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Abstract 

Objectives: To examine the association between lifetime caffeine intake and the risk of epithelial 

ovarian cancer (EOC) overall, according to tumour behaviour (invasive vs. borderline), and by 

invasive tumour type (Type I vs. Type II) and to assess menopausal status as an effect modifier. 

 

Methods: The PRevention of OVArian Cancer in Quebec (PROVAQ) study is a population-

based case-control study that was conducted in Montreal (2011-2016). A total of 497 cases and 

904 controls reported lifetime consumption of caffeinated beverages and other variables through 

in-person interviews. Lifetime average daily caffeine intake values were calculated for each 

participant and unconditional multivariable logistic regression was used to estimate adjusted 

odds ratios (with 95% confidence intervals) to describe the association between quartiles of 

caffeine intake and risk of EOC. A hybrid Directed Acyclic Graph (DAG) and change-in-

estimate (CIE) procedure determined variables for statistical adjustment. Polytomous logistic 

regression was used for associations by tumour behaviour and invasive cancer type.   

 

Results: Results did not provide strong evidence of an association between lifetime caffeine 

consumption and overall EOC risk. The adjusted odds ratios (with 95% CIs) for the highest 

versus lowest quartile of caffeine intake were 1.21 (0.85-1.70) for overall EOC; 1.32 (0.90-1.94) 

for invasive EOC; and 0.99 (0.54-1.80) for borderline EOC. Further review indicated a 

suggestive trend of increasing risk with increasing quartile of caffeine consumption for invasive 

cases, although no such trend was seen for borderline cases. There was no appreciable difference 

in risk between Type I and Type II tumours. Stratification according to menopausal status 

yielded ORs that differed in direction and magnitude, however results were statistically non-



iii 

 

significant (interaction p-value = 0.09). Further analyses by specific caffeinated drink types 

generally indicated non-significant results; yet, cola consumption elevated risk for overall, 

invasive, and invasive Type II EOC at certain consumption categories. 

 

Conclusions: Results did not demonstrate a pattern of association between lifetime caffeine 

intake and EOC risk and there was no strong evidence of menopausal status acting as an effect 

modifier. Additional drink type analyses indicate that cola intake may increase EOC risk. Further 

research with increased sample size may be warranted. 
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Chapter 1 

General Introduction 

1.1 Background and Rationale 

According to the 2016 Canadian Cancer Statistics, ovarian cancer is the eighth 

most common type of cancer in women, and the fifth most common cause of female 

cancer-related deaths, making it the most fatal gynecologic malignancy [1, 2, 3]. Ovarian 

cancer affects the ovary/ovaries of an individual and may metastasize to other parts of the 

body. There are three types of ovarian cells: epithelial cells that form the outer layer of 

the ovary, stromal cells that compose the connective tissue of an ovary, and germ cells, 

which are the reproductive cells. Cancerous changes in these cells can result in epithelial, 

stromal, or germ cell tumours, respectively[4]. Epithelial ovarian cancers (EOCs) are the 

most common type of ovarian cancer, accounting for 90% of all ovarian cancer cases, and 

have poorer prognoses[5, 6]. These tumours can include benign, invasive, as well as 

borderline tumours, and the most common and malignant type of EOC is high-grade 

serous carcinoma, which accounts for approximately 70% of all ovarian cancer cases[7, 

8]. Traditionally, EOCs have been classified according to their histology, but recently, a 

new model has been proposed to pathologically classify invasive EOCs as two types[8]. 

Type I invasive EOCs include low-grade serous, low-grade endometrioid, clear cell and 

mucinous carcinomas, or Brenner tumours[2]. These tumours are genetically stable and 

have specific mutations that target cell signaling pathways, which may include KRAS, 

BRAF, CTNNB1, or PTEN, but they rarely involve TP53 mutations[9]. Since they are less 

aggressive and slower growing, Type I tumours typically present at earlier stages of 
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disease[2, 10]. On the other hand, Type II invasive EOCs include high-grade serous, 

high-grade endometrioid, malignant mixed mesodermal tumours, and undifferentiated 

carcinomas[2]. They have a high frequency of TP53 mutations and interrupt the 

expression of BRCA genes by either mutating the genes or via promotor methylation[9]. 

These aggressive tumours present in more advanced stages and are usually not associated 

with well-known precursors[2]. Type II tumours are more common than Type I tumours 

and account for about 75% of all epithelial ovarian carcinomas[2].  

 Although some risk factors for ovarian cancer have been identified, the etiology 

of ovarian cancer remains poorly understood. For instance, family history has been 

associated with ovarian cancer primarily in relation to mutations in BRCA and DNA 

mismatch repair genes (e.g. hMSH2, hMLH2)[11, 12]; however, only about 5-10% of 

ovarian cancer cases are associated with an hereditary element[11]. Established 

protective factors for this disease are increasing parity and oral contraceptive use[4]. 

Some risk factors are either difficult to modify or non-modifiable and, due to the lack of 

effective screening for ovarian cancer as well as its non-specific symptoms, it is 

important to identify modifiable risk factors to reduce the burden of ovarian cancer on the 

Canadian and global community[11, 13]. One highly prevalent and modifiable exposure 

of interest is caffeine intake. Previous studies examining the association between caffeine 

intake and ovarian cancer risk report inconclusive and conflicting results, potentially due 

to methodological flaws. This thesis therefore assessed lifetime caffeine intake for its 

possible association with EOC in an attempt to address this gap in knowledge. 
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1.2 Objectives 

I. To determine the association between lifetime average daily caffeine intake and 

epithelial ovarian cancer risk overall as well as by tumour behaviour (invasive vs. 

borderline) and invasive tumour type (Type I vs. Type II); and,  

II. To assess whether menopausal status acts as an effect modifier in the relationship 

between caffeine consumption and epithelial ovarian cancer risk. 

1.3 Thesis Organization 

This thesis conforms to the regulations for a manuscript-style Master’s thesis for 

the Department of Public Health Sciences and School of Graduate Studies, Queen’s 

University. Chapter 1 gives an introduction to the topic and outlines the thesis project. 

Chapter 2 consists of a literature review of the exposure and outcome of interest. Chapter 

3 then details the data source, data cleaning process, and the analysis techniques used to 

meet the thesis objectives. The fourth chapter is the manuscript draft that discusses the 

results found for the assessment of the association between lifetime average daily 

caffeine intake and EOC risk. Chapter 5 is dedicated to additional analyses that were 

conducted, but were not included in the manuscript draft. The final chapter is a discussion 

of the interpretation of study findings, validity, comparison to other studies, and 

conclusions and recommendations for future studies. References are included at the end 

of each chapter and extra material can be found at the end of this document in the 

Appendices. 

1.4 Student Contribution 

To achieve the objectives above, Simran Kaur Sandhu, with guidance from her 

supervisors and study team, was responsible for conceptualizing the research questions 
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and objectives, critically analyzing the literature, designing and interpreting the Directed 

Acyclic Graph (DAG), cleaning raw data and consulting the original interview materials, 

collating exposure histories, developing and coding definitions of the exposure and other 

variables, conducting the analyses, assessing the impact of methodological limitations on 

results, achieving study objectives, and writing this thesis. 
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Chapter 2 

Literature Review 

2.1 Ovarian Cancer 

2.1.1 Descriptive Epidemiology 

The lifetime risk of developing ovarian cancer is about 2% in women living in 

industrialized countries[1]. Ovarian cancer incidence is highest in Northern and Western 

European and North American countries, and lowest in parts of Africa and Eastern 

Asia[1]. Incidence rates within countries also differ according to ethnicity; for instance, 

in the United States, the highest rates of ovarian cancer are seen in non-Hispanic White 

women and lowest rates are observed in African Americans and Asians[1]. 

According to 2016 Canadian Cancer Statistics, ovarian cancer is the eighth most 

common type of cancer in women, and yet is the fifth most common cause of female 

cancer-related deaths in Canada[2]. This makes ovarian cancer the most fatal gynecologic 

malignancy[3, 4]. In Canada, the age-standardized incidence rate of ovarian cancer is 

approximately 13.8 cases in 100,000 women and the five-year age-standardized survival 

rate is only 44%, translating to a total of 2,800 new diagnoses and 1,750 deaths from 

ovarian cancer every year[2]. The majority of new cases develop in Ontario and Quebec, 

with around 700 new diagnoses per year in Quebec alone[2]. Most cases develop in 

women over 40 years old, with half of all cases afflicting those who are 62 years old or 

older[5]. 
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2.1.2 Pathogenesis and Subtypes 

Ovarian cancer is recognized as a heterogeneous group of tumours that originate 

from the ovaries, fallopian tubes, or peritoneum[6]. Cancerous changes in epithelial, 

stromal, or germ cells can result in epithelial, stromal, or germ cell tumours, 

respectively[7]. Epithelial ovarian cancer (EOC) is the most common of the three, 

accounting for nearly 90% of all cases[8]. These tumours can include benign, invasive, as 

well as borderline tumours, and traditionally have been classified according to 

histopathology, immunohistochemistry, and molecular genetic analysis[6]. In particular, 

there are five main subtypes that are used for classification: high-grade serous, 

endometrioid, clear-cell, mucinous, and low-grade serous[6]. Approximately 70% of 

cases are high-grade serous subtypes, 10% are endometrioid, another 10% can be 

attributed to the clear-cell subtypes, 3% to mucinous cases, and less than 5% are low-

grade serous cases[6].  

Invasive and borderline tumours differ with respect to staging at time of 

diagnosis, age at tumour onset, prognosis, and potentially pathogenesis[9, 10]. 

Approximately 75% of borderline cases are diagnosed at Stage I, in comparison to 20% 

of invasive cases, and borderline tumours affect those in younger age brackets[9]. These 

trends may explain why patients with borderline tumours also have higher survival rates 

than patients with invasive tumours[9]. 

Recently, a new model was proposed to classify invasive EOCs as two types, 

Type I or Type II, based on two main pathways of carcinogenesis (Figure 2.1)[11]. 

Essentially, Type I tumours develop from benign extraovarian lesions that implant on the 

ovary to then transform into malignancies[12]. On the other hand, Type II tumours 
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originate from intraepithelial carcinomas in the fallopian tube[12]. From what is currently 

known, Type I tumours include low-grade endometrioid, clear cell, mucinous, and low-

grade serous carcinomas, or Brenner tumours. These tumours are genetically stable and 

have specific mutations that target cell signaling pathways, which may include KRAS or 

BRAF mutations, but rarely involve TP53 mutations[13]. Since they are less aggressive 

and slower growing, Type I tumours typically present at Stage I of disease[3]. On the 

other hand, Type II tumours include high-grade serous, high-grade endometrioid, 

malignant mixed mesodermal tumours, and undifferentiated carcinomas[3]. They have a 

high frequency of TP53 mutations and interrupt the expression of BRCA genes via gene 

mutations or promotor methylation[11, 13]. Despite this new understanding of ovarian 

tumourigenesis, more research is required to better understand the etiology of this 

disease. 

 

Figure 2.1 Carcinogenic pathway of ovarian cancer according to tumour type[11] 
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2.1.3 Staging, Metastasis, Treatment, and Prognosis 

The prognosis of an ovarian cancer patient can be outlined successfully through 

factors such as the stage of diagnosis. Recently, the International Federation of 

Gynecology and Obstetrics (FIGO) modified their classification system (Table 2.1) to 

incorporate histologic type at staging[6]. Briefly, at Stage I of disease, the tumour is 

confined to the ovaries. For Stage II, the tumour involves one or both ovaries with pelvic 

extension. Stage III involves one or both ovaries with cytologically or histologically 

confirmed spread to the peritoneum outside the pelvis and/or metastasis to the 

retroperitoneal lymph nodes. Finally, for Stage IV, the ovarian cancer diagnosis includes 

distant metastasis excluding peritoneal metastases[6]. Patients’ survival rates are strongly 

tied to the extent of disease at diagnosis, where patients diagnosed with Stage III or IV 

ovarian cancer have a greatly reduced 5-year relative survival compared to patients 

diagnosed at earlier stages of disease[7]. This is partly due to the extent of metastasis 

found in aggressive stages of ovarian cancer[14]. 

Two mechanisms of ovarian cancer metastasis have been outlined in the 

literature: passive dissemination and hematogenous metastasis[15]. In the passive 

dissemination model, ovarian cancer cells detach from the primary tumour and are 

carried by peritoneal fluid and ascites to the metastatic site. There, cancerous cells adhere 

to the organ and establish tumour nodules[15]. For hematogenous metastasis, ovarian 

cancer cells at the primary site invade through the basal membrane of blood vessels to 

enter circulation. Then, cancer cells leave circulation at the metastatic site to establish 

tumour nodules[15]. In most cases, local advancement of ovarian cancer affects the 
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pelvic area, with extension to or encasement of the reproductive organs (ovaries, 

fallopian tubes, the uterus), the sigmoid colon, or the omentum[14]. 

Generally, ovarian cancer symptoms are non-specific; patients often report 

increased abdominal size, abdominal bloating, fatigue, abdominal pain, indigestion, 

urinary frequency, pelvic pain, constipation, urinary incontinence, back pain, pain with 

intercourse, the inability to eat regularly, vaginal bleeding, weight loss, and nausea[16]. 

However, the majority of patients believe these symptoms to be related to menstrual 

irregularities, menopause, aging, or other non-serious conditions[16]. Further, screening 

tests for ovarian cancer are ineffective; both transvaginal ultrasounds and serum levels of 

the biomarker CA-125 have been utilized to screen for ovarian cancer, but it has been 

shown that over 70% of screen-detected ovarian cancer cases were diagnosed at either 

Stage III or IV[17]. Thus, as a result of ignoring seemingly non-severe symptoms and the 

use of unsuccessful screening methods, most patients present at an advanced stage when 

metastasis has already begun [14, 18, 19]. Overall, surgery is the primary treatment 

modality for ovarian cancer, with de-bulking surgery and platinum-based chemotherapy 

forming the foundation of treatment in advanced cases[20]. However, due to the cancer 

spread at this point, the mortality rate for ovarian cancer remains high[14]. 

Table 2.1 FIGO staging of ovarian cancer[6, 7] 

Stage Extent of Disease 5-year Relative Survival 

I Tumour restrained to ovaries or the fallopian tube(s) 89% 

II Tumour limited to ovaries or the fallopian tube(s) with 

pelvic extension or peritoneal cancer 

66% 

III Tumour involves ovaries, the fallopian tube(s), or 

primary peritoneal cancer, with spread to the 

peritoneum outside the pelvic and/or metastasis to the 

retroperitoneal lymph nodes 

34% 

IV Distant metastasis 18% 
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2.1.4 Risk Factors 

Although the etiology of ovarian cancer remains poorly understood, some risk 

factors for ovarian cancer have been identified. Family history has been associated with 

ovarian cancer, primarily in relation to mutations in BRCA1/2 and DNA mismatch repair 

genes (e.g. hMSH2, hMLH2); however, less than 10% of ovarian cancer cases are 

associated with an hereditary element[18, 21]. Other risk factors for ovarian cancer 

include nulliparity, the use of hormone replacement therapy, obesity, talc use, infertility, 

decreased duration of breast-feeding, endometriosis, and smoking[1, 7, 18]. Known 

protective factors include increased parity and the use of oral contraceptives[18]. In fact, 

it is estimated that there is a 10-16% decrease in risk of developing ovarian cancer with 

each additional pregnancy, and a 30-50% risk reduction with ≥5 years of oral 

contraceptive use[1].  

Several of these risk factors may be linked to the incessant ovulation theory. 

According to this theory, an increased lifetime number of ovulations affects ovarian 

carcinogenesis. After each ovulation, a wound is created on the ovary which is then 

repaired by surface epithelial cells through increased proliferation, thereby heightening 

the risk of forming malignancies[22]. For instance, a common method through which oral 

contraceptives work is through the suppression of ovulation[23]. Thus, the greater the 

duration of oral contraceptive use, the less a woman ovulates, which according to the 

incessant ovulation theory, would decrease her ovarian cancer risk due to the lowered 

number of wounds that need repair to the body. Likewise, due to the increased number of 

pregnancies, women with increased parity would experience fewer ovulations and 

therefore have a decreased number of wounds. 
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2.1.5 Importance of Research 

Many risk factors listed above are difficult to modify and, due to ineffective 

screening tests and difficult to recognize symptoms, it is important to identify alterable 

risk factors to reduce the incidence and burden of ovarian cancer. One highly prevalent 

and modifiable exposure of interest is caffeine intake. Caffeine has been linked to various 

adverse health effects; however, its association with ovarian cancer remains unknown.  

2.2 Caffeine 

2.2.1 Introduction 

The compound 1,3,7-trimethylxanthine, a methylated xanthine more commonly 

known as caffeine, is the most widely consumed psychoactive drug in the world [24]. 

Caffeine stimulates the nervous system by acting as an adenosine receptor antagonist 

[25]. Caffeine obstructs adenosine from binding to its receptor and therefore prevents it 

from slowing down neural activity[25]. Caffeine is found commonly in a variety of foods 

and drinks and is naturally extracted from sources such as coffee beans, tea leaves, kola 

nuts, and cacao beans[26]. It is most frequently consumed via caffeinated beverages such 

as coffee, tea, and soft drinks[26, 27]. In fact, these three drink types alone account for 

approximately 98% of all caffeine intake[28]. Roughly 90% of the North American adult 

population consumes caffeinated beverages on a daily basis and on average, Canadian 

adults consume 210 milligrams (mg) of caffeine every day, which is equivalent to the 

content found in just over two cups of coffee[27, 28]. 

 

 



 

12 

 

2.2.2 Caffeine and Other Health Impacts 

Non-Cancerous Health Outcomes 

When consumed at low doses, caffeine exhibits properties that are often reported 

as beneficial. For instance, caffeine intake can help with staying awake for longer periods 

of time, improve mental alertness after fatigue, and even positively affect long-term 

memory[24, 29]. It has also been shown to reduce the impact of risk factors involved in 

metabolic syndrome, such as type 2 diabetes mellitus[30, 31]. However, the stimulating 

effects of caffeine can also adversely impact health. For instance, caffeine consumption 

may result in restlessness, tremors, and insomnia due to alterations in mood and sleep 

patterns[32]. Caffeine has also been linked to changes to myocardial function and 

arrhythmias[24]. Excessive consumption may further lead to dependence on caffeine due 

to its addictive properties, resulting in withdrawal symptoms like headaches, lethargy, 

and irritability when caffeine ingestion is discontinued[24]. Although acute toxicity due 

to caffeine is rare, overdoses are possible and can result in life-threatening manifestations 

such as hypokalemia, metabolic acidosis, and seizures[32]. 

Caffeine and Cancer 

In 1991, the International Agency for Research on Cancer (IARC) classified 

caffeine as a Group 3 compound, reflecting that it was not classifiable in terms of its 

carcinogenicity to humans since not enough evidence was available to make a judgment 

regarding carcinogenicity[33]. Today, although another IARC monograph has been 

published focused on specific caffeinated beverages, there is no updated monograph for 

caffeine as a whole, reflecting the current inconclusive state of research on this topic[34]. 

In fact, although the relationship between caffeine and certain cancers has been studied 
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extensively in the past, studies have published a wide range of conflicting results and 

conclusions with regards to this compound’s carcinogenic ability. For example, several 

studies on caffeine intake and breast cancer risk published that a weak inverse association 

may exist between caffeine intake and breast cancer risk[35, 36]. Caffeine consumption 

has been associated with decreased risk of stomach cancer, prostate cancer, and thyroid 

cancer in one study, while the same study suggested an increased risk of kidney cancer in 

relation to caffeine intake[37]. Other studies have reported increased risk of bladder 

cancer and pancreatic cancer in relation to caffeine consumption[38, 39]. 

2.3 Caffeine and Ovarian Cancer 

2.3.1 Laboratory Studies and Mechanisms 

Numerous laboratory animal studies have examined the relationship between 

caffeine exposure and cancer risk, although few have inspected ovarian cancer risk in 

particular. Some in vitro and in vivo studies have demonstrated that caffeine has the 

potential to enhance the toxic effect of irradiation and DNA-damaging chemicals, which 

may help in certain chemotherapeutic treatments [40, 41]. 

Caffeine may play a role in increasing risk of ovarian cancer through a variety of 

proposed mechanisms (Figure 2.2). Like other methylated xanthines, caffeine may 

interfere with the regular cell cycle by altering the G1, S, and G2 checkpoint delay 

periods, thus sensitizing DNA to damage[42, 43]. Caffeine may also inhibit DNA repair 

by degrading resection enzymes that are involved in the homologous recombination of 

DNA double-strand breaks[44, 45]. Furthermore, caffeine has been shown to mimic or 

enhance the influence of gonadotropins on the ovary, which may stimulate surface 

epithelium proliferation to increase ovarian cancer risk[46, 47]. In addition, caffeine may 
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interact with estrogen levels in the body, leading to potentially increased genotoxic and 

mitogenic effects on ovarian cells[48, 49].  

Another mechanism by which caffeine may increase risk is through induction of 

the gene for Cytochrome P450 (CYP450), Family 1, Subfamily A, Polypeptide 2 

(CYP1A2) and thus stimulation of the production of CYP450 enzymes[50]. The CYP450 

1 family of genes is involved in the metabolism of endogenous hormones, xenobiotics, 

and other drugs[51]. The enzyme CYP1A2 in particular activates procarcinogens like 

heterocyclic aromatic amines (HAAs), polycyclic aromatic hydrocarbons (PAHs), and 4-

methylnitrosamino-1-(3-pyridyl)-1-butanone (NNK)[52]. Thus, increased expression of 

CYP1A2 via caffeine exposure may ultimately result in increased cancer risk[51]. 

Caffeine may also modify the apoptotic response to increase risk of carcinogenesis[53]. 

 

Figure 2.2 Hypothesized mechanisms through which caffeine exposure heightens ovarian 

cancer risk 

2.3.2 Epidemiologic Evidence 

To date, few epidemiologic studies have been conducted that examine the 

relationship between caffeine intake and ovarian cancer risk. Of the 10 studies that do 
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investigate this association, inconsistent findings have been observed; positive[54], 

null[37, 50, 56-59], and inverse[48, 55, 60] associations have been reported, with odds 

ratios ranging from 0.46 to 2.30: 

Table 2.2 Overview of literature review studies 

First Author Year Design # Cases Adjusted Effect Estimatea (95% CI) 

Gosvig[55] 2015 Case-control 382 OR: 0.46 (0.29-0.75) 

Hirose[48] 2007 Case-control 166 OR: 0.57 (0.33-0.99) 

Jordan[60] 2004 Case-control 696 OR: 0.59 (0.41-0.85) 

Song[50] 2008 Case-control 781 OR: 0.99 (0.58-1.70) 

Kotsopoulos[57] 2009 Case-control 1354 OR: 1.06 (0.66-1.72) 

Kuper[59] 2000 Case-control 549 OR: 1.49 (1.00-2.22) 

Goodman[54] 2003 Case-control 164 OR: 2.30 (1.30-4.00) 

Tworoger[56] 2007 Cohort 507 RR: 0.80 (0.60-1.70) 

Lueth[58] 2008 Cohort 266 HR: 1.16 (0.77-1.75) 

Hashibe[37] 2015 Cohort 162 RR: 1.25 (0.72-2.15) 

a OR = odds ratio (comparing the highest quantile of intake to the lowest quantile of intake); RR = relative 

risk (comparing the highest quantile of intake to the lowest quantile of intake); HR = hazard ratio 

 

Case-Control Studies 

Seven case-control studies have been published on the association between 

caffeine intake and the risk of ovarian cancer[48, 50, 54, 55, 57, 59, 60]. A population-

based case-control study in Massachusetts and New Hampshire analyzed data from 549 

cases of epithelial ovarian cancer and 516 controls[59]. Researchers identified incident 

cases from hospital tumour boards and statewide cancer registries and controls via a 

combined method of random digit dialing and selection from community lists[59]. A self-
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administered food-frequency questionnaire was utilized to assess consumption of 

caffeinated beverages and a summary score of caffeine intake was calculated for each 

participant based on the assumption that there is 140 mg of caffeine in one cup of coffee, 

50 mg of caffeine in one cup of tea, 40 mg of caffeine in one standard serving of 

caffeinated soft drinks, 30 mg of caffeine in one standard serving of cola, and 2.5 mg of 

caffeine per cup of decaffeinated coffee[59]. Caffeine intake was categorized into 

quintiles of intake, according to the distribution in the study population, and adjusted 

analyses also included age, study site, body mass index (BMI), parity, oral contraceptive 

use, history of breast, ovarian, or prostate cancer, tubal ligation, and marital history[59]. 

An odds ratio (OR) of 1.49 [95% confidence interval (CI): 1.00-2.22] was reported for 

highest vs. lowest caffeine intake quantiles[59]. After stratification by menopausal status, 

caffeine consumption was associated with increased risk for ovarian cancer among 

premenopausal women, but not among postmenopausal women[59]. Although this study 

incorporated different caffeine sources to create the main exposure variable, it still 

exhibited certain weaknesses. For example, while researchers created a caffeine 

consumption index based on consumption of coffee, tea, caffeinated soft drinks, cola, and 

decaffeinated coffee, they did not differentiate between black and green tea consumption, 

which may have resulted in misclassification of the exposure since these two sources 

contain differing amounts of caffeine[59]. Further, a large proportion of cases and 

controls could not or refused to participate in the study, which may have introduced 

selection bias via associations with variables that could influence survival or willingness 

to participate in interviews[59]. 
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Another population-based case-control study was conducted in Hawaii on 164 

cases and 194 controls[54]. Eligible cases were patients with histologically confirmed 

primary epithelial ovarian cancer from any of the major hospital centers on Oahu[54]. 

Controls were matched to the cases in a 1:1 ratio on ethnicity as well as 5-year age 

categories and were randomly selected from population-based lists of female Oahu 

residents interviewed by the Hawaii Health Survey Program of the Hawaii Department of 

Health[54]. Trained interviewers used a questionnaire to obtain the dietary history of 

participants, which included their consumption of caffeinated and decaffeinated coffee, 

black, green, and herbal tea, and caffeinated and noncaffeinated soda. A customized food 

composition database was utilized to determine the caffeine component of said 

beverages. Tertiles of caffeine intake were the main exposure variable and the 

unconditional multiple logistic regression model also controlled for age, race, oral 

contraceptive pill use, and history of tubal ligation. This study also reported increased 

risk of ovarian cancer associated with caffeine consumption (OR= 2.3, 95% CI: 1.3-4.0) 

for the highest vs. lowest categories of weekly consumption[54]. When stratified by 

menopausal status, similar associations were seen for both premenopausal and 

postmenopausal women[54]. One major strength of this study was that it assessed the 

exposure variable by collating caffeine intake from the major caffeine sources. However, 

it used a very short dietary reference period of only a year before diagnosis for cases or 

the year preceding interview for controls. It is possible this overlooked the possibility that 

caffeine may exert carcinogenic effects on the ovaries prior to the year before diagnosis 

occurs. Moreover, since researchers examined caffeine consumption up to the date of 

diagnosis or interview, reverse-causality may have been introduced into the study. In 
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addition, the relatively small sample size may have limited analyses, and so results must 

be interpreted with caution. 

Another population-based case-control study was conducted in Australia on a 

group of 696 cases and 786 controls[60]. Women with incident cases of epithelial ovarian 

cancer were ascertained through treatment centres in Victoria, New South Wales, and 

Queensland. Controls were randomly selected from the Australian Electoral Roll after 

stratification by age and geographical location. Through face-to-face interviews, 

participants provided information such as demographic characteristics and dietary history 

the year prior to diagnosis for cases and interview for controls. They were asked about 

their consumption of coffee, tea, cola drinks, and chocolate and caffeine contents of these 

sources were estimated to be 70 mg of caffeine per cup of coffee, 50 mg of caffeine per 

cup of tea, 36 mg of caffeine per can of cola, and 10 mg of caffeine per serving size of a 

chocolate bar. Then, the total caffeine intake was categorized into quintiles according to 

the distribution in the controls. Multiple logistic regression included the lowest quintile as 

the referent group and controlled for age, age2, BMI, duration of oral contraceptive use, 

parity, smoking, alcohol, education, and energy intake. Interaction terms were used to 

assess for effect modification by menopausal status. Results indicated an inverse 

association between caffeine intake and epithelial ovarian cancer risk, reporting an OR of 

0.59 (95% CI: 0.41-0.85) for the highest vs. lowest quantiles of daily caffeine 

consumption[60]. Considering the rarity of ovarian cancer, this study recruited a 

relatively large sample size for their analyses. The use of population controls instead of 

hospital controls also reduced the risk of recruiting participants with pre-existing 

conditions that may affect their dietary intake, thereby minimizing selection bias. Further, 
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the participation rate of 90% of cases and 73% of controls was high, although the 

possibility that participants differed from non-participants may have biased results. 

Another limitation exhibited by this study was that its assessment of the exposure 

variable was not comprehensive; for instance, the questionnaire used to determine dietary 

intake of caffeine did not differentiate between caffeinated and decaffeinated coffee 

consumption or black and green tea consumption and considering the different caffeine 

contents of these drinks, this may have introduced non-differential misclassification into 

the exposure variable. 

The fourth study was a case-control study in Japan that recruited 166 cases and 

12,425 controls[48]. The cases were diagnosed on the basis of histological examination 

within six months of their first visit to the Aichi Cancer Center Hospital whereas controls 

were female first-visit outpatients who had never been diagnosed with cancer before. 

Data was collected via a questionnaire completed by participants. This questionnaire 

included items that detailed Japanese tea, coffee, and black tea consumption in terms of 

frequency and amount of intake, and all information was collected prior to assessment of 

symptoms and clinical diagnoses. Caffeine intake was then measured using the Standard 

Tables of Food Composition (Version 5). Logistic regression was used for analyses and 

models were adjusted for factors such as age, year of visit, motives for consultation, 

parity, age at first full term pregnancy, smoking status, drinking status, type of breakfast, 

and current BMI. This study reported an OR of 0.57 (95% CI: 0.33-0.99) for the highest 

quartile of intake compared to the lowest quartile[48]. One of this study’s strengths is its 

large sample size, which may have increased its power to detect true effect estimates. 

However, it also exhibited several limitations. For instance, the models used in the 
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regression analyses controlled for many variables, some which may not have been 

necessary. For instance, BMI may fall on the causal pathway between caffeine intake and 

ovarian cancer onset, and therefore does not act as a confounder. The addition of so many 

control variables may have resulted in overfitted models, resulting in misleading OR 

estimates. Further, since the controls were selected from hospital-based non-cancer 

patients, it is possible that they differed from the general population, potentially leading 

to Berkson’s bias. 

A population based case-control study that was conducted in Washington 

recruited 781 cases of invasive or borderline epithelial ovarian cancer from a population-

based registry that is a part of the Surveillance, Epidemiology, and End Results program 

of the National Cancer Institute[50]. In addition, 1263 controls were recruited via random 

digit dialing using stratified sampling on 5-year age categories, 1-year calendar intervals, 

and geographical strata in a 2:1 control to case ratio. In-person interviews were used to 

collect data such as demographic and lifestyle characteristics of participants as well as 

beverage consumption in the 5 years before diagnosis for cases or comparable reference 

date for controls. Caffeine intake indices were created by linking the consumption of 

caffeinated beverages to the amount of caffeine found in that beverage based on data 

from the University of Minnesota Nutrition Data System for Research. Then, ORs with 

95% confidence intervals were calculated using unconditional logistic regression, where 

all analyses adjusted for the matching variables of age, county of residence, and year of 

diagnosis/reference date, as well as number of full-term births, duration of hormonal 

contraception, race/ethnicity, education, history of tubal ligation and/or hysterectomy, 

family history of ovarian and/or breast cancer, BMI, and smoking. Polytomous regression 
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was used for analyses that examined risk according to tumour behaviour. Researchers 

found inconclusive results for the association between caffeine intake and epithelial 

ovarian cancer risk and the p-value for trend was 0.38 across the categories of caffeine 

exposure[50]. Some of the strengths exhibited in this study include a detailed and 

comprehensive assessment of multiple caffeine-containing sources to create a caffeine 

intake index. Furthermore, the sample size was relatively large. On the other hand, the 

questionnaire used to measure how much caffeine each participant consumed only asked 

about consumption habits for the 5 years prior to the diagnosis or referent date, which 

may not truly reflect the caffeine consumption habits of participants over their lifetimes. 

In addition, the models used in analyses adjusted for several variables which may not 

truly act as confounders, such as BMI and history of hysterectomy. Thus, the effect 

estimates may be impacted, resulting in erroneous conclusions being made from the study 

results.  

Another study obtained risk factor information and biologic specimens from three 

epidemiological studies: the Nurses’ Health Study (NHS), the Nurses’ Health Study II 

(NHSII), and the New England case-control study of ovarian cancer (NECC)[57]. 

Researchers conducted analyses separately for the NHS/NHSII (234 cases and 691 

matched controls) and the NECC (1120 cases and 1160 frequency-matched controls), and 

then pooled results using a random effects model[57]. For each study, the diet of 

participants was assessed using a food frequency questionnaire. Then, using the US 

Department of Agriculture food composition sources, caffeine consumption was 

calculated by estimating the caffeine content of caffeine-containing beverages (coffee, 

tea, and soda) that participants consumed. A dichotomous variable for caffeine intake, 
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based on the 75th percentile of consumption among the distribution of controls from the 

NHS, was then created. For participants from the NECC, unconditional logistic 

regression was used to estimate the OR and 95% confidence interval associated with 

caffeine and for the NHS and NHSII, conditional regression models were run. All models 

adjusted for parity, oral contraceptive use, postmenopausal hormone use, tubal ligation, 

smoking history, BMI, family history of breast cancer, and family history of ovarian 

cancer. For the NECC study, the matching factors of age and study center were also 

controlled for. Results from this study suggested that a high intake of caffeine was 

associated with an increased risk of ovarian cancer in premenopausal women and a 

lowered risk among postmenopausal women[57]. A major strength of this study was the 

prospective nature of the NHS and NHSII studies. This allowed for a detailed collection 

of dietary information without the risk of recall error. In addition, the pooling of cases 

from various studies allowed for a large sample size for analyses. However, several 

limitations may have affected the OR estimates found. For one, models adjusted for a 

variable that does not act as a confounder: BMI. Another limitation was that 

questionnaires used in the dietary assessment only asked about consumption of coffee, 

tea, and cola. They did not differentiate between caffeinated and decaffeinated coffee 

consumption, which could have resulted in exposure misclassification since the caffeine 

content of these beverages varies.  

Finally, another population-based case-control study conducted in Denmark 

recruited 382 ovarian cancer cases and 911 controls[55]. Eligible cases were identified 

from 16 gynecological departments in Denmark and researchers ensured all eligible cases 

were invited to participate by linking the study database to the Danish Cancer Registry. 
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Controls were randomly sampled from the female population in the study area using the 

unique Danish personal identification number as the key identifier. They were matched to 

cases in 5-year age categories in a ratio of 2:1 controls to cases. Participants completed a 

beverage consumption questionnaire, which detailed coffee and tea consumption in the 

year prior to diagnosis for cases and interview for controls. Caffeine consumption was 

then measured using the Danish Veterinary and Food Administration to estimate the 

caffeine content in each reported beverage. Multiple logistic regression was used for 

statistical analyses, and all analyses controlled for age, pregnancy, number of 

pregnancies, oral contraceptive use, and duration of oral contraceptive use. The study 

reported an OR of 0.46 (95% CI: 0.29-0.75) among all participants for the highest vs. 

lowest caffeine intake quantiles[55]. One of the strengths exhibited by this study was that 

it examined the association between caffeine intake and ovarian cancer overall, but also 

by tumour behaviour and histology. While many studies previously grouped histological 

subtypes together for their analyses, looking at risk according to the different subtypes is 

key since the pathogenesis of this disease differs according the type of tumour that arises 

and caffeine intake may impact one pathway but not the other. However, these results 

need to be interpreted with caution due to the small sample size. In addition, the beverage 

frequency questionnaire only asked participants about their consumption of coffee, tea, 

and cola; it did not differentiate between caffeinated and decaffeinated coffee or black 

and green tea, which may have resulted in non-differential misclassification of the 

exposure variable. Consumption history a year preceding date of diagnosis or interview 

was obtained, which may have introduced reverse-causality bias since the latency period 

for ovarian cancer can last several decades[55]. Furthermore, a significant number of 
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eligible women (n=374) did not complete the beverage questionnaire, and if they differed 

in characteristics from the participants who did complete the questionnaire and were thus 

included in analyses, selection bias may have been introduced into the study. 

Cohort Studies 

Three cohort studies have examined the association between caffeine intake and 

ovarian cancer risk[37, 56, 58]. One examined risk in the NHS by following 80,253 

women prospectively for dietary analyses[56]. A total of 507 cases were identified from 

the start of the study in 1980 up until 2004. Participants completed biennial 

questionnaires which included food frequency questionnaires that asked about primary 

sources of caffeine every 4 years. Caffeine consumption was then calculated by using the 

US Department of Agriculture food composition sources. Pathology reports and related 

medical records were used to ascertain cases who either reported diagnoses of ovarian 

cancer or had death certificates that identified them as ovarian cancer patients. Cox 

regression analysis with time-dependent covariates was used to estimate relative risks 

(RRs) with 95% confidence intervals and analyses controlled for age, parity, oral 

contraceptive use, postmenopausal hormone use, tubal ligation, BMI, and smoking status. 

Overall, researchers found a modest inverse association between caffeine intake and 

ovarian cancer risk, with a reported RR of 0.80 (95% CI: 0.60-1.07) when comparing the 

top vs. the bottom quintiles of caffeine consumption[56]. A major strength of this study 

lies in its prospective cohort design. Not only did the nature of the study ensure that the 

exposure (caffeine intake) preceded the outcome (ovarian cancer), a detailed dietary 

intake was assessed every few years, resulting in minimizing recall error. Furthermore, 

the follow-up of this study was up to 30 years and since the latency of ovarian cancer is 
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likely to be long, the follow-up period probably includes a relevant exposure period. On 

the other hand, this study was limited as it only asked participants about their intake of 

coffee, tea, soda, and chocolate to measure caffeine intake. Therefore, misclassification 

of the exposure variable may have been introduced since the dietary assessment failed to 

differentiate between caffeinated and decaffeinated coffee, or different varieties of teas, 

which may all contain differing amounts of caffeine. 

For another study, researchers used the Prostate, Lung, Colorectal, and Ovarian 

cancer screening trial (PLCO) to examine risk between caffeine intake and ovarian cancer 

risk[37]. This trial started in 1992 and ended in 2001, enrolling women from ten centres 

across the United States. Upon entry into the trial, participants were randomized into one 

of two groups: the first group received routine health care from their health providers and 

the second group received a series of screening tests for prostate, lung, colorectal, and 

ovarian cancers. Data for this study included follow up information up until 2011. A total 

of 97,334 individuals were followed, of which 162 developed ovarian cancer. Annual 

study updates were used to determine cancer diagnoses, and diagnoses were confirmed 

with a medical record abstraction. A dietary questionnaire that was administered starting 

in 1998 included information on caffeinated food items, and nutrient databases were 

utilized to calculate caffeine consumption values for each participant. Hazard ratios with 

95% confidence intervals were estimated with a Cox proportional hazards model. It was 

found that caffeine intake was not associated with cancer risk in a dose-response manner, 

although researchers did find increased risk of ovarian cancer at certain quartiles of 

caffeine intake[37]. As with the other cohort study, many of the strengths of this study 

arise from its design. A large sample size may have increased power to detect true effect 
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estimates, if they exist. The questionnaires were filled in an ongoing basis, minimizing 

recall error, and since they were filled out prior to cancer diagnosis, recall bias was 

eliminated. However, limitations of this study include potential non-differential 

misclassification of the exposure variable, as the dietary questionnaire only asked about 

consumption of coffee and tea and did not detail the types of these drinks consumed. 

The third cohort study examining this association followed 29,060 women from 

the Iowa Women’s Health Study (IWHS)[58]. Participants were randomly selected using 

the Iowa state driver’s license list and completed a questionnaire that assessed diet 

history. They were followed from 1986 to 2004. For the analyses in this study, data was 

used from the questionnaire completed in 1986, which included a food frequency 

questionnaire that assessed food and beverage intake over the previous year. Incident 

cases of epithelial ovarian cancer were ascertained through linkage to the State Health 

Registry of Iowa. For statistical analyses, hazard ratios with 95% confidence intervals 

were estimated using Cox proportional hazards regression, and the final multivariate 

model included the exposure variable as well as age, smoking, BMI, age at menopause, 

parity, duration of oral contraceptive use, education level, physical activity level, and 

energy intake. Researchers found no association between caffeine intake and ovarian 

cancer risk[58]. The prospective cohort design of this study eliminated reverse-causality 

bias. Furthermore, the sample size was large, increasing the power for analyses to reveal 

true effect estimates. However, only postmenopausal women were included in the cohort 

for this IWHS-based study. Considering the potential effect modifying role of 

menopausal status, it is highly possible that women at higher risk of developing ovarian 

cancer were thus excluded from analyses, thereby minimizing the effect size. 
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Methodological Considerations 

As detailed above, an array of estimates has been found for the association 

between caffeine intake and ovarian cancer risk. Differences in methodologies in these 

studies may have impacted their findings, resulting in their inconsistency. For example, 

several studies did not specify which caffeinated drinks were being consumed, which 

may have led to misclassification error in calculations of total caffeine intake. Many of 

these studies also exhibit certain limitations, such as small sample sizes and potentially 

decreased power, which may have biased their results. Thus, it is important to take these 

study differences and flaws into consideration when interpreting the results of the current 

epidemiological evidence that exists on the association between caffeine intake and 

ovarian cancer risk. 

2.4 Potential Effect Modification 

Menopausal status may act as a potential effect modifier in the association 

between caffeine intake and epithelial ovarian cancer risk. Certain studies that examined 

this relationship reported that caffeinated beverage consumption may influence ovarian 

cancer risk differently depending on menopausal status. In particular, the results of two 

studies suggest an increased risk of ovarian cancer for premenopausal women, but not 

postmenopausal women[57, 59]. Another study reported a decrease in risk in both strata, 

but observed a greater decrease in risk in postmenopausal women[60]. It has been 

suggested that sex hormones may play a role in influencing caffeine’s effect on the risk 

of developing ovarian cancer among premenopausal versus postmenopausal women, 

implying an interaction[57]. Caffeine may alter circulating luteal estrogen and sex 
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hormone binding globulin levels in the body to affect risks of developing malignancies in 

premenopausal and postmenopausal women differently[61]. 

2.5 Potential Confounders 

Extraneous factors related to either or both caffeine and ovarian cancer risk must 

be considered in the association between caffeine intake and ovarian cancer risk. These 

factors, shown in Figure 2.3, include a myriad of demographic, lifestyle, and reproductive 

variables. Note that variables were selected as potential confounders to control for in 

analysis through a combined Directed Acyclic Graph (DAG) and change-in-estimate 

(CIE) procedure, which will be detailed later on, in chapter 3 of this thesis[62]. 

 

Figure 2.3 Directed Acyclic Graph (DAG) of suspected confounders and other covariates 

associated with caffeine intake and epithelial ovarian cancer 

2.5.1 Age 

Age is one of the most important risk factors for ovarian cancer; ovarian cancer is 

rare in women under 40 years old, and with increasing age, the risk of ovarian cancer also 

increases[2]. Caffeine intake habits also change over the course of the lifetime. Adults 

were reported to have consumed more caffeine than children, and one paper outlined that 



 

29 

 

caffeine intake is greatest in the 50-64 years old age category, according to a U.S. 

population[63, 64]. Similar trends can be assumed for Canadians. Age was also one of 

the frequency matching variables of the PRevention of OVArian Cancer in Quebec 

(PROVAQ) study, from where data for this thesis was obtained. 

2.5.2 Education 

Education is another suspected demographic confounder in the relationship 

between caffeine intake and epithelial ovarian cancer risk. One study reported that in 

comparison to women with a high school diploma or lower educational attainment, more 

highly educated women had decreased risks for ovarian cancer[65]. Less educated 

individuals have also been reported as more likely to ingest certain caffeinated beverages 

over others, influencing their overall caffeine intake[66]. 

2.5.3 Ethnicity 

Ethnicity has been reported to influence ovarian cancer risk through the 

presence/absence of BRCA1/2 gene mutations[67]. For instance, the Ashkenazi Jews, 

who are more likely to carry these mutations in comparison to the general population, are 

at an elevated risk of ovarian cancer[67]. Ethnicity is also reported to influence overall 

caffeine intake through various socially and culturally moderated tea and coffee 

consumption habits – as an example, Caucasians are more likely to consume coffee 

whereas non-Caucasians are more likely to drink tea[66]. 

2.5.4 Smoking 

Although smoking has not been reported as a strong risk factor for ovarian cancer 

overall, several studies do report an association with certain sub-types of ovarian cancer, 
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such as mucinous ovarian cancer[68, 69]. Furthermore, the literature repeatedly outlines 

the dose-response association between caffeine intake and smoking[66]. Caffeine 

consumption and cigarette smoking also tend to occur within the same individuals at the 

same time due to factors such as caffeine consumption influencing aspects of smoking 

motivation or affecting smoking reinforcement by increasing the urge to smoke[70]. 

2.5.5 Other Factors 

In addition to the potential confounders detailed above, other variables were also 

assessed for inclusion in the regression models for analyses. For instance, the literature 

outlines several reproductive factors that act as strong predictors of the outcome. 

However, these variables were not selected as potential confounders due to either not 

having a causal link to caffeine intake or falling on the causal pathway. For example, 

although increased oral contraceptive use has repetitively been shown to have a 

protective effect against ovarian cancer onset, the literature did not outline a causal link 

between this factor and caffeine intake. In addition, although BMI is a good predictor of 

ovarian cancer, several studies have reported a variety of different mechanisms through 

which caffeine intake affects obesity, causing BMI to fall on the causal pathway. 

2.6 Rationale 

Caffeine consumption has been linked to adverse health effects and hypothesized 

to be involved in the tumorigenesis of certain cancers. Current research on ovarian cancer 

does not identify many modifiable risk behaviours, and screening tests are inefficient, 

resulting in diagnoses at advanced stages and consequently increased fatality from this 

disease. Previous epidemiological studies on the association between caffeine and 

ovarian cancer are inconclusive and exhibit several limitations. For example, they often 
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do not include different types of caffeinated beverages consumed, but rather focus solely 

on coffee or on coffee and tea for their caffeine intake measures. In addition, sometimes 

there is no differentiation between the consumption of caffeinated or decaffeinated 

beverages or the type of tea, further adding to misclassification of the exposure variable. 

Some studies also only considered consumption of caffeinated beverages shortly prior to 

data collection or study date/diagnosis date, indicating possible oversight of biologically 

effective time windows, and to the best of our knowledge, no study have considered the 

lifetime intake of caffeine in relation to ovarian cancer risk. Sample size issues may have 

also underpowered past studies.  

This thesis sought to improve upon the methods of previous studies investigating 

the association between caffeine intake and epithelial ovarian cancer risk, considering the 

potential that caffeine may act as a modifiable risk factor. This thesis also examined this 

association from the lens of a dualistic model of ovarian pathogenesis, investigating risks 

of epithelial ovarian cancer not only by cancer behaviour (invasive vs. borderline), and 

by type (Type I vs. Type II) as well, something not addressed in other studies. Finally, 

menopausal status was examined as an effect modifier to give potential insight into the 

mechanism by which caffeine may affect ovarian carcinogenesis. 
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Chapter 3 

Methods 

3.1 Objectives 

The primary objective of this study was to determine the relationship between 

lifetime average caffeine intake and epithelial ovarian cancer risk overall, as well as by 

tumour behaviour (invasive vs. borderline) and type (Type I vs. Type II). The secondary 

objective of this thesis was to assess menopausal status as a potential effect modifier in 

the above association.  

3.2 Study Design and Population 

This thesis project utilized data from the PRevention of OVArian Cancer in 

Quebec (PROVAQ) study, a population-based case-control study that was previously 

conducted in Montreal, Canada from March 2011 to September 2016 by Dr. Anita 

Koushik and colleagues[1]. Eligible participants included women aged 18-79 years who 

were Canadian citizens, resided in the greater Montreal area, and were able to 

communicate in either English or French. Cases were eligible if they had been diagnosed 

with incident primary borderline or invasive epithelial cancer of the ovary, fallopian tube, 

or peritoneum and were identified from seven Montreal hospitals, which account for 

nearly 90% of all ovarian cancer diagnoses in the greater Montreal area. After candidate 

participants were identified and physician consent was obtained, they were sent 

introductory letters. This was followed by a phone call to relay study details, answer any 

questions that may have arisen, obtain preliminary consent, and to arrange an in-person 

interview to be carried out by trained interviewers. Potential population controls were 
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from the same electoral districts as cases and were frequency-matched in five-year age 

groups. Once identified, candidate controls were also sent an introductory letter, followed 

by a phone call to explain the study in more detail, answer questions, obtain preliminary 

consent for the interview, and to set up an in-person interview. A total of 47 case 

candidates were ineligible because they could not communicate in English or French, 

were not Canadian citizens, or had moved out of the study area. An additional 16 women 

were non-reachable, 13 women died before they were contacted, eight women had 

illnesses that prevented them from participating, and five women did not have incident 

ovarian, fallopian tube, or primary peritoneal cancer. Of the 652 women who were 

eligible as cases for the study, 78% (n=507) agreed to participate. Out of a total 1,634 

potential controls, 56% (n=908) agreed to participate. On average, interviews were 

conducted 4.8 months after diagnosis of incident primary borderline or invasive epithelial 

cancer of the ovary, fallopian tube, or peritoneum. 

3.3 Outcome Assessment 

A gynecologic pathologist working with researchers for the PROVAQ study 

reviewed the pathology reports of participating cases to confirm tumour site (ovary, 

fallopian tube, or peritoneum) and to abstract information such as tumour behaviour 

(invasive or borderline). At this point, nine cases were excluded from the study on the 

basis of having non-epithelial or metastatic ovarian cancer. Using information on 

histology and grade, invasive epithelial ovarian cancer cases were further classified 

according to cancer type (Type I vs. Type II). 



 

38 

 

3.4 Exposure Data Collection 

Data on several different variables, including sociodemographic characteristics, 

reproductive history, family history, general lifestyle practices, recreational and physical 

activity, sun exposure, sleeping habits, and dietary history were assessed in interviews 

that used an in-person administered questionnaire for the PROVAQ study. A calendar 

charting major life events was used in these interviews to help aid participants with an 

accurate recollection of their intake histories. Furthermore, to help reduce the burden of 

the in-person interview, a self-administered questionnaire was used to assess other 

factors, such as residential history. 

3.4.1 Caffeine Exposure Assessment and Parameterization 

In the dietary history portion of the in-person administered questionnaire, certain 

items outlined caffeinated beverage consumption of participants (see Section Q in 

Appendix B). In particular, PROVAQ study participants were asked about their intake 

history of caffeinated coffee, black tea, green tea, and cola soft drinks. The frequency of 

consumption was indicated by participants indicating how many cups of each beverage 

they consumed per day, week, or month in self-specified age periods. Answering options 

for reporting consumption habits also included “don’t know” and “prefer not to answer” 

and participants had the option of making a comment regarding their drinking habits. A 

total of 52 comments relevant to caffeinated beverage intake were made. If any 

discrepancies between reported data and comments made were apparent, the reported 

amounts of caffeine were fixed according to what was stated in the comments section. 

For instance, one participant reported consuming four cups of caffeinated coffee a month; 

however, she also commented that whenever she consumed coffee she would have a ¼ 
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cup of coffee with ¾ cups of milk. In her case, her reported beverage consumption 

frequency was changed from four cups of caffeinated coffee/month to one cup of 

caffeinated coffee/month. At this point of data cleaning, five women were missing 

caffeinated beverage consumption data. These women, four cases and one control, were 

excluded from analyses for this thesis (Figure 3.1) on the basis of failing to complete the 

beverage consumption portion of the PROVAQ questionnaire.  
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Figure 3.1 Study recruitment flow. Red boxes indicate PROVAQ study recruitment 

whereas green boxes show recruitment flow for this thesis 

The Canadian Nutrient File was used to determine the caffeine content in each of 

the beverages and accordingly, it was assumed that one cup of caffeinated coffee contains 

100 milligrams (mg) of caffeine, one cup of black tea contains 55 mg of caffeine, one cup 
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of green tea contains 45 mg of caffeine, and one cup of cola contains 23 mg of caffeine[2, 

3]. For this thesis, the main exposure variable, caffeine, was represented by average 

intake over the lifetime. For each caffeinated beverage and self-specified age period, we 

first found the number of cups of beverage that were consumed in that age period: the 

frequency of monthly beverage consumption was multiplied by the number of servings 

consumed, which was then multiplied by 12 to get the cups consumed per year, which 

was then finally multiplied by the number of years in that age period. Afterwards, the 

reported number of cups consumed in that age period was multiplied by the caffeine 

content in a cup of that beverage (in mg) to get the total mg of caffeine consumed from 

that beverage in that time period. These values were then summed across each age period 

and caffeinated beverage type, giving us lifetime caffeine intake in units of mg. To 

represent lifetime caffeine intake in more meaningful terms, lifetime cumulative caffeine 

intake was then divided by either the age at interview or age at diagnosis for controls and 

cases respectively to capture the potential years of exposure to caffeine, and then divided 

by the number of days in a year to get a lifetime average daily caffeine intake value in 

mg/day:  

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑐𝑎𝑓𝑓𝑒𝑖𝑛𝑒 𝑖𝑛𝑡𝑎𝑘𝑒

= (∑ 𝑐𝑢𝑝𝑠 𝑜𝑓 𝑏𝑒𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 × 𝑐𝑎𝑓𝑓𝑒𝑖𝑛𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑝𝑒𝑟 𝑐𝑢𝑝) 𝑎𝑔𝑒/365.2425⁄  

For example, if a 56-year old participant reported consuming 240 cups of coffee every 

year from ages 44-48 and 180 cups of green tea every year from ages 15-50, her lifetime 

average daily caffeine intake would be: 
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Lifetime average daily caffeine intake = [(240 cups of coffee/year * (48-44 years) * 100 

mg caffeine/cup of coffee) + (180 cups of green tea 

* (50-15 years) * 45 mg caffeine/cup of green 

tea)]/56/365.2425 

= 18.55 mg caffeine/day 

Reverse-causality was another issue that needed to be considered during exposure 

assessment. For example, it is possible that appetite, and thus caffeine intake, may have 

changed due to the start of ovarian carcinogenesis that was not yet diagnosed. To ensure 

that the exposure precedes the outcome, caffeine consumption during the two years prior 

to the date of diagnosis or interview for cases and controls respectively was omitted from 

calculations of lifetime average daily caffeine intake.  

Lifetime average daily caffeine intake amounts were then categorized into 

quartiles of intake, based on the distribution of intake among controls. The final quartiles 

of lifetime average daily caffeine intake calculated can be found in Table 3.1. 

Table 3.1 Parameterization of the main effect variable: lifetime average daily caffeine 

intake quartiles 

Quartile Lifetime Average Daily Caffeine Intake Value (mg/day) Coffee Equivalent (cups/day) 

Q1 ≤53.8 <0.5 

Q2 53.8-≤100.8  0.5-1 

Q3 100.8-≤159.3 1-1.5 

Q4 >159.3  >1.5 

 

3.5 Covariates 

3.5.1 Potential Confounders 

Potential confounders in the association between lifetime caffeine intake and 

epithelial ovarian cancer risk were assessed via a combined Directed Acyclic Graph 
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(DAG) and Change-in-Estimate (CIE) procedure[4]. In brief, a DAG is a type of causal 

diagram that visually demonstrates causal assumptions based on researchers’ knowledge 

regarding the associations that exist between certain variables of interest[5]. They consist 

of variables that are displayed as nodes or vertices, arrows that are referred to as edges, 

and missing arrows[5]. The presence of edges between nodes demonstrate direct causal 

effects whereas the absence of edges reflect that no direct causal effect exists between 

those nodes[5]. Paths denote sequential arrows that form a route from variable to 

variable, demonstrating either a causal or non-causal pathway[5]. A DAG is acyclic since 

a path cannot end at its starting point[5]. The CIE procedure aims to select variables 

based on changes to the estimated exposure effect. A minus-one, add-one process first 

removed one variable at a time from the model that incorporated the minimal adjustment 

set and other potentially important variables identified by the DAG to assess if some of 

the variables did not contribute a noteworthy effect on the effect estimate. Then, in 

another model, one by one each of the variables of the minimal adjustment set were 

added to the model to see if they had a sufficient consequence on the effect estimate. This 

DAG and CIE hybrid method allowed for a final selection of potential confounders where 

the creation of a DAG involved an extensive literature review of existing evidence for the 

relationships between variables to display a causal diagram and a CIE process identified 

possible confounders based on relative changes in effect estimates[4].  

Suspected confounders identified by this combined procedure were: ethnicity 

(French Canadian, other European ancestry, and other/mixed ancestry), highest education 

level (less than high school, high school, post-secondary non-university or university 

undergraduate, and university post-graduate), and smoking status (pack-years of smoking 
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as a continuous variable). Age (age at diagnosis for cases and age at interview for 

controls as a continuous variable) was also added as a confounding variable, although it 

was going to be included in analyses regardless, since controls were matched to cases on 

5-year age categories. Although some previous studies on this association included body 

mass index (BMI) as a confounder in their models, it was not included in this study since 

it was shown to likely fall on the causal pathway between caffeine intake and ovarian 

cancer risk[6, 7]. Physical activity was omitted for the same reason[8, 9]. Nevertheless, 

sensitivity analyses that included these variables in adjusted models were conducted. 

3.5.2 Potential Effect Modifiers 

Certain studies have reported differing risks of ovarian cancer from caffeine 

exposure according to participants’ menopausal status[10-12]. As described in chapter 2, 

the influence of caffeine on ovarian carcinogenesis may be impacted by certain sex 

hormones, making menopausal status an important factor to consider for effect 

modification[13]. Menopausal status of participants was determined previously, based on 

whether or not participants reported menstruating 2 years prior to study participation[1]. 

Premenopausal women were defined as having naturally occurring periods, periods on 

birth control or menstrual regulatory hormones, no periods due to pregnancy or breast 

feeding, no periods due to removal of uterus under the age of 50, no periods due to 

continuous birth control, no periods due to endometrial ablation or Mirena IUD under the 

age of 50, menstruation while taking menopausal hormones, and menstruation but not 

reported for naturally occurring or on menstrual regulatory hormones[1]. Postmenopausal 

women were defined as having periods stop naturally, no periods due to removal of 

uterus over the age of 55, no periods and were taking hormones, no periods following 
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endometrial ablation over the age of 55, or no periods due to medical treatment and based 

on specific medical history[1]. 

3.5.3 Missing Data 

Two potential confounders, self-reported ethnicity and smoking pack-years, had 

some missing data. The proportion of missing values of these variables was under 5% 

(nethnicity=1 case, 1 control and npack-years=15 cases, 7 controls) and so simple imputation 

determined replacement values for any missing data[14]. Missing ethnicity data was 

inferred from participants’ names. For missing smoking information, missing data was 

imputed by assigning median pack-years among currently smoking controls to current 

smokers, median pack-years among formerly smoking controls to former smokers, and 

median pack-years among ever smoking controls to those that were missing 

current/former smoking status. 

3.6 Power Calculations 

Power calculations for this thesis were conducted prior to analyses at the proposal 

stage. For a case-control study with 1500 participants (1000 cases and 500 controls) and a 

predetermined alpha level of 0.05, there is 80% power to detect at minimum an odds ratio 

of 1.6. For an example of how the power calculations were conducted, see Appendix B. 

3.7 Statistical Analysis 

3.7.1 Descriptive Analysis 

Descriptive statistics were used to describe certain characteristics of the study 

population, comparing controls to all cases as well as to specific ovarian cancer 

behaviours (invasive vs. borderline) and types (Type I vs. Type II). Means and standard 
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deviations were calculated for continuous variables and frequency tables were used to 

describe categorical variables. The Wilcoxon rank-sum test was used to compare cases 

and controls for continuous variables and Chi-square or Fischer’s exact tests were utilized 

for categorical variables. All statistical analyses were performed using SAS version 9.4 

(SAS Institute, Cary Inc.). 

3.7.2 Objective I 

Unconditional multivariable logistic regression was used to estimate odds ratios 

(ORs) with 95% confidence intervals (CIs) for the relationship between quartiles of 

lifetime daily average caffeine intake and epithelial ovarian cancer risk. In all analyses, 

the lowest quartile of consumption comprised the reference group. In addition to the main 

effect variable, suspected confounders, assessed via the hybrid DAG and CIE method 

described in section 3.5.1, were also included in the primary logistic regression model. 

To assess trend across the quartiles of caffeine intake, a p-value was calculated by 

considering ranks of the exposure category quartiles as a continuous variable in the 

regression model and evaluating the Wald Chi-square test statistic to test the linear effect 

of the resulting variable on the logit of the probability of epithelial ovarian cancer.  

Polytomous logistic regression was used to estimate ORs (with 95% CIs) for the 

relationship between lifetime daily average caffeine intake and the risk of different 

subgroups of epithelial ovarian cancer. Since this form of logistic regression allows the 

response variable to have more than the regular two levels, it can be used for ordinal or 

nominal response categories where the choice of reference response category is 

flexible[15, 16]. Two sets of polytomous logistic regression models were run; the first 

had the case group stratified according to epithelial ovarian cancer behaviour (invasive 
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vs. borderline) whereas the second had the case group stratified according to invasive 

epithelial ovarian cancer tumour type (Type I vs. Type II). P-values for trend were also 

calculated to assess linear effect across the quartiles of caffeine intake for risk of specific 

tumour behaviours and types. Heterogeneity tests were utilized to observe whether 

differences in invasive and borderline tumours were statistically significant. Specifically, 

likelihood ratio tests were used to compare two models; one had the ORs for the exposure 

variable constrained to be equal in the two outcomes and the other allowed the ORs to 

vary [17]. The other variables included in the model were allowed to vary across the 

tumour behaviours in both models [17]. Using the same technique, heterogeneity tests 

were conducted to determine differences between Type I and Type II effect estimates. 

3.7.3 Objective II 

The exposure variable, lifetime average daily caffeine intake, was parameterized 

as tertiles instead of quartiles of intake to increase cell size and precision to meet 

Objective II of this thesis. An interaction term between the main effects variable and 

menopausal status was used to assess effect modification by menopausal status in the 

association between lifetime average daily caffeine intake and overall EOC risk. 

Interaction p-values were produced using likelihood ratio tests to compare models with 

and without the menopausal status interaction terms. It is possible that a small sample 

size decreased power to detect any interaction caused by menopausal status via the 

previously described method, therefore, effect estimates were nevertheless stratified by 

menopausal status to compare the magnitude and direction of ORs between 

premenopausal and postmenopausal women.  
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3.8 Ethical Considerations and Data Management 

The PROVAQ study protocol was approved by the Research Ethics Committee of 

the Centre de recherché du Centre hospitalier de l’Université de Montréal (CRCHUM) 

and the participating hospitals for study recruitment. All participants provided written 

consent. Expedited ethical approval specific to this thesis was obtained from the Queen’s 

University Health Sciences Research Ethics Board (see Appendix A). All paper 

questionnaires and consent forms for the PROVAQ study are stored in a secure office at 

the CRCHUM and all electronic data were stored in an anonymized form in a database on 

secure servers at the CRCHUM. Any data that was given to the MSc candidate was 

transferred via an encrypted USB, on site at the CRCHUM, and were analyzed in an 

anonymized format. 
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Chapter 4 

Lifetime Caffeine, Coffee, Tea, and Cola Intake and the Risk of 

Epithelial Ovarian Cancer: a Population-based Case-control Study 
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4.2 Abstract 

Purpose: To determine the association between caffeine consumption and risk of 

epithelial ovarian cancer (EOC) overall, and by tumour behaviour (invasive vs. 

borderline) and type (Type I vs. Type II). 

Methods: Analyses were conducted on 497 cases and 904 controls from a population 

based case-control study in Montreal. Unconditional multivariable logistic regression was 

used to estimate adjusted odds ratios (ORs) with 95% confidence intervals (CIs) for the 

association between quartiles of caffeine intake EOC risk. Multivariable polytomous 

logistic regression was used to estimate associations by tumour behaviour and type. 
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Results: The OR for the highest versus lowest quartiles of caffeine intake was 1.21 (95% 

CI: 0.85-1.70; ptrend=0.28) for overall EOC, 1.32 (95% CI: 0.90-1.94; ptrend=0.11) for 

invasive EOC, and 0.99 (95% CI: 0.54-1.80; ptrend=0.80) for borderline EOC. There was 

no appreciable difference in OR estimates between Type I and Type II tumours nor any 

strong evidence of effect modification by menopausal status. Additional drink type 

analyses indicated cola intake may be associated with elevated risk for overall, invasive, 

and Type II EOC at certain consumption categories. 

Conclusions: Results did not provide strong support for the association between caffeine 

intake and EOC risk, while cola consumption results require further replication. 

4.3 Introduction 

Ovarian cancer is the deadliest gynecological cancer and the fifth most common 

cause of female cancer-related deaths in Canada[1]. Accounting for nearly 90% of all 

ovarian cancer cases, epithelial ovarian cancer (EOC) has traditionally been classified 

according to tumour behaviour (invasive vs. borderline) or histology (serous, 

endometrioid, mucinous, or clear cell) although a newer dualistic model is now used to 

classify invasive EOC as either Type I or Type II [2-4]. Type I invasive EOCs include 

low-grade serous, low-grade endometrioid, clear cell, and mucinous carcinomas or 

Brenner tumours, are less aggressive, and typically present at earlier stages of disease[5]. 

In contrast, the more common Type II invasive EOCs are high-grade serous, high-grade 

endometrioid, malignant mixed mesodermal tumours and undifferentiated carcinomas, 

are more aggressive, and present at advanced stages [5]. Due to the high fatality rate of 

this disease, it is vital to find modifiable risk factors that could reduce the burden of 
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ovarian cancer. To date, few alterable risk factors have been identified for EOC, although 

it has been suggested that caffeine intake could influence ovarian cancer risk [6]. 

Found in a variety of foods and drinks, caffeine is most frequently consumed via 

beverages such as coffees, teas, and cola sodas [7]. Approximately 90% of the North 

American adult population consumes such beverages on a daily basis, making this a 

highly prevalent exposure[7]. It has been hypothesized that caffeine may play a role in 

increasing risk of EOC through a variety of mechanisms, such as through mimicking or 

enhancing the influence of gonadotropins on the ovaries to stimulate surface epithelium 

proliferation and thereby increase risk of cellular mutations [8, 9].  

Previous studies examining the association between caffeine and ovarian cancer 

report mixed results [10-19]. They also display several methodological limitations which 

may have impacted their findings. For instance, in some studies the consumption of 

caffeinated or decaffeinated beverages was not differentiated in exposure assessment and 

information on the type of tea consumed was not collected. This may have introduced 

non-differential misclassification bias into the studies for the exposure variable, as 

different drinks contain varying amounts of caffeine [10, 11, 13, 15, 16, 18, 19]. Further, 

many studies only considered consumption of caffeinated beverages in the five years 

prior to data collection or diagnosis, indicating possible oversight of biologically 

effective time windows since it is possible that caffeine exerts carcinogenic effects on 

ovarian tissue outside of that time window [10, 11, 13, 15-17]. Estrogen may affect 

caffeine clearance in the body, making menopausal status an important factor to assess 

for effect modification in the relationship between caffeine intake and EOC development 

[14, 19].  
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By using a comprehensive exposure assessment that included lifetime 

consumption of caffeinated coffee, black tea, green tea, and cola sodas in the estimation 

of overall caffeine intake, we aimed to address the limitations in previous studies to 

examine the association between caffeine intake and the risk of EOC, overall and by 

cancer behaviour (invasive vs. borderline) and invasive type (Type I vs. Type II). We 

also examined associations by menopausal status. 

4.4 Materials and Methods 

4.4.1 Study Population 

The PRevention of OVArian Cancer in Quebec (PROVAQ) study is a population-

based case-control study in Montreal, Canada [20]. Data collection began in March 2011 

and ended in September 2016. The PROVAQ study enrolled female Canadian citizens 

aged 18-79 years residing in the metropolitan area of Montreal. Eligible cases were 

defined as women who were newly diagnosed with histologically-confirmed invasive or 

borderline epithelial ovarian cancer at seven participating hospitals in Montreal. 

Population controls were frequency-matched to cases in five-year age groups and by 

electoral district. In total, out of 741 identified case candidates, 652 were eligible for the 

PROVAQ study, and 507 (78%) agreed to participate. Out of 1,634 potential controls, 

908 (56%) agreed to participate. Of the recruited individuals, one case and four controls 

were excluded due to missing lifetime caffeine intake information, resulting in 497 cases 

and 904 controls for this study. 
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4.4.2 Study Variables 

A variety of factors, including sociodemographic characteristics, reproductive 

history, medical history, family history, general lifestyle practices, recreational and 

physical activity, sun exposure, sleeping habits, and diet history were assessed in 

interviews using an in-person administered questionnaire for the PROVAQ study. A 

calendar charting major life events was used in these interviews to help aid participants 

with an accurate recollection of their memories. In addition, to reduce the burden of the 

in-person interview, a self-administered questionnaire was used to assess other factors 

like residential history.  

In the caffeinated beverage consumption portion of the in-person administered 

questionnaire, the lifetime consumption history of caffeinated coffee, black tea, green tea, 

and cola soft drinks was reported. The frequency of consumption was indicated by how 

many cups of each beverage participants consumed per day, week, or month in self-

specified age periods. Answering options for reporting consumption habits also included 

“don’t know” and “prefer not to answer”. The Canadian Nutrient File was used to 

determine the caffeine content in each of the beverages such that one cup of caffeinated 

coffee contains 100 milligrams (mg) of caffeine, one cup of black tea contains 55 mg of 

caffeine, one cup of green tea contains 45 mg of caffeine, and one cup of cola soda 

contains 23 mg of caffeine [7, 21].  

Caffeine intake was represented by average daily intake over a lifetime. For each 

caffeinated beverage and self-specified age period, the number of cups of beverage that 

were consumed in each age period was determined: the frequency of monthly beverage 

consumption was multiplied by the number of servings consumed multiplied by 12 to get 
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the cups consumed per year, and then multiplied by the number of years in that age 

period. The reported number of cups consumed in an age period was multiplied by the 

caffeine content in a cup of that beverage (in mg) to get the total mg of caffeine 

consumed from that beverage for that time period. These values were then summed 

across each age period and caffeinated beverage type, giving us lifetime caffeine intake in 

units of mg. To represent lifetime caffeine intake in more meaningful terms, lifetime 

cumulative caffeine intake was divided by either the age at interview or age at diagnosis 

for controls and cases respectively to capture the potential years of exposure to caffeine, 

and then divided by the number of days in a year to get a lifetime average daily caffeine 

intake value in mg/day:  

𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑑𝑎𝑖𝑙𝑦 𝑐𝑎𝑓𝑓𝑒𝑖𝑛𝑒 𝑖𝑛𝑡𝑎𝑘𝑒

= (∑ 𝑐𝑢𝑝𝑠 𝑜𝑓 𝑏𝑒𝑣𝑒𝑟𝑎𝑔𝑒 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 × 𝑐𝑎𝑓𝑓𝑒𝑖𝑛𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 𝑝𝑒𝑟 𝑐𝑢𝑝) 𝑎𝑔𝑒/365.2425⁄  

For example, if a 56-year old participant reported consuming 240 cups of coffee every 

year from ages 44-48 and 180 cups of green tea every year from ages 15-50, her lifetime 

average daily caffeine intake would be 18.55 mg/day. To deal with the potential of 

reverse-causality, caffeine consumption during the two years preceding the date of 

diagnosis or interview for cases and controls respectively was omitted from calculations 

of lifetime average daily caffeine intake. Lifetime average daily caffeine intake amounts 

were then categorized into quartiles of intake, based on the distribution of caffeine intake 

among controls. 

4.4.3 Statistical Analysis 

Multivariable unconditional logistic regression was used to estimate adjusted odds 

ratios (ORs) with 95% confidence intervals (CIs) for the association of quartiles of 
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lifetime average daily caffeine intake with EOC risk. The p-values for the tests for trend 

across categories of caffeine or caffeinated beverage intake were obtained by modeling 

the ranks of categories as a continuous variable in the regression models and using the 

Wald Chi-square test statistic. Interaction terms were utilized to assess effect 

modification by menopausal status. Associations by tumour behaviour and type were 

examined through multivariable polytomous regression. Unconditional logistic regression 

was also used to estimate the association between the lifetime average weekly cups of the 

four caffeinated beverages (caffeinated coffee, black tea, green tea, and cola) and risk of 

EOC, and polytomous logistic regression was used for risk by tumour behaviour and 

type. Heterogeneity tests were conducted to detect differences in risk of invasive versus 

borderline tumour behaviours. Specifically, likelihood ratio tests were used to compare 

two models, with one having the ORs for the exposure variable constrained to be equal in 

the two outcomes, and the other allowing the ORs to vary [22]. The other variables 

included in the model were allowed to vary across the tumour behaviours in both models 

[22]. Using the same technique, heterogeneity tests were also conducted to determine 

differences between Type I and Type II effect estimates and thereby assess whether 

caffeine affected risk of EOC differently according to invasive tumour type. All statistical 

analyses were performed using SAS version 9.4 (SAS Institute, Cary Inc.). 

Confounders were selected through a combined Directed Acyclic Graph (DAG) 

and change-in-estimate (CIE) procedure [23, 24]. Using the DAGitty software, an initial 

causal diagram showing the relationship between caffeine intake and EOC was created 

based on the literature regarding caffeine intake and ovarian cancer risk[25]. The CIE 

process was then used to assess whether the variables identified by the DAG were 
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appropriate for adjustment. The DAG was then revisited and this process was reiterated 

in the attempt obtain a biologically important selection of confounders for adjustment 

[23]. The DAG and CIE method identified the following factors for adjustment: age 

(years, continuous), education level (high school or less, CEGEP/post high school, 

university/university but non-graduate, post-graduate), self-reported ethnicity (French 

Canadian, European ancestry, mixed/other), and smoking duration and intensity (pack-

years of cigarettes, continuous). An additional post-hoc sensitivity analysis examining 

cola consumption and risk of EOC also controlled for BMI (<18.5, 18.5-24.9, 25-29.9, 

30+ kg/m2) and lifetime physical activity (cumulative MVPA, continuous) to control for 

any confounding caused by obesity in this relationship. The proportion of missing values 

of the different variables incorporated in the models was under 5% and so imputation was 

used to determine replacement values for any missing data. Missing ethnicity data was 

inferred from participants’ names (n=1 case, 1 control). For missing smoking 

information, missing data was imputed by assigning median pack-years among currently 

smoking controls to current smokers (n=1 case, 3 controls), median pack-years among 

formerly smoking controls to former smokers (n=11 cases, 2 controls), and median pack-

years among ever smoking controls to those that were missing current/former smoking 

status (n=3 cases, 2 controls). 

4.5 Results 

Characteristics of the study population are presented in Table 4.1. Cases have a 

higher prevalence of family history of ovarian or breast cancer than controls, and used 

oral contraceptives for a shorter period of time. There was also a greater percentage of 

cases who were nulliparous. On average, borderline cases were younger than invasive 



 

58 

 

cases and a larger proportion of borderline cases also reported no family history of breast 

or ovarian cancer, while they had greater pack-years of smoking than invasive cases. 

Overall, 98.4% of cases and 97.5% of controls had exposure to caffeine in their lifetime.  

Table 4.2 shows adjusted ORs (95% CIs) for the association between lifetime 

average daily caffeine intake and overall risk of EOC, as well as by tumour behaviour. 

Overall, there was no strong pattern of association between caffeine consumption at any 

level and EOC risk. For example, compared to the lowest quartile of caffeine intake, the 

OR for consuming at the highest quartile of intake was 1.21, but the confidence interval 

included the value of 1.0. The OR estimates were slightly elevated for invasive EOC with 

increasing ORs for every increasing quartile of caffeine intake and a p-value for trend of 

0.11. Caffeine intake does not seem to exacerbate the risk of borderline EOC. Similarly, 

associations by invasive ovarian cancer type were not statistically significantly different; 

the ORs for the highest vs. the lowest quartiles were 1.17 (95% CI: 0.61-2.23; ptrend=0.51) 

for Type I and 1.46 (95% CI: 0.94-2.25; ptrend=0.09) for Type II. Sensitivity analyses that 

excluded the last five and 10 years of participants’ caffeine consumption to address the 

potential of reverse-causality were also conducted and showed no difference in risk in 

comparison to the main analyses that incorporated a latency period of two years (results 

not shown). 

 From an empirical point of view, in this study there is no evidence that 

menopausal status is an effect modifier in the association between tertiles of caffeine 

intake and overall EOC risk (interaction p-value = 0.09) (Table 4.3). Stratification shows 

that among premenopausal women there is a slightly elevated risk of EOC for the 

consumption of caffeine across all tertiles of intake whereas there was decreased risk for 
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postmenopausal women (Table 4.3). Although interactions did not reach statistical 

significance, this analysis may have been underpowered and therefore the differences 

between premenopausal and postmenopausal women could be meaningful.  

When each of the caffeinated beverages were assessed separately, results did not 

provide evidence for the presence of any associations between most caffeinated 

beverages and the risk of EOC. For instance, although the OR for the highest quartile of 

caffeinated coffee consumption in comparison to never drinkers was 1.43 for invasive 

EOC, the confidence interval for this value included an OR of 1.0 (Table 4.4). Further 

examination by Type I and Type II EOC indicated more imprecise ORs that did not 

appreciably differ by invasive type (results not shown). Overall, although results were not 

statistically significant, risk for black tea consumption was in the protective direction, 

with the OR for the highest level of consumers in comparison to never consumers being 

0.83 (0.57-1.22) (Table 4.4). However, findings need to be interpreted with caution due 

to the wide confidence interval. Green tea consumption seemed to only exhibit modest 

protective ORs in borderline (Table 4.4) or Type I (OR for highest vs. lowest 

consumption categories: 0.92; 95% CI: 0.47-1.78) cases, although the ORs were 

statistically non-significant. On the other hand, lifetime cola consumption was associated 

with statistically significant increased risk of overall EOC (Table 4.4), invasive EOC 

(Table 4.4), and Type II invasive EOC (OR for highest vs. lowest consumption 

categories: 1.50; 95% CI: 1.02-2.20). The p-values for trend across the tertiles of cola 

consumption were also statistically significant for all EOC cases (Table 4.4), invasive 

cases (Table 4.4), and in particular Type I invasive tumours (OR for highest vs. lowest 
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consumption categories: 1.62; 95% CI: 0.93-2.82), with calculated p-values for trend of 

0.02 (Table 4.4), 0.03 (Table 4.4), and 0.05 (results not shown), respectively. 

4.6 Discussion 

 Although results do not suggest a strong association between caffeine intake and 

EOC risk, this study demonstrates increased risks associated with cola consumption, with 

some evidence of an exposure-response relationship. Other beverages analyzed were not 

strongly associated with increased or decreased risk, although there was a suggested 

protective effect of black tea consumption for invasive EOC and green tea consumption 

for borderline EOC. Generally, risk estimates did not differ according to invasive tumour 

types and the association between caffeine consumption and EOC risk did not differ by 

menopausal status. 

The association between caffeine intake and ovarian cancer has been examined in 

10 epidemiological studies that have reported positive[14], null[11-13, 15, 17, 18], and 

inverse associations[10, 16, 19], with relative risks ranging from 0.46 to 2.30 [10-19]. A 

multitude of reasons could have impacted these results: studies often differed in their 

methods of exposure assessment as some of them included certain sources of caffeine 

that others did not, and they assessed caffeine intake over different amounts of time prior 

to the study date or diagnosis [16, 17, 19, 20, 22, 24-26]. For instance, while one study 

did create a caffeine intake index by using intake of caffeinated and decaffeinated coffee, 

black, green, and herbal tea, and caffeinated and decaffeinated soda[14], other studies 

only assessed caffeine intake through participants’ reported coffee consumption [13]. 

Also, while one study looked at caffeine intake five years preceding their reference 

date[17], several studies examined caffeine intake only a year prior to their reference 
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date[10, 13, 14, 16, 18]. No study looked at long-term caffeine intake like ours, and so 

may have missed measuring the biologically relevant exposure time window.  

To the best of our knowledge, no study has investigated the association between 

caffeine intake and ovarian cancer risk among Canadian women. Moreover, although 

some studies examined risk of ovarian cancer by specific histologic subtypes, no study 

has adopted the dualistic model of pathogenesis to examine risk of Type I vs. Type II 

EOC. This is important due to recent evidence that suggests that these two types of 

tumours arise differently, which may mean caffeine intake affects one mode of 

pathogenesis, but not the other[27]. Although many of our results were not statistically 

significant, their overall pattern towards showing increased risk of invasive EOC with 

caffeine consumption may support a role for caffeine in ovarian carcinogenesis. 

Biological studies examining the role of this agent in relation to the dualistic model of 

ovarian pathogenesis would be valuable in assessing the specific carcinogenic 

mechanism.  

The overall observed trend of increased risk of EOC in premenopausal women 

and decreased risk of EOC in postmenopausal women has also been previously reported 

in the literature [12, 18]. This may indicate that caffeine plays a hormonally-mediated 

role in ovarian carcinogenesis. In fact, it has been suggested that caffeine could interfere 

with circulating levels of estrogen in the body, affecting malignancies in premenopausal 

and postmenopausal women differently since estrogen promoted proteins in the body 

may act as ovarian tumour producing agents [28, 29]. This is supported by previous 

studies that have indicated a positive relationship between serum estradiol and estrone 

levels and the risk of hormonally-sensitive cancers[30]. 
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The current literature on individual caffeinated beverage intake and ovarian 

cancer risk is inconsistent and few studies have evaluated the relationship between sugary 

beverage consumption like cola and risk of ovarian cancer, although some studies’ results 

reflect our findings that cola consumption increases risk of ovarian cancer. For instance, 

one study estimated that women who drank cola sodas frequently (2+ cans/day) were at a 

slightly increased risk of ovarian cancer in comparison to non-frequent consumers [17]. 

Controlling for both lifetime physical activity and BMI in sensitivity analyses did not 

impact findings (results not shown). One study’s results implied that the consumption of 

a low fiber and high sugar diet, something previously associated with high soda 

consumption, may result in the onset of ovarian cancer, but this association needs to be 

investigated in more detail [26]. 

Among five studies examining black tea and ovarian cancer risk, two reported 

decreased risks, while no association was observed in others [14, 31-34]. Prior studies 

suggest the potential of theaflavins to act as anti-carcinogenic agents; in particular, the 

four main theaflavins derivatives found in black tea have been found to inhibit the 

angiogenic effects of ovarian cancer cells as well as indicate the ability to induce 

apoptosis in ovarian cancer cells [35]. This may explain why our results suggest that 

increased consumption of black tea could decrease the risk of invasive, and in particular 

Type II, EOC. Since these effects were not seen in Type I EOC cases, it is possible that 

the anti-carcinogenic properties of black tea play a role in modulating a pathway for Type 

II EOC alone. Certain polyphenols in green tea may have antioxidant effects, and studies 

specifically assessing the association between green tea and ovarian cancer tended to 

signify its potential role as an anti-carcinogenic food item [36]. However, in our analyses, 
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green tea consumption only appeared protective for borderline EOC, although results 

should be interpreted with caution due to the small number of individuals that consumed 

this beverage, which may have limited power to detect true effects. This may explain why 

our results differed from most of the literature: of six studies that specifically measured 

the effects of green tea consumption on ovarian cancer risk, five reported statistically 

significant risk reductions [17, 33, 34, 36, 37], while one found no association [14] 

between green tea intake and ovarian cancer.  

Certain methodological considerations should be kept in mind while assessing the 

results of this study. Firstly, given the limited sample size, results by tumour behaviour, 

and especially type, should be interpreted with caution. Further, recall error or bias may 

have emerged when participants reported their lifetime consumption histories of certain 

caffeinated beverages. However, during the actual interviews, participants’ memories 

were prompted by a calendar marking major life events, minimizing the potential for 

recall error. Utilizing questionnaire items that ask study respondents about their quantity 

and frequency of caffeinated beverage consumption throughout their lifetime has been 

shown to be a reliable and valid tool in determining participants’ lifetime intake of 

caffeinated beverages and their constituents[38]. Additionally, since the link between 

caffeine, and caffeinated beverages such as coffee, black tea, green tea, and cola soda, 

with ovarian cancer is not well known amongst the general public, it is unlikely that 

recall bias occurred. A potential source of information bias is the estimation of caffeine 

intake from the various caffeinated beverages based on the Canadian Nutrient File[21].  

Factors such as method of preparation and source of a drink can all contribute to varying 

amounts of caffeine in a standard serving; thus, not having these exact details may have 
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led to non-differential misclassification of how much caffeine participants were actually 

consuming over their lifetimes.  

The low response rate of controls may have introduced selection bias in the study 

if the response rate was related to both the exposure and outcome of interest or if those 

that declined participation differed from the base population on certain factors. However, 

it is unlikely that eligible participants’ caffeine consumption habits influenced their 

decision to refuse, considering the current lack of knowledge regarding the potential 

association between caffeine intake and ovarian cancer risk. Data collected on non-

participants found that eligible controls who refused to participate were older and less 

educated than those who did participate[20]. Since age and educational status were both 

variables included in the regression models, this allowed us to control for any 

confounding effects of the two variables[39]. Other confounders, such as smoking 

duration and intensity (pack-years) and ethnicity, were also included in the multivariate 

models. However, although we employed a combined DAG and CIE procedure to select 

confounders, it is possible that unidentified confounders may have caused some 

uncontrolled confounding effects. For instance, several past studies controlled for alcohol 

consumption in their models to examine the association between caffeine intake and 

ovarian cancer risk. However, during the creation of the DAG to identify confounders to 

control for, the literature indicated that alcohol consumption was not associated with 

ovarian cancer risk[40], and thus alcohol consumption was not determined to be a 

potential confounder in this relationship for our analyses. Another common variable that 

was adjusted for in previous literature is the duration of oral contraceptive use. 

Nevertheless, assessing this variable for inclusion using the CIE process indicated it did 
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not affect the effect estimates significantly enough to warrant inclusion in our models as 

the ORs all changed less than the pre-determined cut-off of 5%. 

This study exhibited several strengths to contribute to the literature on this topic. 

Exposure assessment questionnaires used in other studies have been limited in detail as 

they did not ask about a wide variety of caffeinated beverages, or often did not 

differentiate between the several caffeinated beverages consumed. However, the 

PROVAQ questionnaire asked participants about caffeinated coffee, black tea, green tea, 

and cola soda consumption histories to comprehensively capture caffeine exposure. Since 

the PROVAQ questionnaire allowed us to assess lifetime history of caffeine intake 

instead of limiting exposure assessment to a few years prior to interview or diagnosis 

date, this increased the chance that our exposure variable included a biologically relevant 

time window. Lifetime consumption data was also useful in categorizing participants 

according to different caffeine intake levels since data collected regarding long-term 

consumption histories are more likely to reflect the true caffeine consumption histories of 

participants. This is because dietary assessments taken over shorter periods of time may 

not truly reflect participants’ regular consumption patterns as they may have just started 

or stopped consuming caffeine, or may have recently changed their consumption 

frequency or intensity. This study also considered several variables that were overlooked 

in previous studies, such as assessing the interaction of menopausal status in the 

relationship of interest, as well as evaluating confounding by smoking status. 

In summary, while our results could not provide strong evidence of an association 

between caffeine, caffeinated coffee, black tea, or green tea intake and EOC, estimated 

ORs suggest cola consumption is associated with increased risk of EOC, especially for 
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invasive tumours and specifically Type II invasive EOCs. Research that examines this 

association in more detail that focuses on other constituents of cola sodas or factors 

associated with cola intake may be warranted. 
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Table 4.1. Descriptive characteristics of the study population 

  
Controls 

(n=904)   

All cases 

(n=497)   

Borderline 

cases      

(n=134) 

  

Type I 

cases     

(n=103)   

Type II  

cases      

(n=260) 

  n (%)   n (%)   n (%)   n (%)   n (%) 

Age (years), mean ± SDa 
58.2 ± 12.6  57.3 ± 12.7  52.0 ± 14.5  54.8 ± 13.0  60.9 ± 10.1 

BMI (kg/m2) 
         

<18.5     36 (4.0)      25 (5.0)      8 (6.0)      5 (4.9)      12 (4.6) 

18.5 – 24.9 420 (46.5)  218 (43.9)  57 (42.5)  46 (44.7)  115 (44.2) 

25 – 29.9 277 (30.6)  141 (28.4)  39 (29.1)  26 (25.2)    76 (29.2) 

≥30 171 (18.9)  113 (22.7)  30 (22.4)  26 (25.2)    57 (21.9) 

Family history of breast or 

ovarian cancerb,c           

No 717 (81.6)  381 (78.1)  115 (87.8)  86 (85.2)  180 (70.3) 

Yes 162 (18.4)  107 (21.9)  16 (12.2)  15 (14.9)  76 (29.7) 

Self-reported ethnicityc 
         

French Canadian 607 (67.2)  337 (67.8)  93 (69.4)  76 (73.8)  168 (64.6) 

Other European ancestry 216 (23.9)  117 (23.5)  30 (22.4)  16 (15.5)    71 (27.3) 

Other/mixed ancestry     81 (9.0)      43 (8.7)    11 (8.2)  11 (10.7)      21 (8.1) 

Highest attained education 
         

≤High school 278 (30.8)  193 (38.8)  57 (42.5)  35 (34.0)  101 (38.9) 

CEGEP/Post-high school 254 (28.1)  137 (27.6)  35 (26.1)  29 (28.1)  73 (28.1) 
University, graduate/non-

graduate 268 (29.7)  118 (23.7)  25 (18.7)  31 (30.1)  62 (23.9) 

Post-graduate  104 (11.5)      49 (9.9)  17 (12.7)      8 (7.8)    24 (9.2) 

Current household financial 

situationc 
         

Very difficult 11 (1.2)  6 (1.2)  3 (2.2)  0 (0.0)  3 (1.2) 

Fairly difficult 31 (3.4)  29 (5.9)  8 (6.0)  8 (7.8)  13 (5.0) 

Middle 267 (29.6)  137 (27.6)  34 (25.4)  33 (32.0)  70 (27.0) 

Fairly comfortable 446 (49.4)  238 (48.0)  67 (50.0)  42 (40.8)  129 (49.8) 

Very comfortable 148 (16.4)  86 (17.3)  22 (16.4)  20 (19.4)  44 (17.0) 

Menopausal statusc 

         

Premenopausal 291 (32.2)  161 (32.4)  56 (41.8)  44 (42.7)    61 (23.5) 

Postmenopausal 587 (64.9)  324 (65.2)  74 (55.2)  56 (54.4)  194 (74.6) 

Unknown     26 (2.9)      12 (2.4)      4 (3.0)      3 (2.9)        5 (1.9) 

Oral contraceptive use (years),  

mean ± SDc   5.8 ± 5.9    5.0 ± 5.6  6.3 ± 6.3   4.6 ± 5.3    4.6 ± 5.2 

Parity (full-term births) 
         

Nulliparous 198 (21.9)  166 (33.4)  52 (38.8)  53 (51.5)   61 (23.5) 

1 160 (17.7)  103 (20.7)  25 (18.7)  19 (15.8)   59 (22.7) 

2 353 (39.1)  156 (31.4)  41 (30.6)  26 (25.2)   89 (34.2) 

≥3 193 (21.4)    72 (14.5)  16 (11.9)      5 (4.9)   51 (19.6) 

Smoking history (pack-years) ,  

mean ± SD c 12.0 ± 21.7  12.3 ± 18.6  16.0 ± 20.2  9.9 ± 17.4  11.2 ± 17.4 

             
a Age at referent date, which is date of interview for controls and date of diagnosis for cases 

b Family history of breast or ovarian cancer in first-degree female relatives 
c Missing information: family history of breast or cancer (33 participants), self-reported ethnicity (1 control, 1 case), household financial 

situation (2 participants), oral contraceptive use (2 individuals), and smoking history (22 individuals) 
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Table 4.2. Multivariable ORs (95% CIs) for overall, invasive and borderline ovarian cancer risk, 

according to quartiles of average daily caffeine intake based on the distribution among controls 
Quartile of 

caffeine 

intake 

(mg/day)b 

Controls 

(n=904) 
  All cases (n=497)   Invasive cases (n=363)   Borderline cases (n=134)   phet

d 

 n    n (%) ORa (95% CI)    n (%) ORa (95% CI)    n (%) ORa (95% CI)   
  

≤53.8 226  119 (23.9) 1.00 (ref)    79 (21.8) 1.00 (ref)  40 (29.9) 1.00 (ref)  0.31 

53.8-≤100.8  226   124 (25.0) 1.12 (0.81-1.55)    88 (24.2) 1.10 (0.76-1.58)  36 (26.9) 1.29 (0.76-2.19)   
100.8-≤159.3 226   123 (24.8) 1.11 (0.80-1.55)    97 (26.7) 1.25 (0.86-1.80)  26 (19.4) 0.88 (0.49-1.57)   
>159.3  226   131 (26.4) 1.21 (0.85-1.70)    99 (27.3) 1.32 (0.90-1.94)  32 (23.9) 0.99 (0.54-1.80)   

ptrend
c       0.28     0.11     0.80     

a Models adjusted for age (years, continuous), education (<high school, CEGEP/post-high school, university graduate or non-graduate, post-

graduate), self-reported ethnicity (French Canadian, European Ancestry, mixed/other), and duration of smoking behaviour (pack-years) 
b The daily caffeine consumed by participants in the first quartile approximates the amount found in <0.5 cup of caffeinated coffee, in the 

second quartile approximates the amount found in 0.5-1 cup of caffeinated coffee, in the third quartile approximates the amount found in 1-

1.5 cups of caffeinated coffee, and in the fourth quartile approximates the amount found in >1.5 cups of caffeinated coffee 
c p value for trend across categories 
d p value for heterogeneity between invasive and borderline EOC 

 
 

 

 
 

 

Table 4.3. Multivariable ORs (95% CIs) for overall epithelial ovarian cancer risk, according to tertiles 

of average daily caffeine intake based on the distribution among controls, stratified by menopausal 

status 

Tertile of caffeine intake 

(mg/day)b 

Controls 

(n=904)   
n 

  

 

All cases (n=497)   Interaction 

  n (%) ORa (95% CI)   

Premenopausal      p=0.09d 

≤67.9 151 (51.9)    73 (45.3) 1.00 (ref)   
67.9-≤140.0 88 (30.2)    51 (31.7) 1.29 (0.78-2.11)   
>140.0  52 (17.9)    37 (23.0) 1.61 (0.87-2.98)   

ptrend
 

   0.12   
Postmenopausal 

      

≤67.9 139 (23.7)    86 (26.5) 1.00 (ref)   
67.9-≤140.0 204 (34.8)  103 (31.8) 0.83 (0.88-1.67)   
>140.0 244 (41.6)  135 (41.7) 0.92 (0.53-1.03)   

ptrend
c       0.72     

a Models adjusted for age (years, continuous), education (<high school, CEGEP/post-high school, university graduate or non-graduate, post-
graduate), self-reported ethnicity (French Canadian, European Ancestry, mixed/other), and duration of smoking behaviour (pack-years) 
b Tertiles of caffeine intake were created based on the distribution of caffeine intake among controls. The daily caffeine consumed by 

participants in the first tertile approximates the amount found in <0.7 cups of caffeinated coffee, in the second tertile approximates the 
amount found in 0.7-1.4 cups of caffeinated coffee, and in the third tertile approximates the amount found in >1.4 cups of caffeinated coffee 
c p value for trend across categories 
d p value for the interaction between menopausal status and caffeine intake in association with EOC risk 
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Table 4.4. Multivariable ORs (95% CIs) for overall, invasive and borderline ovarian cancer risk, 

according to average daily caffeinated beverage intake 

Caffeinated 

beverage 

intakeb 

Controls 

(n=904) 
  All cases (n=497)   Invasive cases (n=362)   Borderline cases (n=134)   phet

d 

 n (%)    n (%) ORa (95% CI)    n (%) ORa (95% CI)    n (%) ORa (95% CI)     

Coffee 

Never  111 (12.3)  57 (11.5) 1.00 (ref)    34  1.00 (ref)  23 (17.2) 1.00 (ref)  0.38 

Very Low 198 (21.9)  106 (21.3) 1.07 (0.71-1.60)    75  1.27 (0.79-2.03)  31 (23.1) 0.76 (0.41-1.41)   
Low 198 (21.9)  112 (22.5) 1.21 (0.80-1.81)    85 1.41 (0.88-2.25)  27 (20.2) 0.93 (0.49-1.76)   
Medium 199 (22.0)  117 (23.5) 1.21 (0.81-1.81)    89 1.49 (0.93-2.37)  28 (20.9) 0.83 (0.44-1.56)   

High 198 (21.9)  105 (21.1) 1.12 (0.73-1.70)    80 1.43 (0.88-2.31)  25 (18.7) 0.68 (0.34-1.33)   

ptrend
       0.48     0.14     0.40     

Black tea             

Never 514 (56.9)  292 (58.8) 1.00 (ref)  216  1.00 (ref)  76 (56.7) 1.00 (ref)  0.25 

Low 130 (14.4)  69 (13.9) 0.95 (0.68-1.32)    50  0.92 (0.63-1.33)  19 (14.2) 1.04 (0.60-1.82)   

Medium 129 (14.3)  73 (14.7) 1.03 (0.74-1.43)    48 0.87 (0.59-1.26)  25 (18.7) 1.58 (0.94-2.64)   

High 131 (14.5)  63 (12.7) 0.87 (0.61-1.23)    49  0.83 (0.57-1.22)  14 (10.5) 0.96 (0.51-1.80)   

ptrend
       0.60     0.26     0.40   

Green tea             

Never 563 (62.3)  310 (62.4) 1.00 (ref)  219  1.00 (ref)  91 (67.9) 1.00 (ref)  0.76 

Low 113 (12.5)  55 (11.1) 0.92 (0.64-1.32)    42  0.98 (0.66-1.45)  13 (9.7) 0.74 (0.39-1.41)   

Medium 114 (12.6)  68 (13.7) 1.14 (0.81-1.60)    52  1.22 (0.84-1.76)  16 (11.9) 0.96 (0.53-1.72)   

High 114 (12.6)  64 (12.9) 1.06 (0.75-1.50)    50  1.11 (0.76-1.62)  14 (10.5) 0.93 (0.50-1.73)   

ptrend
       0.54     0.37     0.79   

Cola soda             

Never 440 (48.7)  205 (41.3) 1.00 (ref)  150  1.00 (ref)  55 (41.0) 1.00 (ref)  0.88 

Low 154  (17.0)  97 (19.5) 1.35 (0.99-1.83)    72  1.42 (1.01-1.99)  25 (18.7) 1.16 (0.69-1.96)   

Medium 155  (17.2)  82 (16.5) 1.09 (0.79-1.50)    61  1.16 (0.81-1.65)  21 (15.7) 0.96 (0.55-1.67)   

High 155 (17.2)  113 (22.7) 1.47 (1.08-2.00)    80  1.51 (1.07-2.12)  33 (24.6) 1.42 (0.86-2.34)   

ptrend
c       0.02     0.03     0.23   

a Models adjusted for age (years, continuous), education (<high school, CEGEP/post-high school, university graduate or non-graduate, post-

graduate), self-reported ethnicity (French Canadian, European Ancestry, mixed/other), and duration of smoking behaviour (pack-years) 
bVarious monthly cups of caffeinated beverage consumption categories were used to compare non-drinkers (never, the referent group) to 
drinkers. For caffeinated coffee, very low intake ≈ <16 cups/month, low intake ≈ 16-25 cups/month , medium intake ≈ 25-43 cups/month , 

and high intake ≈ 43+ cups/month. For black tea, low intake ≈ <3.5 cups/month, medium intake ≈ 3.5-18 cups/month, and high intake ≈ 18+ 

cups/month. For green tea, low intake ≈ <0.5 cups/month , medium intake ≈ 0.5-2 cups/month , and high intake ≈ 2+ cups/month. For cola 
sodas, low intake ≈ <2 cups/month, medium intake ≈ 2-7 cups/month , and high intake ≈ 7+ cups/month. These are all averages across the 

lifetime. 

c p value for trend across categories 
d p value for heterogeneity between invasive and borderline EOC 
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Chapter 5 

Additional Analyses 

5.1 Examining Risk of Invasive Type I and Type II EOC 

The association between caffeine intake and EOC was not only examined for the 

full case series, but also by cancer behaviour (invasive vs. borderline) and specific 

invasive type (Type I vs. Type II). These analyses were conducted with polytomous 

logistic regression and the ORs with 95% CIs for the association between different 

quartiles of caffeine intake and risk of invasive Type I and Type II EOC are shown 

below:  

Table 5.1 Multivariable ORs (95% CIs) for overall, invasive Type I and Type II 

epithelial ovarian cancer risk, according to quartiles of average daily caffeine intake 

based on the distribution among controls 
Quartile of 

caffeine 

intake 

(mg/day)b 

Controls 

(n=904) 
  All cases (n=497)  Type I invasive EOC  

(n=103) 
 Type II invasive EOC 

(n=260) 

 n    n (%) ORa (95% CI)    n (%) ORa (95% CI)    n (%) ORa (95% CI) 

≤53.8 226  119 (23.9) 1.00 (ref)    30 (29.1) 1.00 (ref)  49 (18.9) 1.00 (ref) 

53.8-≤100.8  226   124 (25.0) 1.12 (0.81-1.55)    21 (20.4) 0.86 (0.46-1.59)  67 (25.8) 1.25 (0.82-1.91) 

100.8-≤159.3 226   123 (24.8) 1.11 (0.80-1.55)    28 (27.2) 1.24 (0.69-2.24)  69 (26.5) 1.30 (0.85-1.99) 

>159.3  226   131 (26.4) 1.21 (0.85-1.70)    24 (23.3) 1.17 (0.61-2.23)  75 (28.8) 1.46 (0.94-2.25) 

ptrend
c       0.28     0.51     0.09 

phet
d          0.53 

a Models adjusted for age (years, continuous), education (<high school, CEGEP/post-high school, university graduate or non-graduate, 
post-graduate), self-reported ethnicity (French Canadian, European Ancestry, mixed/other), and duration of smoking behaviour (pack-

years) 
b The daily caffeine consumed by participants in the first quartile approximates the amount found in <0.5 cup of caffeinated coffee, in 
the second quartile approximates the amount found in 0.5-1 cup of caffeinated coffee, in the third quartile approximates the amount 

found in 1-1.5 cups of caffeinated coffee, and in the fourth quartile approximates the amount found in >1.5 cups of caffeinated coffee 
c p value for trend across categories 
d p value for heterogeneity between Type I and Type II invasive EOC 

 

It is to be noted that limited sample sizes resulted in results that should be interpreted 

with caution. On a whole, no substantial difference in risk was apparent for the 

association between caffeine intake and the onset of Type I vs. Type II EOC. 
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5.2 Sensitivity Analyses 

5.2.1 Incorporating Different Latency Periods 

As stated in chapter 3, to avoid the issue of caffeine consumption habits being 

affected by participants’ ovarian cancer onset, a latency period of two years preceding the 

date of diagnosis for cases or date of interview for controls was applied to the full case 

series. To make sure exposure came before the outcome, any caffeine intake in that two 

year time period was not calculated as a part of participants’ lifetime average daily 

caffeine intake. Based on estimated pathological onset of another hormonally sensitive 

cancer, breast cancer, at diagnosis, it is likely that ovarian carcinogenesis began prior to 

this two year time period[1]. Therefore, sensitivity analyses were conducted with latency 

periods of five and 10 years, respectively. As seen in Table 5.2, results did not differ from 

the primary analysis with a latency of two years. This likely indicates that changes in 

caffeine consumption as a result of undiagnosed ovarian cancer are not responsible for 

the observed associations in the main analysis, since otherwise the effect estimates would 

have been different from the estimates when greater latency periods were included. 

Specifically, if reverse causality was present, it may make it seem as if non-caffeine or 

low-caffeine consumers had higher odds of ovarian carcinogenesis than caffeine 

consumers since cases may have lowered their caffeine intake due to ovarian cancer 

symptoms such as nausea or bloating. 
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Table 5.2 Sensitivity analyses according to different latency periods: Multivariable ORs 

(95% CIs) of epithelial ovarian cancer associated with quartiles of daily caffeine intake, n 
 Referent datea 

n controls/cases        ORb (95% CI) 

5 years prior to referent date 

n controls/cases        ORb (95% CI) 

10 years prior to referent date 

n controls/cases        ORb (95% CI) 

    

Quartile of 

total caffeine 

intakec 

     

     Q1    

     Q2 

     Q3 

     Q4 

ptrend
d 

 

 

 

226/119           1.00 (referent) 

226/124           1.12 (0.81-1.55) 

226/123           1.10 (0.79-1.54) 

226/131           1.21 (0.85-1.70) 

                              0.31 

 

 

 

226/114                 1.00 (referent) 

226/130               1.25 (0.90-1.73) 

226/123               1.18 (0.84-1.66) 

226/130            1.28 (0.90-1.81)     

                                0.24 

 

 

 

226/115                1.00 (referent) 

226/127               1.22 (0.87-1.70) 

226/128               1.24 (0.88-1.74) 

226/127               1.26 (0.88-1.81) 

                              0.24 

aReferent date is the date of interview/diagnosis with a latency period of 2 years already included 
b Models adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-

graduate, post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking 
(pack-years; continuous) 
c The daily caffeine consumed by participants in the first quartile (≤53.8 mg/day) approximates the amount found in <0.5 cup of 

caffeinated coffee, in the second quartile (53.8-≤100.8 mg/day) approximates the amount found in 0.5-1 cup of caffeinated 
coffee, in the third quartile (100.8-≤159.3 mg/day) approximates the amount found in 1-1.5 cups of caffeinated coffee, and in the 

fourth quartile (>159.3 mg/day) approximates the amount found in >1.5 cups of caffeinated coffee for the referent date. For the 5 

year latency period sensitivity analysis, Q1 = ≤44.92 mg/day, Q2 = 44.92-≤90.67 mg/day, Q3 = 90.67-≤146.86 mg/day, and Q4 
= >146.86 mg/day. For the 10 year latency period sensitivity analysis, Q1 = ≤33.51 mg/day, Q2 = 33.51-≤75.36 mg/day, Q3 = 

75.36-≤128.33 mg/day, and Q4 = >128.33 mg/day 
d p value for trend across categories 

 

5.2.2 Other Parameterizations of the Main Exposure Variable 

Although lifetime average daily caffeine intake was initially parameterized into 

quartiles of intake to assess a potential dose-response relationship, a sensitivity analysis 

with a different categorization of the main effect variable was also conducted. 

Specifically, lifetime average caffeine consumption was dichotomized into two groups: 

under 400 mg/day and over 400 mg/day, where the <400 mg/day stratum was the referent 

group. This was done to assess the impact of consuming greater than the recommended 

daily allowance of caffeine (RDAcaffeine = 400 mg/day)[2]. Although this resulted in 

inconclusive findings since only 21 individuals consumed a daily average of greater than 

400 mg of caffeine, perhaps this serves as some evidence to show that people are 
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following governmental guidelines for dietary intake of caffeine, thus minimizing 

potential adverse health effects. 

5.3 Drink Type Analyses 

In addition to assessing the impact of caffeine intake in relation to epithelial 

ovarian cancer risk, drink type analyses were also conducted to investigate associations 

with caffeinated coffee, black tea, green tea, and cola soda. First, the main exposure 

variables were created: for each participant, lifetime average cups of each beverage 

consumed per month were created. Total number of cups of each beverage consumed was 

divided by age at interview (for controls) or diagnosis (for cases) to capture the potential 

years of exposure. This value was divided by 12 to get a lifetime average caffeinated 

beverage intake in cups/month. These lifetime average cups of caffeinated beverage per 

month were then divided into categories of intake based on the distribution among 

controls for each drink. Non-drinkers of these beverages served as the referent group. For 

instance, for caffeinated coffee, very low consumers, low consumers, medium 

consumers, and high consumers were compared to never drinkers. Very low intake 

referred to approximately <16 cups of caffeinated coffee/month, low intake referred to 

16-25 cups/month, medium intake referred to 25-43 cups/month, and high intake referred 

to >43 cups/month. Table 5.3 below outlines the categorizations used in the drink type 

analyses: 
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Table 5.3 Categorizations of main variables used in drink type analyses 

Drink Consumption 

Categories 

Lifetime Average Monthly Beverage Intake Value 

(cups/month) 

Caffeinated Coffee Never 

Very Low 

Low 
Medium 

High 

0 

<16 

16-25 
25-43 

>43 

Black Tea Never 

Low 
Medium 

High 

0 

<3.5 
3.5-18 

>18 

Green Tea Never 
Low 

Medium 

High 

0 
<0.5 

0.5-2 

>2 

Cola Soda Never 

Low 

Medium 
High 

0 

<2 

2-7 
>7 

  

 In general, drink type analyses lead to no strong associations between the 

different caffeinated beverages and risk of EOC overall, or by behaviour or invasive 

tumour type. However, the cola soda results did indicate increased risk for EOC for 

certain consumption categories, as outlined in Table 4.4 in chapter 4 and Tables 5.4 and 

5.5 below: 
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Table 5.4 Multivariable ORs (95% CIs) for overall, invasive and borderline epithelial ovarian 

cancer risk, according to average caffeinated beverage intake 

Caffeinated 

Beverage 

Intakeb 

 Overall Epithelial Ovarian 

Cancer 

Invasive Epithelial Ovarian 

Cancer 

Borderline Epithelial Ovarian 

Cancer 

Controls  

(n) 

Cases 

(n) 
ORa (95% CI) 

Cases 

  (n) 
ORa (95% CI) 

Cases 

(n) 
ORa (95% CI) 

Caffeinated 
Coffee 

    Never 

    Very Low 
    Low 

    Medium 

    High 
ptrend

c 

      

 
 

111 

198 
198 

199 

198 

 
 

57 

106 
112 

117 

105 

 
 

1.00 (referent) 

1.07 (0.71-1.60) 
1.21 (0.80-1.81) 

1.21 (0.81-1.81) 

1.12 (0.73-1.70) 
0.48 

 
 

34 

75 
85 

89 

80 

 
 

1.00 (referent) 

1.27 (0.79-2.03) 
1.41 (0.88-2.25) 

1.49 (0.93-2.37) 

1.43 (0.88-2.31) 
0.14 

 
 

23 

31 
27 

28 

25 

 
 

1.00 (referent) 

0.76 (0.41-1.41) 
0.93 (0.49-1.76) 

0.83 (0.44-1.56) 

0.68 (0.34-1.33) 
0.40 

Black Tea 
     Never 

     Low 

     Medium 
     High 

ptrend
c 

 

 
514 

130 

129 
131 

 
292 

69 

73 
63 

 
1.00 (referent) 

0.95 (0.68-1.32) 

1.03 (0.74-1.43) 
0.87 (0.61-1.23) 

0.60 

 
216 

50 

48 
49 

 
1.00 (referent) 

0.92 (0.63-1.33) 

0.87 (0.59-1.26) 
0.83 (0.57-1.22) 

0.25 

 
76 

19 

25 
14 

 
1.00 (referent) 

1.04 (0.60-1.82) 

1.58 (0.94-2.64) 
0.96 (0.51-1.80) 

0.43 

Green Tea  

     Never 

     Low 
     Medium 

     High 
ptrend

c 

      

 

563 

113 
114 

114 

 

310 

55 
68 

64 

 

1.00 (referent) 

0.92 (0.64-1.32) 
1.14 (0.81-1.60) 

1.06 (0.75-1.50) 
0.54 

 

219 

42 
52 

50 

 

1.00 (referent) 

0.98 (0.66-1.45) 
1.22 (0.84-1.76) 

1.11 (0.76-1.62) 
0.35 

 

91 

13 
16 

14 

 

1.00 (referent) 

0.74 (0.39-1.41) 
0.96 (0.53-1.72) 

0.93 (0.50-1.73) 
0.68 

Cola Soda 
     Never 

     Low 

     Medium 

     High 

ptrend
c 

     

 
440 

154 

155 

155 

 
205 

97 

82 

113 

 
1.00 (referent) 

1.35 (0.99-1.83) 

1.09 (0.79-1.50) 

1.47 (1.08-2.00) 

0.02 

 
150 

72 

61 

80 

 
1.00 (referent) 

1.42 (1.01-1.99) 

1.16 (0.81-1.65) 

1.51 (1.07-2.12) 

0.02 

 
55 

25 

21 

33 

 
1.00 (referent) 

1.16 (0.69-1.96) 

0.96 (0.55-1.67) 

1.42 (0.86-2.34) 

0.26 

a Models adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-graduate, 
post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking (pack-years; 

continuous) 
bVarious weekly cups of caffeinated beverage consumption categories were used to compare non-drinkers (never, the referent group) 
to drinkers. For caffeinated coffee, very low intake ≈ 0.01-3.96 cups/week, low intake ≈ 3.96-6.33 cups/week , medium intake ≈ 6.33-

10.66 cups/week , and high intake ≈ 10.66+ cups/week. For black tea, low intake ≈ 0.01-0.85 cups/week, medium intake ≈ 0.85-4.43 

cups/week, and high intake ≈ 4.43+ cups/week. For green tea, low intake ≈ 0.003-0.13 cups/week , medium intake ≈ 0.13-0.54 
cups/week , and high intake ≈ 4.43+ cups/week. For cola sodas, low intake ≈ 0.01-0.48 cups/week, medium intake ≈ 0.48-1.70 

cups/week , and high intake ≈ 1.70+ cups/week. These are all averages across the lifetime. 
c p value for trend across categories 
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Table 5.5 Multivariable ORs (95% CIs) for overall, invasive Type I and Type II epithelial 

ovarian cancer risk, according to average caffeinated beverage intake 

Caffeinated 

Beverage 

Intakeb 

 Overall Epithelial Ovarian 

Cancer 
Type I Type II 

Controls  

(n) 

Cases 

(n) 
ORa (95% CI) 

Cases 

(n) 
ORa (95% CI) 

Cases 

(n) 
ORa (95% CI) 

Caffeinated 
Coffee 

    Never 

    Very Low 
    Low 

    Medium 

    High 
ptrend

c 

      

 
 

111 

198 
198 

199 

198 

 
 

57 

106 
112 

117 

105 

 
 

1.00 (referent) 

1.07 (0.71-1.60) 
1.21 (0.80-1.81) 

1.21 (0.81-1.81) 

1.12 (0.73-1.70) 
0.48 

 
 

11 

24 
23 

24 

21 

 
 

1.00 (referent) 

1.24 (0.57-2.65) 
1.52 (0.69-3.34) 

1.53 (0.70-3.32) 

1.52 (0.67-3.45) 
0.35 

 
 

23 

51 
62 

65 

59 

 
 

1.00 (referent) 

1.29 (0.74-2.24) 
1.40 (0.81-2..42) 

1.52 (0.88-2.60) 

1.44 (0.82-2.51) 
0.16 

Black Tea 
     Never 

     Low 

     Medium 
     High 

ptrend
c 

 

 
514 

130 

129 
131 

 
292 

69 

73 
63 

 
1.00 (referent) 

0.95 (0.68-1.32) 

1.03 (0.74-1.43) 
0.87 (0.61-1.23) 

0.60 

 
61 

14 

15 
13 

 
1.00 (referent) 

0.96 (0.51-1.79) 

1.08 (0.58-1.99) 
1.05 (0.54-2.02) 

0.85 

 
155 

36 

33 
36 

 
1.00 (referent) 

0.90 (0.59-1.36) 

0.79 (0.51-1.22) 
0.76 (0.49-1.17) 

0.13 

Green Tea  

     Never 

     Low 
     Medium 

     High 
ptrend

c 

      

 

563 

113 
114 

114 

 

310 

55 
68 

64 

 

1.00 (referent) 

0.92 (0.64-1.32) 
1.14 (0.81-1.60) 

1.06 (0.75-1.50) 
0.54 

 

66 

12 
13 

12 

 

1.00 (referent) 

0.90 (0.46-1.75) 
0.95 (0.50-1.80) 

0.92 (0.47-1.78) 
0.90 

 

153 

30 
39 

38 

 

1.00 (referent) 

1.01 (0.64-1.58) 
1.35 (0.89-2.04) 

1.21 (0.79-1.83) 
0.22 

Cola Soda 
     Never 

     Low 

     Medium 

     High 

ptrend
c 

     

 
440 

154 

155 

155 

 
205 

97 

82 

113 

 
1.00 (referent) 

1.35 (0.99-1.83) 

1.09 (0.79-1.50) 

1.47 (1.08-2.00) 

0.02 

 
42 

15 

22 

24 

 
1.00 (referent) 

0.97 (0.52-1.82) 

1.49 (0.85-2.60) 

1.62 (0.93-2.82) 

0.05 

 
108 

57 

39 

56 

 
1.00 (referent) 

1.64 (1.12-2.39) 

1.05 (0.69-1.60) 

1.50 (1.02-2.20) 

0.09 

a Models adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-graduate, 
post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking (pack-years; 

continuous) 
bVarious weekly cups of caffeinated beverage consumption categories were used to compare non-drinkers (never, the referent group) 
to drinkers. For caffeinated coffee, very low intake ≈ 0.01-3.96 cups/week, low intake ≈ 3.96-6.33 cups/week , medium intake ≈ 6.33-

10.66 cups/week , and high intake ≈ 10.66+ cups/week. For black tea, low intake ≈ 0.01-0.85 cups/week, medium intake ≈ 0.85-4.43 

cups/week, and high intake ≈ 4.43+ cups/week. For green tea, low intake ≈ 0.003-0.13 cups/week , medium intake ≈ 0.13-0.54 
cups/week , and high intake ≈ 4.43+ cups/week. For cola sodas, low intake ≈ 0.01-0.48 cups/week, medium intake ≈ 0.48-1.70 

cups/week , and high intake ≈ 1.70+ cups/week. These are all averages across the lifetime. 
c p value for trend across categories 
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A sensitivity analysis was also carried out in which the main drink type variables 

was dichotomized into “ever” vs. “never”, instead of parameterized into more than two 

categories: 

Table 5.6 Multivariable ORs (95% CIs) for caffeinated beverages sensitivity analyses 

using never/ever categories, stratified by tumour behaviour 

a Models adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-graduate, 
post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking (pack-years; 

continuous) 

 

This conceptualization of the drink type variables also resulted in similar trends of risk of 

EOC being reported as the main drink type analyses for caffeinated beverages. In 

particular, any caffeinated coffee, black tea, and green tea consumption did not result in 

increased or decreased EOC risk in comparison to no consumption. On the other hand, 

cola soda consumption was associated with an increased risk of overall EOC, invasive 

Drink 

Type 

 Overall Epithelial Ovarian 

Cancer 
            Invasive    Borderline 

Controls  

(N = 904) 

(%) 

Cases 

(N= 497) 

(%) 

ORa (95% CI) 

Cases  

(N = 363) 

(%) 

ORa (95% CI) 

   Cases  

(N = 134) 

(%) 

ORa (95% CI) 

 

Caffeinated 

coffee 
     Never 

     Ever 

 

 

 

 
111 (12.3) 

793 (87.7) 

 

 

 

 
57 (11.5) 

440 (88.5) 

 
 

 

 

 
1.00 (referent) 

1.15 (0.81-1.63) 

 
 

 

 

 
34 (9.4) 

329 (90.6) 

 
 

 

 

 
1.00 (referent) 

1.39 (0.92-2.10) 

 
 

 

 

 
23 (17.2) 

111 (82.8) 

 

 

 

 
1.00 (referent) 

0.80 (0.47-1.34) 

 

 

Black tea 
     Never 

     Ever 
 

 

 
514 (56.9) 

390 (43.1) 
 

 

 

 
292 (58.8) 

205 (41.3) 
 

 

 

 
1.00 (referent) 

0.95 (0.75-1.19) 
 

 

 

 
216 (59.5) 

147 (40.5) 
 

 

 

 
1.00 (referent) 

0.87 (0.67-1.13) 
 

 

 

 
76 (56.7) 

58 (43.3) 
 

 

 
1.00 (referent) 

1.19 (0.81-1.76) 
 

 

Green tea 

     Never 
     Ever 

 

 

 

563 (62.3) 

341 (37.7) 

 

 

 

 

310 (62.4) 

187 (37.6) 

 

 

 

 

1.00 (referent) 

1.04 (0.82-1.32) 

 

 

 

 

219 (60.3) 

144 (39.7) 

 

 

 

 

1.00 (referent) 

1.10 (0.85-1.43) 

 

 

 

 

91 (67.9) 

43 (32.1) 

 

 

 

1.00 (referent) 

0.88 (0.58-1.31) 

 

 

Cola soda 
     Never 

     Ever 
 

 

 
440 (48.7) 

464 (51.3) 
 

 

 

 
205 (41.3) 

292 (58.8) 
 

 

 

 
1.00 (referent) 

1.30 (1.03-1.63) 
 

 

 

 
150 (41.3) 

213 (58.7) 
 

 

 

 
1.00 (referent) 

1.36 (1.05-1.75) 
 

 

 

 
55 (41.0) 

79 (59.0) 
 

 

 
1.00 (referent) 

1.18 (0.80-1.73) 
 



 

80 

 

EOC, as well as Type II invasive EOC, although not Type I invasive EOC or borderline 

EOC.  

 As described in chapter 4, since cola intake was associated with increased risk of 

epithelial ovarian cancer, a post-hoc sensitivity analysis controlling for body mass index 

(BMI in kg/m2) and total cumulative adult moderate to vigorous exercise (MVPA, 

continuous) was also conducted to address the potential effect of obesity in the 

relationship between cola intake and EOC risk. The results of this analysis (Tables 5.7 

and 5.8) do not differ substantially from the results of the main drink type analyses. For 

example, when comparing the highest category of cola soda consumption to the reference 

category of no cola soda intake, the OR for overall EOC risk was 1.47 (95% CI: 1.08-

2.00) in the model that didn’t control for BMI or MVPA and 1.47 (95% CI: 1.07-2.00) in 

the model that did control for these variables. Similar ORs were also estimated in models 

that looked at risk of EOC by tumour behaviour (invasive vs. borderline) and invasive 

tumour type (Type II vs. Type II). The impact of cola consumption on EOC risk may be 

explained by type I error, but factors such as cola consumers’ consumption of high levels 

of added sugars or lower fiber intake may also have influenced EOC risk. Although data 

from the PROVAQ study does not contain participants’ sugar and fiber consumption, 

these constituents may be important to examine in relation to EOC risk in future research.  
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Table 5.7 Cola drink intake and risk of EOC adjusted for BMI and physical activity and 

stratified by tumour behaviour 

Caffeinated 

Beverage 

Intakeb 

 Overall Epithelial Ovarian 

Cancer 
Invasive Borderline 

Controls 

(n) 

Cases 

(n) 

 

ORa (95% CI) 

Cases 

(n) 

 

ORa (95% CI) 

Cases 

(n) 

 

ORa (95% CI) 

Cola Soda 

     Never 
     Low 

     Medium 

     High 
ptrend

c 

     

 

440 
154 

155 

155 

 

205 
97 

82 

113 

 

1.00 (referent) 
1.37 (1.00-1.86) 

1.08 (0.78-1.49) 

1.47 (1.07-2.00) 
0.02 

 

150 
72 

61 

80 

 

1.00 (referent) 
1.45 (1.02-2.03) 

1.16 (0.81-1.66) 

1.52 (1.07-2.14) 
0.02 

 

55 
25 

21 

33 

 

1.00 (referent) 
1.18 (0.69-1.99) 

0.92 (0.52-1.60) 

1.38 (0.83-2.28) 
0.26 

aModels adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-graduate, 
post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking (pack-years; 

continuous), BMI (<18.5 kg/m2, 18.5-24.9 kg/m2, 25-29.9 kg/m2, ≥30 kg/m2), and physical activity (cumulative MVPA, continuous) 
bVarious caffeinated beverage consumption categories were used to compare non-drinkers (never, the referent group) to drinkers. For 
cola sodas, low intake ≈ 0.01-0.48 cups/week, medium intake ≈ 0.48-1.70 cups/week , and high intake ≈ 1.70+ cups/week. These are 

all averages across the lifetime. 
c p value for trend across categories 

 

 

 

Table 5.8 Cola drink intake and risk of EOC adjusted for BMI and physical activity and 

stratified by invasive tumour type 

Caffeinated 

Beverage 

Intakeb 

 Overall Epithelial Ovarian 

Cancer 
Type I Type II 

Controls 

(n) 

 

Cases 

(n) 

 

ORa (95% CI) 

Cases 

(n) 

 

ORa (95% CI) 

Cases 

(n) 

 

ORa (95% CI) 

Cola Soda 

     Never 

     Low 
     Medium 

     High 

ptrend
c 

     

 

440 

154 
155 

155 

 

205 

97 
82 

113 

 

1.00 (referent) 

1.37 (1.00-1.86) 
1.08 (0.78-1.49) 

1.47 (1.07-2.00) 

0.02 

 

42 

15 
22 

24 

 

1.00 (referent) 

1.00 (0.53-1.86) 
1.45 (0.82-2.56) 

1.59 (0.91-2.78) 

0.04 

 

108 

57 
39 

56 

 

1.00 (referent) 

1.68 (1.14-2.45) 
1.06 (0.69-1.63) 

1.53 (1.03-2.26) 

0.08 

a aModels adjusted for age (years; continuous), education (high school, CEGEP/post-high school, university/graduate/non-graduate, 

post-graduate), self-reported ethnicity (French Canadian, European ancestry, mixed/other), and duration of smoking (pack-years; 
continuous), BMI (<18.5 kg/m2, 18.5-24.9 kg/m2, 25-29.9 kg/m2, ≥30 kg/m2), and physical activity (cumulative MVPA, continuous) 
bVarious caffeinated beverage consumption categories were used to compare non-drinkers (never, the referent group) to drinkers. For 

cola sodas, low intake ≈ 0.01-0.48 cups/week, medium intake ≈ 0.48-1.70 cups/week , and high intake ≈ 1.70+ cups/week. These are 
all averages across the lifetime. 
c p value for trend across categories 

 

 

5.4 References 

1. Patrone, M.V., et al., How long have I had my cancer, doctor? Estimating tumor 

age via Collins' law. Oncology (Williston Park), 2011. 25(1): p. 38-43. 

2. Nawrot, P., et al., Effects of caffeine on human health. Food Addit Contam, 2003. 

20(1): p. 1-30. 

  



 

82 

 

Chapter 6 

Discussion 

6.1 Summary of Main Findings 

The primary objectives of this thesis were to assess the risk of epithelial ovarian 

cancer (EOC) in relation to lifetime average daily caffeine intake, and to examine an 

interaction between caffeine intake and menopausal status in the potential association 

with EOC. Other analyses examined risk of EOC by specific cancer behaviour (invasive 

vs. borderline) and invasive cancer type (Type I vs. Type II). Sensitivity analyses 

incorporated various parameterizations of the main exposure variable and latency 

periods, and additional analyses looked at risk by drink type. 

Overall, this study did not provide evidence for an association between lifetime 

caffeine intake and the risk of developing EOC. The ORs for the full case series produced 

a slightly elevated risk estimate; however, the confidence intervals always included an 

OR value of one. Thus, although it is possible that caffeine has a role in increasing risk of 

ovarian carcinogenesis, results of this study cannot be used to support the hypothesis that 

caffeine intake increases the risk of developing EOC. The results of most of the analyses 

that looked at risk of EOC by specific drink types did not indicate an association between 

caffeinated coffee, black tea, or green tea consumption with EOC risk. However, cola 

consumption was associated with an increased risk for EOC in those who consumed this 

drink at the highest consumption category in comparison to never drinkers (OR 1.47; 

95% CI: 1.08-2.00). Similarly, statistically significant elevated risks of invasive (OR: 

1.51; 95% CI: 1.07-2.12) and invasive Type II tumour types (OR: 1.50; 95% CI: 1.02-
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2.20) were also observed. The p-trend also showed significance across the categories of 

cola consumption intake. Sensitivity analyses that controlled for body mass index (BMI) 

and level of physical activity resulted in similar ORs. Stratifying the study population by 

menopausal status resulted in observing effect estimates with varying risks in magnitude 

and direction; in particular, the ORs for premenopausal women were elevated, indicating 

increased risk, whereas on the other hand, the ORs for postmenopausal women were 

decreased. However, due to low power, these results may be due to chance and therefore 

menopausal status cannot be deemed an effect modifier in the association between 

caffeine intake and EOC risk in this study.  

6.2 Comparison of Study Results to Existing Literature 

The results from the analyses examining the association between caffeine intake 

and EOC risk are consistent with results from six other studies[1, 3, 10-13], but are 

inconsistent with another study that reported increased effect estimates[14] and the three 

studies that reported decreased risk in association with caffeine intake[4, 9, 15]. Findings 

from other studies that assessed menopausal status as a possible effect modifier in the 

association between caffeine intake and ovarian cancer risk were similar; the differences 

in ORs found in premenopausal and postmenopausal women suggest a potential effect 

modifying ability of menopausal status in the relationship between caffeine intake and 

ovarian cancer onset[3, 4, 10]. It has been hypothesized that sex hormone levels, in 

particular luteal estrogen and sex hormone binding globulin, influence caffeine’s effect 

on the risk of ovarian cancer pathogenesis[10, 16]. Since these hormone levels differ in 

premenopausal and postmenopausal women, the effect of caffeine on ovarian cancer risk 

may be altered according to menopausal status[16]. 
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In terms of other studies on the association between cola consumption and ovarian 

cancer risk, one reported that women who consumed ≥2 cans of caffeinated colas a day 

had 1.5 times greater odds of developing ovarian cancer than non-drinkers[1]. On the 

other hand, two case-control studies and a meta-analysis reported no elevated or 

decreased risk of ovarian cancer in association with cola or sweetened carbonated 

beverage consumption[2-4]. These differences may be attributable to differences in study 

methodologies; for instance, while the study that reported an association differentiated 

between caffeinated and non-caffeinated cola consumption, that was not the case in the 

studies reporting null results. However, it is also possible that a constituent of cola other 

than caffeine may affect ovarian carcinogenesis. In particular, the literature has outlined 

the potential role of sugar intake in increasing cancer risk. For example, the findings of a 

case-control study that looked at sugary beverage consumption in relation to epithelial 

ovarian cancer risk suggested a positive association with an OR of 1.63 (95% CI: 0.94-

2.83)[5]. Studies have also reported elevated risks of other gynecologic malignancies 

such as endometrial cancer with increased sugar or sugary food or beverage intake[6, 7]. 

It has been postulated that sugar consumption may increase ovarian cancer risk through 

elevated insulin levels in the body; insulin encourages the production of estrogen 

precursors called androgens which ultimately can result in increased insulin-like growth 

factor-1 (IGF-1)[5]. Overexpression of the receptor for IGF-1 may result in ovarian 

malignancies through mitogenic and antiapoptotic effects of the growth factor[8]. 
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6.3 Methodological Considerations 

6.3.1 Strengths 

This thesis exhibited several major strengths. For one, the case-control nature of 

this study is a benefit in of itself; it allowed for an efficient use of time and resources to 

study the effects of the exposure of interest, caffeine, on the development of a rare 

disease, ovarian cancer, in comparison to other observational study designs like cohort or 

cross-sectional studies. In addition, this study examined risk of EOC not only by specific 

cancer behaviour (invasive vs. borderline) like some studies have done in the past, but 

also by invasive tumour type (Type I vs. Type II). This is important if caffeine intake 

affects one mechanism of carcinogenesis but not the other. In that case future researchers 

may be able to discern the exact mechanism through which caffeine influences ovarian 

carcinogenesis, if it was shown to have an effect at all. For similar reasons, examining 

menopausal status as an effect modifier in the association between caffeine intake and 

EOC risk was important since if it was found to interact in this relationship, then specific 

mechanisms of carcinogenesis may have been outlined.  

The PROVAQ study from which data was used for this thesis utilized a rapid 

case-ascertainment system. This method allowed for cases to be interviewed quickly after 

recruitment, decreasing the risk of survival-related variables introducing selection bias 

into the study. Internal validity of the study was also increased through the unique 

exposure measurement; since caffeine intake was only measured up until two years prior 

to the referent date of diagnosis for cases and interview for controls, reverse-causality 

bias was minimized, thereby establishing temporal precedence of the exposure before the 

outcome. 
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In addition, the PROVAQ study made use of two questionnaires to collect a 

comprehensive history of participants’ exposures to a variety of factors. The in-person 

administered questionnaire allowed for a detailed and more complete collection of 

responses from participants. For the beverage consumption portion of the in-person 

interview-administered questionnaire, participants were asked about their lifetime 

consumption histories of caffeinated drinks that are the major sources of caffeine intake 

in the Canadian population: caffeinated coffee, black tea, green tea, and cola sodas[17]. 

Participants were asked to detail the frequency (daily, weekly, or monthly) and intensity 

(number of standard cups) of each drink they consumed over self-reported time periods 

and had the option of answering “don’t know” or “N/A”. These questionnaire items 

allowed for the reduction of misclassification error of the exposure variable since it has 

been shown that measuring coffee, tea, and cola soft drink intake approximates caffeine 

intake well, relative to assessing caffeine intake from one drink, such as coffee, 

alone[18]. Thus, our study diminishes misclassification of the exposure by utilizing a 

comprehensive questionnaire to determine caffeine intake of participants, something not 

done in many previous studies. This study also utilized a lifetime average caffeine intake 

value for each participant, instead of an average from a short time period preceding the 

study start date or diagnosis date. This allowed for a more accurate measurement of 

participants’ dietary history as it permitted us to capture any changes in trends or patterns 

of caffeinated beverage consumption over the years. For instance, if a woman was 

pregnant, she may have stopped drinking a cup of coffee every day over her gestation 

period. The PROVAQ questionnaire was built in such a manner that information like this 

would be captured in participants’ responses. Furthermore, although the biologically 
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effective time window of caffeine potentiating ovarian cancer has not been hypothesized, 

it is more likely that a lifetime average caffeine intake value better captures that time 

period than a caffeine intake obtained solely from a few years preceding the study start 

date or diagnosis date. 

6.3.2 Chance 

It is also imperative to keep the limitations of this study in mind, such as those 

attributable to chance, bias, and confounding. In terms of chance, a small sample size 

may have underpowered the study to detect any true effects, if they exist. This is 

exacerbated for the results of the polytomous regression analyses, for which cases were 

stratified according to cancer behaviour (invasive vs. borderline) or invasive tumour type 

(Type I vs. Type II). Thus, any results should be interpreted with caution due to power 

and precision concerns. However, the sample size of 497 cases and 904 controls analyzed 

for this thesis was larger than the sample size of several previous studies [9, 14]. Thus, 

relative to what has been investigated in the past, this thesis likely had increased power to 

detect and label as statistically significant OR estimates. Multiple comparisons should 

also be considered, since a greater number of tests will increase the likelihood of 

producing a statistically significant result by chance alone. For instance, for Objective I, a 

total of 15 comparisons were made that were important since not much is known about 

the relationship of caffeine intake and ovarian cancer risk, and therefore examining risk at 

different levels of exposure as well as by different behaviours and subgroups of EOC 

may help elucidate which levels of caffeine intake contribute to risk. The probability of at 

least one of the associations being found statistically significant is: 1 – (1-α)n = 1 – (1-

0.05)15 ≈ 54%[19]. Since there was no statistically significant finding for the association 
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of caffeine intake and EOC though, it is unlikely that multiple comparisons affected the 

results of the primary objective of this thesis. While multiple comparisons may have 

impacted the results of the investigation between cola consumption and EOC risk, it is 

also possible that components of cola sodas other than caffeine may have contributed to 

the increased risk of overall, invasive, and invasive Type II EOC.  

6.3.3 Bias and Error 

In addition to results being attributable to chance, bias is also another factor to 

consider in terms of limitations for this thesis. Recall bias is generally of concern in case-

control studies, but it is unlikely in this thesis because the link between caffeine intake 

and ovarian cancer is not established in the literature, nor is it common knowledge that 

this association is being investigated by the general public. Moreover, since 56% of 

eligible controls and 78% of eligible cases opted to participate in the PROVAQ study, it 

is possible that non-respondents differed significantly from the respondents, introducing 

selection bias which may have impacted the internal and external validity of this 

study[20, 21]. In fact, when PROVAQ study researchers examined characteristics of 

those who opted not to participate, they found that case and control refusals had a 

significantly lower highest level of education completed in comparison to study 

participants and were also older[20].  

Error may have also impacted the findings of this study. When assessing caffeine 

intake for participants, consumption of medication with caffeine, energy drinks, 

chocolate bars, or supplementary sources of caffeine other than caffeinated coffee, black 

tea, green tea, and cola soda were not taken into consideration. This may have limited this 

thesis by underestimating how much caffeine participants consumed, leading to non-
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differential misclassification of the exposure and influencing the overall exposure-

response trend towards the null[23]. Nevertheless, it has been shown that assessing 

coffee, tea, and cola soda is a sufficient method to approximate total caffeine intake[18] 

and the majority of caffeine intake comes from caffeinated coffee, tea, and cola[24], thus 

measurement error of the exposure is improbable. Since participants were asked to report 

their caffeinated beverage consumption patterns over the course of their lifetime, they 

may have misremembered certain information, resulting in incorrect collected 

information and recall error. Recall error present in this study would also result in non-

differential misclassification of the exposure since it is unlikely that cases will put a 

greater emphasis on remembering their caffeinated beverage history than controls, 

considering the current lack of an established association between caffeine intake and 

ovarian cancer. Therefore, if recall error was present, the OR estimates would be biased 

towards the null[25]. However, a calendar charting major life events was used by the 

interviewer for the PROVAQ study to help prompt participants’ memories to help reduce 

the introduction of non-differential recall error into the study. 

6.3.4 Confounding 

It is possible that there were additional confounding variables that were not 

adjusted for or considered in the analyses, resulting in potential unmeasured confounding. 

Although a hybrid DAG and CIE method was used to select potential confounders to 

control for in the regression models[26], this method has been stated to function best in 

areas where there is extensive background information regarding the relationship being 

examined[26]. Since the relationship between caffeine and ovarian cancer is not yet 

established and is still being researched, it is possible that the causal assumptions that 
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were made during the creation of the DAG were incorrect, which may have ultimately led 

to errors in selecting adjustment variables for analysis. Several previous studies 

controlled for alcohol intake in their regression models when they examined the 

association between caffeine intake and ovarian cancer risk. However, the literature did 

not identify an association between alcohol intake and ovarian cancer risk, and therefore 

the DAG and CIE hybrid technique employed to select variables for adjustment did not 

identify alcohol intake as a potential confounder[27]. Nevertheless, if the literature on 

this area is incomplete or incorrect, then it is possible that alcohol intake does act as a 

confounder in this relationship and analyses were not adjusted for all potential 

confounders, resulting in a distortion of the association between caffeine intake and EOC 

risk by potentially increasing the OR estimates [28, 29].  

6.3.5 External Validity 

Approximately 70% of the study population was of French Canadian ethnicity. 

While this proportion is much higher than the proportion of French Canadians in the 

general Canadian population, the biologic mechanism through which caffeine intake 

influences EOC risk is not likely to differ by ethnic group and therefore this should not 

reduce the generalizability of these thesis results to the general population. Furthermore, 

since cases for the PROVAQ study were collected from 7 different hospitals across 

Montreal that captured over 90% of all ovarian cancers instead of just one source, the 

external validity of this thesis was increased by utilizing a sample that came from 

multiple facilities and locations, making it more representative of the general 

population[30]. Since the study population comprised of Canadian women aged 18-79 
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from the metropolitan Montreal area, these study results should be generalizable to other 

Canadian women in that age category who live in urban settings comparable to Montreal. 

6.4 Future Directions 

A total of 1401 participants, 497 cases and 904 controls, were analyzed to meet 

the objectives of this thesis. In the future, it may be beneficial to use a larger sample size 

to conduct analyses with greater power. One method of doing so may be to recruit 

participants from multiple data sources and not just the PROVAQ study. For instance, 

one study conducted in British Columbia and Alberta examined the association between 

caffeinated beverage consumption and EOC risk; using that study’s data source as well as 

other data sources together with the PROVAQ study data to abstract caffeine intake 

behaviour of participants may prove useful in increasing power to detect true effect 

estimates by increasing the sample size for analyses[31]. 

Although the PROVAQ study interview-administered questionnaire contained 

comprehensive questionnaire items that asked participants about their lifetime 

consumption of caffeinated coffee, black tea, green tea, and cola sodas, it may be of 

interest to ask about other caffeine sources as well. For example, although energy drinks 

account for less than 1% of dietary caffeine intake, they are an increasingly popular 

beverage in Canadian youth[32]. Thus, determining caffeine intake with the inclusion of 

this beverage may decrease the possibility of exposure misclassification even more. 

Methods of preparation of various drinks could be taken into consideration as they affect 

the end amount of caffeine left in the beverage. For instance, percolated coffee tends to 

contain more caffeine than instant coffee[33]. 
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While the focus of this study was to examine the association between lifetime 

caffeine intake and EOC risk, additional analyses suggested that cola consumption may 

play a role in elevating risk of this deadly disease. Thus, future research examining the 

role of cola and sugar consumption in ovarian pathogenesis may be important, especially 

considering the prevalence of soda consumption in Western society[34]. Experimental 

research may be fundamental in discovering specific cola constituents that may be 

increasing risk, or epidemiological studies on beverage components other than caffeine 

may be of value in our understanding of the carcinogenesis of ovarian cells. 

6.5 Research Contribution and Overall Conclusions 

This study made efficient use of the data that was collected within the PROVAQ 

study to examine the contribution of lifetime caffeine intake to EOC risk. Not only was 

this thesis novel in examining risk in a Canadian population, it also looked at risk by 

specific invasive EOC types, whereas past studies often stratified ovarian cancer by 

histological subtypes instead. This allowed for the consideration of the dualistic 

pathogenesis model in the results. Furthermore, a comprehensive exposure assessment 

allowed for a more accurate measurement of participants’ caffeine intake. While previous 

studies only looked at caffeine intake in the five years preceding data collection or 

diagnosis, this thesis was able to assess lifetime average caffeine intake. This not only 

allowed us to address the issue of reverse-causality bias, but also allowed for a more 

accurate assessment of caffeine intake as beverage consumption patterns of participants 

may have altered over time. Overall, results of this thesis did not provide strong support 

for the association between caffeine intake and EOC risk, which is in line with what some 

of the literature has reported in the past. Nevertheless, these findings should be 
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interpreted with caution due to the reasons discussed earlier in this chapter and so further 

exploration of the topic with an increased sample size may be warranted. Additional 

investigations on the association between cola consumption and EOC may also be of 

interest. 
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Appendix B 

Pre-Analysis Power Calculations 

Results of power calculations indicate that this case-control study of 500 cases 

and 1000 controls has approximately 81% power to detect an OR of at least 1.6 with an 

alpha level of 0.05. This is calculated based on a dichotomous categorization of caffeine 

intake, comparing high vs. low exposure. Below is an example power calculation for the 

OR of 1.6: 

 
 

For a OR of 1.6, p1 = (1.6*0.10)/[0.10(1.6-1)+1] 

                                = 0.1509 

Therefore, p = (0.10 + 0.1509)/2 

                     = 0.12547 

And d = 0.1509 – 0.10 

           = 0.0509 

Thus, 𝑍𝛽 =  √
𝑑2(𝑛)

[
(𝑟+1)

𝑟
](𝑝)(1−𝑝)

− 1.96 = √
(0.0509)(0.0509)(500)

[
(2+1)

2
](0.12547)(1−0.12547)

− 1.96 = 0.845432665, which, 

after conversion with a Z-table, corresponds with a power of about 81%. 
 

  

 
Za/2 = desired level of statistical significance (1.96 for an alpha level of 0.05)   
ZB = power to detect effect size 
n = sample size of cases (500) 
r = ratio of controls to cases (2) 
p1 = proportion of exposed cases [OR*p2/[p2(OR – 1)+1]] 
p2 = proportion of exposed controls (0.10) 
p = average proportion exposed [(p1 + p2)/2] 
d = difference in proportions (p1 – p2) 

 
 

Formula: n = [(r+1)/r] * [[(p)(1-p)(ZB + 

Za/2)2]/d2]  

 

Therefore: 𝒁𝜷 =  √
𝒅𝟐(𝒏)

[
(𝒓+𝟏)

𝒓
](𝒑)(𝟏−𝒑)

− 𝟏. 𝟗𝟔 
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Appendix C 

PROVAQ Study Interviewer-Administered Questionnaire 
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