on the farm should be washed at work and 

not brought home if possible. 

 We further believe that more research into the relationship between farming 

and bladder cancer is necessary. Ideally, a study with direct measurement of exposure 

should be conducted to determine the amount and type of pesticide exposure, to 

which each farmer has on a daily or weekly basis. We also believe the women 

married to or living with a farmer need to be studied further. Much like the farmers, 

direct measurement of pesticide exposure is necessary to further evaluate the 

association between exposure and bladder cancer risk. 
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