
 

 

 University of Groningen

Risk factors for cancer mortality in the general population
Taghizadeh, Niloofar

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2015

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Taghizadeh, N. (2015). Risk factors for cancer mortality in the general population. [Thesis fully internal
(DIV), University of Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 25-05-2023

https://research.rug.nl/en/publications/c276a6b3-ac5a-4ccb-9a9c-4e6626bf14be


7 
 

 
 
 
 
 

Chapter 1 

 
General introduction 



8 
 

 
 
 



9 
 

General introduction 
 

Cancer or malignant neoplasm is a major public health problem in the world (1,2). It 

has been estimated that one in four deaths in the United States is due to cancer (1). In 

Europe, the predicted number of deaths due to cancer in the year 2013 has been 

estimated to be up to 1,314,236 individuals (3). Cancer can be defined by two 

characteristic features: 1) unregulated cell growth, in which abnormal cells divide 

without control, and 2) tissue invasion/metastasis. Cancer can develop in almost any 

organ or tissue, and can invade other parts of the body through the blood 

and lymph systems (i.e. metastasis). The metastasis of cancer is known to be 

associated with a poor prognosis, and raises the risk of cancer mortality (4-6). There 

are more than 200 different types of cancer. This diversity leads to different 

symptoms, treatment strategies, and outcomes, depending on the type of cell 

involved and the degree of uncontrolled cell growth (7). Although the exact 

prevalence of different cancer types varies according to different geographical 

regions, lung cancer, prostate cancer, and colorectal cancer in males, and lung 

cancer, breast cancer, and colorectal cancer in females are the most common types of 

cancer in the world (8). These types constitute 48% of the total cancer mortality in 

both males and females (1). 

Risk factors for cancer mortality 

Cancer is a complex disease with many possible causes. Cancer can occur in 

individuals of all ages; however the risk of cancer increases with age. Aging-related 

biologic changes exert a major influence on the development of cancer (9). It has 

been also estimated that 90-95% of all types of cancer can be attributed to 

environmental and lifestyle risk factors, and hereditary cancers account for 

approximately 5-10% of all cancer cases (10,11).  

Recent epidemiological studies suggested that tobacco smoking is the primary risk 

factor for cancer incidence and mortality worldwide (12-14). The burning of tobacco 

produces approximately 60 known carcinogenic components (15). 

Nicotine as a product of tobacco undergoes several chemical conversions, such as 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?term=lymph&version=Patient&language=English
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conversion to tobacco-specific nitrosamines 4-(methylnitrosamino)-1-(3-pyridyl)-1-

butanone (NNK), N'- nitrosonornicotine (NNN), and combustion products of 

tobacco smoke, which can lead to tumor development (15). In the first International 

Agency for Research on Cancer (IARC) Monograph on tobacco smoking in 1986, not 

only lung cancer but also some other types including cancer of the upper 

aerodigestive tract, pancreas, and lower urinary tract were reported to be associated 

with smoking. Moreover, in their second investigation in 2004, and the last 

monograph in 2012, 14 different other types of cancer were listed as smoking-related 

cancers (16, 17). However, for some specific types of cancer including prostate and 

breast cancer no conclusion regarding their association with smoking could be 

drawn.  

Overweight and obesity are known to be the second cause of cancer after tobacco 

smoking worldwide (17). Approximately 14% of all cancer mortality in males and 

20% of all cancer mortality in females is attributable to overweight and obesity (18). 

Although the mechanisms underlying a possible link between BMI and cancer are 

still poorly understood (19), insulin-like growth factor (IGF-1), sex-related hormones 

(e.g. oestrogen, progesterone, and androgens), and adipokines are factors that might 

explain this association (20-23). BMI is known to be positively associated with 

insulin levels, and many obese persons are insulin resistant (19). Higher levels of 

insulin are associated with increased IGF-1 which in turn may favour tumour 

development (19). Additionally, sex-related hormones are the most clearly 

established risk factor for breast cancer in females (18). This association is driven by 

oestrogen-related pathways, and breast cancer risk is enhanced by increased 

concentrations of circulating oestrogen in post-menopausal females (18). The third 

hormonal system that might explain the association between BMI and cancer is the 

adipokinase-system, which is highly active and is a major source of endocrine and 

metabolic activity (18). The most frequently studied adipokinase types in cancer 

development are leptin and adiponectin. Leptin is associated with adiposity, and 

insulin has a positive feedback on leptin gene expression (18). Systemic leptin 

concentrations are higher in females than in males and are known to be mitogenic 

for various cell types (19). Although there are several studies on the association 
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between BMI and cancer, this is still a topic of interest because studies show 

inconsistent results for different cancer types. Moreover, there is dispute whether 

this association differs by sex. Also the effect of changes in BMI on cancer risk is not 

clear and comparing the results of different studies is difficult since the studies have 

not been consistent in their definitions of short-term and long- term changes in BMI.  

Apart from smoking and BMI, several other behavioral and environmental risk 

factors (e.g. alcohol consumption (24), and occupational exposure (25-27)), and some 

unpreventable risk factors including sex, age (28), genetics and family history (29,30) 

may affect cancer development. Thus, apart from corrective changes in lifestyle, 

knowledge on genetic predisposition to cancer is also needed to prevent or reduce 

the risk of cancer in the high risk populations (30).  

All cancers are due to variations/mutations in genes. There are two types of genetic 

mutations: 1) germline and 2) acquired. A germline mutation is a hereditary 

mutation, which accounts for approximately 5% to 10% of all cancer cases. Cancer 

that occurs due to a germline mutation is called familial cancer, e.g., CDKN2A in 

hereditary melanoma (7). Acquired mutations occur during an individual's lifetime, 

and they are not heritable. Risk factors such as tobacco smoking, ultraviolet (UV) 

radiation, and age can lead to acquired mutations. Most of the acquired mutations 

occur in somatic cells and cannot be passed down from a parent to a child. However, 

the susceptibility to acquire this mutation can be heritable. Cancer that occurs due to 

acquired mutations is called sporadic cancer and is much more common than 

familial cancer (31).  

The most common inherited variation in the human genome is a single nucleotide 

polymorphism (SNP) (32). A SNP represents a nucleotide change in a DNA building 

block. For instance, a SNP may replace the nucleotide cytosine (C) with the 

nucleotide thymine (T) in a certain DNA block. There are three types of SNPs 

reported to be associated with human diseases including cancer (so called 

“functional SNPs”): 1) regulatory SNP which is located in the regulatory region of 

genes and involved in transcriptional regulation, 2) coding SNP, which can change 

the amino acid sequence of a protein, and 3) intronic SNP located in the intronic 

region of genes and activates cryptic splice sites leading to alternative splicing 
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(33,34). Beside these three functional SNPs, there are also non-coding or introgenic 

SNPs. It has been estimated that 88 % of currently identified disease-associated SNPs 

are introgenic with unknown functions (35).   

The recent genome-wide association studies (GWAS) on different types of cancer 

have newly identified several inherited genetic variations that were not previously 

reported by candidate gene studies (36,37). Examples of cancer predisposition genes 

are Telomerase Reverse Transcriptase (TERT) (Located in chromosome 5) and Tumor 

Protein P63 (TP63) (Located in chromosome 3) genes in lung cancer (37), and the 

SMAD7 gene in colorectal cancer (38). Individuals with variations in these genes 

have a much higher risk to develop cancer than those without these variations and 

several SNPs have been currently detected in these genes. Although several SNPs 

were identified to be associated with cancer, many still have an unknown functional 

role, thus the biological mechanisms underlying these associations are poorly 

understood.  Moreover, it has been hypothesized that a single allele or locus 

mutation may lead to multiple phenotypes (pleiotropy) (39).  There is emerging 

evidence for pleiotropy in the recent cancer GWA studies. For instance the 8q24 loci 

(40) and CDKN2A/2B (41) have been linked to more than one type of cancer. 

However the majority of previous studies were based on cancer incidence, thus little 

is known about pleiotropy for cancer mortality. 

 

Cancer and its association with other diseases and medical conditions 

Cancer as a complex disease may have common underlying pathophysiological 

pathways with several other medical conditions and diseases. Moreover, co-

morbidity appears to exert a significant effect on the burden of cancer, especially in 

older subjects (42,43). Several associations between cancer and other diseases 

including cardiovascular diseases, diabetes, allergy, and the metabolic syndrome 

and its components (e.g., obesity, high levels of serum total cholesterol, and serum 

triglyceride) and uric acid levels have been proposed (44-47). However, the studies 

show inconsistent findings, and for some diseases an association with cancer has 

been observed but no clear mechanism is available.  

http://en.wikipedia.org/wiki/Locus_(genetics)
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For example there are indications of an inverse association between a history of 

allergy and cancer, suggesting that allergies may offer some protection against 

cancer in general (48,49). In contrast, some other studies show a positive (50) or no 

general association (51). Since subjects with allergy have a hyperactive immune 

system, the fact that the immune system can continually recognize and remove 

malignant cells, might explain such a protective effect of allergy on cancer 

development. A theory that is often used to explain an increased risk of specific 

cancers associated with allergy is the ‘antigenic stimulation theory’. It suggests that 

inflammatory conditions associated with allergic diseases may induce the oxidative 

damage, resulting in tumour suppressor gene mutations in proteins involved in 

DNA repair or apoptotic control thus may increase the development of cancer (52). 

The mechanism underlying the association between allergy and cancer is unknown 

and so far there is little epidemiological support for the immune surveillance theory 

or antigenic stimulation theory in the development of cancer.  

Another example of a factor, which may potentially be associated with the 

development of cancer, is serum uric acid (SUA) levels. It has been proposed that 

SUA provides a primary defense against human cancer by its role as a scavenger of 

singlet oxygen, hydroxyl radical (a product of singlet oxygen conversion), and 

suppresses the lipid peroxidation in erythrocytes (53). Although several studies have 

linked serum uric acid levels to general mortality, cardiovascular disease, or the 

metabolic syndrome (54,55), only a few epidemiological studies have addressed the 

association between SUA and cancer mortality (56,57). Moreover, the results of these 

studies are inconsistent and the role of SUA as independent factor in the 

development of cancer is controversial.  

Summarizing, results from previous studies in this field suggest that a high rate of cancer 

burden could potentially be avoided by addressing the underlying causes of cancer. 

Improving individuals’ lifestyles might be a method to try to reduce mortality. Cohort 

studies might lead to identification of the subjects, who are at increased risk to die due to 

cancer. They might therefore help to improve public health interventions and promote 

health among high risk populations.  
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Study population 

In this thesis the Vlagtwedde-Vlaardingen cohort study was used. The Vlagtwedde-

Vlaardingen study was set up as a general population-based cohort study on the 

epidemiology of pulmonary diseases in exclusively Caucasian individuals of Dutch 

descent (58-60). Vlaardingen is an urban community in the southwest of the 

Netherlands, and Vlagtwedde is a rural community in the north of the country. This 

study started in 1965 and participants had medical examinations every 3 years until 

the last survey in 1989/1990. In Vlaardingen, only participants who were included at 

baseline (1965 or 1969) were approached for follow-up, whereas in Vlagtwedde new 

subjects aged between 20 and 65 years were invited to participate at every survey. 

The number of surveys per subject ranges from one to eight (median number of 

surveys per subject: two). Data were collected on age, sex, and smoking habits and 

respiratory symptoms, using the Dutch version of the British Medical Research 

Council questionnaire (UK MRC) (61). There was an add-on study in males only to 

the Vlagtwedde-Vlaardingen cohort performed by cardiologists. These 

measurements include serum uric acid, serum total cholesterol and serum 

triglyceride levels in males only during the surveys in 1970, 1972 and 1973. 

Moreover, at the final survey (1989/1990) spinned blood samples were collected and 

stored at -20 °C, from which DNA was extracted and genotyping was performed. 

The vital status of all participants in the Vlagtwedde-Vlaardingen study was 

updated on December 31st, 2008, and the following cancer mortality outcomes were 

evaluated: any cancer mortality and the four common types of cancer mortality 

(lung cancer, colorectal cancer, prostate cancer and breast cancer mortality), either as 

primary or secondary cause of death. Other mortality outcomes were all-cause 

mortality and mortality due to cardiovascular diseases (CVD). The causes of death 

were coded according to the International Classification of Diseases (ICD 7-10). 

Analyses on cause-specific mortality were performed at Statistics Netherlands (The 

Hague, the Netherlands).  
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Of total 8,645 subjects, 4,115 were females, and 4,350 were males. Among all subjects, 

4,505 (53.2%) were alive, 1,194 (14.1%) died due to cancer, 2,473 (29.2%) died due to 

another reason than cancer, 158 subjects (1.9%) died due to external causes such as 

an accident, suicide or homicide. In 13 (0.1%) subjects the cause of death could not be 

determined, and 122 (1.5%) subjects were lost to follow-up. Of those subjects who 

died due to cancer, 275 (23.0%) died due to lung cancer, 134 (11.2%) died due to 

colorectal cancer, 83 (7.0%) died due to prostate cancer, and 117 (9.9%) died due to 

breast cancer.  

Aims and outline of this thesis 
 

The aim of this thesis is to investigate potential risk factors for mortality due to any 

type of cancer and due to the four most common types of cancer: lung cancer, and 

colorectal cancer in both sexes, prostate cancer in males, and breast cancer in females 

in a general population-based cohort of exclusively Caucasian individuals of Dutch 

descent (Vlagtwedde-Vlaardingen study). This research topic is introduced in 

Chapter 1, the General introduction. 

Chapter 2 describes the impact of baseline and lifetime smoking habits, lifetime 

duration of smoking and duration of smoking cessation on risk of mortality due to 

all-cause, mortality due to any cancer, and the four most common types of cancer, 

i.e. lung, colorectal, prostate, and breast cancer mortality and CVD mortality. 

Additionally, we assessed whether the association between smoking habits and 

mortality risk is different for males and females. Another objective of this study was 

to assess the risk of pipe/cigar smoking for mortality.  Finally, to determine which 

cause of death carried the highest risk we performed competing-risk analyses on 

mortality due to CVD, cancer, and other causes. 
 

Chapter 3 describes the association between cancer mortality risk and BMI 

measurements (at baseline, highest and lowest during follow-up) and lifetime 

changes in BMI (long-term and short-term) in the Vlagtwedde-Vlaardingen cohort 

study. Additionally, we assessed whether the association between BMI and changes 

in BMI and cancer mortality risk is different for males and females.  
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Chapter 4 describes the association between occupational exposure to gases/fumes, 

mineral dust, biological dust, all pesticides, herbicides, insecticides, and aromatic, 

chlorinated and other solvents, and heavy metals and risk of mortality due to cancer 

in the large population-based Vlagtwedde-Vlaardingen cohort study. Additionally, 

we assessed whether the association between occupational exposure and cancer 

mortality risk is different for males and females and for never and ever smokers. 

Chapter 5 describes a genome-wide association study on all cancer mortality with 

the aim to newly identify cancer susceptibility loci. This study provides an initial 

GWAS on 141 cancer mortality cases and 1554 controls.  

Chapter 6 describes the potential association between three objective allergy markers 

(number of peripheral blood eosinophil counts, skin test positivity and serum total 

IgE) with mortality and hospitalization from cancer. In addition, this chapter 

describes the possible effect modification of gender and smoking on the association 

between allergy and cancer. 

Chapter 7 describes the association between serum uric acid levels and mortality 

due to cancer among males and whether this association is independent of an 

individual’s cholesterol and triglyceride levels. 

The results of these studies are summarized and discussed in Chapter 8.  
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