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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


10 
 

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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Abstract 

 

Background: In general, smoking increases the risk of mortality. However, it is less 

clear which specific cause of death is associated with the highest risk. The exact 

impact of changes in smoking habits throughout life on different mortality risks is 

less studied. 

Methods: We studied the impact of baseline and lifetime smoking habits, and 

duration of smoking on the risk of all-cause mortality, mortality of cardiovascular 

diseases (CVD), any cancer and of the four most common types of cancer (lung, 

colorectal, prostate, and breast cancer) in a large cohort study (Vlagtwedde-

Vlaardingen 1965-1990, with a follow-up on mortality status until 2009, n = 8,645). 

We used Cox regression models adjusted for age, BMI, sex, and place of residence. 

Since previous studies suggested a potential effect modification of sex, we 

additionally stratified by sex and tested for interactions. In addition, to determine 

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

on mortality due to cancer, CVD and other causes. 

Results: Current smoking (light, moderate, and heavy cigarette smoking) and 

lifetime persistent smoking were associated with an increased risk of all-cause, CVD, 

any cancer, and lung cancer mortality. The effect of smoking on the risk of lung 

cancer mortality was different for males and females; the effect was more 

pronounced in females. Higher numbers of pack years at baseline were associated 

with an increased risk of all-cause, any cancer, lung, colorectal, and prostate cancer 

and CVD mortality. Males who were lifetime persistent pipe/cigar smokers had a 

higher risk of lung cancer [Hazard Ratio (95% CI) = 7.72 (1.72-34.75)] as well as all-

cause and any cancer mortality. A longer duration of smoking was associated with a 

higher risk of any and lung cancer [HR (95% CI) = 1.03 (1.00-1.06) and 1.10 (1.03-1.17) 

respectively], but not with other mortality causes. The competing risk analyses 

showed that ex- and current smokers had a higher risk of both cancer and CVD 

mortality compared to all other mortality causes. In addition, heavy smokers had a 

higher risk for cancer mortality compared to CVD mortality. 
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Conclusion: Our study indicates that lifetime numbers of cigarettes smoked and the 

duration of smoking has different impact for different causes of mortality and for 

males and females. Moreover, our findings emphasize on the importance of 

smoking-related competing risks when studying the smoking-related cancer 

mortality in a general population and that smoking cessation immediately effectively 

reduces the risk of all-cause and any cancer mortality. 
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Introduction 

 

Tobacco smoking has been clearly linked to the most common causes of death 

including cancer and cardiovascular disease (CVD) (1-3). The association between 

cigarette smoking and the development of these diseases has mainly been explained 

by the fact that smoking causes a systemic oxidant-antioxidant imbalance and an 

inflammatory response (4). 

Since 1950, several studies have shown that tobacco smoking is associated with an 

increased risk of lung cancer (5). 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 of cancer including cancer of upper aerodigestive tract, 

pancreas, and lower urinary tract were reported to be associated with smoking (6). 

Further studies on the association between smoking and different types of cancers 

added more cancer types to this list. In the second IARC Monograph on tobacco 

smoking of 2004 (7) and the last monograph of 2012 (8), 14 other types of cancer 

were listed as smoking-related cancers, e.g. cancers of the oral cavity, nasal cavity, 

stomach, liver, kidney, cervix and myeloid leukemia. However, for some other types 

of cancer such as prostate and breast cancer still no conclusion on their association 

with smoking could be drawn across the studies. 

Most importantly, like for cancer, tobacco smoking is reported to cause nearly 10% of 

CVD worldwide (9). Several prospective cohort studies have addressed the 

beneficial effect of smoking cessation on CVD mortality (9). 

Several studies have indicated that the association between smoking and mortality 

appears to be different for different causes of death such as cancer and CVD (10). 

However, the differences in this association with smoking between various causes of 

death (e.g. cancer and CVD) have not been formally analyzed using statistical 

approaches such as competing risk analyses. So far, the only previous study that 

statistically analyzed these differences was performed solely on females (10). 

Moreover, in the majority of previous studies the level of detail on lifetime smoking 

history (e.g. regarding duration of smoking and cessation) is limited, and results 

remain inconclusive. For instance, Vineis et al (11) in a review reported that the 
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beneficial effect of smoking cessation is the same for smoking-related cancer and 

non-neoplastic disease, while Kenfield et al (10) suggested that benefits of smoking 

cessation vary by causes of death. Thus, more prospective investigations are needed 

to determine the lifetime smoking-attributable risk of cause-specific mortality. 

 In addition, evidence shows conflicting results for the potential role of sex in the 

association between smoking and mortality (11). For instance, while the majority of 

studies indicated that females may be more susceptible to the carcinogenic effects of 

smoking, a recent study by Kovalchik et al (13) in an Italian population, reports that 

the risk of lung cancer, among 30 pack-year smokers, is lower in females than males. 

Although smoking cigarettes is the most common form of tobacco usage, pipe/cigar 

smoking also accounts for a considerable proportion of tobacco smokers in some 

countries. For instance, in the European Prospective Investigation into Cancer (EPIC) 

study of 500,000 subjects across 10 countries, more than 3,500 males were exclusively 

pipe/cigar smokers, and 15,000 males smoked pipe/cigar in addition to cigarettes 

(14). The EPIC study confirmed that pipe and cigar smoking are related to some 

cancer types such as lung, bladder, and colon cancer. So far, the relation of 

pipe/cigar smoking with cause-specific mortality is not as clear as that of cigarette 

smoking with cause-specific mortality. For instance, Tverdal et al (15) found no or 

only minor differences in the cause-specific mortality risk between pipe smokers and 

cigarette smokers and reported that both are associated with an increased risk of 

mortality. Another study showed that pipe/cigar smokers have a lower risk for 

mortality compared with cigarette smokers (16).  

We therefore aimed to examine the impact of baseline and lifetime smoking habits, 

lifetime duration of smoking and duration of smoking cessation on risk of all-cause 

mortality, CVD mortality and mortality due to any cancer and the four most 

common types of cancer, i.e. lung, colorectal, prostate, and breast cancer. We used 

the Vlagtwedde-Vlaardingen cohort study (17,18), a large population-based cohort 

with  follow-up for 43 years which offered the unique possibility to investigate the 

impact of lifetime smoking habits on the risk of mortality. To shed more light on the 

role of sex, we additionally assessed whether the association between smoking 

habits and mortality risk is different for males and females. Other objectives of this 
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study were to assess the association of pipe/cigar smoking for mortality risk and to 

determine which cause of death carried the highest risk by performing a competing-

risk analysis on mortality due to CVD, cancer, and other causes. 

 

Methods  

 

Study population 

We investigated the association between lifetime smoking habits and risk of 

mortality using the Vlagtwedde-Vlaardingen cohort study. The Vlagtwedde-

Vlaardingen study is a general population based study on the epidemiology of 

pulmonary diseases in a general population of exclusively white individuals of 

Dutch descent (17,18). The study started in 1965 and participants had medical 

examinations every 3 years until the final 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 ranged 

from one to eight (median number of surveys per subject: five). We updated the vital 

status of all participants in the Vlagtwedde-Vlaardingen study on December 31st, 

2008, and evaluated the following mortality outcomes: all-cause mortality, CVD 

mortality, any cancer mortality, and mortality due to four common types of cancer 

i.e. lung cancer, colorectal cancer, prostate cancer and breast cancer, either as 

primary or secondary cause of death. Causes of death were coded according to the 

International Classification of Diseases (ICD) (see supplementary table 1 for the used 

ICD-codes) and obtained from Statistics Netherlands (The Hague).  

 

Population characteristics 

At all surveys, we collected data on age, sex, and smoking habits using the Dutch 

version of the British Medical Research Council questionnaire (17,18). The BMI (body 

mass index) was calculated as weight in kilograms divided by the square of the 

height in meters (kg/m2).   
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Smoking habits at baseline 

We categorized the smoking habits at baseline (i.e. the first available survey of  

a subject) into three different categories:  

1) Never smokers: subjects who reported never to have smoked during their entire 

life;  

2) Ex-smokers: subjects who had stopped smoking at least one month before the 

baseline survey;  

3) Current smokers: subjects who smoked at least one cigarette a day. Current 

smokers were divided into light (<10 cig/day), moderate (10-20 cig/day) and heavy 

cigarette smokers (>20 cig/day) and pipe/cigar smokers (only among males).  

Pack-years at baseline were defined as the number of packs of cigarettes (1 pack = 20 

cigarettes) smoked per day in one year.  

 

Lifetime smoking habits 

Lifetime smoking habits were determined if subjects participated in at least three 

surveys. We defined lifetime smoking habits within the interval between the 

baseline survey and the last available survey as follows:  

1) Never smokers: subjects who reported no smoking history at baseline and 

remained non-smokers during the interval; 

2) Ex-smokers: subjects who were ex-smokers at baseline and remained ex-smokers 

during the interval; 

3) Quitters: subjects who were current smokers (cigarette or pipe/cigar) at baseline 

but successfully quitted smoking during the interval; 

4) Persistent smokers: subjects who were current smokers (cigarette or pipe/cigar) at 

baseline and remained smokers during the interval. Persistent male smokers were 

further divided into exclusively cigarette smokers, exclusively pipe/cigar smokers, 

and mixed product smokers (i.e. subjects who smoked pipe/cigar one survey and 

cigarettes another survey);    

5) Unstructured smokers which consists of the remaining subjects.  

  



28 

 

Duration of smoking and duration of smoking cessation 

We calculated the duration of smoking as the difference between the age at starting 

smoking and the age at last survey (for persistent smokers) or the age at quitting 

smoking (for ex-smokers and quitters). We calculated the duration of smoking 

cessation as the difference between the age at quitting smoking and the age at last 

survey.  

 

Statistical analyses 

Descriptive analyses of the subject characteristics and the mortality statistics were 

performed. Independent sample t-tests, Mann-Whitney U tests, or Chi-square tests 

were used to determine significant differences between groups for continuous and 

categorical variables, respectively. Multivariate Cox regression with adjustment for 

age, BMI (at baseline for the analyses on baseline smoking habits and at last survey 

for all other analyses), sex, and place of residence were used to estimate the effect of 

the different smoking habits on the mortality outcomes. Since data on pipe/cigar 

smoking was available only in males, in the analyses on all subjects we excluded 

pipe/cigar smokers. To determine whether the association between smoking habits 

and mortality was different for males and females, stratified analyses were 

performed and interactions between smoking and sex were tested. To investigate the 

difference between the never smokers and all other smoking groups we used the 

never smokers as our reference. In addition, in the analysis on baseline smoking 

habits we also performed an analysis with the ex-smokers as the reference group in 

order to investigate the differences between the ex-smokers and the current smokers. 

In the analysis on lifetime smoking habits we also performed an analysis with the 

persistent smokers as a reference in order to investigate the differences between the 

persistent smokers and the ex-smokers and quitters. Two separate analyses on 

pipe/cigar smoking at baseline and during lifetime were performed in males only. 

In these analyses pipe/cigar smoking was taken as the reference group. In the 

analyses on lifetime smoking, both duration of smoking and duration of smoking 

cessation were entered in one model. In the Cox regression analyses censoring took 

place when the subjects were still alive, were lost to follow-up, or died from a cause 
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other than the one of interest. The external causes of death (i.e. suicides, homicides, 

traffic accidents etc.) were excluded from the analyses, (ICD-9: codes ≥800 and in 

ICD-10: codes ≥S00). For the analyses on baseline smoking habits, time was defined 

as years from baseline until mortality or until censoring. For the analyses on lifetime 

smoking habits, time was defined as years from last survey until mortality or until 

censoring. Finally, we performed a competing-risk analysis on CVD mortality, 

cancer mortality, and other mortality (19). All analyses were performed at Statistics 

Netherlands (The Hague, the Netherlands). P-values <0.05 (two-sided) were 

considered to be statistically significant. 

 

Results 

 

Characteristics 

Characteristics of the subjects according to vital status on December 31st 2008 are 

presented in table 1. Among all 8,465 subjects, 4,505 (53.2%) were alive, 3,675 (43.4%) 

died due to all-cause mortality (excluding external causes), 150 subjects (1.8%) 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, 1,882 (51.3%) died due to CVD, 1,194 (32.6%) 

died due to cancer (147 subjects were coded for both cancer and CVD), and 746 

(8.8%) died due to another cause than CVD or cancer. 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. 

The mean age at the first survey of the subjects who died due to CVD was 50.2 (SD = 

9.6) years, and 56.9% were males. The mean age at the first survey of the subjects 

who died due to cancer during follow-up was 45.9 (standard deviation (SD) = 11.1) 

years, and 58.3% were males. Subjects who died due to cancer had significantly 

higher BMI levels at the first survey compared to subjects who were alive, but had  

a lower BMI compared to subjects who died due to CVD. Subjects who died due to 
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cancer were more often heavy smokers (21.3 %) compared to subjects who were alive 

or died due to CVD or causes other than cancer (table 1).   

Among all 8,465 subjects, 7,361 (87.0 %) subjects had data available on baseline 

smoking habits and on all included covariates, 7,075 (83.6 %) subjects had data 

available on cigarette smoking and 286 (3.4 %) males had data available on 

pipe/cigar smoking). In total, 4,325 (51.1 %) subjects were ever smokers and had 

data on pack-years and on all included covariates, and for 3,925 (46.4 %) subjects, 

data on lifetime changes in smoking habits and on all included covariates could be 

obtained (supplementary table 2-4).  

 

Baseline smoking habits  

Table 2 shows the hazard ratios (with 95% confidence intervals (CI)) of smoking 

habits at baseline for mortality. Ex-smoking and current smoking (light, moderate, 

and heavy cigarette smoking) subjects had a  higher risk of all-cause mortality, and 

mortality to any cancer and lung cancer, compared to never smokers, the hazard 

ratios being highest for heavy smokers. The same pattern was observed for mortality 

due to CVD. No significant associations were found between smoking habits at 

baseline and risk of colorectal cancer, prostate cancer and breast cancer mortality 

(table 2). The analysis with the ex-smokers as the reference showed that light 

smoking is not associated with a higher risk of all-cause or cause specific mortality 

compared to ex-smokers (supplementary table 5). 

There was significant interaction between light cigarette smoking and sex on risk of 

mortality due to lung cancer (HR: 0.21 (0.07-0.62)); the effect was more pronounced 

in females. No significant interactions were observed between smoking and sex on 

risk of all-cause, CVD, any cancer, or colorectal cancer mortality (table 2). 

The competing risk analyses showed that ex- and current smokers had a higher risk 

of both CVD and cancer mortality compared to all other mortality causes. In 

addition, heavy smokers had a higher risk for cancer mortality compared to CVD or 

other causes of death (supplementary table 6). 

Within ever smokers, a higher number of pack years was associated with an 

increased risk of all-cause, CVD, any cancer and lung cancer, and prostate cancer 
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mortality. A higher number of pack years was associated with an increased risk of 

colorectal cancer mortality only among females (HR: 1.08 (95% CI: 1.04-1.11)). There 

were no significant associations between pack years and risk of mortality due to 

breast cancer (table 2). The numbers of pack years significantly interacted with sex 

on risk of mortality due to lung cancer (HR: 0.96 (0.94-0.99)), and colorectal cancer 

(HR: 0.93 (0.90-0.96)); effects were more pronounced in females (table 2).  

 

Lifetime (changes in) smoking habits  

Table 3 shows the hazard ratio (with 95% confidence interval) of lifetime smoking 

habits for mortality. Persistent cigarette smokers had a higher risk to die of all-

causes, CVD, any cancer, and lung cancer compared to never smokers. Subjects who 

quitted smoking during follow-up had a higher risk to die of lung cancer compared 

to never smokers (HR: 3.65 (95% CI: 1.32-10.10). The analysis with the persistent 

cigarette smokers as the reference showed that never smokers, persistent ex-

smokers, quitters, and unstructured smokers had a lower risk to die of all-cause, 

CVD, any cancer, and lung cancer (supplementary table 7). 

There were no significant associations between lifetime smoking habits and risk of 

mortality due to colorectal cancer, prostate cancer, or breast cancer (table 3). There 

were no significant interactions between lifetime persistent cigarette smoking and 

sex on risk of all-cause, or cause specific mortality. The competing risk analyses 

showed that males who were lifetime persistent smokers had a higher risk of CVD 

and cancer mortality compared to other mortality causes (supplementary table 8). 

 

Pipe/cigar smoking 

Table 4 shows the hazard ratios (with 95% confidence intervals) of smoking habits 

for mortality among males. Males who were never smoker at baseline had a lower 

risk to die of all-cause, CVD, and any cancer compared to pipe/cigar smokers. Males 

who were heavy or moderate smokers had a higher risk to die of all-cause, CVD, any 

cancer, and lung cancer compared to pipe/cigar smokers. Lifetime persistent ex-

smokers had a lower risk to die of lung cancer compared to pipe/cigar smokers (HR: 

0.12 (95% CI: 0.03-0.55)).  
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Lifetime duration of smoking and duration of smoking cessation 

A longer lifetime duration of smoking was associated with a higher risk of mortality 

from any cancer and from lung cancer (any cancer: HR: 1.03 (95% CI: 1.00-1.06), and 

lung cancer: HR: 1.10 (95% CI: 1.03-1.17)), but not with other causes of death  

(table 5). There was a significant interaction between duration of smoking and sex on 

the risk of mortality due to colorectal cancer (HR: 0.91 (0.83-0.99)); the effect was 

stronger in females (table 5). 

A longer duration of smoking cessation was associated with a lower risk of all-cause 

mortality (HR: 0.98 (95% CI: 0.96-0.99)), and CVD (HR: 0.97 (95% CI: 0.95-1.00) (table 

5). No significant interactions were found between duration of smoking cessation 

and sex on risk of cause-specific mortality (table 5). 

 

Discussion  

 

In this large cohort study we investigated the impact of baseline cigarette and 

pipe/cigar smoking, pack-years, and lifetime smoking history on the risk of all-cause 

mortality and cause-specific mortality (i.e. CVD and cancer mortality) in both sexes. 

Current smoking (light, moderate, and heavy cigarette smoking), and lifetime 

persistent smoking were associated with an increased risk of all-cause mortality, 

mortality due to CVD, any cancer and lung cancer. A higher number of pack years at 

baseline was associated with an increased risk of all-cause mortality, CVD, any 

cancer mortality, lung cancer and prostate cancer mortality. The effect of smoking on 

the risk of lung cancer mortality was different for males and females; the effect was 

more pronounced in females. Moreover, significant interactions between light 

cigarette smoking and sex, and pack years and sex on risk of mortality due to lung 

cancer were observed. A longer duration of smoking was associated with an 

increased risk of mortality due to any cancer and lung cancer, but not with other 

causes of death. A longer duration of smoking cessation was associated with a 

decreased risk of all-cause and any cancer mortality. The competing risk analyses 

showed that ex- and current smokers had a higher risk of both CVD and cancer 
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mortality compared to all other mortality causes. In addition, heavy smokers had  

a higher risk for cancer mortality compared to CVD. 

Our results are in line with the conclusion of the recent review by IARC (8) and other 

studies (10,20). In addition, it helps to expand and clarify the links between smoking 

and common types of cancer and other causes of mortality in both sexes.  

Lung cancer has been clearly linked to smoking (21,22). However, little is known 

about lifetime smoking habits such as duration of smoking and duration of smoking 

cessation on lung cancer mortality. We found that longer lifetime duration of 

cigarette smoking is associated with an increased risk of lung cancer mortality 

among persistent smokers, ex-smokers and quitters. We found no significant 

association between duration of smoking cessation and risk of mortality due to lung 

cancer; however, a negative trend was observed.  So far, previous studies have 

shown inconsistent results for the association between smoking cessation and lung 

cancer. While the majority of studies showed a negative association, there are also 

some indications there is no association (23). The inconsistent results among studies 

may be partially explained by the fact that this association varies by histologic cell 

type.  An increased duration of smoking cessation has been linked to a decreased 

risk of small cell and squamous cell carcinoma but not with adenocarcinoma (23,24). 

Apart from the role of histologic cell type in this association, the time that needs to 

pass before the risk of lung cancer among quitters reaches that of never smokers is 

less clear. Bosse et al (24) investigated the effect of smoking cessation on the 

molecular signature of smoking in lung tissues and showed that smokers who 

quitted more recently have the same gene-expression profile as current smokers, 

while over time this profile appears to change into the profile of never smokers. 

However, the mechanism underlying this association is still unclear and warrants 

further studies. 

One objective of our study was to investigate the potential effect modification of sex 

on the association between smoking and cause-specific mortality. Our results 

confirm the hypothesis by Henschke et al (25) that females may be more susceptible 

to develop lung cancer than males. A systematic review and meta-analysis of the 

epidemiological evidence on the association between lung cancer and smoking 
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showed that the relative risks for current smoking is higher in males compared to 

females and concluded that the observed higher relative risk for males does not 

necessarily reflect a higher susceptibility (26). The authors suggested that an 

increased exposure to occupational carcinogens and a different smoking history (e.g, 

longer smoking duration) can particularly explain the observed higher risk among 

males (26). 

Additionally, we observed that the effect of moderate and heavy smoking compared 

to ex-smoking on risk of all-cause mortality was more pronounced in females than in 

males. This may suggest that quitting smoking is more beneficial for females than 

males in term of lung cancer as well as all-cause mortality. More studies are needed 

to investigate whether to the same extent of exposure (number of smoked cigarette, 

duration, and depth of inhalation) the risks of cause-specific mortality vary by sex. 

Breast cancer mortality was not associated with baseline and lifetime smoking 

habits, duration of smoking or duration of smoking cessation. Whether there is an 

association between smoking and breast cancer remains debated. While the majority 

of studies reported no association, some studies suggested that this association is 

limited to pre-menopausal breast cancer and estrogen receptor positive breast cancer 

(27-31). Several mechanisms have been proposed for possible protective or 

carcinogenic effects of cigarette smoking on breast cancer incidence (27-31). A high 

level of estrogen is associated with an increased risk of breast carcinogenesis (30) 

and smoking has an anti-estrogenic capacity. Therefore, one of the proposed 

mechanisms is that cigarette smoking decreases the risk of breast cancer through this 

“anti-estrogenic” mechanism.  Smoking may enhance the metabolism of estradiol, 

increase the binding of estrogens by serum sex hormone-binding globulin, and lower 

the levels of estrogen derived from adipose tissue (31) thus leading to a decreased 

risk of breast cancer. However, as mentioned earlier, smoking has also been linked to 

an increased risk of breast cancer (30). Furthermore, the European Prospective 

Investigation into Cancer (EPIC) study on the association between smoking and 

breast cancer suggested that passive smoke exposure also plays a role in this. They 

reported that the risk estimates of active smoking for breast cancer were higher 
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when the reference group consisted of never smokers who were also not exposed to 

passive smoke, compared to when passive smoking was not taken into account (32).  

Apart from the above mentioned factors that can affect the association between 

smoking and cancer, it has been hypothesized that genetic variants in enzymes 

involved in the metabolism of carcinogens may also play a role in this association. 

Cigarette smoke contains many carcinogens such as polycyclic aromatic 

hydrocarbons, nitrosamines, and heterocyclic amines. In particular, the fact that 

susceptibility to these carcinogens may differ widely among individuals due to 

genetic variation may explain the observed discrepancy of results among studies. 

This suggests that the findings from one population for the association between 

smoking and cancer may not be easily generalizable to another population (33). 

Our findings regarding mortality due to CVD are in line with several other studies 

that reported that smoking is associated with increased risk of mortality due to CVD 

(1,3). Interestingly, subjects who quitted smoking during follow-up had no increased 

risk of mortality due to CVD compared to never smokers. In line with our finding, 

the majority of previous studies show that after smoking cessation, the risk of CVD 

mortality declines (32). This can be explained by the fact that the inflammatory 

component of CVD resulting from smoking is reversible after smoking cessation 

(34). However, the time period that needs to pass before the risk of CVD mortality 

among ex-smokers reaches that of never smokers is less clear. In addition, the level 

to which the inflammatory response declines after smoking cessation has not been 

subject of many studies. Therefore more studies are needed on the impact of 

smoking cessation regarding the risk of CVD mortality as well as other causes of 

death. 

Our analyses including pipe/cigar smokers among males revealed that heavy 

cigarette smoking at baseline was associated with an increased risk of all-cause 

mortality, and mortality due to CVD, any cancer, and lung cancer compared to 

pipe/cigar smokers. Contrary to the baseline findings, lifetime persistent cigarette 

smoking was not significantly associated with a higher risk of all-cause or cause-

specific mortality compared to pipe/cigar smoking.  
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Higher concentrations of nitrosamines, which are associated with an increased risk 

of  cancer, are found in pipe/cigar smoke than in cigarette smoke (14-16) and studies 

(11, 14, 35) suggest that switching to pipe/cigar smoking is not a safe alternative for 

cigarette smokers to reduce the risk of cancer. Shaper et al (35) investigated the 

impact of pipe/cigar smoking on all-cause mortality, cancer, and CVD and reported 

that both pipe/cigar smoking and mixed product smoking was associated with an 

increased risk of all-cause mortality, cancer incidence, and CVD compared to never 

smoking. Unfortunately, Shaper et al. did not address lifetime impact of (changes in) 

pipe/cigar smoking. 

One objective of our study was to use competing risk survival analysis to evaluate 

the impact of baseline and lifetime smoking on causes-specific mortality 

simultaneously. One of our interesting findings was that heavy smokers had  

a significantly higher risk to die of cancer than to die of CVD among all subjects, 

although this pattern was not significant among males or females separately.  

The major strength of our current study is the longitudinal design. We were able to 

follow our participants for 43 years, which provided a unique wide time window for 

evaluating the impact of lifetime (changes in) smoking habits on cause-specific 

mortality. Other strengths of our study are the large number of subjects included, 

and the high follow-up rate, since 98.5 % of the included subjects could be traced 

back (36). We studied the association between smoking and all-cause mortality and 

cancer mortality in four common types of cancer (lung cancer, colorectal cancer, 

prostate cancer and breast cancer), and CVD, while previous studies investigated 

overall mortality or any cancer mortality or only one specific cause of death.   

The lack of information on alcohol consumption, and menopause status of females 

may be considered a limitation in our study. Evidence shows that the menopause 

status of females and alcohol consumption may modify the effect of smoking on risk 

of cause-specific mortality (10). Another drawback of our study is that subjects were 

not asked about passive exposure to tobacco smoke. Therefore it is possible that 

some passive smokers were incorrectly classified as unexposed (never smokers).  

In summary, our findings, by addressing the impact of lifetime smoking habits in 

both sexes, corroborate and expand the ideas of Kenfield et al (10), who, in a study of 
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females, found stronger associations between smoking and mortality when using 

updated smoking status during follow-up compared to baseline measurements, 

suggesting that many of the previous studies may have underestimated the risk of 

mortality due to smoking by considering only single measurements (i.e. at baseline).  

In addition, our study suggests that the impact of lifetime cigarette and pipe/cigar 

smoking and duration of smoking vary for different causes of death and that 

smoking cessation is effective to reduce the risk of all-cause mortality.  
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Table 1 Characteristics at baseline in the general population of Vlagtwedde-Vlaardingen, stratified by vital status after 40 years of follow-up (n=8465).  

 

Characteristics   Alive 

(n=4505) (A) 

 

Mortality 

 

Lost to 
follow-up 
(n=122) 

P-value 

C vs A d 

 

P-value 

C vs CVD d 

P-value 

C vs O 

P-value 

C vs E d 

            
All-causes (excluding 

external causes) 

(n=3675)  (A) 

CVD 

(n=1882) 

 

Any cancer 

(n=1194)  (C) 

 

 

Another reason 

than cancer or 

CVD (n=746) (O) 

External 

causes 

(n=150) (E) c 

     

            
All subjects, (%) a 53.2 43.4 22.2 14.1 8.8 1.8 1.4     

Men, n (%) 2121 (47.1) 2053 (55.9) 1071 (56.9) 696 (58.3) 370 (49.6) 98 (65.3) 70 (57.4) 0.00 0.22 0.00 0.06 

Age at first survey 
in years, mean (sd) 

30.2 (10.2) 48.8 (10.3) 50.2 (9.6) 45.9 (11.1) 49.8 (9.7) 43.0 (13.8) 33.2 (13.3) 0.00 0.00 0.00 0.01 

BMI at first survey,  
kg/m2  

    

24.4 (3.6) 26.7 (4.0) 27.0 (4.1) 26.3 (4.0) 26.6 (4.0) 24.9 (3.7) 24.0 (3.4) 0.00 0.00 0.19 0.00 

Vlagtwedde, n (%) 3004 (66.7) 2485 (67.7) 1274 (67.7) 762 (63.8) 522 (70.0) 110 (73.3) 54 (44.3) 0.06 0.31 0.01 0.02 

Smoking habits at  
baseline, n (%) 

           

Never smokers 1707 (38.9) 1364 (40.9) 684 (40.3) 392 (35.6) 340 (50.6) 50 (37.6) 47 (40.5)     

Ex-smokers 492 (11.2) 294 (8.8) 159 (9.4) 100 (9.1) 49 (7.3) 19 (14.3) 19 (16.4)     

Current smokers b        0.00 0.00 0.00 0.53 

      light  908 (20.7) 419 (12.6) 220 (13.0) 133 (12.1) 85 (12.6) 17 (12.8) 14 (12.1)     

      moderate  772 (17.6) 715 (21.5) 389 (22.9) 242 (22.0) 113 (16.8) 28 (21.1) 19 (14.6)     

      heavy 504 (11.5) 540 (16.2) 246 (14.5) 234 (21.3) 85 (12.6) 19 (14.3) 17 (14.7)     

Pack years in  
ever smoker,  
median (range) 

3.6 (0.5-117.2) 17.4 (0.1-262.2) 18.0 (0.1-111.7) 16.2 (0.1 -102.9) 16.9 (0.1-262.2) 14.8 (0.1-104.9) 0.5 (0.3-62.0) 0.00 0.07 0.77 0.06 

            
 

a All subjects: n=8465, and in 13 subjects the cause of death could not be determined.  
b Current smokers: light cigarette smokers < 10 cig/day, moderate cigarette smokers 10-20 cig/day, and heavy cigarette smokers > 20 cig/day. 
c Died due to external causes such as an accident, suicide or homicide. 
d P-value calculated by Chi- square, t-test, or Mann-Whitney U test. 
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Table 2 Hazard ratio (with 95% confidence interval) of smoking habits at baseline for mortality from all-causes, CVD, any and specific types of cancer, 

among all 7074 subjects, in Cox regression with adjustment for age, sex, BMI and place of residence. (Reference category: never smokers. In interaction 

analyses by sex, for lung cancer in males and females the reference category is ex-smokers+ never smokers). 

 

 a Current smokers: light cigarette smokers < 10 cig/day, moderate cigarette smokers 10-20 cig/day, and heavy cigarette smokers > 20 cig/day. b  Females who died due to lung cancer reported 
no history of being ex-smokers at baseline. c  Males who died due to lung cancer reported no history of being never smokers at baseline.  

Smoking habits at baseline All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

(males only) 

 

Breast cancer 

HR ( 95% CI) 

(females only) 

 

        
All subjects          

Never smokers 1 1 1 1 1 1 1 
Ex-smokers 

 

 

 

1.17 (1.00-1.37) 1.23 (0.98-1.54) 1.35 (1.04-1.75) 4.59 (2.03-10.37) 1.58 (0.77-3.27) 0.96 (0.37-2.50) 0.55 (0.17-1.77) 
Current smokers a        
light 1.31 (1.15-1.50) 1.42 (1.18-1.72) 1.29 (1.03-1.61) 7.06 (3.50-14.23) 1.60 (0.86-2.96) 0.78 (0.27-2.23) 0.90 (0.50-1.62) 
moderate 1.73 (1.52-1.97) 1.90 (1.58-2.30) 1.88 (1.51-2.33) 13.06 (6.60-25.74) 1.40 (0.71-2.77) 0.70 (0.29-1.73) 1.48 (0.74-2.96) 
heavy 2.04 (1.77-2.36) 1.96 (1.58-2.41) 2.73 (2.17-3.43) 26.55 (13.40-52.63) 1.62 (0.75-3.50) 1.05 (0.42-2.66) 1.47 (0.46-4.74) 
Sex-stratified analysis        
Effect in females b        
Never smokers 1 1 1 1 1   
Ex-smokers 1.00 (0.74-1.34) 1.16 (0.77-1.73) 0.86 (0.51-1.45)  1.09 (0.26-4.57)   
Current smokers        
light 1.20 (1.01-1.43) 1.33 (1.04-1.71) 1.26 (0.95-1.66) 7.89 (3.69-16.85) 0.95 (0.37-2.44)   
moderate 2.07 (1.67-2.55) 1.93 (1.39-2.68) 2.25 (1.63-3.10) 9.68 (3.91-23.98) 4.26 (1.92-9.45)   
heavy 1.91 (1.34-2.72) 2.05 (1.24-3.38) 2.31 (1.37-3.91) 25.99 (10.15-66.55)   3.02 (0.72-12.71)   
Effect in males c        
Never smokers 1 1 1  1   
Ex-smokers 1.30 (1.02-1.65) 1.35 (0.95-1.90) 1.68 (1.11-2.54) 1 1.36 (0.47-3.92)   
Current smokers        
light 1.50 (1.18-1.91) 1.61 (1.14-2.28) 1.45 (0.94-2.23) 1.65 (0.76-3.57) 1.85 (0.65-5.24)   
moderate 1.78 (1.44-2.21) 2.05 (1.51-2.79) 1.99 (1.36-2.90) 3.88 (2.18-6.92) 0.74 (0.26-2.13)   
heavy 2.18 (1.75-2.72) 2.10 (1.53-2.90) 3.06 (2.10-4.46) 7.64 (4.33-13.64) 1.17 (0.41-3.36)   
Interaction between smoking habits and sex        
Ex-smoking 1.30 (0.89-1.91) 1.17 (0.68-1.99) 

97) 
1.95 (1.00-3.80) 1 1.24 (0.21-7.39)   

Current smokers        
light 1.25 (0.93-1.68) 1.21 (0.79-1.85) 1.15 (0.69-1.93) 0.21 (0.07-0.62) 1.95 (0.48-8.02)   
moderate 0.86 (0.64-1.17) 1.06 (0.68-1.66) 0.89 (0.54-1.46) 0.40 (0.14-1.18) 0.17 (0.05-0.66)   
heavy 1.15 (0.75-1.74) 1.03 (0.57-1.86) 1.32 (0.69-2.53) 0.29 (0.10-0.88) 0.39 (0.07-2.30)   
Pack years in ever smoker 1.01 (1.01-1.01) 1.01 (1.00-1.01) 1.01 (1.00-1.02) 1.02 (1.01-1.02) 1.01 (0.99-1.02) 1.01 (1.00-1.03) 0.98 (0.92-1.04) 
Sex-stratified analysis         
Effect in females  1.02 (1.01-1.03) 1.02 (1.00-1.03) 1.03 (1.01-1.05) 1.05 (1.02-1.09) 1.08 (1.04-1.11)   
Effect in males b 1.01 (1.01-1.01) 1.01 (1.00-1.01) 1.01 (1.00-1.02) 1.02 (1.01-1.02) 1.00 (0.98-1.02)   
Interaction between pack years and sex 0.99 (0.98-1.00) 0.99 (0.97-1.01) 0.98 (0.96-1.00) 0.96 (0.94-0.99) 0.93 (0.90-0.96)   
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Table 3 Hazard ratio (with 95% confidence interval) of lifetime smoking habits for mortality from all causes, CVD, any cancer, lung cancer, 

colorectal cancer among all 3925 subjects, prostate cancer among 2067 males and breast cancer among 1858 females in Cox regression with 

adjustment for age (at last visit), sex, BMI (at last visit) and place of residence. Reference category: never smokers. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

a lifetime smoking habits were defined within the interval between the baseline survey and the last available survey as follows: 1) Never smokers: subjects who reported no smoking 
history at baseline and remained non-smokers during the interval, 2) Ex-smokers: subjects who were ex-smokers at baseline and remained  ex-smokers during the interval, 3) Quitters: 
subjects who were current smokers (cigarette or pipe/cigar) at baseline but successfully quitted smoking during the interval, 4) Persistent smokers: subjects who were current smokers 
(cigarette or pipe/cigar) at baseline and remained smokers during the interval, and 5) unstructured smokers which consists of the remaining subjects. b Females who died due to lung 
cancer were not persistent ex-smokers, or unstructured smokers during follow-up. c Males who died due to cancer were not persistent never smokers during follow-up. NA: The model 
did not converge. 

  

Lifetime smoking habits a All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

(males only) 

 

Breast cancer 

HR ( 95% CI) 

(females only) 

 
        
All subjects        
Never smoker 1 1 1 1 1 1 1 
Persistent ex-smoker 1.02 (0.79-1.33) 1.23 (0.85-1.79) 0.98 (0.64-1.49) 1.80 (0.46-6.96) 0.76 (0.22-2.66) 1.04 (0.20-5.37) 1.09 (0.25-4.70) 
Quitters 0.99 (0.81-1.21) 1.06 (0.79-1.43) 1.18 (0.87-1.61) 3.65 (1.32-10.10) 0.89 (0.35-2.27) 0.55 (0.11-2.64) 1.49 (0.65-3.42) 
Persistent cigarette smokers 1.92 (1.61-2.30) 2.11 (1.61-2.76) 2.06 (1.56-2.72) 11.45 (4.39-29.87) 1.22 (0.50-2.99) 0.79 (0.17-3.60) 0.73 (0.28-1.88) 
Unstructured  0.92 (0.69-1.23) 1.05 (0.69-1.59) 1.05 (0.68-1.62) 1.98 (0.47-8.40) 0.59 (0.13-2.66) 0.91 (0.13-6.55) 0.76 (0.22-2.57) 
        
Sex-stratified analysis        

Effect in females b        
Never smoker 1 1 1 NA 1   
Persistent ex-smoker 1.16 (0.74-1.84) 1.60 (0.88-2.93) 

 

0 

0.72 (0.29-1.76) NA 1.20 (0.16-9.27)   
Quitters 0.86 (0.62-1.18) 0.93 (0.58-1.48) 1.06 (0.67-1.69) NA 0.76 (0.17-3.43)   
Persistent cigarette smokers 1.85 (1.47-2.34) 2.08 (1.48-2.93) 

 

1.77 (1.23-2.55) NA 1.51 (0.47-4.83)   
Unstructured  0.83 (0.57-1.23) 0.86 (0.48-1.54) 1.04 (0.60-1.80) NA 0.57 (0.07-4.41)   
Effect in males c        
Never smoker 1 1 1 NA 1   
Persistent ex-smoker 1.18 (0.76-1.83) 1.32 (0.68-2.56) 1.63 (0.76-3.49) NA 0.52 (0.08-3.31)   
Quitters 1.24 (0.83-1.83) 1.27 (0.69-2.33) 1.89 (0.94-3.78) NA 0.72 (0.15-3.42)   
Persistent cigarette smokers 2.31 (1.58-3.38) 2.44 (1.36-4.39) 3.32 (1.69-6.49) NA 0.91 (0.20-4.12)   
Unstructured  1.20 (0.72-1.99) 1.44 (0.68-3.05) 1.54 (0.65-3.65) NA 0.50 (0.05-5.51)   
Interaction between lifetime 
smoking habits and sex 

  

Never smoker 1 1 1 NA 1   
Persistent ex-smoker 1.02 (0.54-1.92) 0.82 (0.34-2.02) 2.28 (0.70-7.45) NA 0.43 (0.03-6.98)   
Quitters 1.44 (0.87-2.40) 1.37 (0.64-2.94) 1.78 (0.77-4.10) NA 0.95 (0.11-8.28)   
Persistent cigarette smokers 1.25 (0.80-1.95) 1.18 (0.59-2.33) 1.87 (0.87-4.05) NA 0.60 (0.09-4.12)   
Unstructured  1.44 (0.76-2.72) 1.68 (0.65-4.33) 1.48 (0.53-4.13) NA 0.87 (0.04-20.45)   
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Table 4 Hazard ratio (with 95% confidence interval) of smoking habits including pipe/cigar smoking for mortality from CVD, any 

cancer, lung cancer, colorectal cancer, prostate cancer, among 3480 males in the analyses on baseline and among 2067 males in the 

analyses on lifetime smoking habits in Cox regression with adjustment for age, BMI and place of residence. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

              

                     * Mixed smokers: subjects who smoked pipe/cigar one survey and cigarettes another survey. 

 

 

 

 

  

 All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

 
Baseline  smoking habits         

Never smokers 0.71 (0.55-0.91) 0.68 (0.48-0.97) 0.63 (0.40-0.97) - 0.90 (0.28-2.90) 1.32 (0.46-3.81) 

Ex-smokers 0.92 (0.75-1.13) 0.91 (0.69-1.22) 1.04 (0.73-1.48) 0.82 (0.39-1.73) 1.37 (0.52-3.60) 1.39 (0.54-3.60) 

Current smokers       

light 1.07 (0.87-1.31) 1.10 (0.83-1.47) 0.89 (0.61-1.29) 0.80 (0.37-1.74) 1.61 (0.62-4.15) 1.02 (0.35-2.95) 

moderate 1.25 (1.05-1.49) 1.39 (1.10-1.77) 1.21 (0.89-1.64) 1.85 (1.03-3.32) 0.65 (0.25-1.70) 0.93 (0.38-2.32) 

heavy 1.53 (1.28-1.83) 1.40 (1.08-1.80) 1.91 (1.41-2.60) 3.77 (2.12-6.70) 1.01 (0.39-2.65) 1.40 (0.54-3.55) 

Pipe/cigar smokers 1 1 1 1 1 1 

       
Lifetime smoking habits       

Never smoker 0.56 (0.29-1.07) 0.63 (0.22-1.78) 0.27 (0.11-0.71) - 0.48 (0.04-5.45) 0.65 (0.06-7.34) 

Persistent ex-smoker 0.66 (0.36-1.19) 0.84 (0.33-2.17) 0.43 (0.20-0.95) 0.12 (0.03-0.55) 0.42 (0.04-4.16) 0.67 (0.08-5.80) 

Quitters 0.68 (0.39-1.20) 0.81 (0.33-2.00) 0.49 (0.24-1.02) 0.35 (0.10-1.18) 0.46 (0.06-3.69) 0.36 (0.04-2.88) 

Persistent  cigarette smokers 1.32 (0.76-2.30) 1.61 (0.66-3.93) 0.85 (0.42-1.74) 1.04 (0.32-3.33) 0.36 (0.04-2.92) 0.47 (0.06-3.80) 

Persistent pipe/cigar smokers 1 1 1 1 1 1 

Persistent mixed smokers* 1.17 (0.63-2.15) 1.34 (0.51-3.54) 1.04 (0.47-2.29) 0.71 (0.18-2.77) 0.90 (0.09-8.74) 0.59 (0.05-6.56) 

Unstructured  0.66 (0.35-1.27) 0.91 (0.33-2.48) 0.41 (0.17-1.02) 0.31 (0.06-1.55) 0.28 (0.02-4.60) 0.59 (0.05-6.61) 
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Table 5 Hazard ratio (with 95% confidence interval) of duration of smoking for mortality from any cancer, lung cancer, colorectal cancer in Cox 

regression with adjustment for age, sex, BMI and place of residence. 

 

 

  

 
All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

 

Breast cancer 

HR ( 95% CI) 

         
        
All subjects        

Duration of smoking 1.01 (0.99-1.03) 1.00 (0.98-1.02) 1.03 (1.00-1.06) 1.10 (1.03-1.17) 0.98 (0.91-1.05) 0.98 (0.89-1.09) 0.99 (0.90-1.09) 

Duration of smoking cessation 0.98 (0.96-0.99) 0.97 (0.95-1.00) 0.99 (0.96-1.03) 1.02 (0.95-1.10) 0.96 (0.88-1.04) 0.98 (0.88-1.10) 1.03 (0.92-1.14) 

Sex-stratified analysis        

Effect in Females        

Duration of smoking 1.01 (0.99-1.03) 1.00 (0.98-1.03) 1.02 (0.99-1.06) 1.07 (0.99-1.16) 1.04 (0.95-1.14)   

Duration of smoking cessation 0.97 (0.94-1.00) 0.98 (0.94-1.01) 0.98 (0.94-1.03) 0.84 (0.66-1.08) 1.02 (0.91-1.14)   

Effect in Males        

Duration of smoking 1.01 (0.99-1.03) 1.00 (0.98-1.03) 1.03 (1.00-1.06) 1.10 (1.03-1.17) 0.94 (0.87-1.02)   

Duration of smoking cessation 0.98 (0.96-1.00) 0.97 (0.94-1.00) 1.00 (0.96-1.03) 1.03 (0.96-1.11) 0.92 (0.84-1.01)   

Interaction         

Duration of smoking 1.00 (0.99-1.02) 1.00 (0.98-1.02) 1.01 (0.99-1.04) 1.03 (0.98-1.08) 0.91 (0.83-0.99)   

Duration of smoking cessation 1.01 (0.98-1.03) 0.99 (0.96-1.03) 1.01 (0.97-1.06) 1.22 (0.96-1.56) 0.91 (0.81-1.02)   
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             Supplementary Table 1 ICD-codes for the causes of death. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 a Cancer of trachea, bronchus and lung. 

 b Cancer of colon and rectum (further referred to as colorectal cancer). 

 

ICD-version ICD-7 ICD-8 ICD-9 ICD-10 

     
Years of use 1965-1968 1969-1978 1979-1995 1996-2008 

External causes of death ≥800 ≥800 ≥800 S, T, V, W, X, Y 

Death due to cardiovascular 
disease  

330-334, 400-416, 420-422, 
430-434, 440-447, 450-456, 
460-468, 782.4 

390-398, 400-404, 410-414, 
420-429, 430-438, 440-448 
(excl.444.2), 450-458, 782.4 

390-398, 401-405, 410-417, 
420-438, 440-448, 451-459, 
785.4 

G45-G46, I00-I15, I20-I28, 
I30-I52, I60-I69,  
I70-I79, I80-I89, I95-I97, 
I98.2, I98.8, I99, M30-M31, 
N28.0, R02, R58 

Death due to cancer     

Any cancer 140-239 , 294 140-239 140-239 , 288 C00-C97, D00-D48 

Lung cancer a 162, 163 162, 163 162, 163, 165 C33, C34, C38, C39 

Colorectal cancer b 153, 154 153, 154 153, 154 C18-C21 

Prostate cancer 177 185 185 C61 

Breast cancer 170 174 174, 175 C50 
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Supplementary table 2 Number of subjects (%) who died due to all-cause and cause-specific mortality, in a general population of Vlagtwedde-Vlaardingen 

during 40 years of follow-up according to different smoking habits at baseline.  

 

 

 Current smokers: light cigarette smokers < 15 cig/day, moderate cigarette smokers 15-25 cig/day, and heavy cigarette smokers > 15 cig/day. 

Smoking habits at 

baseline 

All-causes 

 

CVD Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

 
 events/censored events/censored events/censored events/censored events/censored events/censored events/censored 
 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 

All subjects        

Never smokers 994 (37.1)/1688 (62.9) 498 (18.6)/2184 (81.4) 307 (11.4)/2375 (88.6) 12 (0.4)/2670 (99.6) 43 (1.6)/2639 (98.4)   

Ex-smokers 

 

 

 

246 (32.8)/504 (67.2) 127 (16.9)/623 (83.1) 92 (12.3)/658 (87.7) 14 (1.9)/736 (98.1) 13 (1.7)/737 (98.3)   

Current smokers  a        

      Light  352 (27.7)/917 (72.3) 175 (13.8)/1094 (86.2) 121 (9.5)/1148 (90.5) 28 (2.2)/1241 (97.8) 17 (1.3)/1252 (98.7)   

      Moderate  626 (44.4)/784 (55.6) 332 (23.5)/1078 (76.5) 222 (15.7)/1188 (84.3) 74 (5.2)/1336 (94.8) 19 (1.3)/1391 (98.7)   

      Heavy 447 (46.4)/516 (53.6) 204 (21.1)/759 (78.8) 200 (20.8)/763 (79.2) 93 (9.7)/870 (90.3) 13 (1.3)/950 (98.7)   

        
Females        

Never smokers 895 (42.3)/1220 (57.7) 451 (21.3)/1664 (78.7) 275 (13.0)/1840 (87.0) 12 (0.6)/2103 (99.4) 38 (1.8)/2077 (98.2)  73 (3.5)/2042 (96.5) 

Ex-smokers 47 (18.3)/210 (81.7) 25 (9.7)/232 (90.3) 15 (5.8)/242 (94.2) 0 (0.0)/257 (100.0) 2 (0.8)/255 (99.2)  3 (1.2)/254 (98.8) 

Current smokers        

      Light  160 (21.2)/596 (78.8) 78 (10.3)/678 (89.7) 64 (8.5)/692 (91.5) 16 (2.1)/740 (97.9) 5 (0.7)/751 (99.3)  15 (2.0)/741 (98.0) 

      Moderate  101 (28.0)/260 (72.0) 41 (11.4)/320 (88.6) 45 (12.5)/316 (87.5) 8 (2.2)/353 (97.8) 8 (2.2)/353 (97.8)  10 (2.8)/351 (97.2) 

      Heavy 32 (30.5)/73 (69.5) 16 (15.2)/89 (84.8) 15 (14.3)/90 (85.7) 7 (6.7)/98 (93.3) 2 (1.9)/103 (98.1)  3 (2.9)/102 (97.1) 

            
Males        

Never smokers 99 (17.5)/468 (82.5) 47 (8.3)/520 (91.7) 32 (5.6)/535 (94.4) 0 (0.0)/567 (100.0) 5 (0.9)/562 (99.1) 7 (1.2)/560 (98.8)  
Ex-smokers 199 (40.4)/294 (59.6) 102 (20.7)/391 (79.3) 77 (15.6)/416 (84.4) 14 (2.8)/479 (97.2) 11 (2.2)/482 (97.8) 12 (2.4)/481 (97.6)  

Current  smokers        

      Light  192 (37.4)/321 (62.6) 97 (18.9)/416 (81.1) 57 (11.1)/456 (88.9) 12 (2.3)/501 (97.7) 12 (2.3)/501 (97.7) 7 (1.4)/506 (98.6)  

      Moderate  525 (50.0)/524 (50.0) 291 (27.7)/758 (72.3) 177 (16.9)/872 (83.1) 66 (6.3)/983 (93.7) 11 (1.0)/1038 (99.0) 15 (1.4)/1034 (98.6)  

      Heavy 415 (48.4)/443 (51.6) 188 (21.8)/670 (78.1) 185 (21.6)/673 (78.4) 86 (10.0)/772 (90.0) 11 (1.3)/847 (98.7) 13 (1.5)/845 (98.5)  

Pipe/cigar smokers 174 (60.8)/112 (39.2) 92 (32.2)/194 (67.8) 55 (19.2)/231 (80.8) 14 (4.9)/272 (95.1) 7 (2.4)/279 (97.6) 7 (11.5)/279 (97.6)  

        
Pack years in ever smokers       

All subjects  1612 (37.3)/2713 (62.7) 800 (18.5)/3525 (81.5) 620 (14.3)/3705 (85.7) 201 (4.6)/4124 (95.4) 62 (1.4)/4263 (98.6)   

Females  
 

302 (22.1)/1067 (77.9) 135 (9.9)/1234 (90.1) 129 (9.4)/1240 (90.6) 28 (2.0)/1341 (98.0) 15 (1.1)/1354 (98.9)  30 (2.2)/1339 (97.8) 

Males  1310 (44.3)/1646 (55.7) 665 (22.5)/2291 (77.5) 491 (16.6)/2465 (83.4) 173 (5.9)/2783 (94.1) 47 (1.6)/2909 (98.4) 43 (1.5)/2913 (98.5)  

        



 

47 

 

47 

Supplementary table 3 Number of subjects (%) who died due to all-cause and cause-specific mortality, in a general population of Vlagtwedde-Vlaardingen 

during 40 years of follow-up according to different lifetime smoking habits. 

 

 
 

a lifetime smoking habits were defined within the interval between the baseline survey and the last available survey as follows: 1) Never smokers: subjects who reported no smoking history at 
baseline and remained non-smokers during the interval, 2) Ex-smokers: subjects who were ex-smokers at baseline and remained  ex-smokers during the interval, 3) Quitters: subjects who were 
current smokers (cigarette or pipe/cigar) at baseline but successfully quitted smoking during the interval, 4) Persistent smokers: subjects who were current smokers (cigarette or pipe/cigar) at 
baseline and remained smokers during the interval, and 5) unstructured smokers which consists of the remaining subjects 
  

Lifetime smoking habit  a All-causes 

 

CVD Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

 
 events/censored events/censored events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 

All subjects        

Never smoker 252(24.5)/776(75.5) 112(10.9)/916 (89.1) 97 (9.4)/931 (90.6) 5 (0.5)/1023 (99.5) 14 (1.4)/1014 (98.6)   

Persistent ex-smoker 90 (30.8)/202 (69.2) 47 (16.1)/245 (83.9) 33 (11.3)/259 (88.7) 4 (1.4)/288 (98.6) 4 (1.4)/288 (98.6)   

Quitters 233 (27.5)/613 (72.5) 108(12.8)/738 (87.2) 104 (12.3)/742 (87.7) 22 (2.6)/824 (97.4) 11 (1.3)/835 (98.7)   

Persistent smokers  507 (36.0)/901 (64.0) 232(16.5)/1176 (83.5) 214(15.2)/1194 (84.8) 83 (5.9)/1325 (94.1) 15 (1.1)/1393 (98.9)   

Unstructured  60 (17.1)/291 (82.9) 29 (8.3)/322 (91.7) 27 (7.7)/324 (92.3) 3 (0.9)/348 (99.1) 2 (0.6)/349 (99.4)   

        

Females        

Never smoker 223 (27.5)/588 (72.5) 100 (12.3)/711 (87.7) 88 (10.9)/723 (89.1) 5 (0.6)/806 (99.4) 12 (1.5)/799 (98.5)  21 (2.6)/790 (97.4) 

Persistent ex-smoker 20  (21.1)/75 (78.9) 12 (12.6)/83 (87.4) 5 (5.3)/90 (94.7) 0 (0.0)/95 (100.0) 1 (1.1)/94 (98.9)  2 (2.1)/93 (97.9) 

Quitters  46 (16.1)/240 (83.9) 22 (7.7)/264 (92.3) 23 (8.0)/263 (92.0) 1 (0.3)/285 (99.7) 2 (0.7)/284 (99.3)  8 (2.8)/278 (97.2) 

Persistent cigarette smokers 114 (23.9)/363 (76.1) 53 (11.1)/424 (88.9) 47 (9.9)/430 (90.1) 17 (3.6)/460 (96.4) 4 (0.8)/473 (99.2)  6 (1.3)/471 (98.7) 

Unstructured  29 (15.3)/160 (84.7) 13 (6.9)/176 (93.1) 15 (7.9)/174 (92.1) 0 (0.0)/189 (100.0) 1 (0.5)/188 (99.5)  3 (1.6)/186 (98.4) 

        

Males        

Never smoker 29 (13.4)/188 (86.6) 12 (5.5)/205 (94.5) 9 (4.1)/208 (95.9) 0 (0.0)/217 (100.0) 2 (0.9)/215 (99.1) 2 (0.9)/215 (99.1)  

Persistent ex-smoker 70 (35.5)/127 (64.5) 35 (17.8)/162 (82.2) 28 (14.2)/169 (85.8) 4 (2.0)/193 (98.0) 3 (1.5)194 (98.5) 6 (3.0)/191 (97.0)  

Quitters  187 (33.4)/373 (66.6) 86 (15.4)/474 (84.6) 81 (14.5)/479 (85.5) 21 (3.8)/539 (96.3) 9 (1.6)/551 (98.4) 8 (1.4)/552 (98.6)  

Persistent  cigarette  smokers 330 (41.8)/460 (58.2) 152 (19.2)/638 (80.8) 132 (16.7)/658 (83.3) 56 (7.1)/734 (92.9) 7 (0.9)/783 (99.1) 8 (1.0)/782 (99.0)  

Persistent pipe/cigar smokers 13 (38.2)/21 (61.8) 5 (14.7)/29 (85.3) 8 (23.5)/26 (76.5) 3 (8.8)/31 (91.2) 1 (2.9)/33 (97.1) 1 (2.9)/33 (97.1)  

Persistent mixed smokers 50 (46.7)/57 (53.3) 22 (20.6)/85 (79.4) 27 (25.2)/80 (74.8) 7 (6.5)/100 (93.5) 3 (2.8)/104 (97.2) 2 (1.9)/105 (98.1)  

Unstructured  31 (19.1)/131 (80.9) 16 (9.9)/146 (90.1) 12 (7.4)/150 (92.6) 3 (1.9)/159 (98.1) 1 (0.6)/161 (99.4) 2 (1.2)/160 (98.8)  
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Supplementary table 4 Number of subjects (%) who died due to all-cause and cause-specific mortality and number of censored subjects (%) included in the 

analyses on duration of smoking and duration of smoking cessation in the total population and according to gender. 

 

 
 
 

 
All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

 

Breast cancer 

HR ( 95% CI) 

         
Duration of smoking 

and cessation 

events/censored events/censored events/censored events/censored events/censored events/censored events/censored 

n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 

All subjects 822 (32.9)/1676 (67.1) 384 (15.4)/2114 (84.6) 347 (13.9)/2151 (86.1) 109 (4.4)/2389 (95.6) 29 (1.2)/2469 (98.8)   

Females 175 (21.3)/645 (78.7) 85 (10.4)/735 (89.6) 73 (8.9)/747 (91.1) 18 (2.2)/802 (97.8) 7 (0.9)/813 (99.1)  15 (1.8)/805 (98.2) 

Males 647 (38.6)/1031 (61.4) 299 (17.8)/1379 (82.2) 274 (16.3)/1404 (83.7) 91 (5.4)/1587 (94.6) 22 (1.3)/1656 (98.7) 25 (1.5)/1653 (98.5)  
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Supplementary table 5 Hazard ratio (with 95% confidence interval) of smoking habits at baseline for mortality from all-causes, CVD, any and specific types of 

cancer, among all 7074 subjects, in Cox regression with adjustment for age, sex, BMI and place of residence (Reference  category: ex- smokers). 

 

NA: The model did not converge.

Smoking  habits  

at baseline 

All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

(males only) 

 

Breast cancer 

HR ( 95% CI) 

(females only) 

 

All subjects        

Never smokers 0.86 (0.73-1.00) 0.81 (0.65-1.02) 0.74 (0.57-0.96) 0.22 (0.10-0.49) 0.63 (0.31-1.31) 0.95 (0.37-2.42) 1.82 (0.57-5.81) 

Ex-smokers 

 

 

 

1 1 1 1 1 1 1 

Current smokers a        

light 1.12 (0.95-1.33) 1.16 (0.92-1.46) 0.95 (0.72-1.26) 1.54 (0.80-2.95) 1.01 (0.48-2.12) 0.74 (0.29-1.89) 1.64 (0.47-5.66) 

moderate 1.48 (1.28-1.72) 1.55 (1.26-1.90) 1.39 (1.09-1.77) 2.84 (1.60-5.04) 0.89 (0.44-1.80) 0.67 (0.31-1.44) 2.69 (0.74-9.80) 

heavy 1.75 (1.49-2.04) 1.59 (1.27-1.99) 2.02 (1.57-2.59) 5.78 (3.28-10.19) 1.02 (0.47-2.22) 1.00 (0.45-2.22) 2.68 (0.54-13.32) 

        
Interaction of smoking habits with sex 
Effect in females b 

      

      

Never smokers 1.01 (0.75-1.35) 0.87 (0.58-1.30) 1.16 (0.69-1.96) NA 0.91 (0.22-3.82)   

Ex-smokers 1 1 1 NA 1   

Current smokers        

light 1.21 (0.87-1.67) 1.16 (0.74-1.81) 1.46 (0.83-2.56) NA 0.86 (0.17-4.46)   

moderate 2.08 (1.47-2.94) 1.67 (1.02-2.75) 2.61 (1.45-4.68) NA 3.90 (0.83-18.40)   

heavy 1.92 (1.22-3.01) 1.78 (0.95-3.33) 2.69 (1.31-5.50) NA 2.76 (0.39-19.66)   

        
Effect in males c        

Never smokers 0.77 (0.61-0.98) 0.74 (0.53-1.05) 0.60 (0.39-0.90) NA 0.74 (0.26-2.12)   

Ex-smokers 1 1 1 NA 1   

Current smokers        

light 1.16 (0.95-1.42) 1.20 (0.91-1.58) 0.86 (0.61-1.22) NA 1.36 (0.60-3.08)   

moderate 1.38 (1.17-1.62) 1.52 (1.21-1.91) 1.19 (0.91-1.55) NA 0.54 (024-1.26)   

heavy 1.69 (1.42-2.00) 1.56 (1.23-1.90) 1.83 (1.40-2.39) NA 0.86 (0.37-1.99)   

        
Interaction         

Never smoker 0.77 (0.52-1.13) 0.86 (0.50-1.46) 0.51 (0.26-1.00) NA 0.80 (0.14-4.78)   

Ex-smoking 1 1 1 NA 1   

Current smokers        

light 0.96 (0.66-1.41) 1.04 (0.61-1.76) 0.59 (0.31-1.14) NA 1.57 (0.25-9.83)   

moderate 0.66 (0.45-0.97) 0.91 (0.53-1.57) 0.46 (0.24-0.87) NA 0.14 (0.02-0.81)   

heavy 0.88 (0.54-1.42) 0.88 (0.45-1.73) 0.68 (0.32-1.46) NA 0.31 (0.04-2.63)   
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Supplementary table 6 Competing risk analysis on the association between smoking habits at baseline and CVD mortality, cancer mortality, and other 

mortality. 

 
 

Smoking habits at 
baseline 

Cancer mortality 

HR (95% CI) 

CVD mortality 

HR (95% CI) 

Other mortality 

HR (95% CI) 

Difference CVD 
mortality vs Cancer 

mortality 

HR (95% CI) 

Difference Other mortality 
vs Cancer mortality 

HR (95% CI) 

Difference Other 
mortality  vs CVD 

mortality 

HR (95% CI) 

       
All subjects       

Never smokers 1 1 1 1 1  

Ex-smokers 1.41 (1.11-1.80) 1.20 (0.98-1.48) 0.81 (0.58-1.14) 0.85 (0.63-1.15) 0.57 (0.38-0.86) 0.68 (0.46-1.00) 

Current smokers       

light 1.47 (1.18-1.83) 1.32 (1.10-1.58) 1.13 (0.86-1.47) 0.90 (0.69-1.18) 0.77 (0.55-1.07) 0.85 (0.62-1.16) 

Moderate 1.98 (1.63-2.40) 1.83 (1.55-2.15) 1.16 (0.91-1.50) 0.92 (0.74-1.15) 0.59 (0.44-0.79) 0.64 (0.49-0.84) 

Heavy 2.94 (2.41-3.59) 1.85 (1.54-2.23) 1.31 (0.98-1.75) 0.63 (0.50-0.80) 0.45 (0.32-0.62) 0.71 (0.51-0.97) 

       
Females       

Never smokers 1 1 1 1 1 1 

Ex-smokers 1.06 (0.63-1.79) 1.08 (0.72-1.62) 0.96 (0.51-1.81) 1.02 (0.53-1.97) 0.91 (0.40-2.06) 0.89 (0.42-1.88) 

Current smokers       

light 1.64 (1.24-2.17) 1.20 (0.94-1.53) 0.86 (0.58-1.28) 0.73 (0.51-1.05) 0.52 (0.32-0.85) 0.71 (0.45-1.14) 

Moderate 3.10 (2.25-4.28) 1.75 (1.26-2.42) 1.68 (1.03-2.74) 0.56 (0.36-0.88) 0.54 (0.31-0.97) 0.96 (0.54-1.72) 

Heavy 2.94 (1.75-4.97) 1.99 (1.20-3.29) 0.90 (0.29-2.80) 0.68 (0.33-1.39) 0.30 (0.09-1.07) 0.45 (0.13-1.56) 

       
Males       

Never smokers 1 1 1 1 1 1 

Ex-smokers 1.56 (1.04-2.37) 1.39 (0.98-1.97) 0.75 (0.44-1.27) 0.89 (0.52-1.52) 0.48 (0.25-0.94) 0.54 (0.29-1.01) 

Current smokers       

light 1.40 (0.91-2.16) 1.62 (1.14-2.30) 1.36 (0.84-2.20) 1.16 (0.67-2.02) 0.97 (0.51-1.86) 0.84 (0.46-1.52) 

Moderate 1.86 (1.28-2.72) 2.06 (1.51-2.81) 1.05 (0.67-1.63) 1.11 (0.68-1.80) 0.56 (0.32-1.01) 0.51 (0.30-0.87) 

Heavy 3.03 (2.08-4.41) 2.06 (1.49-2.83) 1.28 (0.81-2.02) 0.68 (0.41-1.11) 0.42 (0.23-0.76) 0.62 (0.36-1.09) 

       
Packyears       

All subjects 1.01 (1.00-1.01) 1.01 (1.01-1.01) 1.01 (1.00-1.02) 1.00 (1.00-1.01) 1.00 (1.00-1.01) 1.00 (0.99-1.01) 

Females 

 

1.03 (1.01-1.05) 1.03 (1.01-1.05) 1.00 (0.97-1.04) 1.00 (0.98-1.03) 0.98 (0.94-1.02) 0.98 (0.94-1.02) 

Males 1.01 (1.00-1.01) 1.01 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (1.00-1.01) 1.01 (1.00-1.01) 1.00 (1.00-1.01) 
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Supplementary table 7 Hazard ratio (with 95% confidence interval) of lifetime smoking habits for mortality from CVD, any cancer, lung cancer, colorectal 

cancer, among all 3925 subjects, prostate cancer among 2067 males and breast cancer among 1858 females in Cox regression with adjustment for age, sex, BMI 

and place of residence. (Reference category: persistent smokers). 

 

 

NA: The model did not converge.  

Lifetime smoking habits   All-causes 

HR ( 95% CI) 

 

 

CVD 

HR ( 95% CI) 

 

Any cancer 

HR ( 95% CI) 

 

Lung cancer 

HR ( 95% CI) 

 

Colorectal cancer 

HR ( 95% CI) 

 

Prostate cancer 

HR ( 95% CI) 

(males only) 

 

Breast cancer 

HR ( 95% CI) 

(females only) 

 

        
All subjects        
Never smoker 0.52 (0.44-0.62) 0.47 (0.36-0.62) 0.49 (0.37-0.64) 0.09 (0.03-0.23) 0.82 (0.34-2.00) 1.27 (0.28-5.77) 1.38 (0.53-3.58) 
Persistent ex-smoker 0.53 (0.42-0.67) 0.59 (0.43-0.81) 0.47 (0.33-0.69) 0.16 (0.06-0.43) 0.62 (0.19-1.97) 1.31 (0.46-3.74) 1.50 (0.30-7.48) 
Quitters 0.52 (0.44-0.61) 0.50 (0.40-0.63) 0.57 (0.45-0.73) 0.32 (0.20-0.51) 0.73 (0.33-1.61) 0.69 (0.27-1.75) 2.05 (0.70-6.00) 
Persistent cigarette smokers 1 1 1 1 1 1 1 

Unstructured  0.48 (0.37-0.63) 0.50 (0.34-0.74) 0.51 (0.34-0.76) 0.17 (0.05-0.55) 0.48 (0.11-2.16) 1.15 (0.25-5.23) 1.04 (0.26-4.21) 
        
Interaction of lifetime smoking  
habits with sex Effect in females b Never smoker 0.54 (0.43-0.68) 0.48 (0.34-0.68) 0.57 (0.39-0.81) NA 0.66 (0.21-2.12)   
Persistent ex-smoker 0.63 (0.39-1.01) 0.77 (0.41-1.45) 0.40 (0.16-1.02) NA 0.79 (0.09-7.15)   
Quitters 0.46 (0.33-0.65) 0.45 (0.27-0.74) 0.60 (0.36-0.99) NA 0.51 (0.09-2.79)   

Persistent cigarette smokers 1 1 1 NA 1   

Unstructured  0.45 (0.30-0.68) 0.41 (0.23-0.76) 0.59 (0.33-1.05) NA 0.38 (0.04-3.42)   
        
Effect in males c        
Never smoker 0.43 (0.30-0.63) 0.41 (0.23-0.74) 0.30 (0.15-0.59) NA 1.10 (0.24-5.01)   
Persistent ex-smoker 0.51 (0.40-0.66) 0.54 (0.37-0.78) 0.49 (0.33-0.74) NA 0.57 (0.15-2.20)   

Quitters 0.53 (0.45-0.64) 0.52 (0.40-0.67) 0.57 (0.44-0.75) NA 0.80 (0.33-1.95)   
Persistent cigarette smokers 1 1 1 NA 1   

Unstructured  0.52 (0.36-0.75) 0.59 (0.35-0.98) 0.46 (0.26-0.83)  0.55 (0.07-4.25)   
        
Interaction  
smoking habits with sex 

  

Never smoker 0.80 (0.51-1.25) 0.85 (0.43-1.68) 0.53 (0.25-1.15) NA 

NA 

1.66 (0.24-11.40)   
Persistent ex-smoker 0.81 (0.47-1.40) 0.70 (0.34-1.45) 1.22 (0.45-3.33) NA 0.72 (0.06-9.34)   

Quitters 1.15 (0.79-1.69) 1.16 (0.66-2.03) 0.95 (0.54-1.67) NA 1.58 (0.23-10.69)   
Persistent cigarette smokers 1 1 1 NA 1   

Unstructured  1.15 (0.67-1.99) 1.42 (0.64-3.15) 0.79 (0.35-1.80) NA 1.44 (0.07-29.04)   
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Supplementary table 8 Competing risk analysis on the association between lifetime smoking habits and CVD, cancer, and other mortality. 
 

 
 
 

 
 
 

Lifetime smoking 

habits   

Cancer mortality 

HR (95% CI) 

CVD mortality 

HR (95% CI) 

Other mortality 

HR (95% CI) 

Difference CVD mortality 
vs Cancer mortality 

HR (95% CI) 

Difference Other mortality vs 
Cancer mortality 

HR (95% CI) 

 

Difference Other mortality  
vs CVD mortality 

HR (95% CI) 

 All subjects       

Never smoker 1 1 1 1 1  

Ex-smoker 0.97 (0.65-1.46) 1.20 (0.84-1.71) 0.77 (0.43-1.37) 1.23 (0.73-2.08) 0.79 (0.40-1.59) 0.64 (0.33-1.25) 

Quitters 1.15 (0.86-1.54) 1.03 (0.78-1.37) 0.71 (0.47-1.09) 0.90 (0.61-1.32) 0.62 (0.38-1.02) 0.69 (0.42-1.13) 

Persistent 2.12 (1.64-2.74) 1.99 (1.56-2.54) 1.46 (1.04-2.09) 0.94 (0.68-1.31) 0.70 (0.46-1.05) 0.74 (0.49-1.11) 

Unstructured 1.09 (0.71-1.67) 1.01 (0.67-1.52) 0.48 (0.22-1.06) 0.93 (0.52-1.68) 0.44 (0.18-1.08) 0.48 (0.20-1.15) 

       
Females       

Never-smoker 1 1 1 1 1 1 

Ex-smoker 0.75 (0.30-1.85) 1.55 (0.85-2.82) 1.12 (0.40-3.10) 2.06 (0.70-6.08) 1.48 (0.38-5.80) 0.72 (0.22-2.36) 

Quitters 1.10 (0.69-1.74) 0.93 (0.59-1.48) 0.55 (0.23-1.29) 0.85 (0.44-1.63) 0.50 (0.19-1.32) 0.59 (0.22-1.55) 

Persistent 1.97 (1.37-2.84) 1.94 (1.37-2.74) 1.67 (0.99-2.82) 0.98 (0.60-1.60) 0.84 (0.45-1.58) 0.86 (0.47-1.59) 

Unstructured 1.11 (0.64-1.91) 0.83 (0.47-1.49) 0.28 (0.07-1.17) 0.75 (0.34-1.67) 0.26 (0.06-1.17) 0.34 (0.07-1.57) 

       
Males       

Never smoker 1 1 1 1 1 1 

Ex-smoker 1.48 (0.69-3.15) 1.36 (0.70-2.64) 0.49 (0.21-1.15) 0.92 (0.34-2.50) 0.34 (0.11-1.03) 0.36 (0.13-1.06) 

Quitters 1.68 (0.84-3.36) 1.32 (0.72-2.43) 0.55 (0.27-1.09) 0.79 (0.31-1.97) 0.32 (0.12-0.86) 0.41 (0.17-1.04) 

Persistent 3.13 (1.60-6.12) 2.50 (1.39-4.49) 1.03 (0.54-1.95) 0.80 (0.33-1.95) 0.33 (0.13-0.83) 0.41 (0.17-0.98) 

Unstructured 1.48 (0.62-3.51) 1.46 (0.69-3.09) 0.51 (0.18-1.48) 0.99 (0.31-3.10) 0.35 (0.09-1.37) 0.35 (0.10-1.29) 
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Abstract 

 

Background: Body Mass Index (BMI) is known to be associated with cancer 

mortality, but little is known about the link between lifetime changes in BMI and 

cancer mortality in both males and females.  

Methods: We studied the association of BMI measurements (at baseline, highest and 

lowest BMI during the study-period) and lifetime changes in BMI (calculated over 

different time periods (i.e. short time period: annual change in BMI between 

successive surveys, long time period: annual change in BMI over the entire study 

period) with mortality from any cancer, and lung, colorectal, prostate and breast 

cancer in a large cohort study (n=8,645. Vlagtwedde-Vlaardingen, 1965-1990) with  

a follow-up on mortality status on December 31st 2008. We used multivariate Cox 

regression models with adjustments for age, smoking, sex, and place of residence. 

Results: Being overweight at baseline was associated with a higher risk of prostate 

cancer mortality (hazard ratio (HR) =2.22; 95% CI 1.19-4.17). Obesity at baseline was 

associated with a higher risk of any cancer mortality [all subjects (1.23 (1.01-1.50)), 

and females (1.40 (1.07-1.84))]. Chronically obese females (females who were obese 

during the entire study-period) had a higher risk of mortality from any cancer (2.16 

(1.47-3.18), lung (3.22 (1.06-9.76)), colorectal (4.32 (1.53-12.20)), and breast cancer (2.52 

(1.15-5.54)). We found no significant association between long-term annual change in 

BMI and cancer mortality risk. Both short-term annual increase and decrease in BMI 

were associated with a lower mortality risk from any cancer [all subjects: (0.67 (0.47-

0.94)) and (0.73 (0.55-0.97)), respectively].  

Conclusions: A higher BMI is associated with a higher cancer mortality risk. This 

study is the first to show that short-term annual changes in BMI were associated with 

lower mortality from any type of cancer.  



 

55 

 

Introduction 

 

Overweight and obesity are major public health problems in both developed and 

developing countries (1). In the Netherlands, overweight and obesity rates have 

reached epidemic proportions, although they are still lower than in countries like the 

United States and UK. Obesity among Dutch adults increased from about 5% in the 

early 1980s to nearly 12% in 2011, while 41% was classified as overweight (2). Several 

studies investigating the association between BMI and cancer suggest that a higher 

BMI can increase cancer incidence (3-5). For example, in the United States, the 

proportion of all cancer deaths that can be attributed to overweight or obesity in 

adults older than 50 years was found to be 14% in males and 20% in females (6). 

Moreover, maintaining a healthy weight has been proposed in cancer prevention 

strategies (3), suggesting a possible role of changes in BMI as well as baseline BMI 

regarding cancer risk. 

The mechanisms underlying a possible link between BMI and cancer are still poorly 

understood (4). However, insulin-like growth factor (IGF-1), sex-related hormones 

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

explain this association (4,7). Besides this poorly understood biological relationship 

between BMI levels and cancer, the effect of lifetime changes in BMI on cancer 

mortality risk has scarcely been studied. 

The majority of previous studies were based on BMI measurements at only one time-

point (8). Moreover, the effect of BMI changes has been investigated mainly in 

relation to cancer incidence or all-cause mortality (9,10). 

Another unanswered question is whether the associations between BMI and lifetime 

changes in BMI and cancer mortality risk differ between males and females, and 

evidence shows inconsistent results. For instance, one study showed a significant 

association between BMI and an increased risk of colorectal cancer in both males and 

females (11), while another study showed an increased risk only in males and not in 

females (12). Although differences between sexes were suggested to be due to 

differences in fat distribution and a different hormonal system in males and females 

http://www.cbs.nl/en-GB/menu/methoden/toelichtingen/alfabet/u/underweight-normal-weight-and-overweight.htm
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(6), the exact role of sex in the association between BMI and lifetime changes in BMI 

and cancer mortality risk is unknown. 

Therefore we examined the association between BMI measurements (at baseline, 

highest and lowest during the study-period) and lifetime changes in BMI (calculated 

over different time periods (i.e. short time period: annual change in BMI between 

successive surveys, long time period: annual change in BMI over the entire study 

period) and cancer mortality risk in a large population-based cohort study. 

Additionally, we assessed whether the association between BMI and changes in BMI 

and cancer mortality risk is different for males and females. In our study, we 

investigated mortality from any type of cancer and from four common types of 

cancer (lung cancer, colorectal cancer, prostate cancer and breast cancer) in two 

Dutch communities (Vlagtwedde-Vlaardingen) (13-14). The Vlagtwedde-Vlaardingen 

cohort, with a follow-up of over 40 years, offers a unique possibility to investigate the 

association between BMI and lifetime changes in BMI and subsequent cancer 

mortality, adjusting for potential confounders.  

 

Methods  

 

Ethics statement 

The Committee on Human Subjects in Research of the University Medical Center 

Groningen and University of Groningen reviewed this study and affirmed the safety 

of the protocol and study design and all participants gave their written informed 

consent. 

 

Study population 

We examined the association between BMI and mortality from cancer using the 

Vlagtwedde-Vlaardingen cohort study. The Vlagtwedde-Vlaardingen cohort study 

has been described in detail previously (13,14). In brief, the study was set up as  

a general population-based cohort study on the epidemiology of pulmonary diseases 

in exclusively Caucasian individuals of Dutch descent. The study started in 1965, and 

participants had medical examinations every three years until the final survey in 
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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 ranged from one to eight (median number of surveys per subject: 

two). The final surveys were held in 1989 in Vlagtwedde and in 1990 in Vlaardingen. 

We updated the vital status of all participants in the Vlagtwedde-Vlaardingen study 

on December 31st, 2008, and evaluated mortality outcomes as follows: 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. Analyses on cause-specific mortality were performed at Statistics 

Netherlands (The Hague, the Netherlands).  

 

Medical characteristics 

We collected data on age, sex, smoking habits, and place of residence using the Dutch 

version of the British Medical Research Council questionnaire (13). 

 

Body mass index (BMI) 

We included only BMI measurements taken after the age of 20, thus assuming that 

subjects had reached their adult height by this age. The subject-specific mean heights 

of all surveys after age 20 were calculated. BMI was calculated as weight in kilograms 

divided by the square of the mean height in metres (kg/m2).  

 

Baseline BMI, highest BMI and lowest BMI during the study-period  

In the analyses of BMI level, we used three BMI measurements: the BMI at baseline 

(i.e. the BMI at first available survey), the highest BMI during the study-period, and 

the lowest BMI during the study-period (Supplementary Figure 1). We placed the 

BMI measurements into three categories: 1) BMI < 25 kg/m2 (normal+ underweight, 

as reference); 2) BMI 25-30 kg/m2 (overweight), and 3) BMI > 30 kg/m2 (obese). 

Lowest and highest BMI during the study period were only determined in the 

subjects with at least two BMI measurements. 
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The subjects with a lowest BMI during the study-period higher than 30 kg/m2 were 

considered as chronic obese subjects. The subjects with a highest BMI during the 

study-period higher than 30 kg/m2 were considered as subjects who were obese at 

least once during the study-period. 

 

Lifetime changes in BMI 

 

Long term annual change in BMI 

We calculated the long-term annual change in BMI over the entire study period as 

the difference between BMI at last survey and BMI at baseline divided by the time 

interval (year of the last survey minus year of the baseline) (Supplementary Figure 1). 

Long-term annual change in BMI could only be calculated if subjects participated in 

at least two surveys. We were interested in comparing those subjects who had  

a decrease in their BMI, those who kept the same BMI and those who had a moderate 

and high increase in BMI. Therefore, we used four categories of long-term annual 

change in BMI: 1) Decrease < -0.02 kg/m2/year; 2) No change (reference) -0.02-0.02 

kg/m2/year 3) Moderate increase 0.02-0.4 kg/m2/year, and 4) High increase > 0.4 

kg/m2/year.  

       

Short-term annual change in BMI 

To define short-term annual change in BMI we calculated the annual changes in BMI 

between two successive surveys (supplementary figure 1). So, if a subject had 

performed 8 surveys, we calculated 7 annual changes in BMI. For each subject, the 

highest short-term BMI increase was defined as the highest annual increase in BMI 

between two successive surveys and the highest short-term BMI decrease was 

defined as the highest annual decrease in BMI between two successive surveys. Thus, 

for each subject only one short-term increase or decrease in BMI was calculated. 

Short-term annual changes in BMI were calculated only if subjects participated in at 

least three surveys. We included only subjects with at least three surveys, since if we 

included subjects with only two surveys, then the highest short-term increase would 

be the same as the highest short-term decrease. Moreover, the long-term change in 
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BMI would then be equal to the short-term change for the subjects with only two 

surveys. The three surveys were successive but if a subject missed a survey in 

between the short-term change was calculated over a longer time period. We 

eliminated possible problems of categorization based on percentiles (15) by 

categorizing the subjects into no increase/decrease in BMI, a moderate 

increase/decrease in BMI and a high increase/decrease in BMI based on pre-defined 

cut-points. 

The short-term annual increase in BMI was divided into three categories: 1) No 

increase (reference) < 0.10 kg/m2/year; 2) Moderate increase 0.10 - 0.50 kg/m2/year; 

3) High increase > 0.50 kg/m2/year. The short-term annual decrease in BMI was also 

divided into three categories: 1) No decrease (reference) > −0.10 kg/m2/year; 2) 

Moderate decrease −0.10 - −0.50 kg/m2/year; 3) High decrease < −0.50 kg/m2/year. 

Among all 8,465 subjects, 7,187 (84.9%) subjects had data available on baseline BMI 

measurements (taken after the age of 20) and on all included covariates. For 4,663 

(55.1%) subjects a full dataset on highest and lowest BMI and on long-term annual 

change in BMI could be obtained. A full dataset on short-term annual changes in BMI 

was obtained for 3,864 (45.6%) subjects (supplementary tables 1-4). 

 

Cancer mortality 

Cancer mortality was classified according to the International Classification of 

Diseases (ICD) coding system. This classification was as follows: Any cancer (ICD 7: 

140-239 and 294; ICD 8: 140-239; ICD 9: 140-239 and 288; ICD10: C00-C97, D00-D48), 

lung cancer (cancer of trachea, bronchus and lung) (ICD 7: 162, 163; ICD 8: 162, 163;  

ICD 9: 162, 163, 165; ICD10: C33, C34, C38, C39), cancer of colon and rectum (further 

referred to as colorectal cancer) (ICD 7: 153, 154; ICD 8: 153, 154; ICD 9: 153, 154; ICD 

10 C18-C21), prostate cancer (ICD 7: 177; ICD 8: 185; ICD 9: 185  and ICD 10: C61), 

breast cancer (ICD 7: 170; ICD 8: 174; ICD 9:174, 175 and ICD10: C50).    

 

Statistical analyses 

First, descriptive analyses of the subject characteristics and the mortality statistics 

were performed. Independent sample t-test and Chi-square test were used to 



 

60 

 

determine significant differences between groups for continuous and categorical 

variables, respectively. Second, hazard ratios (HRs) associated with BMI level and 

changes in BMI for mortality from any cancer and any of the four common types of 

cancer were estimated using multivariate Cox regression. The Cox regression model 

was adjusted for age and smoking habits at baseline, sex, and place of residence. By 

performing stratified analyses, we estimated the BMI-associated risks for mortality 

from any cancer, lung cancer, and colorectal cancer for males and females separately 

and we tested for interactions. Subjects who died due to other causes were censored 

at their age of death. In the Cox regression, censoring took place when the subjects 

were still alive, were lost to follow-up, or died of causes other than cancer under 

study. Subjects for which the cause of dead was unknown were excluded from the 

analyses. The time variable in the Cox regression analysis was follow-up time since 

baseline. Log-minus-log plots were used to check if the proportional hazards 

assumption holds. P values less than 0.05 were considered significant.  
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Results 

 

Characteristics 

Among all 8,465 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 (Table 1). 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.  

The characteristics of subjects who died due to specific types of cancer are shown in 

supplementary table 5. The mean age at baseline of the subjects who died due to 

cancer was 45.9 (standard deviation (sd) = 11.1) years, and 58% were males. Subjects 

who died due to cancer were more often ever smokers (66.8%) compared to subjects 

who were alive or died due to causes other than cancer. Subjects who died due to 

cancer had significantly higher BMI levels at baseline compared to subjects who were 

alive, but had lower BMI levels compared to subjects who died due to causes other 

than cancer (table 1).  

The median (range) time interval between the BMI measurements used to calculate 

the long-term annual BMI change was 16 years (3-25) and 3,303 subjects had 

observations more than 10 years apart. 

 

Baseline BMI, highest BMI and lowest BMI during the study-period 

Associations between baseline BMI and cancer mortality are shown in table 2. Being 

overweight was associated with a higher risk of mortality from prostate cancer 

[males: (2.22 (1.19-4.17), but a decreased risk of mortality from lung cancer [all 

subjects: (0.69 (0.53-0.91), and males: (0.69 (0.51-0.92)]. Obesity at baseline was 

associated with a higher risk of mortality from any type of cancer [all subjects: (HR) 

(95% CI) = 1.23 (1.01-1.50)), and females: (1.40 (1.07-1.84))] and prostate cancer [males 

(3.33 (1.31-8.46)] (table 2, supplementary tables 1 and 6, figure 1).  No significant 
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interactions were observed between baseline BMI and sex on risk of cancer mortality 

(supplementary table 6). 

Females who were overweight or obese at least once during the study-period were 

more likely to die from any type of cancer (overweight females: 1.59 (1.06-2.38)) and 

obese females: (1.87 (1.21-2.89)) (supplementary tables 2 and 7, upper panel). Being 

overweight at least once during the study-period was associated with a decreased 

risk of mortality from colorectal cancer among males (0.40 (0.18-0.93)) 

(supplementary tables 2 and 7). Being overweight at least once during the study-

period significantly interacted with sex on risk of mortality due to any cancer ((HR) 

(95% CI) = 0.58 (0.36-0.93), p-value: 0.023 and colorectal cancer ((HR) (95% CI) = 0.09 

(0.01-0.77), p-value: 0.028). This indicates that the association between being 

overweight at least once during the study-period and any cancer or colorectal cancer 

mortality is significantly different between males and females; the effect was more 

pronounced in females (supplementary table 7). Chronic obesity was associated with 

a higher risk of mortality from any type of cancer among all subjects (1.84 (1.35-2.49)) 

(table 3, lower panel, figure 2).  

Chronically obese females, obese during the entire follow up, had a higher risk of 

mortality from any cancer (2.16 (1.47-3.18)), from lung cancer (3.22 (1.06-9.76); 

p=0.04), colorectal cancer (4.32 (1.53-12.20)), and breast cancer (2.52 (1.15-5.54))  

(table 3, supplementary tables 2 and 7, lower panel, figure 2). We found no significant 

association between chronic obesity and risk of mortality from any type of cancer 

among males. No significant interactions were observed between chronic obesity and 

sex on risk of cancer mortality (supplementary table 7). In addition, sensitivity 

analyses, excluding the underweight subjects or the ever smokers showed 

comparable results (results not shown). 

 

Lifetime changes in BMI 

 

Long-term annual change in BMI 

There were no significant associations between long-term annual change in BMI and 

cancer mortality risk (supplementary tables 3 and 8). No significant interactions were 
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observed between long-term annual change in BMI and sex on risk of cancer 

mortality (supplementary table 9). 

 

Short-term annual changes in BMI 

We observed several significant associations between short-term annual changes in 

BMI and cancer mortality risk. A moderate short-term annual increase in BMI (an 

increase in BMI of 0.10-0.50 kg/m2/year) was associated with a decreased risk of 

mortality from any cancer (0.67 (0.48-0.93)) and breast cancer (0.38 (0.15-0.97)). A high 

short-term annual increase in BMI (an increase in BMI of > 0.50 kg/m2/year) was 

associated with a decreased risk of mortality from any cancer among all subjects (0.67 

(0.47-0.94)) (table 4, upper panel, supplementary table 4, figure 3). A moderate short-

term annual decrease in BMI was associated with a decreased risk of mortality from 

any cancer among all subjects (0.75 (0.58-0.97)). Additionally, a moderate short-term 

annual decrease in BMI was associated with a decreased risk of mortality from lung 

cancer (0.32 (0.11-0.94)), and breast cancer among females (0.43 (0.19-0.98)) (table 4, 

supplementary table 10). A high short-term annual decrease in BMI was associated 

with a decreased risk of mortality from any cancer (0.73 (0.55-0.97)), (table 4, lower 

panel, supplementary table 3, figure 3). No significant interactions were observed 

between short-term annual changes in BMI and sex on risk of cancer mortality 

(supplementary table 10). 

Sensitivity analyses, excluding the ever smokers showed comparable results (results 

not shown). Furthermore, additional adjustment for baseline BMI did not change the 

results (results not shown). 
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Discussion 

 

This is the first large cohort study in a general population investigating the 

association of BMI levels and long-term and short-term annual changes in BMI with 

any cancer mortality and four common types of cancer mortality. We showed that 

higher BMI was associated with a higher mortality from any type of cancer. Chronic 

obesity was associated with higher mortality from any type of cancer among females. 

We found no significant association between annual change in BMI and cancer 

mortality. We observed that a moderate to high annual short-term increase in BMI as 

well as a moderate to high annual short-term decrease in BMI was associated with 

lower mortality from any type of cancer.  

Obesity was associated with an increased risk of mortality from any cancer and 

prostate cancer in our study. Overweight was also associated with a decreased risk of 

prostate cancer mortality. So far, studies on the association between BMI and prostate 

cancer have shown modest positive associations with prostate cancer incidence (7,16] 

and stronger positive associations with prostate cancer mortality (17,18). Potential 

biological mechanisms underlying the association between BMI and prostate cancer 

could act through insulin, IGF-I, and testosterone (17,19). For example, obesity is 

associated with increased levels of insulin and free IGF-I, which changes the cellular 

environment favoring (prostate) cancer development (7,20). Increased BMI is 

associated with decreased free testosterone levels in males (21). Although a lower 

level of testosterone does not seem to be associated with an increased risk of prostate 

cancer (22), it does appear to be associated with more severe disease with a worse 

prognosis (23).  

We found a lower risk of mortality from lung cancer among overweight subjects, 

especially males. Several other studies consistently found this inverse association and 

suggested that this association is independent of smoking and weight loss because of 

preclinical disease (24-27). To test this suggestion we performed sensitivity analyses 

excluding the subjects who were ever smokers or died within 5 years of the baseline 

visit. These analyses gave similar results as the main analysis (results not shown) and 

thus confirmed that the observed associations are independent of smoking or weight 
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loss because of preclinical disease. The biological mechanism explaining this inverse 

association is not yet clear (23,25). Among smokers, a possible explanation for this 

inverse association between BMI and lung cancer is that leaner smokers have higher 

concentrations of blood cotinine (25) (a metabolite of nicotine indicating tobacco 

smoke exposure), which may induce tumour promotion (28). 

Another interesting finding was that the association between chronic obesity and 

cancer mortality was only present in females and not in males. This sex difference 

may be related to differences in fat distribution between males and females. Males 

with increased BMI tend to have central adiposity, whereas females tend to have 

general overweight (26). This may affect cancer risk differently. In addition, a high 

BMI is associated with higher levels of endogenous sex hormones, but there are some 

differences in these associations between males and females. For example, in severely 

obese males testosterone levels decrease due to a strong reduction in gonadotropic 

stimulation of testicular testosterone synthesis (4), whereas in obese females 

testosterone levels increase (4). Further research into these sex-specific associations 

between BMI and sex hormones and cancer risk may shed more light on this.  

Another explanation for the sex difference in the association between chronic obesity 

and cancer mortality may be that increased BMI is associated very strongly with 

mortality from other chronic diseases such as cardiovascular disease, especially in 

males (25). It is possible that more males than females have already died from 

cardiovascular disease before they could develop cancer. This would decrease the HR 

for chronic obesity on cancer mortality only in males. A competing risk analysis (29) 

indeed showed that chronic obesity was associated with a higher risk for cancer 

mortality in females and with a higher risk for cardiovascular mortality in males (see 

Supplementary Table 11). 

We found no significant association between long-term annual change in BMI and 

cancer mortality. However, the study power is compromised in our study, because of 

low number of subjects in which the long-term annual change in BMI could be 

obtained, especially when specific types of cancer mortality and gender were 

considered. Surprisingly, we observed that a moderate to high short-term annual 

increase in BMI and a moderate to high short-term annual decrease in BMI are both 
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associated with a decreased risk of mortality from any type of cancer among all 

subjects, and from breast cancer among females. In line with this, Michels et al found 

that both weight loss and weight gain are associated with decreased breast cancer 

incidence among premenopausal women. However, these associations were not 

statistically significant (30). Some other studies suggested that the association 

between BMI and an increased risk of breast cancer might be limited to pre-

menopausal hormone receptor-negative breast cancer (31-32). This suggests that the 

association between BMI and cancer varies by cancer subtype, which warrants future 

studies. 

Since higher BMI is associated with increased cancer risk, the finding that short-term 

decreases are associated with a decreased cancer risk is not surprising. Tee et al. in a 

recent systematic review and meta-analysis reported that weight loss with surgical 

intervention, is associated with decreased risk of cancer only among females (33). The 

fact that a sudden increase in weight is also associated with a decreased risk of cancer 

mortality might be explained by the fact that the cause of the specific weight gain 

might be a protective factor for cancer, not the weight gain itself.  

In our study, for females, this short-term weight gain may be due to pregnancy, 

which is a protective factor for breast cancer (34). In smokers, short-term weight gain 

may be due to quitting smoking (35), which also decreases the risk of cancer.  

The strengths of our study include the large number of subjects (n=8,645) sampled 

from the general population, with a long follow-up and high follow-up rate: 98.5% of 

the included subjects could be traced back (36). This enabled us to investigate lifetime 

changes in BMI, as well as chronic obesity as risk factors for cancer mortality. 

Moreover, we did not use self-reported weight and height, but weight and height 

measured in a standardized way during all surveys, thereby eliminating 

measurement bias in the BMI data, and misclassification of subjects into incorrect 

BMI category, which occurs when you ask people for their weight instead of 

measuring it (37).  

Another strength of the study is that we studied the association between BMI and 

cancer mortality in four common types of cancer (lung cancer, colorectal cancer, 

prostate cancer and breast cancer), while previous studies investigated only one type 
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of cancer or rare cancers (e.g. gastric cancer and gallbladder cancer). Finally, our 

results include sex-specific estimates, which were assessed in two geographical 

regions (Vlagtwedde and Vlaardingen). Finally, BMI measurements and changes in 

BMI were determined prior to cancer diagnosis, thus in apparently healthy subjects.  

The lack of information on alcohol consumption, and physical activity may be 

considered a limitation in our study. Evidence shows that alcohol consumption may 

modify the effect of other exposures including BMI on risk of cancer (38). Physical 

activity may be causally related to BMI, and thus plays an important role in the 

etiology of different types of cancer. Moreover, it acts through multiple biological 

mechanisms that influence the cancer development (39). Therefore, further studies 

considering different confounders are needed to clarify the association between BMI, 

and changes in BMI and risk of cancer mortality.  

Clearly, our study is highly relevant and timely given the rapidly spreading global 

obesity epidemic. In addition, our results underscore the importance of strategies to 

prevent and reduce overweight and obesity. 
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Figure 1 Hazard ratio of different BMI categories at baseline (Normal (reference category), overweight, 

and obese) for any and specific types of cancer mortality.  
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Figure 2 Hazard ratio of lowest BMI during follow-up for any and specific types of cancer mortality, 
relative to normal BMI. 
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Figure 3 Hazard ratio of short-term annual changes in BMI (moderate to high increase or decrease) 
for any and specific types of cancer mortality, relative to no change in BMI.  

 
 
 

 
 
 

Highest increase in BMI: No increase= < 0.10 kg/m2/yr, Moderate increase= 0.10-0.50 kg/m2/yr,  High increase= > 0.50 
kg/m2/yr. Highest decrease in BMI: No decrease= > -0.10 kg/m2/yr, Moderate decrease= -0.10- -0.50 kg/m2/yr, High 

decrease= < -0.50 kg/m2/yr. Statistically significant results are shown in bold. 
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Table 1 Characteristics at baseline according to vital status on December 31st 2008  in the general population of Vlagtwedde-Vlaardingen, during 40 
years of follow-up (n=8645).  
 
 

Characteristics  Alive 
(A)(n=4505) 

Died due to cancer 
(DC) (n=1194) 

Died but not due to 
cancer (DNC) (n=2473) 

Died due to external 
causes (n=158) 

Lost to follow-
up (n=122) 

p-value 
DC vs. A 

p-value DC 
vs.DNC 

All subjects (%) 53.2 14.1 29.2 1.9 1.5   

Men (%) 48.8 58.3 54.8 63.9 57.4 <0.01 0.04 

Age in years, mean (sd) 30.2 (10.2) 45.9 (11.1) 50.1 (9.6) 43.6 (13.7) 33.2 (13.3) <0.01 <0.01 

Smoking (%)        

    Never smokers 38.0 33.2 39.8 35.9 38.8 <0.01 <0.01 

    Ever smokers 62.0 66.8 60.2 64.1 61.2   

BMI levels (%)        

    Normal 60.9 39.4 32.4 50.8 64.7 <0.01 <0.01 

    Overweight 31.8 44.7 49.5 37.9 29.3   

    Obese 7.3 15.9 18.0 11.3 6.0   

BMI at baseline, kg/m2      24.8 (3.5) 26.3 (3.8) 26.9 (4.0) 25.4 (3.6) 23.7 (3.4) <0.01 <0.01 

Highest BMI during the study-
period 

26.4 (3.9) 27.9 (4.0) 28.0 (4.2) 26.8 (4.2) 25.3 (3.5) <0.01 0.90 

Lowest BMI during the study-
period  

24.1 (3.2) 25.2 (3.6) 25.1 (3.6) 24.1 (3.3) 24.3 (3.2) <0.01 0.84 

Long term annual changes in 
BMI, kg/m2/yr  

0.1 (0.2) 0.1 (0.2) 0.0 (0.3) 0.1 (0.3) 0.2 (0.4) <0.01 0.01 

Shor-term annual changes in BMI, 
kg/m2/yr  

       

    Highest increase 0.5 (0.4) 0.4 (0.4) 0.4 (0.5) 0.3 (0.4) 0.4 (0.5) <0.01 0.17 

    Highest decrease -0.3 (0.5) -0.3 (0.4) -0.4 (0.5) -0.3 (0.5) -0.1 (0.6) 0.60 <0.01 

 
All subjects: n=8452, in 13 subjects the cause of death could not be determined. BMI levels: Normal= BMI <25 kg/m2, Overweight= BMI 25-30 kg/m2. Obese= BMI > 30 kg/m2.  Long-term 
annual change in BMI: The difference between BMI at last survey and baseline divided by the time interval (year of the last survey minus year of the baseline). Short-term annual changes in 
BMI: Highest increase=Highest annual increase in BMI between two successive surveys, Highest decrease=Highest annual decrease in BMI between two successive surveys. P-value 
calculated by Chi- square or t-test.  Data on BMI levels and changes in BMI are shown as mean (sd). 
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Table 2 Number of subjects and hazard ratio (with 95% confidence interval) of BMI at baseline for mortality from any cancer, lung cancer, colorectal cancer, 

among all 7187 subjects, prostate cancer, among 3718 males and breast cancer among 3469 females in Cox regression with adjustment for age, smoking habits, 

and place of residence. 

 

Normal= BMI <25 kg/m2, overweight= BMI 25-30 kg/m2, obese= BMI > 30 kg/m2. Statistically significant results are shown in bold.  

  

BMI level at 
baseline 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer           

 Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) 

All subjects           

Normal 
387/3082 

1 
114/3355 

1 
40/3429 

1 
13/1817 

1 
35/1604 

1 

Overweight 
446/2431 

0.90 (0.78-1.04) 
99/2778 

0.69 (0.53-0.91) 
51/2826 

0.86 (0.56-1.31) 
41/1604 

2.22 (1.19-4.17) 
39/1193 

0.90 (0.61-1.60) 

Obese 
158/683 

1.23 (1.01-1.50) 
19/822 

0.78 (0.47-1.28) 
22/ 819 

1.28 (0.73-2.25) 
7/236 

3.33 (1.31-8.46) 
29/569 

1.52 (0.88-2.63) 
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Table 3 Number of subjects and hazard ratio (with 95% confidence interval) of highest and lowest BMI during the study-period for mortality from any 

cancer, lung cancer , colorectal cancer among all 4663 subjects, prostate cancer among 2448  males and breast cancer among 2215 females in Cox regression 

with adjustment for age, smoking habits, and place of residence. 

 

 
BMI levels: Normal= BMI <25 kg/m2, overweight= BMI 25-30 kg/m2, obese= BMI > 30 kg/m2. Statistically significant results are shown in bold.  

Highest BMI 
level 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

 Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) 

All subjects           

Normal  116 /1210 1 35 /1291 1 11 /1315 1 2 /645 1 11 /668 1 

Overweight  308/2083 0.99 (0.79-1.23) 77/2314 0.77 (0.51-1.15) 27 /2364 0.79 (0.39-1.62) 24/1399 3.56 (0.84-15.14) 22/946 1.14 (0.53-2.43) 

Obese  137/809 1.27 (0.99-1.65) 23 /923 0.80 (0.47-1.37) 18 /928 1.45 (0.66-3.18) 6/372 3.89 (0.77-19.60) 18/550 1.55 (0.69-3.49) 

Lowest BMI 
level 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

All subjects           

Normal  298 /2633 1 80/2851 1 25 /2906 1 15 /1550 1 22 /1344 1 

Overweight  210 /1276 0.96 (0.81-1.15) 46/1440 0.81 (0.56-1.17) 24 /1462 1.12 (0.64-1.99) 15/804 1.24 (0.60-2.56) 19 /648 1.24 (0.65-2.36) 

Obese  53 /193 1.84 (1.35-2.49) 9 /237 1.78 (0.88-3.61) 7 /239 2.24 (0.93-5.39) 2 /62 3.18 (0.72-14.08) 10 /172 2.52 (1.15-5.54) 
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Table 4 Number of subjects and hazard ratio (with 95% confidence interval) of short-term annual changes in BMI (highest increase and highest decrease in BMI 
between two subsequent observations) for mortality from all cancer, lung cancer, colorectal cancer among all 3864 subjects. Prostate cancer among 2050 males 
and breast cancer among 1814 females in Cox regression with adjustment for age, smoking habits, and place of residence. 
  

 
Highest increase in BMI: No increase= < 0.10 kg/m2/yr, moderate increase= 0.10-0.50 kg/m2/yr,  high increase= > 0.50 kg/m2/yr. Highest decrease in BMI: No decrease= > -0.10 kg/m2/yr, 
moderate decrease= -0.10- -0.50 kg/m2/yr, high decrease= < -0.50 kg/m2/yr. Statistically significant results are shown in bold 

Highest short-term 
annual increase in 
BMI, n (%) 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer  

 Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) 

All subjects           

No increase 40 /156 1 8 /188 1 4 /192 1 4 /87 1 6 /99 1 

Moderate increase 237 /1605 0.67 (0.48-0.93) 68 /1774 0.87 (0.42-1.81) 23 /1819 0.68 (0.24-1.99) 14 /1017 0.33 (0.11-1.00) 16/795 0.38 (0.15-0.97) 

High increase 198 /1628 0.67 (0.47-0.94) 40 /1786 0.60 (0.28-1.30) 18 /1808 0.72 (0.24-2.17) 11/917 0.36 (0.11-1.14) 18 /880 0.43 (0.17-1.12) 

Highest short-term 
annual decrease in 
BMI, n (%) 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer   

 Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) Nevents/censored HR (95% CI) 

All subjects           

No decrease 76/619 1 20/675 1 4 /691 1 4 /409 1 9 /273 1 

Moderate decrease 256 /1722 0.75 (0.58-0.97) 64 /1914 0.72 (0.43-1.20) 24/1954 1.07 (0.37-3.13) 19/1093 0.84 (0.28-2.51) 16 /850 0.43 (0.19-0.98) 

High decrease 143 /1048 0.73 (0.55-0.97) 32/1159 0.68 (0.38-1.19) 17/1174 1.33 (0.44-4.01) 6 /519 0.57 (0.16-2.06) 15/651 0.52 (0.23-1.21) 

           



 

 

77 

Supplementary Figure 1 BMI measurements in Vlagtwedde-Vlaardingen study. 
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Supplementary Table 1 Number of subjects and follow-up times (FU) of subjects included in the analyses on the associations between BMI at baseline and 

mortality due to any cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general population of Vlagtwedde-Vlaardingen during 40 

years of follow-up. 

 
  

BMI level at 
baseline 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

           
 median FU (yr) 

events/censored 
N (%) 

events/censored 
median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

All subjects           

Normal 26.3/38.2 387 (39)/3082 (50) 23.9/38.2 114 (49)/3355 (48) 28.1/38.2 40 (35)/3429 (49)     

Overweight 27.1/36.2 446 (45)/2431 (39) 24.9/35.2 99 (43)/2778 (40) 28.5/35.2 51 (45)/2826 (40)     

Obese 25.1/32.4 
158 (16)/683 (11) 

27.5/31.4 19 (8)/822 (12) 27.3/31.3 22 (20)/ 819 (12)     

Females           

Normal 27.1/38.2 135 (33)/1504 (49) 26.2/38.2 19 (48)/1620 (47) 26.7/38.2 15 (27)/1624 (48)   25.4/38.2 35 (34)/1604 (48) 

Overweight 26.9/38.2 161 (39)/1071 (35) 25.6/36.2 14 (35)/1218 (36) 28.5/36.3 21 (38)/1211 (35)   26.9/36.6 39 (38)/1193 (35) 

Obese 26.9/33.6 115 (28)/483 (16) 31.6/32.2 7 (17)/ 591 (17) 29.0/32.2 19 (35)/579 (17)   27.1/32.5 29 (28)/569 (17) 

Males           

Normal 25.5/38.2 252 (43)/1578 (50) 23.3/36.7 95 (50)/1735 (49) 28.3/36.2 25 (43)/1805 (49) 34.5/36.2 13 (21)/1817 (50)   

Overweight 27.3/35.2 285 (49)/1360 (43) 24.9/34.5 85 (44)/1560 (44) 28.1/33.8 30 (52)/1615 (44) 29.0/33.8 41 (67)/1604 (44)   

Obese 21.3/29.0 43 (7)/200 (6) 16.2/27.5 12 (6)/231 (7) 13.9/27.3 3 (5)/240 (7) 24.9/26.9 7 (12)/236 (6)   

 
  Normal= BMI <25 kg/m2, Overweight= BMI 25-30 kg/m2, Obese= BMI > 30 kg/m2. 
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Supplementary Table 2  Number of subjects and follow-up times (FU) of subjects included in the analyses on the associations between highest and lowest BMI level 

during study-period and mortality due to any cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general population of Vlagtwedde-

Vlaardingen during 40 years of follow-up. 

 

Highest BMI 
level, n (%) 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

           
 median FU (yr) 

events/censore
d 

N (%) 
events/censored 

median FU 
(yr) 

events/censore
d 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

All subjects           
Normal 17.7/26.2 116 (21)/1210 (29) 18.6/25.1 35 (26)/1291 (29) 21.3/24.2 11 (20)/1315 (29)     
Overweight 17.0/23.2 308 (55)/2083 (51) 15.1/23.2 77 (57)/2314 (51) 18.8/23.2 27 (48)/2364 (51)     
Obese 15.7/23.2 137 (24)/809 (20) 18.4/21.2 23 (17)/923 (20) 19.9/21.2 18 (32)/928 (20)     
           
Females           
Normal 16.3/26.9 33 (15)/646 (32) 21.0/26.2 7 (28)/672 (31) -/26.2 1 (4)/678 (31)   16.3/26.2 11 (22)/668 (31) 
Overweight 18.5/23.2 108 (50)/860 (43) 12.8/23.2 11 (44)/957 (44) 20.9/23.2 14 (54)/954 (44)   18.8/23.2 22 (43)/946 (44) 
Obese 16.9/23.2 74 (34)/494 (24) 24.2/23.2 7 (28)/561 (26) 23.8/23.2 11 (42)/557 (25)   11.6/23.2 18 (35)/550 (25) 
           
Males           
Normal 17.7/24.2 83 (24)/564 (27) 18.1/24.1 28 (25)/619 (27) 23.3/23.2 10 (33)/637 (26) 17.8/23.2 2 (6)/645 (27)   
Overweight 16.4/23.2 200 (58)/1223 (58) 15.2/23.2 66 (60)/1357 (58) 16.8/23.2 13 (43)/1410 (58) 18.5/23.2 24 (75)/1399 (58)   
Obese 13.7/19.4 63 (18)/315 (15) 10.6/19.2 16 (15)/362 (15) 12.1/19.2 7 (23)/371 (15) 15.5/19.2 6 (19)/372 (15)   
           

Lowest BMI 
level, n (%) 

median FU (yr) 
events/censore

d 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

           
All subjects           
Normal 22.5/35.2 298 (53)/2633 (64) 21.2/33.2 80 (59)/2851 (63) 22.4/33.2 25 (45)/2906 (63)     
Overweight 22.7/32.2 210 (37)/1276 (31) 24.0/32.2 46 (34)/1440 (32) 24.6/32.2 24 (43)/1462 (32)     
Obese 20.8/31.9 53 (9)/193 (5) 30.2/29.8 9 (7)/237 (5) 19.3/30.0 7 (12)/239 (5)     
           
Females           
Normal 22.6/33.2 97 (45)/1269 (64) 21.4/33.2 13 (52)/1353 (62) 18.9/33.2 8 (31)/1358 (62)   21.4/33.2 22 (43)/1344 (62) 
Overweight 19.4/32.2 78 (36)/589 (29) 24.6/32.2 7 (28)/660 (30) 22.1/32.2 11 (42)/656 (30)   15.1/32.2 19 (37)/648 (30) 
Obese 23.6/32.2 40 (19)/142 (7) 30.2/30.5 5 (20)/177 (8) 19.3/31.4 7 (27)/175 (8)   18.9/31.7 10 (20)/172 (8) 
           
Males           
Normal 22.5/35.2 201 (58)/1364 (65) 21.1/34.9 67 (61)/1498 (64) 24.2/33.2 17 (57)/1548 (64) 22.8/33.2 15 (47)/1550 (64)   
Overweight 23.8/32.2 132 (38)/687 (33) 23.4/32.2 39 (35)/780 (33) 28.1/32.2 13 (43)/806 (33) 23.7/32.2 15 (47)/804 (33)   
Obese 12.7/29.2 13 (4)/51 (2) 20.3/28.1 4 (4)/60 (3) -/28.1 0 (0.0)/64 (3) 23.5/28.1 2 (6)/62 (3)   

 
Normal= BMI <25 kg/m2, Overweight= BMI 25-30 kg/m2, Obese= BMI > 30 kg/m2. 
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Supplementary Table 3 Number of subjects and follow-up times (FU) of subjects included in the analyses on the associations between long-term annual change in 

BMI and mortality due to any cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general population of Vlagtwedde-Vlaardingen during 

40 years of follow-up. 

  
Long-term 
change in 
BMI, n (%) 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

           

 median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr)  
events/censored 

N (%) 
events/censored 

All subjects           

Decrease  27.4/38.2 171 (31)/967 (24) 27.1/36.2 37 (27)/1101 (24) 31.2/36.1 18 (32)/1120 (24)     

No change 30.7/39.2 75 (13)/405 (10) 26.5/38.3 23 (17)/457 (10) 29.9/38.2 4 (7)/476 (10)     

Moderate 
increase 

30.0/38.2 293 (52)/2452 (60) 29.4/38.2 69 (51)/2676 (59) 32.1/38.2 34 (61)/2711 (59)     

High increase 27.3/35.6 22 (4)/278 (7) 29.1/35.2 6 (4)/294 (7) -/35.2 0 (0.0)/300 (7)     

Females           

Decrease  26.8/38.2 75 (35)/535 (27) 26.9/38.0 5 (20)/605 (28) 31.7/38.1 11 (42)/599 (27)   22.1/38.2 19 (37)/591 (27) 

No change 32.0/39.2 25 (12)/189 (10) 34.8/39.2 5 (20)/209 (10) 18.7/39.2 2 (8)/212 (10)   15.6/39.2 4 (8)/210 (10) 

Moderate 
increase 

31.0/39.2 104 (48)/1127 (56) 30.6/38.2 12 (48)/1219 (56) 31.7/38.2 13 (50)/1218 (56)   31.7/38.2 25 (49)/1206 (56) 

High increase 23.7/36.2 11 (5)/149 (7) 27.5/36.1 3 (12)/157 (7) -/35.2 0 (0.0)/160 (7)   23.7/36.1 3 (6)/157 (7) 

Males           

Decrease  28.7/36.2 96 (28)/432 (21) 27.7/35.2 32 (29)/496 (21) 30.3/35.2 7 (23)/521 (21) 30.8/35.2 10 (31)/518 (21)   

No change 28.8/38.2 50 (15)/216 (10) 25.8/38.2 18 (16)/248 (11) 34.3/38.2 2 (7)/264 (11) 28.5/38.2 6 (19)/260 (11)   

Moderate 
increase 

29.7/38.2 189 (55)/1325 (63) 28.4/38.2 57 (52)/1457 (62) 33.8/38.2 21 (70)/1493 (62) 34.9/38.2 15 (47)/1499 (62)   

High increase 32.1/35.2 11 (3)/129 (6) 30.7/35.2 3 (3)/137 (6) -/35.2 0 (0)/140 (6) -/35.2 1 (3)/139 (6)   

           
  
Decrease= < -0.02 kg/m2/yr, No change= -0.02-0.02 kg/m2/yr, Moderate increase= 0.02-0.4 kg/m2/yr, High increase= > 0.4 kg/m2/yr. 
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Supplementary Table 4 Number of subjects and follow-up times (FU) of subjects included in the analyses on the associations between short-term annual changes in 

BMI and mortality due to any cancer, lung cancer, colorectal cancer, prostate cancer, and breast cancer, in a general population of Vlagtwedde-Vlaardingen during 40 

years of follow-up. 

Highest short-
term annual 
increase in BMI, 
 n (%) 

Any cancer Lung cancer Colorectal cancer Prostate cancer Breast cancer 

 median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

All subjects           
No increase 18.6/29.2 40 (8)/156 (5) 19.9/28.2 8 (7)/188 (5) 24.5/27.6 4 (9)/192 (5)     
Moderate increase 20.7/29.4 237 (50)/1605 (47) 19.8/29.2 68 (59)/1774 (47) 21.3/29.2 23 (51)/1819 (48)     
High increase 22.2/30.2 198 (42)/1628 (48) 20.2/30.2 40 (35)/1786 (48) 19.7/30.1 18 (40)/1808 (47)     
           
Females           
No increase 18.4/32.2 18 (10)/87 (5) 21.2/29.2 2 (9)/103 (6) 20.8/29.2 2 (10)/103 (6)   18.6/29.5 6 (15)/99 (6) 
Moderate increase 24.6/29.7 85 (48)/726 (44) 30.4/29.2 8 (36)/803 (45) 19.8/29.2 11 (55)/800 (45)   25.5/29.2 16 (40)/795 (45) 
High increase 22.4/30.2 76 (42)/822 (50) 22.7/29.2 12 (55)/886 (49) 23.7/29.2 7 (35)/891 (50)   21.9/29.2 18 (45)/880 (50) 
           
Males           
No increase 18.9/27.2 22 (7)/69 (4) 19.9/26.2 6 (6)/85 (4) 34.1/24.2 2 (8)/89 (4) 21.6/25.8 4 (14)/87 (4)   
Moderate increase 19.5/29.2 152 (51)/879 (50) 19.3/29.2 60 (64)/971 (50) 22.0/29.2 12 (48)/1019 (50) 18.3/29.2 14 (48)/1017 (50)   
High increase 21.4/32.2 122 (41)/806 (46) 19.7/30.2 28 (30)/900 (46) 18.3/30.2 11 (44)/917 (45) 25.0/30.2 11 (38)/917 (45)   
           

Highest short-
term annual 
decrease in BMI, 
n (%) 

median FU 
yr)events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

median FU (yr) 
events/censored 

N (%) 
events/censored 

           
All subjects           
No decrease 21.3/32.2 76 (16)/619 (18) 20.3/30.2 20 (17)/675 (18) 11.6/30.2 4 (9)/691 (18)     
Moderate increase 23.2/32.2 256 (54)/1722 (51) 22.5/30.2 64 (55)/1914 (51) 25.5/30.2 24 (53)/1954 (51)     
High decrease 21.5/32.2 143 (30)/1048 (31) 22.3/30.3 32 (28)/1159 (31) 25.2/30.2 17 (38)/1174 (31)     
           
Females           
No decrease 22.9/32.2 29 (16)/253 (16) 26.6/32.2 6 (27)/276 (15) 15.1/32.2 3 (15)/279 (16)   22.4/32.2 9 (23)/273 (15) 
Moderate increase 26.3/32.2 85 (48)/781 (48) 27.4/32.2 7 (32)/859 (48) 23.8/32.2 9 (45)/857 (48)   27.4/32.2 16 (40)/850 (48) 
High decrease 19.5/32.2 65 (36)/601 (37) 23.9/32.2 9 (41)/657 (37) 22.9/32.2 8 (40)/658 (37)   18.3/32.2 15 (37)/651 (37) 
           
Males           
No decrease 20.9/30.2 47 (16)/366 (21) 14.7/29.4 14 (15)/399 (20) -/29.2 1 (4)/412 (20) 25.0/29.2 4 (14)/409 (20)   
Moderate increase 22.5/30.2 171 (58)/941 (54) 22.5/29.2 57 (61)/1055 (54) 25.5/29.2 15 (60)/1097 (54) 25.3/29.2 19 (65)/1093 (54)   
High decrease 23.7/30.2 78 (26)/447 (25) 22.2/29.7 23 (24)/502 (26) 27.3/29.2 9 (36)/516 (26) 33.6/29.2 6 (21)/519 (26)   

Highest short-term annual increase in BMI: No increase= < 0.10 kg/m2/yr, Moderate increase= 0.10-0.50 kg/m2/yr, High increase= > 0.50 kg/m2/yr. Highest short-term annual decrease in BMI: No decrease= > -
0.10 kg/m2/yr, Moderate decrease= -0.10- -0.50 kg/m2/yr, High decrease= < -0.50 kg/m2/yr. 
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Supplementary Table 5 Characteristics at baseline, for subjects who died due to lung cancer, colorectal cancer, prostate cancer, and breast 

cancer in a general population of Vlagtwedde-Vlaardingen during 40 years of follow-up.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Long-term annual change in BMI: The difference between BMI at last survey and baseline divided by the time interval (year of the last survey minus year of the baseline). Short-
term annual changes in BMI: Highest increase=Highest annual increase in BMI between two successive surveys, Highest decrease=Highest annual decrease between two 
successive surveys. Data on BMI levels and changes in BMI are shown as mean (sd).  

Characteristics for all 
subjects 

 

Any cancer 

(n=1194) 

 

Lung cancer 

(n=275) 

Colorectal cancer 

(n=134) 

 

Prostate cancer 

(n=83) 

 

Breast cancer 

(n=117) 

 

 

 

 

      

All subjects (%) 14.1 3.2 1.6 1.0 1.4 

Men (%) 58.3 83.3 49.3 100 0.0 

Age in years, mean (SD) 45.9 (11.1) 40.8 (8.4) 44.0 (8.6) 47.7 (10.2) 39.7 (11.2) 

Smoking at first visit, n (%)  
                          

     

     Never smokers 392 (33.2) 6 (4.3) 20 (36.4) 14 (16.9) 34 (66.7) 

     Ever smokers 787 (66.8) 132 (95.7) 35 (63.6) 69 (83.1) 17 (33.3) 

BMI levels, kg/m2      

BMI at baseline  
 
    

26.3 (3.8) 25.4 (3.2) 27.0 (4.2) 26.4 (2.8) 27.3 (4.3) 

Highest BMI during  
follow-up  

27.9 (4.0) 
 

25.2 (3.6) 

27.2 (3.4) 
 

24.6 (3.3) 

28.9 (4.9) 
 

25.9 (4.0) 

27.7 (3.0) 
 

26.0 (2.5) 

29.0 (5.1) 
 

26.3 (4.6) Lowest BMI during follow-up 25.2 (3.6) 
 

25.2 (3.6) 

24.6 (3.3) 
 

25.9 (4.0) 
 

26.0 (2.5) 
 

26.3 (4.6) 
 

Long term annual change in 
BMI, kg/m2/yr  

0.1 (0.2) 0.1 (0.2) 0.0 (0.2) 0.0 (0.2) 0.1 (0.2) 

Short-term annual change in 
BMI, kg/m2/yr  

     

    Highest increase 0.4 (0.4) 
 

-0.4 (0.4) 

0.4 (0.3) 0.4 (0.5) 0.4 (0.3) 0.4 (0.4) 

    Highest decrease -0.3 (0.4) 
 

-0.3 (0.4) -0.3 (0.4) -0.3 (0.3) -0.3 (0.5) 

      



 

83 

 

Supplementary Table 6 Hazard ratio (with 95% confidence interval) of BMI at baseline for 

mortality from any cancer, lung cancer, colorectal cancer, among 3718 males and 3469 

females in Cox regression with adjustment for age, smoking habits, and place of residence. 

Stratification according to sex and interactions are shown. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Normal= BMI <25 kg/m2, overweight= BMI 25-30 kg/m2, obese= BMI > 30 kg/m2. Statistically significant results 
are shown in bold.  

BMI level at baseline Any cancer 

HR (95% CI) 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

Females     

Normal 1 1 1 

Overweight 0.96 (0.75-1.21) 0.81 (0.39-1.69) 0.86 (0.43-1.70) 

Obese 1.40 (1.07-1.84) 0.98 (0.38-2.50) 1.67 (0.81-3.45) 

    
Males     

Normal 1 1 1 

Overweight 0.88 (0.74-1.05) 0.69 (0.51-0.92) 0.85 (0.50-1.46) 

Obese 1.06 (0.76-1.47) 0.73 (0.40-1.35) 0.70 (0.20-2.23) 

    
Interaction     

Normal 1 1 1 

Overweight 1.01 (0.76-1.34) 1.02 (0.48-2.16) 1.00 (0.43-2.36) 

Obese 0.81 (0.54-1.22) 0.84 (0.29-2.45) 0.45 (0.11-1.78) 
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Supplementary Table 7 Hazard ratio (with 95% confidence interval) of highest and lowest 

BMI during the study-period for mortality from any cancer, lung cancer , colorectal cancer 

among 2448  males and 2215 females in Cox regression with adjustment for age, smoking 

habits, and place of residence. Stratification according to sex and interactions are shown. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

BMI levels: Normal= BMI <25 kg/m2, overweight= BMI 25-30 kg/m2, obese= BMI > 30 kg/m2. Statistically 
significant results are shown in bold. NA: Not Available, no mortality in this category. 

  
 
 
 

Highest BMI level Any cancer 

HR (95% CI) 

 

 

Lung cancer 

HR (95% CI) 

 

  Colorectal cancer 

HR (95% CI) 

     
Females     

Normal 1 1 1 

Overweight 1.59 (1.06-2.38) 0.89 (0.33-2.40) 4.92 (0.64-38.14) 

Obese 1.87 (1.21-2.89) 1.06 (0.35-3.27) 7.21 (0.90-57.61) 

    
Males     

Normal 1 1 1 

Overweight 0.80 (0.62-1.03) 0.76 (0.48-1.18) 0.40 (0.18-0.93) 

Obese 1.07 (0.77-1.50) 0.75 (0.40-1.40) 0.91 (0.34-2.45) 

    
Interaction    

Normal 1 1 1 

Overweight 0.58 (0.36-0.93) 1.01 (0.35-2.88) 0.09 (0.01-0.77) 

Obese 0.67 (0.40-1.14) 0.83 (0.25-2.84) 0.16 (0.02-1.59) 

Lowest BMI level Any cancer 

HR (95% CI) 

 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

    
Females     

Normal  1 1 1 

Overweight  1.07 (0.79-1.46) 0.96 (0.37-2.51) 1.69 (0.66-4.29) 

Obese  2.16 (1.47-3.18) 3.22 (1.06-9.76) 4.32 (1.53-12.20) 

    
Males     

Normal  1 1 1 

Overweight  0.91 (0.73-1.14) 0.78 (0.52-1.17) 0.96 (0.46-1.99) 

Obese  1.50 (0.86-2.64) 1.31 (0.48-3.61) NA 

    
Interaction    

Normal 1 1 1 

Overweight 0.91 (0.63-1.33) 0.98 (0.36-2.67) 0.68 (0.21-2.19) 

Obese 0.74 (0.38-1.45) 0.54 (0.13-2.31) NA 
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Supplementary Table 8 Hazard ratio (with 95% confidence interval) of long-term annual change in BMI 

categories for mortality from all cancer, lung cancer, colorectal cancer among all 4663 subjects. Prostate 

cancer among 2448 males and breast cancer among 2215 females in Cox regression with adjustment for 

age, smoking habits, and place of residence. 

 
 

 
Long-term annual change in BMI: Decrease= < -0.02 kg/m2/yr, no change= -0.02-0.02 kg/m2/yr, moderate increase= 0.02-0.4 
kg/m2/yr, high increase= > 0.4 kg/m2/yr. NA: Not Available, no mortality in this category. 

Annual change in BMI over 
the entire study period 

Any cancer 

HR (95% CI) 

 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

Prostate cancer 

HR (95% CI) 

 

Breast cancer 

HR (95% CI) 

 

 

 

 

      

All subjects      

Decrease  0.99 (0.75-1.30) 0.75 (0.44-1.27) 1.81 (0.61-5.38) 0.78 (0.28-2.17) 1.65 (0.56-4.90) 

No change 1 1 1 1 1 

Moderate increase 0.95 (0.74-1.23) 0.73 (0.45-1.17) 2.26 (0.80-6.39) 0.71 (0.27-1.84) 1.34 (0.46-3.87) 

High increase 1.24 (0.76-2.00) 1.10 (0.44-2.75) NA 1.54 (0.18-13.25) 1.86 (0.41-8.46) 
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 Supplementary Table 9 Hazard ratio (with 95% confidence interval) of long-term annual 

change in BMI over the entire study period categories for mortality from all cancer, lung cancer, 

colorectal cancer among 2448 males and 2215 females in Cox regression with adjustment for age, 

smoking habits, and place of residence. Stratification according to sex and interactions are 

shown. 

 

 
 

Long-term annual change in BMI: Decrease= < -0.02 kg/m2/yr, no change= -0.02-0.02 kg/m2/yr, moderate increase= 
0.02-0.4 kg/m2/yr, high increase= > 0.4 kg/m2/yr. NA: Not Available, no mortality in this category. 

Annual change in BMI over 
the entire study period 

Any cancer 

HR (95% CI) 

 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

Females     

Decrease  1.01 (0.64-1.60) 0.34 (0.10-1.17) 1.65 (0.36-7.56) 

No change 1 1 1 

Moderate increase 0.96 (0.62-1.49) 0.46 (0.16-1.32) 1.87 (0.42-8.32) 

High increase 1.30 (0.63-2.66) 1.14 (0.26-4.97) NA 

    

Males     

Decrease  0.98 (0.69-1.380 0.90 (0.50-1.60) 1.75 (0.36-8.48) 

No change 1 1 1 

Moderate increase 0.95 (0.70-1.31) 0.80 (0.47-1.37) 2.64 (0.62-11.34) 

High increase 1.19 (0.61-2.30) 0.87 (0.25-2.99) NA 

    

Interaction    

Decrease  0.97 (0.55-1.71) 2.85 (0.73-11.20) 0.98 (0.11-8.65) 

No change 1 1 1 

Moderate increase 0.97 (0.56-1.65) 1.59 (0.49-5.11) 1.67 (0.21-13.35) 

High increase 0.85 (0.32-2.22) 0.63 (0.10-4.17) NA 
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 Supplementary Table 10 Hazard ratio (with 95% confidence interval) of short-term annual changes in 

BMI (highest increase and highest decrease in BMI between two subsequent observations) for mortality 

from all cancer, lung cancer, colorectal cancer among 2050 males 1814 females in Cox regression with 

adjustment for age, smoking habits, and place of residence. Stratification according to sexes and 

interactions are shown. 

 

 
Normal= BMI <25 kg/m2, Overweight= BMI 25-30 kg/m2, Obese= BMI > 30 kg/m2. 

 

Highest increase in BMI 
 

Any cancer 

HR (95% CI) 

 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

Females     

No increase 1 1 1 

Moderate increase 0.69 (0.41-1.15) 0.62 (0.13-2.95) 0.89 (0.20-4.10) 

High increase 0.67 (0.40-1.13) 0.90 (0.20-4.09) 0.83 (0.17-4.13) 

    

Males     

No increase 1 1 1 

Moderate increase 0.64 (0.41-1.01) 0.91 (0.39-2.10) 0.59 (0.13-2.66) 

High increase 0.66 (0.42-1.04) 0.53 (0.22-1.29) 0.72 (0.16-3.28) 

    

Interaction    

No increase 1 1 1 

Moderate increase 0.94 (0.45-1.85) 1.51 (0.26-8.79) 0.70 (0.08-5.88) 

High increase 0.95 (0.48-1.90) 0.58 (0.10-3.28) 1.07 (0.12-9.55) 

    

Highest decrease in BMI Any cancer 

HR (95% CI) 

 

Lung cancer 

HR (95% CI) 

 

Colorectal cancer 

HR (95% CI) 

 

 

Females     

No decrease 1 1 1 

Moderate decrease 0.69 (0.45-1.06) 0.32 (0.11-0.94) 0.53 (0.14-1.99) 

High decrease 0.70 (0.45-1.09) 0.54 (0.19-1.53) 0.66 (0.17-2.57) 
 

    

Males     

No decrease 1 1 1 

Moderate decrease 0.78 (0.56-1.08) 0.86 (0.47-1.56) 3.07 (0.40-23.51) 

High decrease 0.75 (0.52-1.09) 0.73 (0.37-1.43) 3.74 (0.47-29.87) 

    

Interactions    

No decrease 1 1 1 

Moderate decrease 1.17 (0.69-1.98) 3.13 (0.91-10.80) 4.34 (0.39-48.52) 

High decrease 1.14 (0.65-2.01) 1.64 (0.48-5.60) 4.96 (0.43-58.01) 
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Supplementary Table 11 Competing risk analysis on the association between the lowest BMI 

during follow-up and cancer, and cardiovascular mortality in males and females. 

 

Lowest BMI level Cancer mortality 

HR (95% CI) 

CVD mortality 

HR (95% CI) 

Difference 

HR (95% CI) 

    
Females    

Normal 1 1 1 

Overweight 0.97 (0.71-1.31) 1.35 (1.03-1.78) 1.40 (0.94-2.09) 

Obese 1.92 (1.32-2.80) 1.43 (0.95-2.16) 0.74 (0.43-1.29) 

    
Males    

Normal 1 1 1 

Overweight 0.90 (0.73-1.13) 1.00 (0.80-1.22) 1.09 (0.81-1.48) 

Obese 1.50 (0.86-2.64) 1.85 (1.12-3.03) 1.22 (0.58-2.60) 

    

 
Highest increase in BMI: No increase= < 0.10 kg/m2/yr, moderate increase= 0.10-0.50 kg/m2/yr,  high increase= > 
0.50 kg/m2/yr. Highest decrease in BMI: No decrease= > -0.10 kg/m2/yr, moderate decrease= -0.10- -0.50 kg/m2/yr, 
high decrease= < -0.50 kg/m2/yr. Statistically significant results are shown in bold. 
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Abstract 

 

Background: Recent studies have identified a potential link between occupational 

exposures and different types of cancer. However, details on the impact of different 

levels of exposure on cancer are limited. 

Methods: We studied the association between occupational exposures (gases/fumes, 

mineral dust, biological dust, herbicides, insecticides, aromatic, chlorinated and 

other solvents, and heavy metals) and risk of mortality due to any cancer in the 

general population-based Vlagtwedde-Vlaardingen cohort with 18 years of follow-

up (total number of subjects=8,465). Occupational exposures were determined at the 

last survey in 1989/1990 using the ALOHA+ Job Exposure Matrix (JEM). The 

ALOHA+ JEM classifies subjects based on the ISCO-88 job codes into no, low and 

high exposure categories (0/1/2). We analyzed the association between occupational 

exposures (no/low/high) and risk of mortality due to any cancer using multivariate 

Cox regression with adjustment for sex, age, smoking status, BMI, and place of 

residence. Additionally, we stratified by smoking status and sex and tested for 

interactions. 

Results: Of 2,546 subjects with data available on occupational exposure, 241 (9.5%) 

had died due to cancer (assessed on December 31, 2008). High exposures to mineral 

dust and biological dust were associated with an increased risk of mortality due to 

cancer [mineral dust, Hazard Ratio: 1.42 (95% CI: 1.05-1.93), and biological dust: 1.54 

(1.04-2.29)]. Exposure to insecticides was associated with an increased risk of cancer 

mortality [insecticides, HR low exposure 1.79 (1.12-2.87), and HR high exposure: 1.49 

(1.04-2.15)]. The associations were more often significant among males and ever 

smokers. However, no significant interactions were observed between exposures 

and sex or smoking status. There were no associations between cancer mortality and 

occupational exposure to gases/fumes, herbicides, aromatic, chlorinated and other 

solvents, and heavy metals.  

Conclusions:  Our study indicates that occupational exposures to mineral dust, 

biological dust, and insecticides are associated with an increased risk of cancer 
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mortality in the general population. 

 

Introduction  

 

Cancer is the second cause of death worldwide. Apart from risk factors such as 

smoking, alcohol consumption, and physical inactivity, several other preventable 

risk factors including occupational exposures contribute to the burden of cancer (1). 

The International Agency for Research on Cancer (IARC) currently listed more than 

100 occupational exposures as having carcinogenic effects in human (2). So far, the 

majority of studies investigated the combined effect of low and high exposure as 

“ever-exposures”, thus details on differential impacts of low and high exposure on 

cancer incidence and mortality are limited, and results remain inconsistent. 

The association between occupational exposure and cancer appears to differ by sex 

and smoking habits (1). It has been estimated that 8% of cancer mortality in men and 

2% of cancer mortality in women is due to occupational exposure in Britain, 

suggesting that females have less exposure to occupational carcinogens (3). In 

addition, evidence shows that females may be more susceptible to the harmful 

effects of occupational exposures such as solvents (4). However, for other types of 

exposures the possible sex differences are less investigated. Moreover, the 

synergistic effect of smoking and occupational exposure has been mainly proposed 

in relation to lung cancer, thus more research is needed to investigate the role of 

smoking on the association between occupational exposure and other traits (e.g., 

cancer-related mortality) rather than lung cancer (5). 

We therefore examined the association between occupational exposure to 

gases/fumes, mineral dust, biological dust, herbicides, insecticides, aromatic 

solvents, chlorinated solvents, other solvents, heavy metals, and risk of mortality 

due to cancer in a large population-based cohort study. In our study, we 

investigated mortality from any type of cancer in two Dutch communities 

(Vlagtwedde and Vlaardingen). The Vlagtwedde-Vlaardingen cohort, which has 

been followed up for 18 years, offers a unique possibility to investigate these 
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associations taking potential confounders into account. 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. 

 

Methods 

 

Study population 

We studied the association between occupational exposure and mortality from 

cancer using the Vlagtwedde-Vlaardingen cohort study. 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 (6). The study started in 1965 and participants had medical examinations 

every three 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: five). The final surveys 

were organized in 1989 in Vlagtwedde and in 1990 in Vlaardingen. We updated the 

vital status of all participants in the Vlagtwedde-Vlaardingen study on December 

31st, 2008, and evaluated any cancer mortality outcome, either as primary or 

secondary cause of death. Any cancer mortality was classified according to the 

International Classification of Diseases (ICD) coding system; ICD 7: 140-239 and 294; 

ICD 8: 140-239; ICD 9: 140-239 and 288; ICD10: C00-C97, D00-D48. Analyses on 

cause-specific mortality were performed at Statistics Netherlands (The Hague, the 

Netherlands).  

 

Population characteristics 

We collected data on age, sex, smoking habits, and place of residence using the 
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Dutch version of the British Medical Research Council questionnaire (6).  

 

Occupational exposure 

Job title and description were coded according to the International Standard 

Classification of Occupations 1988 (ISCO-88) (7). These four-digit classification codes 

were used to estimate job-specific exposures to gases and fumes, mineral dust, 

biological dust, herbicides, insecticides and aromatic, chlorinated, and other 

solvents, and heavy metals using the ALOHA+ job exposure matrix (JEM) (8). The 

ALOHA+ JEM classifies subjects based on the ISCO-88 job codes into no, low and 

high exposure categories (0/1/2). In case a participant had two different jobs 

simultaneously, exposures of both jobs were averaged and rounded to the nearest 

integer (0.5=1 and 1.5=2) (9). We used current job, or the last held job in case of 

current unemployment (e.g., retirement) that was reported at the last survey 

(1989/1990). 

 

Statistical analyses 

Descriptive analyses of the subject characteristics and the mortality statistics were 

performed. Independent sample t-test, Mann-Whitney U test, and Chi-square test 

were used to determine significant differences between groups for continuous 

(normally and non-normally distributed) and categorical variables, respectively. 

Multivariate Cox regression with adjustment for sex, age, smoking status, BMI (all at 

last survey) and place of residence were used to estimate the effect of the 

occupational exposure on the mortality outcomes. To determine whether the 

association between occupational exposure and mortality was different for males 

and females, and for ever and never smokers, stratified analyses were performed 

and interactions between occupational exposures and sex, or smoking were tested. 

In the Cox regression analyses censoring took place when the subjects were still 

alive, were lost to follow-up, or died of causes other than cancer. Time was defined 

as years since the last survey (in 1989/1990) until mortality or until censoring. All 
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analyses were performed at Statistics Netherlands (The Hague, the Netherlands).  

P-values <0.05 (tested two-sided) were considered to be statistically significant. 

 

Results 

 

Characteristics 

Characteristics at the last survey according to vital status on December 31st 2008 are 

shown in table 1. Of all 8465 subjects, 2553 were examined in the last survey in 

1989/1990 and 2546 (99.7%) of them had data available on occupational exposures. 

Among these, 1942 (76.3%) subjects were alive, 241 (9.5%) died due to cancer, 313 

(12.3%) died due to another reason than cancer, and 22 subjects (0.9%) died due to 

external causes such as an accident, suicide or homicide (table 1). In 3 (0.1%) subjects 

the cause of death could not be determined, and 25 (1.0%) subjects were lost to 

follow-up (table 1).  

The median age at last survey of the subjects who died due to cancer was 61.5 

(range: 36.5 - 80.9) years, and 58.3% were males. Subjects who died due to cancer 

were more often ever smokers (79.8%) compared to subjects who were alive or died 

due to causes other than cancer (table 1).   

 

Occupational exposure 

The number of exposed subjects in the general population of Vlagtwedde-

Vlaardingen for all subjects, females, males, ever and never smokers is shown in 

supplementary table 1 and 2. 

High exposures to mineral dust and biological dust were associated with an 

increased risk of mortality due to any cancer [mineral dust, HR: 1.42 (95% CI: 1.05-

1.93); biological dust: 1.54 (95% CI: 1.04-2.29)]. Occupational exposures to 

insecticides was associated with an increased risk of any cancer mortality [low 

exposure HR: 1.79 (95% CI: 1.12-2.87) and high exposure: HR: 1.49 (95% CI: 1.04-

2.15)] (table 2).  There were no associations with exposure to gases/fumes, 

herbicides, and aromatic, chlorinated, and other solvents, and heavy metals (table 2). 
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Stratified analyses by sex showed that high exposure to biological dust was 

associated with an increased risk of mortality due to any cancer among males 

[biological dust: HR: 1.57 (95% CI: 1.02-2.40)] but not among females. A high 

exposure to herbicides was associated with increased risk of any cancer mortality 

among females, 2.49 (1.12-5.56) (table 2).  

Stratified analyses by smoking showed that there were no significant associations 

with occupational exposure among never smokers. There were significant 

associations between mineral dust, biological dust, herbicides, and insecticides and 

risk of mortality due to cancer among ever smokers. However, no significant 

interaction between occupational exposures and smoking or sex were observed 

(supplementary table 3).  

 

Discussion  

 

In this general population, we investigated the associations between several 

occupational exposures and risk of mortality due to any cancer. To our knowledge, 

this study is the first to investigate the potential role of smoking and sex in relation 

to different occupational exposures and overall cancer mortality. We found that high 

exposures to mineral and biological dust were associated with an increased risk of 

cancer mortality. Both low and high exposures to insecticides were associated with 

an increased risk of cancer mortality. The associations were more often significant 

among males and ever smokers. However, no significant interactions were observed 

between occupational exposure and smoking or sex. There was no association 

between occupational exposure to gases/fumes, herbicides, aromatic, chlorinated, 

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

Our results are in line with the conclusion of the recent review by IARC (2), and 

several recent studies (10-12) and help to expand and clarify the links between 

different occupational exposures and risk of mortality due to cancer.  

Moreover, using the ALOHA+ Job Exposure Matrix (JEM), we were able to 
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distinguish between mineral and biological dust exposures. Occupational exposure 

to mineral dusts (such as asbestos, and silica) is known to be associated with an 

increased cancer risk (13-15). The occupations in our cohort in which workers were 

highly exposed to mineral dusts included market-oriented skilled agricultural and 

fishery workers and animal producers (65%), metal moulders, welders, sheet-

metalworkers, structural-metal preparers and related trades workers (7%),  

agricultural or industrial-machinery mechanics and fitters (7%), construction and 

maintenance labourers (e.g., roads, dams) and freight handlers (7%), other 

occupations such as glass makers, cutters, grinders and finishers, sculptors, painters 

and related artists (1%). In a global perspective, workers in gold mining, and 

workers in silica sand, granite industries are at high risk to be exposed to mineral 

dust (7).  

So far, the majority of previous epidemiological studies were performed in specific 

subgroups, such as factory workers (15), therefore their findings may not be 

generalizable to the general population. Recent molecular studies identified a 

mineral dust-induced gene (mdig) in the alveolar macrophages isolated from the 

workers in a mining industry who had chronic lung diseases due to the occupational 

exposure to mineral dust (16). Expression of this gene was observed in several 

human cancers including lung cancer (16), colon cancer (17), and breast cancer (18), 

suggesting an important role of mdig in the pathogenesis of human cancers by 

promoting cell proliferation. However, the exact mechanism of how mdig 

contributes to the pathogenesis of cancer is not clear (19). In line with our finding, 

Wang et al (20) in a study on cancer mortality in Chinese chrysotile asbestos miners 

observed an exposure-response trend, with the highest cancer mortality in the 

highest exposure category.  

Similarly to mineral dust, a high exposure to biological dust was associated with an 

increased risk of cancer mortality; however the hazard ratio was slightly higher for 

biological dust. Carpenters and joiners, and market-oriented crop and animal 

producers and dairy and livestock producers were accounted for 56% of highly 

exposed subjects to biological dust in our cohort. Biological dust can be a complex 
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mixture of one or more of the plant or animal origin substances (e.g., wood dust, 

bacteria, fungi, endotoxins), which are known to cause an initial inflammatory 

reaction (21), and therefore may increase the risk of cancer.  

Previous studies consistently have shown that there is an association between 

pesticides, and the subcategories including herbicides and insecticides, and an 

increased risk of cancer (22, 23-27). In our cohort, subjects who were highly exposed 

to pesticides included field crop and vegetable growers (72%), mixed crop and 

animal producers (12%), gardeners, horticultural and nursery growers (15%), and 

tree and shrub crop growers (1%). In a global perspective, agricultural workers in 

developing countries with insufficient protective equipment and training for usage 

of pesticides are at high risk to be exposed (23). Thus, attempts to reduce exposure 

levels in this occupational sector could contribute to lowering the global burden of 

any type of cancer.  To our knowledge, we are the first to show that not only a high 

level but also a low level of exposure to insecticides is associated with an increased 

risk of cancer-related mortality. The magnitude of the cancer mortality risks 

associated with a low level of exposure to insecticides is of importance for setting 

acceptable exposure limits. The observed association between low level of exposure 

to insecticides and cancer mortality can be explained by the fact that the most 

common route of poisoning from pesticides, i.e., insecticides, is skin absorption. It 

has been proposed that the skin absorption can occur without being noticed by the 

subjects at the work place (24). Whereas the most common route of poisoning in 

term of mineral and biological dust exposure is inhalation of substances from the air.  

Our findings for pesticides (i.e., insecticides, and herbicides) appear to be consistent 

with the conclusion of two systematic reviews by Bassil et al (24) and Alavansa et al 

(28). They concluded that there is enough evidence to recommend the reduced use of 

pesticides, as the body of literatures indicated a positive association between 

pesticides exposure and development of some specific types of cancer, such as 

prostate, and kidney cancers. The selected studies in their review were mainly 

conducted in occupational groups such as farmers, pesticide applicators, workers in 

pesticide factories, and landscapers, and thus may be affected by healthy worker 

bias. For instance, subjects with less susceptibility to a specific exposure may remain 
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at work, while a subject with higher susceptibility leaves the specific occupation. 

This bias might be reduced by using a general population. Moreover, specific 

pesticides were not named or quantified, and information on potential confounders, 

such as smoking, was not always available. 

Pesticides may interfere with immune surveillance, which can recognize and destroy 

the abnormal cells, thus may lead to an increased risk of cancer.  In a study on 

changes in immune function in relation to pesticide exposure, a decrease in Natural 

Killer (NK) cells, CD69, and CD25 T cells activation markers was observed. NK cells 

are central in immune defense by lysing tumor cells. Tumor formation may increase 

by NK cytotoxic dysfunction (29).  

We found no significant interaction between occupational exposure and sex or 

smoking on the risk of any cancer mortality. However the associations were more 

often significant among males and ever smokers, which is most likely due to the 

larger number of highly exposed subjects in these subgroups. Although there are 

some studies with indications of the potential role of sex or smoking on this 

association, these studies are not directly comparable with our study, as they were 

based on one specific type of exposure or on one specific type of cancer. For instance, 

Pesch et al (4) reported that there is a sex-specific susceptibility for renal carcinoma 

in relation to occupational exposures. The authors suggested that females are more 

susceptible to the harmful effects of exposure to solvents; firstly because they have  

a higher percentage of body fat compared to males, and thus can store more 

solvents. Secondly, because the elimination rate of xenobiotics is lower among 

females compared to males (29). However, their study is likely to be limited by  

a small number of occupationally exposed females. Furthermore, in line with what 

we found in our study, Offermans et al (14) reported that there is no significant 

interaction between asbestos as a mineral dust and smoking for pleural 

mesothelioma, lung cancer, and laryngeal cancer.  
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The major strength of our current study is the longitudinal design. We were able to 

follow our participants for 18 years, which provided a uniquely wide time window 

for evaluating the impact of occupational exposure on risk of mortality due to 

cancer. Another strength is the high follow-up rate, since 99.6 % of the included 

subjects could be traced back (31). Finally, we used the ALOHA+ JEM-based 

exposure estimates, which was designed specifically for use in general population 

studies. This method is less likely to be affected by recall bias and differential 

misclassification of exposure compared with self-reported exposures (9, 30). 

However, the relatively low number of 241 subjects who died due to any cancer may 

be considered a limitation in our study. 

In conclusion, our results indicate that there is an overall association between 

occupational exposure and risk of mortality due to cancer in a general population. 

This emphasizes the importance of strategies to prevent and reduce occupational 

exposures.  
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Table 1 Characteristics at last survey according to vital status on December 31st 2008 in the general population of Vlagtwedde-Vlaardingen, during  

18 years of follow-up (n=2,546). 

 

 

a in 3 subjects the cause of death could not be determined. 
 b Died due to external causes such as an accident, suicide or homicide.  
c P-value using Chi- square test, t-test or Mann-Whitney U test. 

 

 

Ch      Cohort characteristics a Alive 

(A) (n=1,942 ) 

 

Died due to any cancer 

 (DC) (n=241) 

Died but not due to 

cancer(DNC) (n=313) 

Died due to external 

causes b  (n=22) 

Lost to follow-up 

(n=25) 

P-value c 

DC VS A DNC VS DC  

        

Age in 1989/1990, median (range) 50.1 (35.8-78.8) 61.5 (36.5-80.9) 64.6 (37.3-79.6) 61.3 (35.8-79.2) 46.8 (37.3-67.1) 0.00 0.00 

Males (%) 47.1 58.3 54.8 63.9 57.4 0.00 0.04 

Smoking habits (%)        

  Never smokers 34.2 20.2 28.3 22.7 28.0 0.00 0.03 

  Ever smokers 65.8 79.8 71.7 77.3 72.0   

BMI at last survey, kg/m2  median 
(range) 
    

26.6 (17.4-68.4) 27.1 (19.5-56.2) 26.9 (17.3-59.9) 27.2 (20.8-32.7) 26.7 (20.0-32.5) 0.09 0.76 

Vlagtwedde (%) 66.7 63.8 69.5 72.8 55.7 0.06 0.00 
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Table 2 Hazard Ratio (with 95% confidence interval) of occupational exposures at last survey in 
1989/1990 for mortality from any cancer derived from Cox regression analysis with adjustment for 
age, BMI, smoking habits, and place of residence. Stratifications according to smoking status 
(never/ever) and gender are shown. 

 
 

 
       Statistically significant results are shown in bold. NA: Not Available, no mortality in this category. 

Exposures and any 
cancer mortality 
(n=241) 

All subjects 

HR (95% CI) 

Females 

HR (95% CI) 

Males 

HR (95% CI) 

Ever smokers 

HR (95% CI) 

Never smokers 

HR (95% CI) 

      

Gases/fumes      

  Non-exposed 1 1 1 1 1 

  Low 1.18 (0.89-1.57) 1.37 (0.87-2.15) 1.07 (0.75-1.54) 1.16 (0.84-1.61) 1.23 (0.68-2.34) 

     High 1.04 (0.66-1.66) NA 1.03 (0.63-1.67) 0.99 (0.61-1.62) 1.52 (0.34-6.86) 

Mineral dust      

  Non-exposed 1 1 1 1 1 

  Low 0.91 (0.61-1.35) 0.94 (0.48-1.86) 0.90 (0.55-1.45) 0.77 (0.48-1.23) 1.41 (0.69-2.89) 

     High 1.42 (1.05-1.93) 1.78 (0.93-3.43) 1.34 (0.95-1.88) 1.46 (1.05-2.04) 1.12 (0.50-2.54) 

Biological dust       

  Non-exposed 1 1 1 1 1 

  Low 1.17 (0.88-1.55) 1.38 (0.87-2.18) 1.04 (0.72-1.50) 1.21 (0.88-1.66) 1.04 (0.57-1.91) 

     High 1.54 (1.04-2.29) 1.13 (0.35-3.69) 1.57 (1.02-2.40) 1.58 (1.03-2.41) 1.39 (0.47-4.10) 

Herbicides      

  Non-exposed 1 1 1 1 1 

  Low 1.43 (0.91-2.25) 1.46 (0.57-3.720 1.40 (0.83-2.37) 1.72 (1.06-2.81) 0.52 (0.12-2.20) 

  High 1.33 (0.88-2.02) 2.49 (1.12-5.56) 1.14 (0.71-1.85) 1.33 (0.84-2.10) 1.74 (0.66-4.60) 

Insecticides      

  Non-exposed 1 1 1 1 1 

  Low 1.79 (1.12-2.87) 1.37 (0.58-3.22) 1.78 (1.02-3.12) 2.16 (1.27-3.65) 0.93 (0.33-2.66) 

  High 1.49 (1.04-2.15) 2.02 (0.91-4.51) 1.41 (0.94-2.12) 1.58 (1.06-2.34) 1.43 (0.53-3.81) 

Aromatic solvents      

  Non-exposed 1 1 1 1 1 

  Low 1.10 (0.82-1.48) 2.10 (0.99-4.10) 1.00 (0.73-1.37) 1.08 (0.79-1.47) 1.32 (0.55-3.02) 

  High 0.93 (0.34-2.53) NA 0.98 (0.36-2.68) 0.96 (0.35-2.61) NA 

Chlorinated solvents      

  Non-exposed 1 1 1 1 1 

  Low 0.80 (0.51-1.28) 0.78 (0.19-3.19) 0.80 (0.49-1.31) 0.83 (0.52-1.34) 0.46 (0.06-3.40) 

  High 1.28 (0.76-2.15) NA 1.28 (0.76-2.15) 1.28 (0.74-2.18) 1.23 (0.15-10.05) 

Other solvents      

  Non-exposed 1 1 1 1 1 

  Low 0.82 (0.59-1.14) 0.89 (0.46-1.75) 0.81 (0.55-1.18) 0.75 (0.52-1.07) 1.41 (0.65-3.08) 

  High 0.82 (0.34-2.00) NA 1.15 (0.47-2.81) 0.90 (0.37-2.19) NA 

Heavy metals      

  Non-exposed 1 1 1 1 1 

  Low 0.76 (0.43-1.35) 2.50 (0.35-18.10) 0.73 (0.40-1.31) 0.72 (0.40-1.310 1.30 (0.17-10.17) 

  High 1.49 (0.94-2.37) NA 1.51 (0.95-2.40) 1.41 (0.87-2.30) 2.89 (0.57-14.64) 
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Supplementary Table 1 Number of subjects (%) in the general population of Vlagtwedde-Vlaardingen during 18 years of follow-up according to 

occupational exposures for all subjects. 

 

c P-value using Chi- square test 

Ch      
Alive 

(A) (n=1,942 ) 

 

Died due to any cancer  

(DC) (n=241) 

Died but not due to 

cancer(DNC) (n=313) 

     Died due to external 

causes (n=22) 

Lost t      follow-up (n=25) P-value c 

DC VS A              DNC VS DC 

        
Gases/fumes, n (%)        
  Non-exposed 873 (45.0)  85 (35.3) 117 (37.4) 6 (27.3) 13 (52.0) 0.02 0.38 
  Low 891 (45.9) 131 (54.4) 154 (49.2) 13 (59.1) 10 (40.0)   

     High 178 (9.2) 25 (10.4) 42 (13.4) 3 (13.6) 2 (8.0)   
Mineral dust, n (%)        
  Non-exposed 1277 (65.8)  129 (53.5) 171 (54.6) 9 (40.9) 15 (60.0) 0.00 0.1 
  Low 307 (15.8) 31 (12.9) 58 (18.5) 5 (22.7) 5 (20.0)   

     High 358 (18.4) 81 (33.6) 84 (26.8) 8 (36.4) 5 (20.0)   
Biological dust, n (%)        
  Non-exposed 1102 (56.7)  

9 

119 (49.4) 167 (53.4) 14 (63.6) 16 (64.0) 0.00 0.25 
  Low 689 (35.5) 89 (36.9) 117 (37.4) 7 (31.8) 8 (32.0)   

     High 151 (7.8) 33 (13.7) 29 (13.5) 1 (4.5) 1 (4.0)   
Herbicides, n (%)        
  Non-exposed 1689 (87.0)  188 (78.0) 253 (80.8) 19 (86.4) 20 (80.0) 0.00 0.55 
  Low 110 (5.7) 23 (9.5) 22 (7.0) 1 (4.5) 2 (8.0)   
  High 143 (7.4) 30 (12.4) 38 (12.1) 2 (9.1) 3 (12.0)   
Insecticides, n (%)        
  Non-exposed 1657 (85.3)  176 (73) 246 (78.6) 19 (86.4) 19 (76.0) 0.00 0.28 
  Low 86 (4.4) 20 (8.3) 18 (5.8) 1 (4.5) 3 (12.0)   
  High 199 (10.2) 45 (18.7) 49 (15.7) 2 (9.1) 3 (12.0)   
Aromatic solvents, n (%)        
  Non-exposed 1473 (75.8) 159 (66.0) 215 (68.7) 17 (77.3) 20 (80.0) 0.00 0.74 
  Low 443 (22.8) 78 (32.4) 92 (29.4) 5 (22.7) 5 (20.0)   
  High 26 (1.3) 4 (1.7) 6 (1.9) 0 (0.0) 0 (0.0)   
Chlorinated solvents, n (%)        
  Non-exposed 1707 (87.9) 204 (84.6) 269 (85.9) a 17 (77.3) 23 (92.0) 0.11 0.04 
  Low 161 (8.3) 21 (8.7) 36 (11.5) 1 (4.5) 2 (8.0)   
  High 74 (3.8) 16 (6.6) 8 (7.8) 4 (18.2) 0 (0.0)   
Other solvents, n (%)        
  Non-exposed 1470 (75.7) 190 (78.8) 243 (77.6) 19 (86.4) 22 (88.0) 0.56 0.82 
  Low 426 (21.9) 46 (19.1) 65 (20.8) 3 (13.6) 3 (12.0)   
  High 46 (2.4) 5 (2.1) 3 (1.2) 0 (0.0) 1 (0.4)   
Heavy metal        
  Non-exposed 1742 (89.7) 207 (85.9) 281 (85.9) 16 (72.7) 22 (88.0) 0.01 0.03 
  Low 119 (6.1) 13 (5.4) 21 (5.4) 2 (9.1) 3 (12.0)   

     High 81 (4.2) 21 (8.7) 11 (3.5) 4 (18.2) 0 (0.0)   
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Supplementary Table 2 Number of subjects (%) who died due to any cancer, in the general population of Vlagtwedde-Vlaardingen during 18 years 

of follow-up according to occupational exposures for all subjects, females and males, and ever and never smokers. 

 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Exposures and any 
cancer mortality 
(n=241) 

All subjects Females Males Ever smokers Never smokers 

Total N Cancer 
mortality 

 N (%) 

Total N Cancer 
mortality 

 N (%) 

Total N Cancer 
mortality  

N (%) 

Total N Cancer 
mortality  

N (%) 

Total N Cancer 
mortality 

 N (%) 

           
Gases/fumes            
  Non-exposed 1093 (43.0) 85 (7.8) 672 (56.4) 38 (5.6) 421 (31.3) 47 (11.2) 654 (37.9) 61 (9.3) 439 (54.1) 24 (5.5) 
  Low 1196 (47.1) 131 (11.0) 505 (42.3) 39 (7.7) 691 (51.3) 92 (13.3) 856 (49.6) 109 (12.7) 340 (41.8) 22 (6.5) 

     High 250 (9.8) 25 (10.0) 16 (1.3) 0 (0.0) 234 (17.4) 25 (10.7) 217 (12.5) 23 (10.6) 33 (4.1) 2 (6.1) 
Mineral dust           
  Non-exposed 1599 (63.0) 129 (8.1) 934 (78.3) 55 (5.9) 665 (49.4) 74 (11.1) 1045 (60.5) 99 (9.8) 554 (68.2) 30 (5.4) 
  Low 406 (16.0) 31 (7.6) 154 (12.9) 10 (6.5) 252 (18.7) 21 (8.3) 279 (16.2) 21 (7.5) 127 (15.6) 10 (7.9) 

     High 534 (21.0) 81 (15.2) 105 (8.8) 12 (11.4) 432 (31.9) 69 (16.0) 403 (23.3) 73 (18.1) 131 (16.1) 8 (6.1) 
Biological dust            
  Non-exposed 1416 (55.8) 119 (8.4) 645 (54.1) 35 (5.4) 771 (57.3) 84 (10.9) 964 (55.8) 94 (9.8) 452 (55.7) 25 (5.5) 
  Low 908 (35.8) 89 (9.8) 506 (42.4) 39 (7.7) 402 (29.9) 50 (12.4) 594 (34.4) 70 (11.8) 314 (38.7) 19 (6.1) 

     High 215 (8.4) 33 (15.3) 42 (3.5) 3 (7.1) 173 (12.8) 30 (17.3) 169 (9.8) 29 (17.2) 46 (5.6) 4 (8.7) 
Herbicides           
  Non-exposed 2167 (85.3) 188 (8.7) 1093 (91.6) 65 (5.9) 1074 (79.8) 123 (11.5) 1468 (85.0) 147 (10.0) 699 (86.1) 41 (5.9) 
  Low 158 (6.2) 23 (14.6) 51 (4.3) 5 (0.1) 107 (7.9) 18 (16.8) 108 (6.3) 21 (19.4) 50 (6.2) 2 (4) 
  High 214 (8.5) 30 (14.0) 49 (4.1) 7 (14.3) 165 (12.3) 23 (13.9) 154 (8.7) 25 (16.2) 63 (7.8) 5 (7.9) 
Insecticides           
  Non-exposed 2115 (83.2) 176 (8.3) 1077 (90.3) 64 (5.9) 1038 (77.1) 112 (10.8) 1435 (83.1) 137 (9.5) 680 (83.7) 39 (5.7) 
  Low 128 (5.0) 20 (15.6) 60 (5.0) 6 (10) 68 (5.1) 14 (20.6) 71 (4.1) 16 (22.5) 57 (7.0) 4 (7.0) 
  High 296 (11.7) 45 (15.2) 56 (4.7) 7 (12.5) 240 (17.8) 38 (15.8) 221 (12.8) 40 (18.1) 75 (9.2) 5 (6.7) 
Aromatic solvents           
  Non-exposed 1882 (74.1) 159 (8.4) 1110 (93.0) 68 (6.1) 772 (57.3) 91 (11.8) 1194 (69.1) 118 (9.9) 688 (84.7) 41 (6.0) 
  Low 621 (24.5) 78 (12.6) 79 (6.6) 9 (11.4) 542 (40.3) 69 (12.7) 499 (28.9) 71 (14.2) 122 (15.0) 7 (5.7) 
  High 36 (1.4) 4 (11.1) 4 (0.3) 0 (0.0) 32 (2.4) 4 (12.5) 34 (2.0) 4 (11.8) 2 (0.2) 0 (0.0) 
Chlorinated 
solvents 

          
  Non-exposed 2216 (87.3) 204 (9.2) 1147 (96.1) 75 (6.5) 1069 (79.4) 129 (12.1) 1453 (84.1) 158 (10.9) 763 (94.0) 46 (6.0) 
  Low 221 (8.7) 21 (9.5) 41 (3.4) 2 (4.9) 180 (13.4) 19 (10.6) 185 (10.7) 20 (10.8) 

0 
36 (4.4) 1 (2.8) 

  High 102 (4.0) 16 (15.7) 5 (0.4) 0 (0.0) 97 (7.2) 16 (16.5) 89 (5.2) 15 (16.9) 13 (1.6) 1 (7.7) 
Other solvents           
  Non-exposed 1940 (76.4) 190 (9.8) 970 (81.3) 67 (6.9) 970 (72.1) 123 (12.7) 1260 (73.0) 150 (11.9) 680 (83.7) 40 (5.9) 
  Low 543 (21.4) 46 (8.5) 202 (16.9) 10 (5.0) 341 (25.3) 36 (10.6) 419 (24.3) 38 (9.1) 124 (15.3) 8 (6.5) 
  High 56 (2.2) 5 (8.9) 21 (1.8) 0 (0.0) 35 (2.6) 5 (14.3) 48 (2.8) 5 (10.4) 8 (1.0) 0 (0.0) 
Heavy metal           
  Non-exposed 2264 (89.2) 207 (9.1) 1182 (99.1) 76 (6.4) 1082 (80.4) 131 (12.1) 1489 (86.2) 162 (10.9) 775 (95.4) 45 (5.8) 
  Low 158 (6.2) 13 (8.2) 6 (0.5) 1 (16.7) 152 (11.3) 12 (7.9) 138 (8.0) 12 (8.7) 20 (2.5) 1 (5) 
  High 117 (4.6) 21 (17.9) 5 (0.4) 0 (0.0) 112 (8.3) 21 (18.8) 100 (5.8) 19 (19) 17 (2.1) 2 (11.8) 
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Supplementary Table 3  Interaction of different occupational exposure at last survey with sex (panel A) 

and with smoking  (panel B) on any cancer mortality risk; Cox regression models with adjustment for 

age, BMI, and place of residence (reference category: non-exposed). 

 

 
 

                    a Sex is coded as 0 for females and  1 for males. 
                     b Smoking is coded as 0 for never smokers and 1 for ever smokers. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Panel  A Any cancer 

 HR (95% CI) 

Panel B Any cancer 

  HR (95% CI) 

    

  Interaction with sex a  Interaction with smoking b  

    

  Low  mineral dust exposure 0.95 (0.41-2.18)   Low  mineral dust exposure 0.53 (0.22-1.24) 

     High  mineral dust exposure 0.72 (0.35-1.47)      High  mineral dust exposure 1.16 (0.50-2.69) 

    

  Low  biological dust exposure 0.74 (0.41-1.32)   Low  biological dust exposure 1.06 (0.54-2.07) 

     High  biological dust  
exposure 

1.31 (0.37-4.59)      High  biological dust  
exposure 

1.04 (0.33-3.23) 

    

  Low  herbicides exposure 0.91 (0.32-2.58)   Low  herbicides exposure 2.68 (0.60-11.93) 

  High  herbicides exposure 0.45 (0.18-1.11)   High  herbicides exposure 0.67 (0.24-1.88) 

    

  Low  insecticides exposure 1.16 (0.42-3.19)   Low  insecticides exposure 1.93 (0.61-6.11) 

  High  insecticides exposure 0.63 (0.26-1.49)   High  insecticides exposure 0.97 (0.36-2.65) 
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Figure 1 Cox proportional hazard survival curves according to different categories of occupational 

exposure to mineral dust, biological dust, and insecticides at last survey on any types of cancer 

mortality risk among all subjects.  
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Abstract 

 

Background: Recent genome-wide association studies have identified a number of 

variants in association with different types of cancer incidence and mortality, but 

many of these variants still have an unknown functional role. 

Methods: We performed an initial genome-wide association study on any type of 

cancer mortality in the Vlagtwedde-Vlaardingen cohort (n=8,645, 1965-1990) 

consisting of Caucasian individuals with a follow-up on mortality status on 

December 31st 2008. Genotyping was performed on 1546 unrelated individuals 

(cancer mortality subjects, n= 141) with Illumina CytoSNP-12 arrays. SNPs were 

called using the Illumina algorithm (Genome Studio, version 2.10.1). The 

associations between SNPs and cancer mortality risk were assess using Cox 

proportional hazards regression under an additive genetic model with adjustment 

for age (at the last survey (1989/1990)) and sex, using GenABEL package in R. 

Genome-wide significant was set at p=2.06×10-7 (definition based on number of 

SNPs after quality control). 

Results: No SNPs reached genome-wide significance (P <2.06×10-7). However, 26 

SNPs were associated at P <1×10-4 with any type of cancer mortality (annotated to 

RCSD1, MSLN, NRXN1, PHIP, LRP1B, PHF21A, XKR5, NRXN1, CARD10, NBEA, 

EIF2AK3, and MASP1genes). 

Conclusion: Although we observed no genome-wide significant SNPs associated 

with mortality due to any cancer, the identification of new loci in this study may 

provide insight into the genetic and molecular mechanisms related to cancer 

development. These finding should be replicated in other studies.  
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Introduction 

  

The recent Genome-wide association studies (GWASs) on different types of cancer 

identified several novel genetic variants that were not previously reported by 

candidate gene studies (1). 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) (2).  There is emerging evidence for pleiotropy in 

the recent cancer GWA studies. For instance the 8q24 locus is one of the most 

important to emerge from cancer GWAS studies, and has been known to be 

associated with more than one cancer type including prostate and colorectal cancer, 

and is probably associated with breast cancer (3-6). Another example are the variants 

in the 5p15.33 locus, specifically the region annotated to the TERT and CLPTM1L 

genes, previously proposed to be associated with risk of several types of cancer 

including lung cancer (7). The biology of the TERT gene makes it a compelling 

candidate for a gene that predisposes to many cancers. Since the majority of studies 

so far were based on cancer incidence, little is known about pleiotropy for mortality 

due to any cancer. Further GWAS studies may identify additional loci associated 

with any cancer mortality.  

We therefore conducted an initial genome-wide association study (GWAS) to 

identify single nucleotide polymorphisms (SNPs) that are associated with mortality 

due to any type of cancer using the Vlagtwedde-Vlaardingen cohort (8,9). This large 

cohort was followed up for 18 years and offers us the unique possibility to 

investigate these associations.  

 

http://en.wikipedia.org/wiki/Locus_(genetics)
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Methods 

 

Population 

We studied the association of SNPs and mortality due to any type of cancer using 

the Vlagtwedde-Vlaardingen cohort study (8,9). The Vlagtwedde-Vlaardingen study 

is a general population based cohort of exclusively Caucasian individuals of Dutch 

descent. The study started in 1965 and participants had medical examinations every 

three years until the last survey in 1989/1990.  Data on age, sex, smoking habits, and 

place of residence was collected using the Dutch version of the British Medical 

Research Council questionnaire (10). The vital status of all participants in the 

Vlagtwedde-Vlaardingen study was updated on December 31st, 2008, and any type 

of cancer mortality either as primary or secondary cause of death was evaluated. 

Cancer mortality was classified according to the International Classification of 

Diseases (ICD) coding system: any cancer (ICD 7: 140-239, 294; ICD 8: 140-239; ICD 

9: 140-239 and 288; ICD 10: C00-C97, D00-D48). 

 

Genotyping 

Neutrophil depots from peripheral blood samples of participants in the Vlagtwedde-

Vlaardingen cohort study were collected and stored at -20 °C, in the final survey 

(1989/1990). DNA was extracted from these samples using QIAam DNA blood mini 

kit (Qiagen, Hilden, Germany) in 2003/2004. The DNA concentrations were checked 

by NanoDrop ND-1000 UV–Vis spectrophotometer (NanoDrop Technologies, 

Wilmington, DE). A genome wide association study was performed on 1554 

unrelated individuals using the Illumina CytoSNP-12 arrays, comprising 301,232 

SNPs. The SNPs were called with the use of the Illumina algorithm (Genome Studio, 

version 2.10.1).  

 

Quality Control 

Quality Control (QC) was performed in Plink by excluding SNPs with call rates less 

than 95%, a minor allele frequency (MAF) of less than 1%, or deviation from Hardy–
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Weinberg equilibrium (p<0.001) as well as by excluding samples with call rates 

below 95% (11).  

 

Statistical analyses 

First, descriptive analyses of the subject characteristics and the mortality statistics 

were performed. The associations between SNPs, and cancer mortality were 

assessed using Cox proportional hazards regression under an additive genetic 

model with adjustment for age (continuous, at the final survey (1989/1990)), and 

sex, using the GenABEL package in R.  Time was defined from the last survey 

(1989/1990) until mortality due to any type of cancer as the endpoint of interest or 

until censoring. In the Cox regression, censoring took place when the subjects were 

still alive, were lost to follow-up, or died of causes other than cancer. Subjects for 

which the cause of dead was unknown or died due to external causes of death, such 

as suicide or homicide, were excluded from the analyses. Quantile-quantile (Q-Q) 

plots for all SNPs were generated from Cox models and the genomic inflation factor 

(λ) was calculated. The threshold p-value for a genome-wide significance of 2.06×10-7 

was calculated by dividing α=0.05 by number of test performed (n=242,925). 

 

Scanning of the SNPs and genes information 

We annotated SNPs to genes using a SNP and CNV annotation database 

(www.scandb.org). Gene functions were found using the GeneCards database 

(www.genecards.org). We also checked whether the top SNPs associated with cancer 

mortality were found in other GWAS studies to be predictors of other traits or 

diseases using GWAS Central (http://www.gwascentral.org), and Catalog of 

Published Genome-Wide Association Studies (http://www.genome.gov). Moreover, 

Expression Quantitative Trait Locus (eQTL) mapping methods were used to study 

whether SNPs were associated with gene expression (12-13). We used the SCAN 

database to assign top associated SNPs to genes and to check whether they are 

expression quantitative trait loci (eQTLs) in Caucasians (p < 0.0001). The SCAN 

database provides expression data in lymphoblastoid cell lines (14). 

http://www.scandb.org/
http://www.genecards.org/
http://www.gwascentral.org/
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Results 

 

The characteristics of the Vlagtwedde-Vlaardingen cohort are shown in table 1. After 

QC, 242,925 genotyped SNPs were available (58,307 SNPs were excluded) and 1546 

subjects were included in the analysis. Out of the 1546 genotyped subjects, 141 

subjects had died due to any type of cancer (95 males (67.4%) and 46 females 

(32.6%)). The mean (sd) age at the last survey of subjects who died due to cancer was 

56.0 (8.8) (table1).  

The Q-Q plot (Figure 1) and the genomic inflation factor (λ=1.02) indicated 

appropriate quality control and no population stratification. After testing 242,925 

genotyped SNPs for association with any type of cancer mortality, we found that no 

association met the threshold criterion of genome-wide significance (P < 2.06×10-7). 

However, we identified 26 SNPs with a P-value < 1×10-4) (table 2 and figure 2).  

Whether SNPs associated with any cancer mortality are eQTLs is indicated in  

Table 2. One of the top identified SNPs, rs1520439 is an intronic SNP in the NRXN1 

gene, and associated with expression of Centromere Protein H (CENPH) gene, 

which has been known to be associated with hypopharynx and tongue cancer. 

Another example, rs35775016 is an eQTL for Ring Finger Protein 216 (RNF216) gene. 

Expression of RNF216 is associated with obesity and gastric cancer. In addition,  

a summary of gene functions for these 26 SNPs is shown in table 3. 

The top SNPs in our study were associated with other traits or diseases at p ≤ 0.05 in 

previously performed GWA studies (Table 4). These traits include amyotrophic 

lateral sclerosis, Alzheimer’s disease, and kuru (a group of neurological disorders) 

and etc. 

Table 5 shows the associated SNPs in our study in the 8q24 or 5p15.33 locus. These 

two loci have previously been proposed to be associated with risk of several types of 

cancer (pleiotropy).  

 

http://www.sciencedirect.com/science/article/pii/S0021915013001755#appsec1
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Discussion 

 

To our knowledge, this is the first genome-wide association study to identify SNPs 

associated with risk of mortality due to any type of cancer. Our GWA study did not 

identify genome-wide significant associations of SNPs (P <2.06×10-7) with risk of any 

cancer mortality but we identified 26 SNPs with a P-value <1× 10-4). These SNPs are 

located in or near the RCSD1, MSLN, NRXN1, PHIP, LRP1B, PHF21A, XKR5, 

NRXN1, CARD10, NBEA, EIF2AK3, and MASP1 genes. 

Some of the SNPs identified in our study lie in or near genes that appear to be 

biologically plausible involved in the development of cancer and metastasis. For 

example our main hit SNP rs4657692 (HR=1.90, p=1.42×10-6) is located in the RCSD 

domain containing 1 gene (RCSD1). This gene is also known as CAPZIP, or CapZ 

interacting protein. This gene is involved in the remodeling of the actin cytoskeleton, 

which plays an important role in mitosis (15). Cancer and mitosis are closely related 

(15). One explanation for this relation is that mitosis can lead to aneuploid progeny, 

which is a common characteristic of tumors. On the other hand, drugs that arrest 

cells in mitosis, known as antimitotics, are common treatments for different cancer 

types (16). Suggesting that, mitosis and cancer may have a common progression 

pathway. 

Another key finding of our study SNP rs9927389 (HR=2.54, p=2.72×10-5) is located in 

the MSLN (mesothelin) gene.  Mesothelin has a limited expression in normal tissues, 

but it is an ideal tumor-associated marker for the development of targeted therapy 

(17). A high expression of mesothelin has been identified in various cancer types 

such as mesothelioma, ovarian, pancreas and lung cancer. The biological function of 

mesothelin is not clear (18). However, studies on ovarian cancer show that 

mesothelin may play a role in cell adhesion which is important in the metastatic 

spread of ovarian cancer (19,20). 

Within the top 10 most significant SNPs, we observed rs10943613 (HR=2.62 

p=3.75×10-5) which is located in pleckstrin homology domain interacting protein 

(PHIP) gene. De Semir et al (21) showed a direct relationship between over-

expression of the PHIP gene and reduced survival in tumor-bearing mice. 
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Suppression of PHIP in melanoma cells suppressed metastatic potential and 

prolonged the survival of tumor-bearing mice (21).  

Rs1750570 (HR=0.55, p=6.19×10-5) is not annotated to a known gene but it is located 

near VEGF-A (Vascular endothelial growth factor A) gene (Left gene). In the human 

genome, the VEGF-A gene is located on chromosome 6 at position p12–21. This gene 

is known as a critical step in both tumor growth and metastasis. Currently, 12 

different isoforms of VEGF-A have been described. Among these isoforms, VEGF-A 

165 is the most prevalent one and it is overexpressed in several human solid tumors 

(22). In a recent study, Anderozzi et al (23) observed over expression of VEGF-A in 

several tumor cells, whereas it was not observed in normal tissues (23). 

It is worth mentioning that some of the SNPs, and genes, identified in our study 

have been previously linked to other traits or diseases. This may suggest that these 

SNPs are predictors of cancer mortality via these intermediate phenotypes. For 

example, rs1520439 is located in NRXN1, which has been known to be associated 

with metabolite levels (24), and longevity (25). Interestingly, 6 SNPs (rs4657692, 

rs7570685, rs7551349, rs9314611, rs10957998, rs7590358) among our top hits were 

associated with Amyotrophic Lateral Sclerosis (ASL). Possible biological 

mechanisms linking ALS to cancers have been previously proposed. One possible 

biological mechanism relates to the role of metabotropic glutamate receptors. 

Glutamate receptors have been implicated in neurodegenerative pathology. An ALS 

treatment drug has been shown to interfere with signaling from Glutamate 

receptors. Glutamate receptor subunits are expressed in different cancer types such 

as melanoma. Moreover, an increased expression of neurotrophic factors, such as 

insulin-like growth factor 1 (IGF-1), vascular endothelial growth factor (VEGF), and 

hepatocyte growth factor (HGF) were observed in ASL. Some of these factors such as 

HGF and growth factors, known to be associated with both neuronal survival and 

tumorigenesis (26-28). Finally, rs13034302 is located in LRP1B gene. A study on 85 

years old subjects and no major disease relieved that haplotypes in the LRP1B gene 

are associated with aging without cognitive decline (29) (table 4).  
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Some of the SNPs identified in our study lie in or near previously found loci. For 

instance, our 20th associated SNP, rs546597 is located near cyclin D1 (CCND1) gene 

(right gene), which has been associated with blood-related cancer and renal cell 

carcinoma (1). Another example is rs6003007 which is located near the tubulin 

tyrosine ligase-like family, member 1 (TTLL1) gene. TTLL1 is known to be associated 

with prostate cancer (1). Finally, based on GWAS central database, rs6086545 is 

known to be associated with prostate and breast cancer. 

Although a number of variants in association with cancer incidence have been 

identified, a limited number of GWAS on cancer mortality has been performed, and 

the majority of them addressed the survival among cancer patients rather than 

investigating cancer mortality in the general population. The only GWAS on 

prostate cancer mortality, comparing lethal prostate cancer cases to surviving cases 

at least 10 years after their diagnosis, reported that no variants were significantly 

associated at a genome-wide level (P ≤ 1 ×10-7) with prostate cancer mortality (30). 

To our knowledge only 3 studies were based on breast cancer mortality and survival 

after diagnosis using the GWAS approach. One of these studies reported rs4778137 

in OCA2 gene is associated with total mortality among European females with 

estrogen receptor negative breast cancer (31). The other study found no SNPs 

associated with breast cancer survival (32). Finally Xiao et al in a GWAS among 

Chinese females suggested that the RAD51L1 gene and a chromosome 16 locus may 

affect the breast cancer prognosis (33).  For the majority of these proposed genes 

more studies are needed to identify their role in the development of cancer among 

different populations.  

A recent systematic review of cancer GWAS and candidate gene meta-analyses 

summarized the findings from a decade of published genetic associations with 

cancer and reported that very few associations were found in both of the 

approaches, thus indicating overlap. One of the few examples of such an overlap is 

variations in ALDH2, which is a major risk factor for esophageal cancer incidence. It 

is notable that some of the reported genes were associated with incidence of more 

than one cancer type. For instance glutathione S-transferase mu 2 (muscle) (GSTM) 

gene has been reported to be associated with risk of bladder cancer, leukemia, lung 
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cancer, and nasopharyngeal cancer incidence. Matrix metallopeptidase 2 (MMP2) 

gene is another example, which has been linked to lung cancer, and esophageal 

cancer (1). So far, no GWAS or candidate gene study was available on mortality due 

to any cancer in the general population. 

The main strength of our study is the longitudinal design with 18 years of follow-up. 

However the relatively low number of 141 subjects who died due to cancer may be 

considered as a limitation in our study. Another limitation is the lack of replication.  

In conclusion, the current study reports no genome-wide significant SNPs associated 

with any cancer mortality. However, the genetic markers identified in this study 

could provide biological insight to improve therapy for cancer and help to expand 

the knowledge about the pleiotropy for any type of cancer. The next step is to 

strengthen support for these associations by replication in other cohorts. 
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     Table 1 Population characteristics of the Vlagtwedde-Vlaardingen cohort according to vital status. 
  

 

 Alive Died due to 

 cancer 

Died but not due  

to cancer 

Died due to  

external causes 

     
N  1174 141 199 16 

Males, (%) 575 (49.0) 95 (67.4) 127 (63.8) 12 (80.0) 

Age at last survey, 
 1989/90 (median, range) 

50.1 (35.9-78.8) 60.5 (37.5-80.9) 64.8 (37.3-79.6) 58.9 (39.3-72.4) 
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Table 2  26 SNPs found to be associated with any cancer mortality in Vlagtwedde-Vlaardingen cohort with a p-value < 1×10-4.

SNPs ID Chr. Position Gene eQTL* Allele HR 95%CI P-value MAF 

          
rs4657692 1 165877845 RCSD1 NA C/T 

1.90 
(1.46-2.46) 1.42e-06 0.368 

rs2152686 13 18811270 NA C15orf31 C/T 
3.39 

(2.05-5.58) 1.74e-06 0.049 

rs9927389 16 754059 MSLN 
 
 
 

NA C/T 
2.54 

(1.64-3.94) 2.72e-05 0.023 

rs6003007 22 41760021 NA NA A/G 
0.58 

(0.45- 0.75) 2.88e-05 0.087 

rs726657 9 116736157 NA NA A/G 
2.56 

(1.65-3.98) 2.97e-05 0.425 

rs1520439 2 50503606 NRXN1 CENPH A/G 
0.40 

(0.26- 0.62) 3.73e-05 0.266 

rs7570685 2 32906267 NA NA C/T 
0.59 

(0.46- 0.76) 3.75e-05 0.343 

rs10943613 6 79801826 PHIP DUSP10 C/T 
2.62 

(1.66-4.12) 3.75e-05 0.447 

rs4817193 21 28179020 NA NA A/G 
1.68 

(1.32-2.15) 3.76e-05 0.481 

rs12468889 2 49034511 NA NA G/T 
2.69 

(1.68-4.31) 3.99e-05 0.431 

rs11952077 5 8468608 NA NA A/G 
1.68 

(1.31-2.16) 4.30e-05 0.405 

rs7551349 1 240762262 NA NA C/T 
1.79 

(1.35-2.36) 5.06e-05 0.193 

rs7682983 4 190065186 NA NA G/T 
2.16 

(1.49-3.13) 5.10e-05 0.399 

rs13034302 2 140827147 LRP1B NA A/C 
1.84 

(1.37-2.47) 5.16e-05 0.089 

rs35775016 5 10141310 NA RNF216, XKR8 A/G 
0.61 

(0.48- 0.77) 5.51e-05 0.108 

rs2959104 11 46021612 PHF21A NA A/G 
2.77 

(1.69-4.55) 5.72e-05 0.058 

rs1750570 6 44000213 NA NA A/G 
0.55 

(0.41-0.74) 6.19e-05 0.248 

rs9314611 8 6653994 XKR5 NA A/G 
2.61 

(1.62-4.21) 7.13e-05 0.338 

rs10957998 8 82141422 PAG1 PCGF1,SLAMF1,TNIP1 C/T 
1.97 

(1.41-2.77) 7.54e-05 0.391 

rs7590358 2 50536463 NRXN1 NA C/T 
0.33 

(0.19- 0.57) 7.83e-05 0.058 

rs546597 11 69061092 NA NA C/T 
1.68 

(1.30-2.18) 8.13e-05 0.301 

rs6086545 20 863863 NA NA A/C 
2.48 

(1.58-3.91) 8.20e-05 0.239 

rs3817805 22 36230708 CARD10 NA A/G 
1.70 

(1.30-2.22) 8.46e-05 0.100 

rs2027560 13 34956983 NBEA FLJ44451,IDS,LOC727913,SFXN3 A/C 
1.77 

(1.33-2.34) 8.71e-05 0.401 

rs10167879 2 88649111 EIF2AK3 NA A/G 
1.60 

(1.27-2.02) 9.44e-05 0.085 

rs710451 3 188431482 MASP1 NA A/C 
0.54 

(0.39- 0.73) 9.99e-05 0.474 
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Table 3 Function of the genes of the 26 SNPs found to be associated with mortality due to any cancer in Vlagtwedde-Vlaardingen 

cohort with a p- value < 1×10-4. (Source:  http://www.genecards.org). 
  

  SNPs ID Gene Left_gene Right_gene Full name and function (s) 

rs4657692 

 

RCSD1 CREG1 

 

LOC100128751 RCSD Domain Containing 1. Stress-induced Phosphorylation of CAPZIP may regulate the ability of 
CAPZ to remodel actin filament assembly. 

rs2152686 NA LOC100101938 LOC100129883 NA 

rs9927389 MSLN  
 
 
 

NARFL MSLNL Mesothelin. This gene encodes a precursor protein that is cleaved into two products, megakaryocyte 
potentiating factor and mesothelin. Megakaryocyte potentiation factor functions as a cytokine that can 
stimulate colony formation in bone marrow megakaryocytes. Mesothelin is a 
glycosylphosphatidylinositol-anchored cell-surface protein that may function as a cell adhesion 
protein. 
 

rs6003007 NA PACSIN2 TTLL1 Protein Kinase C And Casein Kinase 
Substrate In Neurons  This gene may play 
 a role in vesicle formation and transport 

Tubulin Tyrosine Ligase-Like Family, Member 1. 
Catalytic subunit of the neuronal tubulin 
polyglutamylase complex. Modifies alpha- and beta-
tubulin, generating side chains of glutamate on the 
gamma-carboxyl groups of specific glutamate 
residues within the C-terminal tail of alpha- and 
beta-tubulin 
 

rs726657 NA TNFSF8 TNC Tumor Necrosis Factor (Ligand) 
Superfamily, Member 8. Induces 
proliferation of T-cells 

Tenascin C. Extracellular matrix protein implicated 
in guidance of migrating neurons as well as axons 
during development, synaptic plasticity as well as 
neuronal regeneration. Promotes neurite outgrowth 
from cortical neurons grown on a monolayer of 
astrocytes. Ligand for integrins alpha-8/beta-1, 
alpha-9/beta-1, alpha-V/beta-3 and alpha-V/beta-6. 
 

rs1520439 NRXN1 LOC130728 LOC730100 Neurexin 1. Neuronal cell surface protein that may be involved in cell recognition and cell adhesion by 
forming intracellular junctions through binding to neuroligins. May play a role in formation or 
maintenance of synaptic junctions. May mediate intracellular signaling. May also play a role in 
angiogenesis. 
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rs7570685 NA TTC27 LTBP1 Tetratricopeptide repeat domain 27. NA Latent transforming growth factor beta binding 
protein 1.  This gene may be involved in the 
assembly, secretion and targeting of TGFB1 to sites at 
which it is stored and/or activated. May play critical 
roles in controlling and directing the activity of 
TGFB1. May have a structural role in the extra 
cellular matrix (ECM). 

rs10943613 PHIP IRAK1BP1 HMGN3 Pleckstrin homology domain interacting protein. Probable regulator of the insulin and insulin-like 
growth factor signaling pathways. Stimulates cell proliferation through regulation of cyclin 
transcription and has an anti-apoptotic activity through AKT1phosphorylation and activation. Plays a 
role in the regulation of cell morphology and cytoskeletal organization. plays a role in pancreatic beta 
cell growth and survival 
 
 
 
 
 
 

rs4817193 NA RPL10P1 C21orf94 Ribosomal protein L10 pseudogene 1. NA Long intergenic non-protein coding RNA 314. NA 

rs12468889 NA LOC646936 FSHR NA Right_gene: Follicle stimulating hormone receptor.  
Receptor for follicle-stimulating hormone. The 
activity of this receptor is mediated by G proteins 
which activate adenylate cyclase. 
 

rs11952077 NA MTRR LOC729506 5-Methyltetrahydrofolate-Homocysteine 
Methyltransferase Reductase. This gene is 
involved in the reductive regeneration of cob 
(I) alamin cofactor required for the 
maintenance of methionine  synthase in a 
functional state. 
 

 

rs7551349 NA PLD5 LOC391183 Phospholipase D family, member 5. NA NA 

rs7682983 NA LOC285442 HSP90AA4P NA NA 

rs13034302 LRP1B MRPS18BP2 LOC100129955 Low density lipoprotein receptor-related protein 1B. This gene belongs to the low density lipoprotein 
(LDL) receptor gene family. These receptors play a wide variety of roles in normal cell function and 
development due to their interactions with multiple ligands. 
 

rs35775016 NA TAS2R1 FAM173B Taste Receptor, Type 2, Member 1. Receptor 
that may play a role in the perception of 
bitterness and is gustducin-linked. May play 
a role in sensing the chemical composition of 
the gastrointestinal content. The activity of 
this receptor may stimulate alpha gustducin, 
mediate PLC-beta-2 activation and lead to 
the gating of TRPM5. 
 

Family with sequence similarity 173, member B. 
NA 
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rs2959104 PHF21A GYLTL1B LOC401679 PHD finger protein 21A. This gene encodes BHC80, a component of a BRAF35 (MIM 605535)/histone 
deacetylase complex. Component of the BHC complex, a corepressor complex that represses 
transcription of neuron-specific genes in non-neuronal cells. The BHC complex is recruited at 
RE1/NRSE sites by REST and acts by deacetylating and demethylating specific sites on histones, 
thereby acting as a chromatin modifier. In the BHC complex, it may act as a scaffold. Inhibits KDM1A-
mediated demethylation of 'Lys-4' of histone H3 in vitro, suggesting a role in demethylation 
regulation. 
 rs1750570 NA VEGFA C6orf223 Vascular endothelial growth factor A. 
Growth factor active in angiogenesis, 
vasculogenesis and endothelial cell growth. 
Induces endothelial cell proliferation, 
promotes cell migration, inhibits apoptosis 
and induces permeabilization of blood 
vessels. Binds to the FLT1/VEGFR1 and 
KDR/VEGFR2 receptors, heparan sulfate 
and heparin. NRP1/Neuropilin-1 binds 
isoforms VEGF-165 and VEGF-145. Isoform 
VEGF165B binds to KDR but does not 
activate downstream signaling pathways, 
does not activate angiogenesis and inhibits 
tumor growth. 
 

Chromosome 6 open reading frame 223. NA 

rs9314611 XKR5 AGPAT5 LOC730495 XK, Kell blood group complex subunit-related family, member 5. NA 

rs10957998 PAG1 ZNF704 UBE2HP Phosphoprotein associated with glycosphingolipid microdomains 1. Negatively regulates TCR (T-
cell antigen receptor)-mediated signaling in T-cells and FCER1 (high affinity Immunoglobulin epsilon 
receptor)-mediated signaling in mast cells. Promotes CSK activation and recruitment to lipid rafts, 
which results in LCK inhibition. Inhibits immunological synapse formation by preventing dynamic 
arrangement of lipid raft proteins. May be involved in cell adhesion signaling. 
 rs7590358 NRXN1 LOC130728 LOC730100 Neurexin 1. 
  

rs546597 NA IFITM9P CCND1 Interferon induced transmembrane 
protein 9 pseudogene. NA 

Cyclin D1. Regulatory component of the cyclin D1-
CDK4 (DC) complex that phosphorylates and inhibits 
members of the retinoblastoma (RB) protein family 
including RB1 and regulates the cell-cycle during 
G(1)/S transition. Phosphorylation of RB1 allows 
dissociation of the transcription. factor E2F from the 
RB/E2F complex and the subsequent 
Right_gene: transcription of E2F target genes which 
are responsible for the progression through the G(1) 
phase. Hypophosphorylates 
RB1 in early G(1) phase. Cyclin D-CDK4 complexes 
are major integrators of various mitogenenic and 
antimitogenic signals. Also substrate for SMAD3, 
phosphorylating SMAD3 in a cell-cycle-dependent 
manner and repressing its transcriptional activity. 
Component of the ternary complex, cyclin 
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D1/CDK4/CDKN1B, required for nuclear 
translocation and activity of the cyclin D-CDK4 
complex. 
 

rs6086545 NA ANGPT4 RSPO4 Angiopoietin 4. This gene binds to 
TEK/TIE2, modulating ANGPT1 signaling 
and can induce tyrosine phosphorylation of 
TEK/TIE2. This gene also promotes 
endothelial cell survival, migration and 
angiogenesis. 
 

R-spondin 4. Activator of the beta-catenin signaling 
cascade, leading to TCF-dependent gene activation. 
Acts both in the canonical Wnt/beta-catenin-
dependent pathway and in non-canonical Wnt 
signaling pathway, probably by acting as an inhibitor 
of ZNRF3, an important regulator of the Wnt 
signaling pathway. 
 

rs3817805 CARD10 MFNG CDC42EP1 Caspase recruitment domain family, member 10. The caspase recruitment domain (CARD) is a 
protein module that consists of 6 or 7 antiparallel alpha helices. It participates in apoptosis signaling 
through highly specific protein-protein homophilic interactions. Like several other CARD 
proteins, CARD10 belongs to the membrane-associated guanylate kinase (MAGUK) family and 
activates NF-kappa-B (NFKB; see MIM 164011) through BCL10. Activates NF-kappa-B via BCL10 and 
IKK. 
 

rs2027560 NBEA MAB21L1 DCLK1 Neurobeachin. This gene encodes a member of a large, diverse group of A-kinase anchor proteins that 
target the activity of protein kinase A to specific subcellular sites by binding to its type II regulatory 
subunits. Brain-specific expression and coat protein-like membrane recruitment of a highly similar 
protein in mouse suggest an involvement in neuronal post-Golgi membrane traffic. Mutations in this 
gene may be associated with a form of autism. This gene and its expression are frequently disrupted in 
patients with multiple myeloma. Alternative splicing results in multiple transcript variants encoding 
distinct isoforms. Additional transcript variants may exist, but their full-length nature has not been 
determined. Binds to type II regulatory subunits of protein kinase A and anchors/targets them to the 
membrane. May anchor the kinase to cytoskeletal and/or organelle-associated proteins.  
 
 

rs10167879 EIF2AK3 C2orf51 RPIA Eukaryotic translation initiation factor 2-alpha kinase 3. Phosphorylates the alpha subunit of 
eukaryotic translation-initiation factor 2 (EIF2), leading to its inactivation and thus to a rapid reduction 
of translational initiation and repression of global protein synthesis. Serves as a critical effector of 
unfolded protein response (UPR)-induced G1 growth arrest due to the loss of cyclin-D1 (CCND1). 
 

rs710451 MASP1 RTP1 RTP4 Mannan-binding lectin serine peptidase 1 (C4/C2 activating component of Ra-reactive factor). 
Functions in the lectin pathway of complement, which performs a key role in innate immunity by 
recognizing pathogens through patterns of sugar moieties and neutralizing them. The lectin pathway 
is triggered upon binding of mannan-binding lectin (MBL) and ficolins to sugar moieties which leads 
to activation of the associated proteases MASP1 and MASP2. Functions as an endopeptidase and may 
activate MASP2 or C2 or directly activate C3 the key component of complement reaction. Isoform 2 
may have an inhibitory effect on the activation of the lectin pathway of complement or may cleave 
IGFBP5. 
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Table 4 P-values for top SNPs associated with mortality due to any cancer in Vlagtwedde-
Vlaardingen cohort and their association with other traits or disease (based on the GWAS 
central database). 

SNP Trait/disease in other GWA studies     p-value 

rs4657692 Amyotrophic lateral sclerosis   0.0185 

rs2152686 Serum cholestrol 0.0080 

rs9927389 Heigh-adjusted highest forced expiratory volume 0.0160 

Log 10 glycosylated haemoglobin  0.0190 

rs6003007 Flucloxacillin-induced liver injury 0.0019 

rs726657 Proinsulin levels 0.0340 

Flucloxacillin-induced liver injury 0.0237 

rs1520439 

Adult height 0.0217 

Rheumatoid arthritis 0.0243 

Brain glutamate concentrations 0.0145 

rs7570685 Log10 fibrinogen 0.0148 

Amyotrophic lateral sclerosis   0.3641 

rs10943613 Waist-hip ratio 0.034 

Glycated hemoglobin levels 0.0360 

rs4817193 Glycated hemoglobin levels 0.0141 

rs12468889 Pulmonary function (FEV1) 0.0144 

Fasting insulin 0.0384 

rs11952077 Two hour glucose challenge  0.0324 

rs7551349 
Amyotrophic lateral sclerosis   0.0008 

Alzheimer’s disease 0.0401 

Asthma 0.0060 

rs13034302 

Fasting glucose related; homeostatic model assessment of 

insulin resistance 
0.0345 

Flucloxacillin-induced liver injury 0.0064 

rs2959104 Proinsulin levels 0.0051 

rs9314611 Amyotrophic lateral sclerosis   0.0143 

Kuru 0.0174 

rs10957998 Systolic blood pressure 0.0206 

Amyotrophic lateral sclerosis   0.0143 

rs7590358 

Parkinson’s disease 0.0301 

Serum cholesterol  0.0123 

Amyotrophic lateral sclerosis   0.0079 

rs546597 Systolic blood pressure 0.0180 

Ulcerative colitis 0.0245 

rs6086545 Asthma 0.0400 

rs2027560 Crohn’s disease 0.0100 

rs710451 Partial epilepsies  0.0006 
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Table 5 Top associated SNPs with any cancer mortality in Vlagtwedde-Vlaardingen cohort 

located in or near locus 8q24 and locus 5p15. 

SNPs ID Chromosome Position P-value 

 

8q24 locus 

rs6997885 8 24031875 2.30E-01 

rs10097956 8 24094711 2.66E-01 

rs17051790 8 24122678 1.73E-01 

rs6980834 8 24138128 2.44E-01 

rs11992342 8 24154654 2.23E-01 

rs4559243 8 24221015 1.43E-01 

rs17737459 8 24275679 1.01E-01 

rs7012896 8 24283237 1.04E-01 

rs6557746 8 24285553 8.95E-02 

rs902847 8 24367198 2.59E-01 

rs11781622 8 24378741 2.71E-01 

rs1492415 8 24410561 9.71E-03 

rs11773926 8 24433531 1.48E-01 

rs17052263 8 24476252 1.61E-01 

rs7464587 8 24510378 4.24E-02 

rs4377969 8 24562232 1.23E-01 

rs4461905 8 24566766 6.70E-02 

rs6995471 8 24589864 3.44E-02 

rs12680982 8 24624709 9.91E-02 

rs2607605 8 24644749 1.87E-01 

rs7838471 8 24659652 2.40E-01 

rs196800 8 24688776 2.42E-01 

rs7844382 8 24729914 5.28E-02 

rs196896 8 24730318 2.00E-01 

rs2975186 8 24745451 4.47E-02 

rs118727 8 24790573 1.51E-02 

rs2979704 8 24809067 5.94E-02 

rs17830286 8 24817145 2.11E-01 

rs2979682 8 24819116 7.26E-02 

rs11135836 8 24844891 3.46E-02 

rs4872278 8 24855584 4.70E-02 

rs2976456 8 24869436 2.97E-02 

rs2950324 8 24873978 2.62E-01 

rs11773978 8 24903745 1.32E-01 

rs13265334 8 24915917 1.07E-01 

rs6984035 8 24944411 1.16E-01 

rs2874355 8 24967468 2.35E-01 

rs2950289 8 24991235 3.66E-03 

rs2979831 8 24993705 7.50E-02 
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5p15 locus 

rs6867275 5 15007802 6.09E-02 

rs7341022 5 15014182 6.60E-02 

rs35164783 5 15016619 6.89E-02 

rs735243 5 15039327 4.37E-02 

rs30539 5 15044842 5.90E-02 

rs10042043 5 15055447 1.18E-02 

rs251537 5 15059923 1.27E-01 

rs32447 5 15117438 6.63E-02 

rs1446040 5 15124021 3.37E-02 

rs2455489 5 15143511 2.41E-01 

rs301076 5 15155515 2.62E-01 

rs10520818 5 15589917 1.40E-01 

rs7704791 5 15632099 1.66E-01 

rs6878966 5 15647084 6.45E-02 

rs1127792 5 15654479 7.78E-02 

rs17647599 5 15659551 2.60E-01 

rs4701641 5 15697062 1.98E-01 

rs12516275 5 15712602 2.33E-01 

rs10039391 5 15729889 2.18E-01 

rs1015669 5 15750881 1.44E-01 

rs9637832 5 15757839 8.68E-02 

rs1505039 5 15779815 5.59E-02 

rs878963 5 15786211 2.05E-01 

rs16867730 5 15789739 2.60E-01 

rs10520827 5 15876687 2.24E-01 

rs6897647 5 15904024 8.55E-02 

rs6883363 5 15913562 4.58E-02 

rs13153362 5 15919799 1.26E-01 

rs1354182 5 15949793 3.81E-02 

rs6859383 5 15956987 5.88E-02 

rs42753 5 15964474 7.78E-02 

rs10520832 5 15985169 1.06E-01 
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Figure 1 Q-Q plot. Observed p-values are derived from Cox regression model on cancer mortality. 
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Figure 2 Manhattan plot showing the –log p-value for the SNPs associated with mortality due 

to cancer in an additive model. Horizontal line indicates the threshold of p-value <1×10-4.  
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Abstract 

 

Background: There are indications that a history of allergy may offer some 

protection against cancer. We studied the relation of three objectively determined 

allergy markers with cancer mortality and hospitalization risk. 

Methods: Associations between three allergy markers (number of peripheral blood 

eosinophil counts, skin test positivity and serum total IgE) with mortality and 

hospitalization from any type and four common types of cancer (lung, colorectal, 

prostate and breast cancer) were assessed in the Vlagtwedde-Vlaardingen cohort 

(1965-1990), with follow-up of mortality until December 31st 2008. Hospitalization 

data were available since January 1st 1995.  

Results: There were no significant associations between objective allergy markers 

and cancer mortality or hospitalization. We found several associations in specific 

subgroups. A higher number of eosinophils was associated with a decreased risk of 

colorectal cancer mortality in ever smokers (HR (95%CI) = 0.61 (0.45-0.83)) and in 

males (0.59 (0.42-0.83)). Skin test positivity was associated with a decreased risk of 

any cancer mortality in females (0.59 (0.38-0.91)). Serum total IgE levels were 

associated with an increased risk of lung cancer mortality among females (4.64 (1.04-

20.70)) but with a decreased risk of cancer hospitalization in ever smokers (0.77 (0.61-

0.97)) and males (0.72 (0.55-0.93)).  

Conclusions: We found no associations between objective allergy markers and 

cancer in the total population. However skin test positivity and a high number of 

eosinophils were associated with a reduced risk to die of cancer in specific 

subgroups. Hence, it seems important to study specific subgroups defined by gender 

and smoking habits in order to identify allergy markers of predictive value for 

cancer mortality. 
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Introduction 

 

There are indications of an inverse association between a history of allergy and 

cancer (1-3), suggesting that allergies may offer some protection against cancer in 

general. 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 (1). Although an 

appealing theory, the strength of the evidence in favor of this so called ‘immune 

surveillance theory’ is limited. Studies on the association between allergy and cancer 

show inconsistent results, mainly because the association between allergy and cancer 

is complex and is based on both different types of cancer and different definitions of 

allergy (3).  

Thus, some studies have reported a negative association between allergy and cancer, 

supporting the immune surveillance theory (1-3), while others show a positive (5,6) 

or no general association (4). A theory that is often used to explain 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 (7,8). Beside the above-mentioned mechanism, there is an emerging evidence 

for an important role of T-helper 2 (TH2) immune skewing in the association 

between allergy and cancer (8).  

Recent reviews showed that the association between allergies and cancer is organ or 

site specific6. Several studies indicated that the presence of allergy markers was e.g. 

associated with a decreased risk of colorectal cancer, pancreatic cancer and cancer of 

larynx, but with increased risks of lymphoma, prostate cancer and myeloma, and 

there are inconsistent results for breast cancer and lung cancer (6,8,9).  
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However, many unanswered questions remain about the inconsistent reported 

associations between allergy and cancer risk. Few studies have reported whether the 

associations between allergy and cancer risk varies according to gender or smoking 

habits (8). For instance, Hsiao et al (10) found an inverse association between 

allergies and head and neck cancer, particularly among males and smokers.  

However no clear explanation for the gender difference has been proposed. Thus, 

future studies are needed to clarify the role of smoking and gender in the association 

between allergy and different cancer types. 

We studied in a general population sample in two Dutch communities (Vlagtwedde-

Vlaardingen) whether allergy is associated with cancer mortality and hospitalization 

(as proxies for cancer incidence) after adjustment for potential confounders. We also 

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

between allergy and cancer since previous studies suggested these might have 

differential effects (2,11).  

 

Methods 

 

Ethics Statement 

The committee on human subjects in Research of the University of Groningen 

reviewed the study and affirmed the safety of the protocol and study design and 

specifically approved this study. All participants gave their written informed 

consent. 

 

Study population 

We studied objective allergy markers, cancer mortality and hospitalization using the 

Vlagtwedde-Vlaardingen cohort study. 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 (12,13). 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 
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subjects aged between 20 and 65 years were invited to participate at every survey. 

We updated the vital status of all participants on December 31st, 2008 and evaluated 

five main cancer mortality outcomes, i.e., mortality from all types of cancer, lung, 

colorectal, prostate and breast cancer, either as primary or secondary cause of death. 

The causes of death were coded according to the International Classification of 

Diseases (ICD). Hospitalization data since January 1st 1995 were obtained using 

probabilistic matching based on date of birth, gender and postal code. The 

probabilistic matching method was used because of privacy regulations. A match 

was defined if date of birth, gender and postal code in our source-file (the 

Vlagtwedde-Vlaardingen cohort data) were exactly equal to those in the hospital 

admission registry file. Diagnosis at discharge was used to identify the reason for the 

hospitalizations. The endpoints used for the current study were having at least one 

hospitalization due to any cancer or due to a specific type of cancer (i.e. lung, 

colorectal, prostate and breast cancer. Subjects who were lost to follow up or died 

within 2 years after the start of the hospitalization data (in 1995), and were not 

hospitalized during these years, were excluded from these analyses. However, 

subjects with a shorter registration period but with a hospital admission for cancer in 

this period are included in the group ‘at least one hospitalization due to any cancer’.  

 

Population characteristics 

We collected data on age, gender, and smoking habits using the Dutch version of the 

British Medical Research Council questionnaire (12,13).  We used the data of a 

subject’s first available survey. We defined smoking habits as follows: Never 

smoker, and ever (i.e. ex and current) smoker (including pipe/cigar smokers). 

The body mass index (BMI) was calculated as weight in kilograms divided by the 

square of the height in meters (kg/m2).  

 

Allergy 

Peripheral blood eosinophil counts were assessed in a 1:11 dilution of peripheral 

blood with a Bürker counting chamber (12,13). 
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Skin prick tests were performed at the first available survey. Four common 

aeroallergens (house dust, mixed pollen, epidermal products and mixed moulds) 

were applied intracutaneously to the forearm (Diephuis, Groningen, Netherlands) 

(14). Wheal diameters for each allergen were measured to the nearest half millimeter 

and coded on a six-point scale (0=0-5.0 mm, 1 ≥ 5.0-7.5 mm, 2 ≥ 7.5-10.0 mm, 3 ≥ 10.0-

12.5 mm, 4 ≥ 12.5 mm, 5 ≥ 15.0 mm). Scores for the four allergens were added to a 

skin test sum score (minimum 0, maximum 20). Skin test positivity was defined as a 

skin test sum score ≥3 (15). 

Serum total Immunoglobulin E (IgE) was determined at only one survey, i.e. the 

final survey, with the CAP system (Pharmacia, Woerden, the Netherlands) and 

expressed in kU/L (15). 
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Cancer mortality and hospitalization 

Cancer was classified according to the ICD-coding system: Any type of cancer (ICD 

7: 140-239 and 294; ICD 8: 140-239;  ICD 9: 140-239 and 288; ICD10: C00-C97, D00-

D48), lung cancer (cancer of trachea, bronchus and lung) (ICD 7: 162, 163; ICD 8: 162, 

163;  ICD 9: 162, 163, 165; ICD10: C33, C34, C38, C39), cancer of colon and rectum 

(further referred to as colorectal cancer) (ICD 7: 153, 154; ICD 8: 153, 154; ICD 9: 153, 

154; ICD 10 C18-C21), breast cancer (ICD 7: 170; ICD 8: 174; ICD 9:174, 175 and 

ICD10: C50) and prostate cancer (ICD 7: 177; ICD 8: 185; ICD 9: 185  and ICD 10: 

C61).          

 

Statistical analyses 

Descriptive analyses of the subject characteristics and the mortality and 

hospitalization data were performed. Differences between groups were tested with 

independent samples t-test and Chi-square test for continuous and categorical 

variables, respectively. Blood eosinophil counts and serum total IgE were log-

transformed to obtain normality of the distribution. Multivariate Cox regression (for 

mortality) and logistic regression (for hospitalization) with adjustment for age, 

gender, Forced Expiratory Volume in 1 second (FEV1) as % of predicted, BMI (all at 

the first survey) and place of residence were used to estimate the effect of the allergy 

markers on the cancer outcomes. To determine whether the association of the three 

allergy markers was different for males and females, or for ever and never smokers 

stratified analyses were performed and interactions between allergy markers and 

gender, or smoking were tested. In the Cox regression analyses censoring took place 

when the subjects were still alive, were lost to follow-up, or died of causes other than 

cancer or the specific cancer under study (16). Time was defined from the first 

available survey until cancer mortality or until censoring in the analyses of 

eosinophils and skin test positivity. Similarly, in the analyses of IgE, time was 

defined from the only available survey, i.e. the final survey, until cancer mortality or 

until censoring. Finally, to investigate the robustness of our results we conducted 

several sensitivity analyses. All analyses were performed at Statistics Netherlands 
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(The Hague, the Netherlands). P-values <0.05 (two-sided) were considered to be 

statistically significant.  

 

Results 

 

Mortality 

Among all 8,465 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 (Table 1A). Of those subjects who died due to cancer, most died of lung cancer 

(n=275, 23.0%), followed by colorectal cancer (n=134, 11.2%), prostate cancer (n=83, 

7.0%) and breast cancer (n=117, 9.9%) (figure 1).  

Details on the associations between allergy markers and baseline characteristics of 

the subjects in 1965/67/69 and vital status in 2008 are presented in the 

Supplementary Tables 1 and 2 respectively. 

Among all 8,465 subjects, 7,085 (83.7%) subjects had data available on peripheral 

blood eosinophil counts and on all included covariates, 6,193 (73.1%) had data 

available on skin test positivity and on all included covariates, and for 2,324 (27.5%) 

subjects data on IgE and on all included covariates could be obtained 

(supplementary table 3).  

Subjects who died due to cancer were more often men, older, had a higher BMI, 

were more often smokers and had a lower FEV1 % predicted at first survey than 

those who were alive. Subjects who died due to cancer had a higher level of 

peripheral blood eosinophils compared to subjects who were alive. Subjects who 

died due to cancer had less skin test positivity compared to subjects who were alive 

(p=0.001). There were no significant differences in the level of serum total IgE 

between subjects who died due to cancer and those who were alive (table 1A). 
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Hospitalization 

Of the total number of 8,465 subjects, 6,174 subjects were successfully matched to the 

hospital admission file (in 20 subjects a successful match could not be found and 

2,271 subjects were lost to follow up or died before the start of registration of 

hospitalization in 1995). Of these 6,174 subjects, we excluded 91 subjects because 

they had a follow-up period shorter than 2 years and no hospital admission in these 

2 years after the start of registration of hospitalization (figure 1). Among all 6,083 

subjects with data on hospitalization, 1,022 (16.8%) subjects were hospitalized for 

any type of cancer. Subjects, who had at least one hospitalization due to cancer were 

significantly older, were more often smokers, had a higher BMI, a lower FEV1 % 

predicted compared to subjects who had no hospitalization. Subjects with at least 

one hospitalization due to cancer were less often skin test positive compared to 

subjects who had no hospitalization (p=0.02). Subjects with at least one 

hospitalization due to cancer were older compared to subjects who had at least one 

hospitalization but not due to cancer (p=0.03). There were no significant differences 

in the level of eosinophils, and the level of serum total IgE, between subjects who 

had at least one hospitalization for any type of cancer and those who were not 

hospitalized at all or those who were hospitalized but not due to cancer (table 1B).  

Among all 6,083 subjects with data on hospitalization, 5,449 (89.6%) subjects had 

data available on peripheral blood eosinophil counts and on all included covariates, 

4,611 (75.8%) had  data  on skin test positivity and on all included covariates, and for 

2,299 (37.8%) subjects, data on IgE and on all included covariates could be obtained 

(supplementary table 3). 
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Peripheral blood eosinophil counts 

In the total population, we found no significant association between number of 

eosinophils and cancer mortality or cancer hospitalization (table 2 and figure 2A). A 

higher number of eosinophils was significantly associated with decreased risk for 

colorectal cancer mortality in ever smokers (Hazard ratio (HR) (95% confidence 

interval (CI)) = 0.61 (0.45-0.83); see table 3) and males (0.60 (0.42-0.83)); Table 4) 

(supplementary figure 1 and 2). The interaction between the number of eosinophils 

and smoking respectively gender was significant. To assess whether this association 

is gender or smoking dependent we investigated the interaction between eosinophils 

and smoking separately in males and females and the interaction between 

eosinophils and gender separately in never and ever smokers. We observed  

a significant interaction between eosinophils and ever smoking within males and  

a significant interaction between eosinophils and male gender within ever smokers 

(supplementary table 4). There were no significant interactions between number of 

eosinophils and gender or smoking in the analyses on hospitalization due to cancer 

(supplementary table 5). 

 

Skin test positivity 

Skin test positivity was not associated with cancer mortality or cancer hospitalization 

in the total population (table 2, and figure 2B). Within females skin test positivity 

was associated with a decreased risk of mortality from any type of cancer (0.59 (0.38-

0.91); table 4) and the interaction between skin test positivity and gender on any type 

of cancer mortality was significant. There were no significant interactions between 

skin test positivity and gender on any type of cancer hospitalizations 

(supplementary table 6). 

 

Serum total IgE 

Serum total IgE was not associated with cancer mortality or cancer hospitalization in 

the total population (table 2, and figure 2C).  The association between total IgE and 

cancer mortality risk was not significantly different between ever and never smokers 

(table 3). The association of serum total IgE and cancer mortality risk was 
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significantly different between males and females, with a significantly increased risk 

of mortality from lung cancer among females (4.64 (1.04-20.70)) (table 4). Higher 

levels of serum total IgE were associated with a lower chance of hospitalization for 

all types of cancer among males (0.76 (0.59-0.98) (supplementary table 6). 

 

Sensitivity analyses 

A sensitivity analysis on cancer mortality, excluding the subjects who were lost to 

follow-up or died within 2 years of the visit with the assessment of the allergy 

marker [(eosinophils: total n=44, cancer mortality n=10), (skin test positivity: total 

n=41, cancer mortality n=7), and (total IgE: total n=30, cancer mortality n=12)), gave 

similar results as the main analysis (results not shown). 

In addition, we performed separate analyses on cancer as primary cause of death 

and as secondary cause of death. The results of these analyses were comparable to 

the results of the presented analyses where we analysed cancer as either the primary 

or secondary cause of death (results not shown). Since FEV1 could be on a causal 

path from allergy to cancer mortality, we performed a sensitivity analyses excluding 

FEV1 from our Cox regression model. These analyses gave the same results as our 

main analyses (results not shown).  

The different inclusion strategy of Vlagtwedde and Vlaardingen may introduce bias. 

We therefore stratified our analyses by place of residence. In addition, we performed 

a meta-analysis with these two studies and demonstrated evidence of association in 

both datasets. The meta-analysis showed the same result as the original pooled 

analysis (results not shown).  

Furthermore, additional adjustment for years of recruitment gave the same results as 

our main analyses (results not shown). 
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Discussion 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          

This is the first large cohort study that investigated three objective markers of 

allergy, mortality and hospitalization due to cancer in the general population. We 

found no association between allergy and the risk to die of cancer or hospitalization 

in the total population. However, in specific subgroups, we did find such 

associations: higher numbers of eosinophils were associated with a reduced risk of 

colorectal cancer mortality among ever smokers and males. The effect of skin test 

positivity on the risk of mortality from all types of cancer was different for males 

and females, and we found a negative association among females. The effect of IgE 

on lung cancer mortality risk was different for males and females; we found a 

positive association among females. Higher levels of serum total IgE showed to be 

protective against all types of cancer hospitalizations among males and ever 

smokers.  

The findings of the current study corroborate the findings of previous work in this 

field; especially those who found no general association between allergy and cancer, 

with the same definition of allergy as we used (17-20), or based on a self-reported 

history of allergy (21).  Results of previous studies were inconsistent. This type of 

discrepancy between results among studies is understandable, mainly because the 

association between allergies and cancer is complex and is based on both different 

types of cancer (5) and different definitions of allergy (8,11). Studies vary 

considerably in their definitions of allergy and allergy markers. For instance, very 

few studies distinguish between atopy (type-I allergy, IgE-mediated hyper-

sensitivity) and allergy (immune hypersensitivity, regardless of the mechanism) (11). 

Although immune surveillance and antigen stimulation are the most established 

hypotheses for explaining the association between allergy and cancer, the body of 

current worldwide literature provides limited support for these two hypotheses (19).  

We found that high numbers of peripheral blood eosinophils are protective against 

colorectal cancer mortality only in males and ever smokers. In depth-analyses 

showed that a decreased risk of mortality from colorectal cancer is associated with  

a high number of eosinophils within males who were smokers (supplementary  
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table 4). This observation may be explained by the fact that in our study population, 

smokers and males had a higher number of eosinophils compared to females and 

non-smokers, suggesting a threshold effect. This means that the protective effect of 

eosinophils on cancer only becomes apparent given a certain minimal level of 

eosinophils. However, an exploratory analysis in which we divided the eosinophil 

levels in equally spaced categories showed no evidence of this threshold effect 

(supplementary table 7).  

Another explanation may be that, although higher numbers of blood eosinophils are 

an important aspect of allergy, in smokers, eosinophil levels may be a better 

indicator of general inflammation rather than allergic inflammation. Earlier results in 

the Vlagtwedde–Vlaardingen cohort indeed showed within smokers the relationship 

between eosinophils and allergy is weaker than in non-smokers (22). Since general 

inflammation is a risk factor for many other diseases (such as cardiovascular disease) 

(23) it is very well possible that these male smokers died of another disease before 

they could develop cancer. This explains the negative association between 

eosinophils and cancer mortality in the group with the highest risk for 

cardiovascular diseases (i.e. male smokers). Finally, a more mechanistic explanation 

for the negative association between eosinophils and cancer is that eosinophils 

release cytokines, which may lead to an antitumor response (24) and produce 

granule proteins that are highly cytotoxic for cancer cells (25). It has also been 

proposed that a hyperactive immune function among smokers can detect and 

destroyed malignant cells which may lead to an inverse association between 

allergies and cancer (10). 

In our study IgE was positively associated with lung cancer mortality among 

females. This finding may be explained by the fact that the lung is an organ which is 

directly exposed to the noxious stimuli which can be both allergens and carcinogens. 

This direct exposure induces excessive inflammation in allergic subjects which in 

turn may promote tumor development (i.e. the antigen stimulation theory may 

apply here) (14). However the gender-difference has not been satisfactorily 

explained, but that is a common phenomenon in allergy research (26). 
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Higher levels of serum total IgE were associated with a decreased risk for 

hospitalization due to any cancer among smokers and males. As mentioned before, 

this can be a consequence of male smokers being more prone to develop lethal 

cardiovascular diseases. Another explanation may be that IgE antibodies 

physiologically survey tumor cells and eosinophils, and in addition mast cells and 

macrophages can be armed with the cytophilic IgE. These all together become potent 

anti-tumor effectors, able to trace and kill tumor cells in the tissues (27). However, 

evidence shows that an increased serum total IgE levels may not be exclusively 

related with atopic diseases (15). 

Some other studies reported both inverse associations between allergy and cancer as 

well as positive associations (7), as we found. Therefore, our findings support the 

fact that the association between allergies and cancer is site specific. According to 

Sherman’s review, inverse associations were frequently reported for colorectal 

cancer, whereas a positive association was reported for lung cancer (7). 

An important concern in the association between allergy and cancer is the potential 

effect modification of gender and smoking (3).  A previous study assessing whether 

the association between history of asthma and/or hay fever and cancer mortality 

was modified by gender or smoking showed that the effect of asthma is more 

pronounced in males and ever smokers (28). Although our results are in accordance 

with these findings, the possibility that these interaction results are confounded, by 

an unmeasured risk factor for allergy or cancer, is still of concern and warrants 

further studies. 

Our study has several strengths. First, we investigated several common types of 

cancer (lung, colorectal, prostate, and breast cancer) whereas most other studies 

focused only on one specific type of cancer. Second, most previous studies were 

cross-sectional in design, whereas our cohort was followed-up for over 40 years. 

Third, among previous studies there is a failure to control for important cancer and 

allergy risk factors such as smoking and gender (1). We studied three biological 

markers of allergic disease to operationalize allergy whereas the majority of previous 

studies used questionnaires or investigated associations of cancer types with asthma, 

assuming an underlying atopic constitution that was not tested formally using 
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objective allergy tests. Finally, a high follow-up rate should be mentioned, as 99.7 % 

of the included subjects could be traced back (Supplementary Table 8). 

Hospitalization data were only available since 1995 and were obtained using 

probabilistic methods to identify true matches, which can be subject to error and 

could be considered a limitation of our study. Another limitation is that we studied 

both cancer mortality and hospital admissions as proxies for cancer incidence 

thereby assuming that the mechanisms relating allergy to cancer incidence do not 

differ from the mechanisms relating allergy to cancer mortality or hospitalization. 

Finally, no information was available on outpatient visits in the hospitalization data; 

therefore, we might have missed some cancer patients who did not require 

hospitalization.  

In conclusion, our results indicate that we failed to identify overall associations 

between allergy markers and cancer. However, we found an inverse association 

between eosinophils, skin test positivity and high serum total IgE and mortality and 

hospitalization from different types of cancer in specific subgroups. Hence, only 

studies on allergy and cancer that analyze sub-cohorts defined by gender and 

smoking habits may result in the possible identification of markers of predictive 

value. 
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    Table 1A Characteristics at the first survey of 8,465 subjects according to vital status in 2008.  

 

 

a All subjects: n=8,452, in 13 subjects the cause of death could not be determined 
b FEV1% of predicted, percentage of predicted forced expiratory volume in 1 second 
c IgE was measured at the last survey in 1989/1990. 
d The follow-up time for allergy markers were calculated as the difference between the age at the first available allergy markers measurement and the age at last known vital status. 
e P-value calculated by Chi- square or t-test. 

 

Characteristic 

 

 

Alive 

(n=4,505) (A) 

 

Died due to 

cancer 

(n=1,194) (DC) 

 

Died, but not 

due to cancer 

(n=2,473) (DNC) 

 

Died due to 

external causes 

(n=158) 

 

Lost to follow-

up (n=122) 

 

P-value e 

DC vs A 

 

 

P-value e 

DC vs DNC 

        

All subjects, % a 53.2 14.1 29.3 1.9 1.5   

Male, % 48.8 58.3 54.8 63.9 57.4 0.00 0.04 

Age (years), mean (SD) 30.2 (10.2) 45.9 (11.1) 50.1 (9.6) 43.6 (13.7) 33.2 (13.3) 0.00 0.00 

Smoking, %        

    Never smoker 38.0 33.2 39.8 35.9 38.8 0.00 0.00 

    Ever smoker 62.0 66.8 60.2 64.1 61.2   

FEV1 % of predicted b, mean (SD) 90.4 (12.4) 85.2 (14.6) 82.9 (16.7) 87.2 (13.2) 89.6 (12.1) 0.00 0.00 

BMI (kg/m2), %        

   <25 60.9 39.4 32.4 50.8 64.7   

    25-30 31.8 44.7 49.5 37.9 29.3 0.00 0.00 

    >30 7.3 15.9 18.0 11.3 6.0   

Eosinophil count (*11 cells/µl) (Ln), mean (SD) 2.3 (0.8) 2.4 (0.7) 2.5 (0.7) 2.3 (0.9) 2.4 (0.9) 0.00 0.52 

Skin test positivity, % 18.9 9.9 9.5 13.6 27.1 0.00 0.71 

Serum Total IgE (kU/L) (Log 10), mean (SD) c 1.4 (1.6) 1.4 (0.6) 1.5 (0.6) 1.5 (0.7) 1.3 (0.5) 0.91 0.30 

Follow-up time for eosinophils in years,  
median (range) d 

39.2 (19.2-44.2) 26.8 (0.5-43.2) 26.9 (0.2-43.2) 19.6 (0.2-42.8) 22.8 (0.0-41.0) 0.00 0.36 

Follow-up time for skin test positivity in years,  
median (range) d 

39.2 (36.2-44.2) 27.4 (0.5-43.2) 27.6 (0.2-43.2) 12.1 (0.2-42.8) 26.2 (0.0-41.0) 0.00 0.85 

Follow-up time for serum total IgE in years,  
median (range) d 

19.2 (18.2-19.2) 11.8 (0.6-19.2) 12.8 (0.4-19.2) 13.3 (2.0-18.7) 12.2 (1.1-18.7) 0.00 0.21 

Place of residence, %        

Vlagtwedde  66.7 63.8 69.5 72.8 55.7 0.09 0.00 
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           Table 1B Characteristics at first survey of subjects according to hospitalization statusa.  

 

 

 

 

 

 

 

 

 

 

 

 

 

a Hospitalization registry data were available on 6,083 subjects (3,125 females and 2,925 males). 
b FEV1% of predicted, percentage of predicted forced expiratory volume in 1 second. 
c P-value calculated by Chi- square or t-test. 

  
Characteristics  

 
No hospitalization 

(n=1,750) (NA) 

 
At least one  

hospitalization for any  type of 
cancer (n=1,022) (CA) 

 
At least one hospitalization 

 but not due to cancer  
(n=3,311) (NCA) 

 
P-value c 

CA vs NA 
 

 
 

P-value c 
CA vs NCA 

      

Age on January 1st,1995 (years), mean (SD) 54.2 (12.0) 61.7 (11.7) 60.5 (12.4) 0.00 0.00 

Male , % 46.9 51.3 48.8 0.03 0.16 

Smoking, % 

     

     

     Never smoker 41.2 33.0 38.3 0.00 0.00 

     Ever smoker 58.8 67.0 61.7   

FEV1 % of predicted b, mean  (SD) 90.2 (12.1) 88.2 (13.6) 89.4 (13.1) 0.00 0.01 

BMI (kg/m2), %      

     < 25 67.5 46.5 51.1   

     25-30 26.1 41.9 38.7 0.00 0.04 

     > 30 6.4 11.6 10.2   

Eosinophil count (*11 cells/µl) (Ln), mean 

(SD) 

2.4 (0.8) 2.4 (0.8) 2.4 (0.8) 0.74 0.75 

Skin test positivity, % 19.5 15.5 16.2 0.02 0.65 

Serum total IgE  (kU/L) (Log 10) at visit 
1989/1990, mean (SD) 

1.5 (0.6) 1.4 (0.6) 1.4 (0.6) 0.09 0.23 

Place of residence, %      

Vlagtwedde 63.0 65.6 69.0 0.17 0.04 
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Table 2 Hazard ratio of allergy markers for mortality, and odds ratios of allergy markers for hospitalization from any and specific 

type of cancer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Any cancer 

 

 

Lung cancer 

 

 

Colorectal cancer 

 

 

Prostate cancer 

 

 

Breast cancer 

      
Cancer  mortality HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) HR ( 95% CI) 

Eosinophils (ln) 1.05 (0.96-1.15) 1.11 (0.92-1.34) 0.84 (0.64-1.09) 1.02 (0.71-1.46) 0.86 (0.66-1.13) 

Skin test positivity 0.83 (0.67-1.04) 0.90 (0.58-1.40) 1.20 (0.65-2.24) 0.69 (0.24-1.94) 0.57 (0.25-1.31) 

Total IgE (log10)  0.99 (0.79-1.25) 1.03 (0.62-1.71) 0.99 (0.52-1.91) 0.59 (0.26-1.36) 0.48 (0.15-1.49) 

Cancer hospitalization OR ( 95% CI) OR ( 95% CI) OR ( 95% CI) OR ( 95% CI) OR ( 95% CI) 

Eosinophils (ln) 0.99 (0.90-1.08) 1.17 (0.89-1.54) 1.05 (0.80-1.39) 0.98 (0.72-1.33) 0.98 (0.75-1.29) 

Skin test positivity 0.98 (0.79-1.21) 0.74 (0.40-1.38) 0.78 (0.41-1.49) 1.19 (0.65-2.18) 1.03 (0.53-1.98) 

Total IgE (log10)  0.86 (0.71-1.04) 0.89 (0.52-1.54) 0.92 (0.56-1.49) 0.82 (0.49-1.38) 0.88 (0.48-1.64) 
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Table 3 Interaction of eosinophils, skin test positivity and IgE with smoking on mortality risk from any type of cancer, lung cancer, colorectal cancer, 

prostate cancer (only in males) and breast cancer (only in females).  

 

 

Any cancer  

HR ( 95% CI) 

 

 

P-value Lung cancer 

HR ( 95% CI) 

P-value Colorectal cancer 
HR ( 95% CI) 

P-value Prostate cancer 

HR ( 95% CI) 

P-value Breast cancer 

HR ( 95% CI) 

P-value 

           
Eosinophils (ln) 

 

 

 

 

  

 

 

  

 

 

  

 

 

  

 

 

 

Effect in never smokers  1.09 (0.92-1.28) 0.323 0.82 (0.37-1.82) 0.624 1.52 (0.96-2.40) 0.073 1.30 (0.47-3.55) 0.613 0.92 (0.66-1.28) 0.601 

Effect in ever smokers 1.03 (0.93-1.15) 0.583 1.13 (0.93-1.37) 0.210 0.61 (0.45-0.83) 0.002 0.98 (0.67-1.44) 0.922 0.78 (0.50-1.20) 0.257 

Interaction  0.95 (0.78-1.15) 0.597 1.38 (0.61-3.14) 0.442 0.40 (0.23-0.70) 0.001 0.76 (0.26-2.22) 0.611 0.85 (0.49-1.47) 0.552 

Skin test positivity                          

Effect in never smokers 0.81 (0.52-1.26) 0.355 1.12 (0.14-9.02) 0.913 1.26 (0.44-3.58) 0.571 1.12 (0.13-9.44) 0.920 0.61 (0.22-1.70) 0.349 

Effect in ever smokers  0.84 (0.65-1.09) 0.184 0.89 (0.57-1.40) 0.624 1.18 (0.55-2.51) 0.670 0.61 (0.19-1.99) 0.414 0.49 (0.12-2.08) 0.335 

Interaction  1.03 (0.62-1.71) 0.897 0.80 (0.10-6.67) 0.833 0.94 (0.26-3.38) 0.923 0.55 (0.05-6.18) 0.626 0.80 (0.14-4.66) 0.805 

Total IgE (log10)            

Effect in never smokers 0.88 (0.51-1.51) 0.446 2.03 (0.21-19.97) 0.717 0.75 (0.16-3.58) 0.717 1.21 (0.00-5.41) 0.998 0.44 (0.12-1.57) 0.209 

Effect in ever smokers  1.02 (0.79-1.31) 0.891 1.00 (0.59-1.68) 0.981 1.05 (0.52-2.15) 0.882 0.59 (0.26-1.36) 0.216 0.69 (0.06-7.67) 0.765 

Interaction 1.16 (0.64-2.10) 0.632 0.49 (0.05-5.09) 0.696 1.41 (0.25-7.88) 0.696 0.49 (0.00-2.19) 0.994 1.58 (0.10-23.99) 0.744 
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Table 4 Interaction of eosinophils, skin test positivity and IgE with gender on mortality risk from 

any type of cancer, lung cancer and colorectal cancer.  

 

    Statistically significant results are shown in bold.

 

 

Any cancer 

HR ( 95% CI) 

 

P-value Lung cancer 

HR ( 95% CI) 

P-value Colorectal cancer 
HR ( 95% CI) 

P-value 

       
Eosinophils  (ln)  

  

 

 

 

 

  

 

 

  

 

 

 

Effect in females 1.04 (0.91-1.19) 0.551 1.35 (0.89-2.05) 0.159 1.25 (0.84-1.85) 0.272 

Effect in males 1.05 (0.93-1.18) 0.419 1.06 (0.86-1.30) 0.584 0.59 (0.42-0.83) 0.003 

Interaction  1.01 (0.84-1.21) 0.936 0.79 (0.49-1.25) 0.307 0.48 (0.28-0.80) 0.005 

Skin test positivity 
 

 

      

Effect in females 0.59 (0.38-0.91) 0.016 0.79 (0.24-2.59) 0.694 0.74 (0.23-2.40) 0.613 

Effect in males 0.97 (0.75-1.26) 0.821 0.92 (0.57-1.48) 0.737 1.55 (0.74-3.22) 0.244 

Interaction  1.65 (1.00-2.73) 0.051 1.17 (0.33-4.21) 0.809 2.10 (0.53-8.30) 0.293 

Total IgE (log10)  

 

      

Effect in females 1.18 (0.77-1.80) 0.475 4.64 (1.04-20.70) 0.040 0.68 (0.21-2.19) 0.506 

Effect in males 0.95 (0.73-1.25) 0.659 0.85 (0.50-1.45) 0.611 1.22 (0.57-2.61) 0.638 

Interaction  0.81 (0.49-1.33) 0.371 0.18 (0.04-0.90) 0.031 1.79 (0.44-7.23) 

 

0.428 
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                   Figure 1 Flow diagram showing the Vlagtwedde-Vlaardingen study design. 
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Figure 2 Hazard ratio of eosinophils (figure 2A), skin test positivity (figure 2B), and IgE (figure 2C) 

for mortality and Odds ratio for hospitalization from cancer.  
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      Figure 2 Continued  
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Supplementary Table 1 Characteristics at the first survey of subjects without (EO-) and with eosinophilia (EO+) (eosinophilia defined as > 275 

cells/mm3), and without (ST-) and with positive skin tests (ST+). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 a FEV1% of predicted, percentage of predicted forced expiratory volume in 1 second. 

 b P-value calculated by Chi- square or t-test. 

 
EO- 

 

 

EO+ 

 

 

p-value b 

 

ST- 

 

 

ST+ 

 

 

p-value b 

 

 
       

All subjects, n (%) 6416 (88.1) 868 (11.9)  5402 (85.0) 957 (15.0)  

Men, % 51.1 55.2 0.03 50.7 59.2 0.00 

Age (years), mean (SD) 36.6 (13.4) 36.4 (13.9) 0.70 37.2 (13.7) 30.8 (11.6) 0.00 

Smoking , %       

    Never smoker 36.5 32.8 0.20 38.8 33.1 0.00 

    Ever smoker 63.5 67.2  61.2 66.9  

FEV1% predicted a, mean (SD)  88.3 (13.9) 84.4 (15.7) 0.00 87.2 (14.3) 87.8 (13.9) 0.17 

BMI (kg/m2), %       

    <25 51.1 54.1 0.05 49.4 60.6  

    25-30 38.1 33.9  39.0 32.6 0.00 

    >30 10.7 12.0  11.6 6.8  

Place of residence, %       

    Vlagtwedde 63.9 49.8 0.00 58.8 44.6 0.00 
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Supplementary Table 2 Vital status in 2008 for subjects without (EO-) and with eosinophilia (EO+) 

(eosinophilia defined as > 275 cells/mm3), and without (ST-) and with positive skin tests (ST+) at the 

first survey.  

 
a P- value calculated by Chi- square within vital status (alive, died due to cancer, not due to cancer and died due to  external 
causes)  
b P- value calculated by Chi- square compare to died due to other cancer types.

 EO- 

 

 

EO+ 

 

 

p-value  

 

 

ST- 

 

 

ST+ 

 

 

p-value 

 

        

Alive    59.9 55.1 0.01a 53.2 69.7 0.00a 

Died due to cancer 13.2 12.1  15.2 9.4  

Died but not due to cancer 23.8 28.3  28.8 16.9  

Died due to external causes 1.6 2.2  1.8 1.6  

Lost to follow-up 1.5 2.3  1.1 2.4  

Mortality due to specific  
Types of cancer 

      

Lung cancer 24.2 22.9 0.76b 22.4 25.6 0.49b 

Colorectal cancer 11.4 10.5 0.78 11.2 13.3 0.56 

Prostate cancer 10.8 8.0 0.51 10.1 4.0 0.43 

Breast cancer 11.8 4.0 0.02 10.3 6.2 0.20 
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Supplementary Table 3 Number of subjects included in the analyses on the associations between allergy markers and mortality and 

hospitalization from any and specific type of cancer. 

 

All subjects Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

      
Cancer  mortality events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 

Eosinophils (ln) 921 (13.0)/6164 (87.0) 223 (3.1)/6862 (96.9) 102 (1.4)/6983 (98.6)   
Skin test positivity 875 (12.4)/5318 (87.6) 200 (3.2)/5993 (96.8) 97 (1.5)/6096 (98.5)   

Total IgE (log10)  212 (9.1)/2112 (90.9) 43 (1.8)/2281 (98.2) 27 (1.2)/2297 (98.8)   

      
Cancer hospitalization hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp 

Eosinophils (ln) 914 (16.8)/4535 (83.2) 103 (1.9)/5346 (98.1) 95 (1.7)/5354 (98.3)   
Skin test positivity 798 (17.3)/3813 (82.7) 94 (2.0)/4517 (98.0) 89 (3.9)/4522 (98.1)   

Total IgE (log10)  384 (16.7)/1915 (83.3) 39 (1.7)/2260 (98.3) 50 (2.2)/2249 (97.8)   
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  Supplementary Table 3 Continued 
  

 

 

Females 

 

Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

  Breast cancer 

      
Cancer  mortality events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 
Eosinophils (ln) 372 (10.9)/3035 (89.1) 40 (1.2)/3367 (98.8) 49 (1.4)/3358 (98.6)  92 (2.7)/3315 (97.3) 

Skin test positivity 354 (12.0)/2600 (88.0) 32 (1.1)/2922 (98.9) 46 (1.6)/2908 (98.4)  90 (3.0)/2864 (97.0) 
Total IgE (log10)  63 (5.9)/1006 (94.1) 5 (0.5)/1064 (99.5) 9 (0.8)/1060 (99.2)  10 (0.9)/1059 (99.1) 
      

Cancer hospitalization hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp 

Eosinophils (ln) 445 (16.2)/2308 (83.8) 

 

20 (0.7)/2733 (99.3) 42 (1.5)/2711 (98.5)  85 (3.1)/2668 (96.9) 
Skin test positivity 382 (16.4)/1947 (83.6) 19 (0.8)/2310 (99.2) 40 (1.7)/2289 (98.3)  74 (3.2)/2255 (96.8) 

Total IgE (log10)  164 (15.2)/915 (84.8) 5 (0.5)/1074 (99.5) 17 (1.6)/1062 (98.4)  30 (2.8)/1049 (97.2) 

      

Males 

 

Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

      
Cancer  mortality events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 
Eosinophils (ln) 549 (14.9)/3129 (85.1) 

57.45757(((57.4 

183 (5.0)/3495 (95.0) 53 (1.4)/3625 (98.6) 59 (1.6)/3619 (98.4)  

Skin test positivity 521 (16.1)/2718 (83.9) 168 (5.2)/3071 (94.8) 51 (1.6)/3188 (98.4) 58 (1.8)/3181 (98.2)   
Total IgE (log10)  149 (11.9)/1106 (88.1) 38 (3.0)/1217 (97.0) 18 (1.4)/1237 (98.6) 17 (1.4)/1238 (98.6)  
      

Cancer hospitalization hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp 

Eosinophils (ln) 469 (17.4)/2227 (82.6) 83 (3.1)/2613 (96.9) 53 (2.0)/2643 (98.0) 84 (3.1)/2612 (96.9)  

Skin test positivity 416 (18.2)/1866 (81.8) 75 (3.3)/2207 (96.7) 49 (2.1)/2233 (97.9) 75 (3.3)/2207 (96.7)  
Total IgE (log10)  220 (8.0)/1000 (82.0) 34 (2.8)/1186 (97.2) 33 (2.7)/1187 (97.3) 43 (3.5)/1177 (96.5)  
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 Supplementary Table 3 Continued 
 

 
 

 

Never smokers 

 

Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

      
Cancer mortality, n (%) events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 
Eosinophils (ln) 270 (10.6)/2267 (89.4)  10 (0.4)/2527 (99.6) 39 (1.5)/2498 (98.5) 7 (1.2)/567 (98.8) 62 (3.2)/1901 (96.8) 

Skin test positivity 268 (13.4)/2059 (86.6) 9 (0.4)/2318 (99.6) 38 (1.6)/2289 (98.4) 7 (1.4)/503 (98.6) 63 (3.5)/1754 (96.5) 

Total IgE (log10)  42 (5.4)/729 (94.6) 1 (0.1)/770 (99.9) 5 (0.6)/766 (99.4) 1 (0.5)/204 (99.5) 8 (1.3)/606 (98.7) 
      
Cancer hospitalization, n (%) hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp 

Eosinophils (ln) 286 (14.3)/1712 (85.7) 6 (0.3)/1992 (99.7) 29 (1.5)/1969 (98.5) 9 (1.8)/496 (98.2) 52 (3.5)/1441 (96.5) 

Skin test positivity 257 (14.3)/1538 (85.7) 5 (0.2)/1790 (99.8) 30 (1.7)/1765 (98.3) 7 (1.6)/437 (98.4) 48 (1.0)/1303 (96.4) 

Total IgE (log10)  103 (13.1)/686 (86.9) 2 (0.3)/787 (99.7) 11 (1.4)/778 (98.6) 5 (2.5)/196 (97.5) 17 (2.9)/571 (97.1) 
      

Ever smokers 

 

Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 

Breast cancer 

      
Cancer mortality events/censored events/censored events/censored events/censored events/censored 

 n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) n (%)/n (%) 

Eosinophils (ln) 651 (14.3)/3897 (85.7) 213 (4.7) /4335 (95.3) 

(61.2) 

63 (1.4)/4485 (98.6) 52 (1.7)/3050 (98.3) 30 (2.0)/1444 (98.0) 
Skin test positivity 607 (15.7)/3259 (84.3) 191 (4.9)/3675 (95.1) 59 (1.5)/3807 (98.5) 51 (1.9)/2678 (98.1) 27 (2.4)/1110 (97.6) 

Total IgE (log10)  169 (10.9)/1378 (89.1) 42 (2.7)/1505 (97.3) 22 (1.4)/1525 (98.6) 16 (1.5)/1075 (98.5) 3 (0.6)/512 (99.4) 
      

Cancer hospitalization hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp hosp/no hosp 

Eosinophils (ln) 628 (18.2)/2823 (81.8) 97 (2.8)/3354 (97.2) 66 (1.9)/3385 (98.1) 75 (3.4)/2116 (96.6) 33 (2.6)/1227 (97.4) 
Skin test positivity 541 (19.2)/2275 (80.8) 89 (3.2)/2727 (96.8) 59 (2.1)/2757 (97.9) 68 (3.7)/1770 (96.3) 26 (2.7)/952 (97.3) 

Total IgE (log10)  280 (18.6)/1228 (81.4) 37 (2.5)/1473 (97.5) 39 (2.6)/1471 (97.4) 38 (3.7)/981 (96.3) 13 (2.6)/478 (97.4) 
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Supplementary Table 4 Interaction of eosinophils with smoking habits stratified by 

gender and interaction of eosinophils with gender stratified by smoking habits on 

colorectal cancer mortality risk. 

  
                                                                    

                                     Colorectal cancer mortality HR ( 95% CI) 

  P-value   P-value 

  Male   Female  

Effect in never smokers 1.44 (0.42-4.96) 0.563  1.50 (0.91-2.48) 0.114 

Effect in ever smokers  0.57 (0.40-0.81) 0.002  0.84 (0.45-1.57) 0.587 

Interaction 0.40 (0.11-1.43) 0.157  0.56 (0.25-1.25) 0.157 

      

 Ever smoker   Never smoker  

Effect in females  0.85 (0.45-1.61) 0.612  1.47 (0.90-2.41) 0.127 

Effect in males 0.56 (0.39-0.80) 0.001  1.35 (0.39-4.67) 0.634 

Interaction 0.66 (0.32-1.36) 0.261  0.92 (0.24-3.49) 0.902 

   

 

                         Statistically significant results are shown in bold.
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             Supplementary Table 5 Interaction of eosinophils, skin test positivity and IgE with smoking on cancer hospitalization risk. 

 
  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

 NA=Not Available, no mortality in this category. 

 

 
Any cancer 

OR ( 95% CI) 

 

 

P-value Lung cancer 

OR ( 95% CI) 

P-value Colorectal cancer 

OR ( 95% CI) 

P-value Prostate cancer 

OR ( 95% CI) 

P-value Breast cancer 

OR ( 95% CI) 

P-value 

           
 Eosinophils (ln)           

 Effect in never smokers 1.04 (0.88-1.22) 0.875 1.31 (0.44-3.86) 0.872 1.49 (0.90-2.47) 0.682 1.11 (0.46-2.70) 0.936 0.94 (0.66-1.34) 0.886 

 Effect in ever smokers  0.96 (0.85-1.08) 0.743 1.16 (0.87-1.55) 0.767 0.90 (0.65-1.25) 0.765 0.97 (0.70-1.34) 0.942 1.06 (0.68-1.64) 0.928 

 Interaction  0.92 (0.76-1.13) 0.678 0.89 (0.29-2.73) 0.936 0.60 (0.33-1.09) 0.167 0.87 (0.34-2.23) 0.905 1.13 (0.64-1.98) 0.887 

           
 Skin test positivity           

 Effect in never smokers 0.97 (0.66-1.43) 0.952 NA NA 1.35 (0.51-3.61) 0.847 0.73 (0.09-6.19) 0.905 0.92 (0.38-2.21) 0.942 

 Effect in ever smokers  0.98 (0.76-1.26) 0.951 0.78 (0.42-1.46) 0.692 0.57 (0.24-1.35) 0.405 1.25 (0.67-2.35) 0.827 1.19 (0.44-3.23) 0.908 

 Interaction  1.01 (0.64-1.60) 0.988 NA NA 0.42 (0.12-1.55) 0.382 1.71 (0.19-15.79) 0.876 1.30 (0.35-4.85) 0.896 

           
 Total IgE (log10)           

 Effect in never smokers 1.04 (0.73-1.48) 0.940 1.61 (0.16-15.94) 0.892 0.41 (0.13-1.27) 0.243 0.38 (0.07-1.97) 0.485 1.13 (0.51-2.51) 0.918 

 Effect in ever smokers  0.80 (0.64-1.00) 0.050 0.86 (0.49-1.51) 0.812 1.13 (0.66-1.94) 0.883 0.90 (0.52-1.56) 0.873 0.63 (0.24-1.65) 0.605 

 Interaction 0.77 (0.51-1.17) 0.435 0.54 (0.05-5.70) 0.817 2.76 (0.79-9.66) 0.676 2.36 (0.42-13.35) 0.773 0.56 (0.16-1.94) 0.620 
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Supplementary Table 6 Interaction of eosinophils, skin test positivity and IgE with gender on cancer 

hospitalization risk. 

 

 
 

Statistically significant result is shown in bold. 

  

 
Any cancer 

OR ( 95% CI) 

 

P-value Lung cancer 

OR ( 95% CI) 

P-value Colorectal cancer 

OR ( 95% CI) 

P-value 

       

Eosinophils (ln) 

 

 

 

 

  

 

 

  

 

 

 

Effect in females  0.97 (0.85-1.11) 0.845 1.39 (0.78-2.49) 0.749 1.28 (0.85-1.92) 0.735 

Effect in males 

 

 

1.00 (0.87-1.15) 1.000 1.11 (0.81-1.52) 0.836 0.88 (0.61-1.28) 0.744 

Interaction  1.03 (0.85-1.25) 0.918 0.80 (0.41-1.54) 0.748 0.69 (0.40-1.20) 0.379 

Skin test positivity 

 

 

      

Effect in females  1.02 (0.75-1.41) 0.965 0.70 (0.16-3.06) 0.833 0.99 (0.38-2.57) 0.994 

Effect in males 0.94 (0.71-1.25) 0.852 0.75 (0.38-1.49) 0.669 0.65 (0.28-1.57) 0.591 

Interaction  0.92 (0.60-1.41) 0.870 1.07 (0.21-5.45) 0.977 0.66 (0.18-2.39) 0.764 

Total IgE (log10)       

Effect in females  1.01 (0.76-1.35) 0.980 2.70 (0.60-12.11) 0.718 0.47 (0.19-1.15) 0.181 

Effect in males 0.76 (0.59-0.98) 0.016 0.75 (0.42-1.36) 0.599 1.25 (0.70-2.24) 0.815 

Interaction  0.75 (0.51-1.10) 0.285 0.28 (0.06-1.40) 0.229 2.65 (0.91-7.71) 0.650 
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Supplementary Table 7 The hazard ratios of eosinophil levels in equally spaced categories for mortality 
from colorectal cancer in Vlagtwedde-Vlaardingen. 
 

Colorectal cancer  

 

All subjects 

HR ( 95% CI) 

 

Females 

HR ( 95% CI) 

 

Males 

HR ( 95% CI) 

 

Never smokers 

HR ( 95% CI) 

 

Ever smokers 

HR ( 95% CI) 

 Eosinophils (ln)      

<1.75 1 1 1 1 1 

1.75-2.15 0.78 (0.42-1.44) 1.30 (0.49-3.44) 0.54 (0.24-1.22) 1.93 (0.59-6.31) 0.51 (0.24-1.09) 

2.15-2.55 0.72 (0.40-1.31) 1.03 (0.39-2.71) 0.54 (0.25-1.17) 1.20 (0.35-4.12) 0.60 (0.30-1.19) 

2.55-2.95 0.46 (0.24-0.89) 0.81 (0.29-2.25) 0.30 (0.13-0.73) 1.37 (0.40-4.71) 0.28 (0.12-0.63) 

>2.95 0.72 (0.40-1.33) 1.68 (0.67-4.19) 0.33 (0.14-0.79) 2.31 (0.74-7.27) 0.36 (0.17-0.80) 
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Supplementary Table 8 The number of subjects recruited in Vlagtwedde and Vlaardingen per year and the 

percent successfully followed up to December 31 2008. 

 

 
 Total N Eosinophils Skin test 

positivity 
IgE Vital status in 2008 

     
Alive 

 

Died due 
to cancer 

Died, but 
not due to 

cancer 

Died due 
to external 

Lost to 
follow-up 

Vlagtwedde          

 N N (%) N (%) N (%) N (%) N (%) N (%) N (%) N (%) 

1965 2151a 1049 (48.8) 1194 (55.5) 161 (7.5) 254 (11.8) 466 (21.7) 1345 (62.5) 67 (3.1) 13 (0.6) 

1967 1793b 1782 (99.4) 1784 (99.5) 708 (39.5) 1445 (80.6) 147 (8.2) 160 (8.9) 23 (1.3) 16 (0.9) 

1970 632 624 (98.7) 625 (98.9) 267 (42.2) 448 (70.9) 71 (11.2) 90 (14.2) 13 (2.1) 10 (1.6) 

1973 297 291 (98.0)  99 (33.3) 242 (81.5) 15 (5.1) 33 (11.1) 4 (1.3) 3 (1.0) 

1976 200 197 (98.5)  74 (37.0) 161 (80.5) 16 (8.0) 21 (10.5) 1 (0.5) 1 (0.5) 

1979 165 161 (97.6)  72 (43.6) 130 (78.8) 8 (4.8) 19 (11.5) 1 (0.6) 7 (4.2) 

1982 129 128 (99.2)  60 (46.5) 99 (76.7) 8 (6.2) 16 (12.4) 1 (0.8) 5 (3.9) 

1985 123 122 (99.2)  42 (34.1) 91 (74.0) 5 (4.1) 20 (16.3) 2 (1.6) 5 (4.1) 

1989 185 181 (97.8)  176 (95.3) 134 (72.4) 26 (14.1) 14 (7.6) 3 (1.6) 8 (4.3) 

Total N 5675 4535 3603 1659 3004 763 1718 115 68 

 
Vlaardingen 

1965 1199 c 1181 (98.5) 1184 (98.4) 264 (22.0) 204 (17.1) 313 (26.2) 646 (54.0) 25 (2.1) 8 (0.7) 

1969 1591d 1568 (98.6) 1571 (98.8) 524 (32.9) 1297 (81.7) 118 (7.4) 109 (6.9) 18 (1.1) 46 (2.9) 

Total N 2790 2749 2755 788 1501 431 755 43 54 

          
 

a In 6 subjects the cause of death could not be obtained. 
b In 2 subjects the cause of death could not be obtained. 
c In 3 subjects the cause of death could not be obtained. 
d In 2 subjects the cause of death could not be obtained. 
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Abstract 

 

Background: Serum uric acid (SUA) has antioxidant capacities, and therefore may 

protect against the development of cancer. Few epidemiological studies have tested 

this hypothesis, and findings were inconsistent.  

Methods: We studied the association between SUA levels and mortality due to any 

type of cancer, and three common types of cancer among males (lung, colorectal, 

and prostate cancer) in the general population-based Vlagtwedde-Vlaardingen 

cohort with 38 years of follow-up and 8 surveys (total number of males=4,350). Of 

1,823 males with data available on SUA, 254 (13.9 %) died due to any cancer (lung 

n=75 (4.1%), colorectal n=27 (1.5 %), and prostate cancer n=23 (1.3 %); assessed on 

December 31st, 2008). SUA, cholesterol and triglyceride were measured in males 

during the surveys in 1970, 1972 and 1973. We analyzed the association between 

cancer mortality risk and SUA level both as continuous variable and as tertiles: 

lowest < 5 mg/dl (reference); middle 5-5.8 mg/dl, and highest > 5.8 mg/dl, using 

multivariate Cox regression with adjustment for age, smoking (pack years), and 

BMI. 

Results: Higher levels of SUA were associated with a lower risk of mortality from 

any cancer (HR (95% CI) = 0.85 (0.73-0.97)). SUA levels in the highest tertile (>5.8 

mg/dl) were associated with a lower risk of mortality from any cancer (0.68 (0.48-

0.97)). Additional adjustment for serum total cholesterol and triglyceride levels did 

not change the results. 

Conclusions:  Our study indicates that elevated SUA levels may protect against 

cancer mortality. 
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Introduction 

 

Several studies have linked serum uric acid (SUA) levels to general mortality, 

cardiovascular disease, or the metabolic syndrome (1,2), but only a few 

epidemiological studies have addressed the association between SUA and cancer 

mortality (3-7). Moreover, the results of these few studies are inconsistent. SUA is 

derived from the oxidation of xanthine and hypoxanthine (products of purine 

nucleotides) by the enzyme xanthine oxidoreductase (XOR) (8,9). In humans,  

a normal SUA level is between 3 and 6.8 mg/dl. A high SUA level can be derived 

from purine (purine nucleotides, adenine and guanine) rich diets (e.g., proteins), 

renal dysfunction in excretion of SUA (9), or as a result of increased cell apoptosis 

and necrosis (4). SUA as an antioxidant was hypothesized to protect against cancer 

development by its capacity to scavenge oxygen radicals, and inhibit lipid 

peroxidation (10). However, results from other studies do not support this 

hypothesis, suggesting a pro-inflammatory role of SUA in specific diseases (4,9, 11).  

The role of SUA as independent factor in the development of cancer is controversial. 

Evidence shows there are positive associations between SUA and established risk 

factors for cardiovascular disease, metabolic syndrome, and cancer such as body 

mass index (BMI), levels of cholesterol, and triglyceride (4,5). Thus several 

confounding factors underlying these co-morbidity disorders may have been 

responsible for a potential link between SUA levels and cancer.  

We aimed to study the association between SUA levels and cancer mortality and 

investigate whether this association is independent of an individual’s cholesterol 

and triglyceride levels. The current study examines the association between SUA 

and mortality due to any type of cancer, and due to the three most common types of 

cancer in males, i.e. lung, colorectal, and prostate cancer using the Vlagtwedde-

Vlaardingen cohort (12,13). This large cohort has been followed up for 38 years and 

offers us the unique possibility to investigate this association.  
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Methods  

 

Study population 

We studied the association of SUA and mortality from cancer using the Vlagtwedde-

Vlaardingen cohort study. This study has been described in detail previously (12,13). 

In brief, 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. The study started in 1965 and participants 

had medical examinations every three 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). The 

final surveys were organized in 1989 in Vlagtwedde and in 1990 in Vlaardingen. 

SUA, cholesterol and triglyceride were measured in males only during the surveys 

in 1972 (measured in Vlaardingen), 1970 and 1973 (measured in Vlagtwedde). Blood 

sampling was performed in a fasting condition. We updated the vital status of all 

participants in the Vlagtwedde-Vlaardingen study on December 31st, 2008, and 

evaluated mortality outcomes, i.e. any cancer mortality, and three common types of 

cancer mortality, being lung cancer, colorectal cancer, and prostate cancer, either as 

primary or secondary cause of death. Analyses on cause-specific mortality were 

performed at Statistics Netherlands (The Hague, the Netherlands).  

 

Ethics statement 

The committee on human subjects in research of the University of Groningen 

reviewed the study and affirmed the safety of the protocol and study design and 

specifically approved this study. All participants gave their written informed 

consent. 
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Population characteristics 

We collected data on age, sex, smoking habits, and place of residence using the 

Dutch version of the British Medical Research Council questionnaire (12).  

 

Serum uric acid, serum total cholesterol and triglyceride 

Fasting SUA level was determined according to the EDTA-hydrazine method on an 

auto analyzer (14).  Fasting serum total cholesterol was determined according to the 

Huang method (15) on an auto analyzer. Fasting serum triglycerides concentration 

was determined according to the Laurall method (16).  

We included only SUA, cholesterol and triglyceride level of a male’s first available 

measurement at survey 1970, 1972 or 1973.  

We analyzed SUA levels as a continuous variable and as tertiles:  

1) SUA < 5 mg/dl (as reference); 

2) SUA 5-5.8 mg/dl  

3) SUA > 5.8 mg/dl 

 

Cancer mortality 

Cancer mortality was classified according to the International Classification of 

Diseases (ICD) coding system: any cancer (ICD 7: 140-239, 294; ICD 8: 140-239; ICD 

9: 140-239 and 288; ICD 10: C00-C97, D00-D48); lung cancer (cancer of trachea, 

bronchus, and lung) (ICD 7: 162, 163; ICD 8: 162, 163; ICD 9: 162, 163, 165; and ICD 

10: C33, C34, C38, and C39); colon and rectal cancer (colorectal cancer) (ICD 7: 153, 

154; ICD 8: 153, 154; ICD 9: 153, 154; ICD 10 C18-C21); and prostate cancer (ICD 7: 

177; ICD 8: 185; ICD 9: 185 and ICD 10: C61).        

   

Statistical analyses 

First, descriptive analyses of the male characteristics and the mortality statistics were 

performed. Independent sample t-test, Mann-Whitney U test, and Chi-square test 

were used to determine significant differences between groups for continuous and 

categorical variables, respectively. Triglyceride levels were log-transformed to 
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obtain normality of the distribution. Secondly, hazard ratios associated with SUA 

levels for mortality from any cancer and any of the three common types of cancer 

were estimated using multivariate Cox regression. The Cox regression model was 

adjusted for age, BMI, and smoking (pack years), all at first available survey with 

data on SUA. Additionally, we adjusted the Cox regression model for cholesterol 

and triglyceride levels. In the Cox regression analyses censoring took place when the 

males were still alive, were lost to follow-up or died of causes other than cancer or 

the specific cancer under study (17). Time was defined from the first available 

survey with data on SUA, until mortality from any type of cancer or specific cancer 

as the endpoint of interest or until censoring. P-values <0.05 (tested two-sided) were 

considered to be statistically significant. 

 

Results 

 

Of all 4350 males, 2249 were examined in 1970, 1972, or 1973. In total, 1,823 (81%) 

males had data available on SUA. Subjects who had data available on SUA had  

a higher BMI level and a higher number of pack years compared to subjects who 

were examined in 1970,1972, or 1973 but had no data available on SUA. Vital status 

of subjects who had data available on SUA was also significantly different compared 

to those with no data on SUA (results not shown). Of those males with data available 

on uric acid, 1,162 (63.7%) were alive, 254 (13.9%) died due to any cancer, 354 (19.4%) 

died but not due to cancer, and 29 (1.6%) died due to external causes (e.g. an 

accident, suicide or homicide), in 5 (0.3%) males the cause of death could not be 

determined and 19 (1.0%) were lost to follow-up (table 1). Of those males who died 

due to cancer, 75 (29.5%) died due to lung cancer, 27 (10.6%) died due to colorectal 

cancer and 23 (9.1%) died due to prostate cancer (table 1). The mean age at the first 

SUA survey of males who died due to cancer was 42.3 (sd= 8.9). Males who died due 

to cancer had a significantly lower level of SUA compared to males who were alive.  
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Serum uric acid  

Higher levels of SUA were significantly associated with a lower risk of mortality 

from any cancer (HR (95% CI): 0.85 (0.73-0.97)) (table 2-model 1). SUA levels higher 

than 5.8 mg/dl were significantly associated with a lower risk of mortality from any 

cancer (0.68 (0.48-0.97)) (table 2-model 1, figure 1). Additional adjustment for total 

blood cholesterol and triglyceride level did not change the results (table 2-model 2).  

 

Discussion 

 

This is the first study showing that SUA levels are associated with a lower risk of 

mortality from any type of cancer in males from a general population cohort 

followed up for 38 years. This association remained after adjustment for serum total 

cholesterol and triglyceride levels.   

Ames et al., in 1982 for the first time hypothesized 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 (10). Further support for the antioxidant role of SUA 

has been identified in many different organ systems (18).  

While there is some support for this hypothesis among epidemiological studies, this 

idea has been strongly supported by molecular investigations, suggesting that an 

indirect pharmacological reduction of SUA levels, by inhibiting the XOR receptor, 

provokes tumorigenesis (19, 20). Another example that supports the antioxidant 

capacity of SUA is a recent study on the link between a broad range of oxidative 

stress parameters and colon cancer survival (21). Authors reported that among 

plasma antioxidants only higher uric acid levels were associated with longer 

survival among colon cancer patients (21). They suggested that SUA acts as the main 

antioxidant by scavenging the free radicals and stabilizing ascorbic acid in human 

serum (21,22). However, this study was performed among cancer patients. So far, 

there is no evidence to show whether SUA levels in healthy males provide a primary 

defense against cancer. 
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The majority of studies on the potential antioxidant properties of SUA are based on 

mortality in general, so reliable information about subgroup and different cancer 

types are scarce. Moreover, only few studies have controlled for the blood lipid 

profile of the subjects (4,6). One of these studies with control for lipid profile found 

no association between SUA levels and cancer mortality after adjustment for age, 

current smoking, diabetes, hypertension, and hypercholesterolemia (4). However, 

this study was restricted to a specific population; the SUA measurements were 

obtained only among subjects who had an abnormal value of total cholesterol or 

urinary protein levels (4).   

Others have reported that high levels of SUA were associated with a higher risk of 

mortality from cancer among males after adjustment for established risk factors such 

as cholesterol (6,7). The finding of an increased risk of cancer can be explained by the 

fact that SUA levels may have been altered by pre-existing disease (cancer) at the 

time of measurement since hyperuricemia can be an indicator of the tumor lysis 

syndrome. The tumor lysis syndrome is a result of the rapid intracellular release of 

dying cancer cell's contents, which may lead to hyperuricemia as well as other 

metabolic disorders (23). Thus an increased nucleic acid turnover in the rapid 

proliferation of neoplastic cells may lead to an increased level of SUA (7).  

A sensitivity analysis, excluding those subjects who died within 5 years of the 

baseline SUA measurement (n=26 of which 8 died of cancer), resulted in similar 

associations between SUA level and cancer mortality indicating that the effect of 

possible inclusion of cancer patients at baseline is minimal in our study (results not 

shown). 

It is also possible that the increased risk to develop cancer may not be due to SUA, 

but that high SUA levels rather reflect an unhealthy lifestyle with an increased 

cancer risk (6).  

The association between SUA levels and cancer is known to vary by cancer type.  

One study reported that SUA levels were positively associated only with cancer 

mortality of digestive and respiratory systems, and intra thoracic organs (6). 

However, we did not find this association.  
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Based on the concentrations, some studies reported a U-shaped or J-shaped 

association between SUA and cancer mortality (3,24-25). Kua et al, reported a U-

shaped association between SUA and all-cause and cancer mortality, with a negative 

association between SUA levels and mortality when the SUA levels range from 0.3-

0.4 mmol/l, which is equivalent to 5-6.9 mg/dl (3). The vast majority of our 

population (59.1%) had SUA levels between 5-6.9 mg/dl, thus our negative 

association is in accordance with the results of Kua et al (3). The mean SUA level in 

our population is lower than reported in other studies (mean=5.4 mg/dl). This can 

be explained by the fact that in our study SUA levels were measured between 1970 

and 1973 while other studies were more recent. In recent decades, SUA levels in the 

general population tend to increase, which is due to various changes in life-style 

factors including increased purine rich diets and alcohol consumption (26). Thus, 

having a lower range of SUA levels in our population compared to other general 

populations seems to be reasonable.  

However, data from epidemiological studies suggest that the beneficial or 

detrimental effects of SUA is not only dependent on its concentration, but also 

influenced by several metabolic environmental, and genetic factors (27), 

which makes comparisons across studies difficult.   

Although information on major risk factors such as age, BMI, and cholesterol and 

triglyceride was collected, our study did not assess some other factors which may 

affect SUA level such as impaired renal function, hypertension, diabetes, and diet. 

Another limitation is that the SUA measurements were available only in males and 

thus results cannot be generalized to females.  Finally, the impact of changes in SUA 

levels during follow-up on risk of cancer mortality could not be investigated in our 

study. Therefore, the risk of cancer mortality in relation to SUA could be 

underestimated by considering only single measurements (i.e. at baseline). Thus, 

further studies are needed to clarify the association between SUA and risk of cancer 

mortality. 

The major strength of our current study is the longitudinal design. We were able to 

follow our participants for 38 years, which provided a unique wide time window for 

evaluating the risk of SUA levels on cancer mortality. Other strengths of our study 
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are the large number of males included, and the high follow-up rate, since 98.5% of 

the included males could be traced back (28).  

In conclusion, this study shows that a higher SUA level is associated with a lower 

risk of cancer mortality. 
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Table 1 Vital status of males at their first available survey with data available on SUA in the general population of Vlagtwedde-Vlaardingen (n=1,823). 

 

 

a males: n=1,823, in 5 (0.3%) males the cause of death could not be determined. 
b Significantly different from males who were alive (P-value calculated by Chi- square or t-test < 0.05).   
c Significantly different from males who died due to any type of cancer (P-value calculated by Chi- square or t-test < 0.05).  

 

 

 

 

 

 

Characteristicsa Alive  

(n=1,162) 

 

Died due to any 
cancer(n=254) 

 

Died, but not due to 
cancer (n=354) 

 

Died due to external 
causes (n=29) 

Lost to follow-up 
(n=19) 

      
Age (years), mean (SD ) 31.9 (8.5) 42.3  (8.9)b 44.2 (8.0) 38.3 (11.3) 30.7 (9.7) 

Smoking (pack years), median (range) 6.0 (0.0-82.2) 16.4 (0.0-80.4) b 18.4 (0.0-68.2) 15.0 (0.0-78.7) 5.5 (0.0-31.5) 

BMI kg/m2, mean (SD) 25.0 (3.0) 25.5 (3.0) b 25.9 (3.0)c 25.9 (3.5) 25.2 (2.5) 

SUA  (mg/dl), mean (SD)  5.5 (0.9) 5.2 (1.0) b 5.4 (1.0) 5.5 (1.2) 5.8 (1.1) 

Tertiles of SUA  (mg/dl), n %      

   <5 369 (31.7) 108 (42.5) b 135 (37.8) 12 (40.0) 4 (21.1) 

   5-5.8 423 (36.3) 88 (34.6) 120 (33.6) 8 (26.7) 6 (31.6) 

   >5.8 372 (32.0) 58 (22.8) 103 (28.8) 10 (33.3) 9 (47.4) 

Serum total cholesterol (mg/dl), mean(SD)                    235.8 (45.6) 253.9 (42.5) b 261.3 (48.3)c 251.0 (47.1) 244.2 (44.0) 

Triglyceride  (mg/dl) (Log 10), mean (SD) 2.0 (0.2) 2.0 (0.2) 2.1 (0.2)c 2.0 (0.3) 2.0 (0.2) 
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Table 2 Hazard ratio (with 95% confidence interval) of serum uric acid (SUA) for mortality from any cancer, lung cancer, colorectal cancer, and prostate cancer 

among 1,823 males (n=1,723 without missing values on confounders). Cox regression models with adjustment for age, BMI, smoking (pack year) at the first 

survey with data available on SUA. Additional adjustments for lipid profile (cholesterol and triglyceride) in model 2 (n=1,713 without missing values on 

confounders).   

 

                   

Statistically significant results are shown in bold. 

 

 
Any cancer 

 

Lung cancer 

 

Colorectal cancer 

 

Prostate cancer 

 
 

N events HR 95% CI N events HR 95% CI N events HR 95% CI N events HR 95% CI 

Model 1 - Without adjustment for lipid 
profile 

            

SUA  mg/dl  235 0.85 0.73-0.97 75 0.77 0.60-1.00 24 1.02 0.65-1.58 18 0.62 0.37-1.04 

SUA tertiles, mg/dl             

<5.0 103 1  34 1  10 1  9 1  

5.0-5.8 82 0.93 0.70-1.25 28 0.97 0.59-1.60 9 1.27 0.51-3.19 8 1.19 0.46-3.17 

>5.8 50 0.68 0.48-0.97 13 0.53 0.27-1.01 5 0.84 0.28-2.50 1 0.14 0.02-1.12 

Model 2 - With adjustment for lipid 
profile 

            

SUA  mg/dl 234 0.86 0.75-1.00 74 0.84 0.64-1.08 24 1.04 0.66-1.65 18 0.60 0.35-1.01 

SUA tertiles,  mg/dl              

<5.0 102 1  33 1  10 1  9 1  

5.0-5.8 82 0.95 0.70-1.27 28 1.01 0.60-1.69 9 1.31 0.51-3.33 8 1.13 0.43-3.00 

>5.8 50 0.70 0.49-0.99 13 0.55 0.28-1.08 5 

9 

0.88 0.29-2.69 1 0.12 0.01-1.02 
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Figure 1 Cox proportional hazard survival curves according to different categories 

of serum uric acid at first available survey on any types of cancer mortality risk for 

males.  
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            Summary and General discussion 
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Summary 

 

This thesis describes several potential risk factors for mortality due to cancer in the 

general population. We studied risk factors for mortality due to the four most 

common types of cancer, i.e. lung cancer, colorectal cancer, prostate cancer, and 

breast cancer, and mortality due to any cancer.  

In Chapter 2 the impact of baseline and lifetime smoking history on risk of mortality 

due to all-cause, and cause-specific mortality (i.e. mortality due to cardiovascular 

diseases (CVD), any cancer, lung, colorectal, prostate, and breast cancer) is 

described. Tobacco smoking is the primary preventable risk factor associated with 

mortality worldwide (1). Therefore, it is an important risk factor studied in this 

thesis. We showed that current smoking (light, moderate, and heavy cigarette 

smoking), and lifetime persistent smoking were associated with an increased risk of 

all-cause mortality, CVD and mortality due to any cancer, lung cancer compared to 

never smoking, the hazard ratios being  highest for heavy smokers. A higher number 

of pack-years at baseline was associated with an increased risk of all-cause mortality, 

CVD and mortality to any cancer, lung cancer. Additionally, we assessed whether 

the association between smoking habits and mortality risk was different for males 

and females. We found significant interactions between smoking and sex on cause-

specific mortality. The effects of persistent cigarette smoking on the risk of all-cause, 

CVD and lung cancer mortality were more pronounced in females, indicating  

a synergistic effect between smoking and sex. Another objective of this study was to 

assess the risk of pipe/cigar smoking for mortality. In line with previous findings 

described in the literatures, our results confirmed the associations of pipe and cigar 

smoking with all-cause and cause-specific mortality and revealed that switching to 

pipe/cigar smoking is not a safe alternative for cigarette smokers to reduce the risk 

of cancer. Duration of smoking consumption was only associated with an increased 

risk of any cancer mortality, and lung cancer mortality. A longer duration of 

smoking cessation was associated with a decreased risk of all-cause mortality, and 

any cancer mortality. No associations were observed with prostate mortality or 
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breast cancer mortality. Therefore, our results indicate that the impact of lifetime 

cigarette and pipe/cigar smoking and duration of smoking varies for cause-specific 

mortality and sex. 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. The competing risk analyses showed that ex- and current smokers had  

a higher risk of both cancer mortality and CVD mortality compared to all other 

mortality causes. In addition, heavy smokers had a higher risk to die of cancer that 

to die of CVD.   

Chapter 3 describes the association between cancer mortality risk and BMI 

measurements. Besides the poorly understood biological link between BMI levels 

and cancer incidence and mortality, the effect of lifetime changes in BMI on cancer 

mortality risk has scarcely been studied. The majority of previous studies were 

based on BMI measurements at only one time-point. Therefore we examined the 

association between BMI measurements at baseline, and lifetime changes in BMI 

(long-term and short-term) and cancer mortality risk in a large population-based 

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

changes in BMI and cancer mortality risk is different for males and females. We 

found that being overweight at baseline was associated with a higher risk of prostate 

cancer mortality. Obesity at baseline was associated with a higher risk of any cancer 

mortality among all males and females combined, and within females alone as well. 

Chronically obese females (females who were obese during the entire follow-up 

period) had a higher risk of mortality from any cancer, lung cancer, colorectal 

cancer, and breast cancer. We found no significant association between long-term 

changes in BMI and cancer mortality risk. Both short-term BMI increase and short-

term BMI decrease were associated with a lower mortality risk from any cancer 

among all subjects.  Our study is the first to show that both short-term increase and 

short-term decrease in BMI were associated with lower mortality from any type of 

cancer.   
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Chapter 4 describes the impact of occupational exposures (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. We found that high exposures to mineral dust and biological dust were 

associated with risk of mortality due to cancer. Occupational exposure to insecticides 

was associated with an increased risk of any cancer mortality. The observed 

significant associations were stronger for males compared to females and in ever 

smokers compared to never smokers. However, no significant interactions were 

observed between exposures and smoking or sex. There were no associations with 

exposure to gases/fumes, and herbicides. Some of our findings are in line with 

conclusions of recent other studies (3) and rendered new insight into the role of 

specific exposures in risk of cancer mortality. In addition, to our knowledge, this 

study is the first to investigate the potential role of smoking and sex in relation to 

different occupational exposures, including different subcategories of exposures, 

and overall cancer mortality.  

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

the aim to identify novel cancer susceptibility loci. This study is limited to an initial 

GWAS on Caucasian individuals of Vlagtwedde-Vlaardingen, of which blood 

samples were obtained in 1989/90, and the vital status were assessed on December 

31 2008 (18 years of follow-up). Among all 1546 included subjects, 141 had died due 

to cancer. The associations between SNPs, and cancer mortality risk were assessed 

using Cox proportional hazards regression under an additive genetic model with 

adjustment for age (continuous, at the final survey (1989/1990)), and sex, using the 

GenABEL package in R. In addition, we annotated SNPs to genes and investigated 

the gene functions. We also checked whether the top SNPs associated with cancer 

mortality were found in other GWA studies to be associated with other traits or 

diseases. Moreover, expression Quantitative Trait Locus (eQTL) mapping methods 

were used to identify whether SNPs were associated with gene expression (4). No 

SNP associations met the criterion of genome-wide significance (P <2.06× 10-7). 

However, we identified the 26 most significantly associated SNPs (P <1× 10-4) with 

any type of cancer mortality in RCSD1, MSLN, NRXN1, PHIP, LRP1B, PHF21A, 
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XKR5, NRXN1, CARD10, NBEA, EIF2AK3, and MASP1 genes.  The identification of 

new loci in this study may provide insight into the molecular mechanisms of cancer 

development. A next step would be to replicate our findings in other cohorts. 

Chapter 6 describes the potential link between three objective allergy markers 

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

IgE) and mortality and hospitalization from cancer. We investigated whether allergy 

is associated with cancer mortality and hospitalization after adjustment for potential 

confounders, in a general population sample in two Dutch communities 

(Vlagtwedde and Vlaardingen). We also assessed the possible effect modification of 

gender and smoking on the association between allergy and cancer since previous 

studies suggested these might have differential effects. Finally, to investigate the 

robustness of our results we conducted several sensitivity analyses. In the total 

population, no associations between objective allergy markers and cancer mortality 

or hospitalization were found, but several associations were found in specific 

subgroups. A higher number of eosinophils was associated with a decreased risk of 

colorectal cancer mortality in ever smokers and in males. Skin test positivity was 

associated with a decreased risk to die of any type of cancer in females. Serum total 

IgE levels were associated with an increased risk of lung cancer mortality among 

females, but with a decreased risk of cancer hospitalization in ever smokers and 

males. In conclusion, we found no associations between objective allergy markers 

and cancer in the total population. However skin test positivity and a high number 

of eosinophils were associated with a reduced risk to die of cancer in specific 

subgroups. Hence, it seems important to study specific subgroups defined by gender 

and smoking habits when studying the predictive value of allergy markers for 

cancer mortality. 

Chapter 7 examines the association between serum uric acid levels (SUA) and 

mortality due to cancer among males. The link between SUA levels and cancer is 

complex, and current evidence is often contradictory and unclear. In addition, the 

role of SUA as independent risk factor for the development of cancer is 

controversial. Evidence shows there are positive associations between SUA and 
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established risk factors (such as body mass index (BMI), high levels of cholesterol, 

and triglyceride) for cardiovascular disease, metabolic syndrome, and cancer (5,6). 

Therefore, another objective of this chapter was to assess whether the association 

between SUA and cancer is independent of an individual’s cholesterol and 

triglyceride levels. We found that higher levels of SUA were associated with a lower 

risk of mortality from any cancer. SUA levels in the highest tertile (> 5.8 mg/dl) 

were associated with a lower risk of mortality from any cancer. Additional 

adjustment for serum total cholesterol and triglyceride levels did not change the 

results. So far, the mechanism underlying the association between SUA and cancer is 

poorly understood. Therefore, more studies are needed to confirm our findings and 

to understand the mechanism by which uric acid affects the cancer mortality in both 

males and females. 

 

General discussion 

 

Risk factors for cancer mortality 

Studies in this thesis described several environmental and genetic risk factors that 

may contribute to mortality of cancer. Therefore, our study helps to a better 

understanding of how several risk factors such as an individual’s life style and 

genetic make-up contributes to mortality due to cancer in the general population. In 

addition, the risk factors described in this thesis are biologically plausible risk factors 

for future studies on cancer development and mortality.  

Some studies described in this thesis aimed to confirm previously described 

associations between risk factors and cancer mortality. Replication of results from 

both longitudinal and cross-sectional studies is necessary to avoid uncritical 

acceptance of previous findings. Moreover, the histories of exposure to 

environmental risk factors have often been different across the different cohorts and 

populations (e.g., different cohorts often have different histories of tobacco smoke 

exposure) and they also may have different genetic predispositions. This suggests 

that findings in one population are not automatically generalizable to another 

population. Therefore, confirming findings from previous (cross-sectional) studies in 
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a well-defined cohort was one of the aims of the current thesis. For this aim we used 

longitudinal data, which is crucial for the investigation of lifetime risk factors for 

cancer mortality.  

The Vlagtwedde-Vlaardingen cohort has unique data with over 40 years follow-up, 

which provides the possibility to investigate an individual’s (changes in) lifetime 

risk factors for mortality due to cancer. In addition, information on major cancer risk 

factors such as age, smoking, BMI and occupational exposure was collected.  

Tobacco smoking is currently the single largest preventable cause of cancer mortality 

worldwide (1).  However, the link between tobacco smoking and some specific types 

of cancer such as colorectal, prostate, and breast cancer has not been reported 

consistently among the literature (7). A recent systematic review reported that 

although the pooled estimates show that cigarette smoking is associated with 

colorectal cancer incidence and mortality, there is significant heterogeneity across 

the studies (8). We found that moderate cigarette smoking and the number of pack 

years were associated with an increased risk of colorectal cancer mortality only 

among females. Similarly, Parajuli et al (9) suggested that females may be more 

susceptible to smoking-attributable colorectal cancer than males. The International 

Agency for Research on Cancer (IARC) Monograph on tobacco smoking in 2012 (7) 

reported that no conclusion on the association between smoking and prostate or 

breast cancer could be drawn. In line with this report, we found no association 

between smoking and prostate or breast cancer. Tobacco smoke is possibly linked to 

breast cancer risk through direct or indirect effects of carcinogens components of 

tobacco such as polycyclic hydrocarbons (PAH), aromatic amines and N-

nitrosamines. Molecular investigations consistently show that the exposure to 

carcinogen components of tobacco may lead to a neoplastic transformation in breast 

tissue (10-13). However, results from epidemiological studies remain largely 

inconsistent. While the majority of studies reported no association, some studies 

suggested that this association if present is limited to pre-menopausal breast cancer 

and estrogen receptor positive breast cancer (10-13). These inconclusive results 

emphasize the importance of further investigations.  
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It has been proposed that many of the harmful effects of smoking are reversible in 

case of smoking cessation. However, the time that needs to pass before the risk of 

cause-specific mortality among ex-smokers reaches that of never smokers is less 

clear, and study outcomes remain largely inconsistent (14-16). Our findings indicate 

that smoking cessation was associated with a reduced risk of all-cause mortality, 

cancer mortality and CVD mortality compared to continuous smoking. Surprisingly, 

we found no association between smoking cessation and lung cancer mortality. So 

far, previous studies have shown inconsistent results for the association between 

smoking cessation and lung cancer. While the majority of studies showed a negative 

association, there are also some indications there is no association (17). The 

inconsistent results among studies may be partially explained by the fact that this 

association varies by histologic cell type.  An increased duration of smoking 

cessation has been linked to a decreased risk of small cell and squamous cell 

carcinoma but not with adenocarcinoma (17,18). However, the mechanism 

underlying this association is unclear and warrants further studies. 

Although there is compelling evidence that obesity is linked to cancer incidence of 

and mortality from some types of cancer such as breast, colorectal, pancreas, thyroid, 

and esophagus cancer, data on other types of cancer have shown  mixed outcomes 

(19-21). Most importantly, like tobacco smoking, obesity may represent a potentially 

avoidable risk factor for cancer, and the attributable fraction of cancer mortality from 

obesity is also high (22). At the start of this project, the World Cancer Research 

Fund/American Institute for Cancer Research (WCRF/AICR) released the major 

comprehensive, evidence-based report on the association between BMI and cancer, 

with recommendations for public health and personal goals for cancer prevention, 

with a continuous update process (CUP) (23). One of the most important factors for 

prevention of cancers mentioned in this report was maintaining a healthy weight 

throughout an individual’s lifetime. Investigating the impact of lifetime long-term 

and short term changes in BMI on cancer mortality was one of the important themes 

in this thesis. We showed that a moderate to high short-term increase and  

a moderate to high short-term decrease in BMI are both associated with a decreased 

risk of mortality from any type of cancer, and mortality from breast cancer. Our 
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results are in accordance with those of a previous study by Michels et al. (24), that 

showed  that both weight loss and weight gain are associated with decreased breast 

cancer incidence among premenopausal women. As indicated, we feel that these 

findings might be explained by the fact that the cause of the specific weight gain 

might be a protective factor for cancer, not the weight gain itself. In our study, for 

females, this short-term weight gain may be due to pregnancy, which is a protective 

factor for breast cancer. In smokers, short-term weight gain may be due to quitting 

smoking, which also decreases the risk of cancer. Further efforts need to be focused 

on understanding the processes linking obesity with cancer to develop new public 

health approaches to prevention and early detection of cancer in the at-risk 

overweight or obese population.  

Within the studies presented in this thesis, occupational exposures to mineral and 

biological dust were among the most significant risk factors for mortality due to 

cancer in a general population. This emphasizes the importance of strategies to 

prevent and reduce occupational exposures. Although the potential links between 

occupational exposure and cancer risk are established, the majority of previous 

epidemiological studies were performed in specific subgroups, such as factory 

workers (25-27).  Therefore, those findings may not be generalizable to the general 

population. Additionally, we addressed the interaction between occupational 

exposure and sex and occupational exposure and smoking on the risk of any cancer 

mortality, and found no significant interactions.  

Currently, several methodologies exist for estimating occupational exposures and 

two Netherlands Cohort Studies (NLCSs) (28, 29) have discussed the reliability of 

these estimates for selected carcinogens. They have suggested that the DOM job-

exposure matrix (JEM) might be a more appropriate way to determine carcinogenic 

exposures rather than using other matrixes such as the ALOHA+ JEM-based 

exposure estimates. This might suggest that the results of our current study should 

be interpreted with caution. 
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GWA Studies 

GWAS is a hypothesis-free approach to identify genetic variations predisposing for 

different complex diseases including cancer. The advantage of GWAS is that there is 

no pre-selection of genes beforehand as in candidate gene studies and thus new loci 

associated with a disease or trait can be identified. It has been proposed that 

longitudinal data are advantageous for detecting genes that affect a trait or disease, 

because the longitudinal approach provides us with information on individuals 

during their lifespan, which is supposed to be more reliable than using information 

of just one single visit (30). Although a number of variants in association with cancer 

incidence have been identified, a limited number of GWAS on cancer mortality has 

been performed, and the majority of them addressed the survival among cancer 

patients rather than investigating cancer mortality in the general population. A 

recent systematic review of cancer GWAS and candidate gene meta-analyses 

summarized the findings from a decade of published genetic associations with 

cancer and reported some genes that were associated with the incidence of more 

than one cancer type. For instance, glutathione S-transferase mu 2 (muscle) (GSTM) 

gene has been reported to be associated with risk of bladder cancer, leukemia, lung 

cancer, and nasopharyngeal cancer incidence. So far, no GWAS or candidate gene 

study is available on overall cancer incidence or mortality in the general population. 

Our GWA study did not identify genome-wide significant SNPs (P <2.06×10-7) with 

risk of any cancer mortality but we identified the 26 SNPs with a P-value <1×10-4. 

The finding of this any cancer-associated SNPs extended the previous hypothesis 

that a single allele or locus mutation may lead to multiple phenotypes (pleiotropy) 

(4). Some examples of this hypothesis among previous studies are the variations in 

8q24 (31), and 5p15.33 locus (32), which have been previously proposed to be 

associated with risk of several types of cancer. To get more clues about role of SNPs 

in cancer development, our findings need to be replicated in other cohorts.

http://en.wikipedia.org/wiki/Locus_(genetics)
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Cancer and its association with objective allergy markers 

The association between cancer and allergies has been a topic of interest for many 

epidemiological, oncological and immunological studies for several decades; 

however this association remains incompletely understood to date and results of 

previous studies are inconsistent. This type of discrepancy between results among 

studies is understandable, mainly because the association between allergies and 

cancer is complex and is based on both different types of cancer (33) and different 

definitions of allergy (34,35). Studies vary considerably in their definitions of allergy 

and allergy markers. For instance, very few studies distinguish between atopy (type-

I allergy, IgE-mediated hypersensitivity) and allergy (immune hypersensitivity, 

regardless of the mechanism) (35). Results from chapter 6, corroborate the findings 

of previous work in this field; especially those who found no general association 

between allergy and cancer, with the same definition of allergy as we used (36-39), 

or based on a self-reported history of allergy (40).   

 

Cancer and its association with SUA 

SUA is the last breakdown product of purine metabolism in humans with 

controversial health consequences (41). Ames et al. (42), in 1982 for the first time 

hypothesized 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. So far, 

epidemiological studies investigating the association between SUA and cancer did 

not show results consistent with this hypothesis or with potential factors modifying 

this association (41,43). Evidence shows there are positive associations between SUA 

and established risk factors for cardiovascular disease, metabolic syndrome, and 

cancer, such as a high body mass index (BMI), and high levels of cholesterol or 

triglyceride. Thus, several confounding factors underlying these comorbidity 

disorders may explain a potential link between SUA levels and cancer (41,43). We 

studied the role of serum uric acid (SUA) as an antioxidant in cancer mortality. We 

were the first among epidemiological studies to show that SUA levels are associated 

with a lower risk of mortality from any type of cancer in males from a general 
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population cohort followed up for 38 years. This association remained after 

adjustment for serum total cholesterol and triglyceride levels. Nevertheless, we 

would recommend replicating the findings of our current study in independent 

cohorts as well as more immune-histochemical, molecular, and laboratory-based 

investigations to shed more light on the association between SUA and cancer 

mortality. 

 

Future perspectives 

 

Although the number of cancer survivors is growing, cancer is still the second causes 

of mortality worldwide (45-47). Therefore research on the potential risk factors 

underlying cancer mortality will remain a field of interest and will intensify in the 

future. Several epidemiologic studies have investigated the factors that affect the risk 

of cancer incidence, but only few have addressed the lifetime factors that may affect 

cancer mortality. In the current thesis, some of the findings were described for the 

first time, and therefore it is important to replicate these findings in other cohorts. 

Furthermore, investigation of the factors that affect other cancer outcomes, such as 

recurrence, risk of second malignant neoplasm, and the late effects of cancer 

treatments, beside the cancer incidence and mortality, may significantly contribute 

to decrease the burden of cancer (48).  

This thesis showed several risk factors to be associated with risk of mortality due to 

any cancer and the four most common types of cancer. However, several issues 

remain to be solved by future studies. E.g. our study did not assess several other 

factors which may affect cancer development and mortality such as physical activity, 

alcohol consumption, and menopausal status of females. Moreover, the exact age of 

cancer diagnoses could not be determined in our cohort. Furthermore, candidate 

gene studies and analyzing gene-by-environment interactions might help to gain 

better understanding of the links between several potential risk factors and common 

types of cancer mortality. 

Although the link between specific behavior and an increased risk of cancer is 

supposed to be well known to the general public, changing high risk behavior is 
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difficult for many individuals. Therefore, more research on the basic decision-

making processes, and motivations to increase healthy behaviors are also needed to 

avoid cancer onset and improve cancer outcomes. Recently the National Cancer 

Institute (NCI) conducted a Questions Project (QP), which provides a novel funding 

for cancer epidemiologists (49). This project is an effort to identify unanswered 

scientific questions, categorized in five different cancer research areas, including 

cancer prevention and risk (50). One of the questions focuses on individual behavior, 

including addiction to tobacco use, and obesity-related behavior such as overeating 

and physical inactivity. Further investigations on the behavioral risk factors can help 

identify the best intervention strategies to eventually reduce the burden of cancer in 

the high risk populations.  

In summary, cancer as a complex disease has several known environmental and 

genetic risk factors underlying it, but there probably also several risk factors that are 

still largely unknown. The meta-analyses of data from different cohorts, and 

advances in genetic studies including GWAS, will certainly contribute to a better 

understanding of the etiology of cancer in the long run.  
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Samenvatting  

 

Dit proefschrift beschrijft verschillende mogelijke risicofactoren voor sterfte aan 

kanker in de algemene bevolking. We bestudeerden risicofactoren voor sterfte door 

de vier meest voorkomende vormen van kanker, d.w.z. longkanker, colorectale 

kanker, prostaatkanker en borstkanker, en sterfte door kanker in het algemeen. 

In hoofdstuk 2 is het effect beschreven van levenslange rookgewoonten op het 

sterfterisico als gevolg van algemene sterfte en  sterfte door specifieke oorzaken 

(bijvoorbeeld, hart- en vaatziekten (HVZ), kanker, longkanker, colorectale, prostaat- 

en borstkanker). Het roken van tabak is wereldwijd nu de belangrijkste vermijdbare 

oorzaak van sterfte (1). Daarom is het een belangrijke risicofactor die is bestudeerd 

in dit proefschrift. We toonden aan dat huidig roken (licht, matig en veel  roken van 

sigaretten), en levenslang aanhoudend roken waren geassocieerd met een verhoogd 

risico op algemene sterfte, sterfte aan hart– en vaatziekten (HVZ) en sterfte als 

gevolg van kanker en longkanker, in vergelijking met nooit roken, met het hoogste  

risico  voor zware rokers. Een groter aantal pakjaren bij aanvang van de studie was 

geassocieerd met een verhoogd sterfterisico, sterfte door HVZ en sterfte door kanker 

en longkanker. Daarnaast hebben we onderzocht of de associatie tussen rookgedrag 

en sterfterisico verschillend is voor mannen en vrouwen. 

We vonden significante interacties tussen roken en geslacht op oorzaak-specifieke 

sterfte. De effecten van het aanhoudend roken van sigaretten op het risico van 

algemene sterfte, sterfte door HVZ en longkanker  waren meer uitgesproken bij 

vrouwen, wat een synergetisch effect tussen roken en vrouwelijk geslacht aangeeft. 

Een ander doel van deze studie was om het risico van pijp / sigaar roken te 

beoordelen in verband met sterfte. In overeenstemming met eerdere bevindingen 

beschreven in de literatuur, bevestigden onze resultaten de associatie van pijp en 

sigaar roken met algemene sterfte  en de oorzaak-specifieke sterfte en onthulden dat 

het overschakelen naar pijp / sigaar roken niet een veilig alternatief is voor sigaret 

rokers om het risico op sterfte aan kanker te verminderen. De duur van roken was 
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alleen geassocieerd met een verhoogd risico op sterfte aan kanker en sterfte aan 

longkanker. 

Een langere duur sinds het stoppen  met roken was geassocieerd met een 

verminderd risico op algemene sterfte  en algemene kankersterfte. Geen associaties 

werden waargenomen voor sterfte aan prostaatkanker sterfte of borstkanker. 

Daarom geven onze resultaten aan dat de invloed van levenslang sigaretten en pijp 

/ sigaar roken en de duur van het roken varieert voor oorzaak-specifieke sterfte en 

geslacht. Tenslotte, om te bepalen welke doodsoorzaak het hoogste risico gaf  

hebben we competing-risk  analyses uitgevoerd voor sterfte door HVZ, kanker en 

andere oorzaken. De competing-risk analyses lieten zien  dat ex- en huidige rokers 

een hoger risico op zowel sterfte aan kanker en sterfte aan HVZ  hadden in 

vergelijking met alle andere doodsoorzaken. Bovendien hadden zware rokers een 

hoger risico om te sterven aan kanker dan te sterven aan HVZ. 

Hoofdstuk 3 beschrijft het verband tussen BMI en  het risico te sterven aan kanker. 

Naast het slecht begrepen biologische verband tussen BMI en de incidentie van 

kanker en sterfte, is het effect van de levenslange veranderingen in BMI op het risico 

te sterven aan kanker nauwelijks bestudeerd. De meeste eerdere studies waren 

gebaseerd op BMI metingen op één tijdspunt. Daarom hebben we het verband 

tussen begin BMI waarden en levenslange veranderingen in de BMI (lange termijn 

en korte termijn) en het risico te sterven aan kanker in een groot cohort bepaald. 

Daarnaast hebben we onderzocht of de associatie tussen BMI en veranderingen in 

BMI en risico te sterven aan kanker  verschillend is voor mannen en vrouwen. 

We vonden dat overgewicht bij aanvang van de studie was geassocieerd met een 

hoger risico op sterfte aan prostaatkanker. Zwaarlijvigheid bij aanvang was 

geassocieerd met een hoger risico op kankersterfte bij alle mannen en vrouwen 

gecombineerd en onder vrouwen alleen ook. Chronisch zwaarlijvige vrouwen 

(vrouwen die tijdens de gehele opvolgende periode zwaarlijvig waren) hadden een 

hoger sterfte risico op kanker in het algemeen, longkanker, colorectale kanker en 

borstkanker. We vonden geen significant verband tussen de lange-termijn 

veranderingen in BMI en kanker sterfterisico. Zowel de korte termijn BMI toename 
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en korte termijn BMI daling waren geassocieerd met een lager risico op sterfte door 

kanker bij alle deelnemers. Onze studie is de eerste die aantoont dat zowel 

kortdurende toename en kortdurende afname in BMI waren geassocieerd met lagere 

sterfte  door  elke vorm van kanker. 

Hoofdstuk 4 beschrijft de gevolgen van beroepsmatige blootstelling (gassen / 

dampen, minerale stof, biologische stof, alle pesticiden, herbiciden, insecticiden, en 

aromatische, gechloreerde en andere oplosmiddelen, en zware metalen) en het risico 

op sterfte als gevolg van kanker. We vonden dat hoge blootstellingen aan minerale 

stof en biologische stof waren geassocieerd met risico op sterfte als gevolg van 

kanker. Beroepsmatige blootstelling aan insecticiden was geassocieerd met een 

verhoogd risico op sterfte as gevolg van kanker. De waargenomen significante 

associaties waren sterker in mannen vergeleken met vrouwen en in ooit rokers in 

vergelijking met nooit rokers. Er werden echter geen significante interacties 

waargenomen tussen blootstellingen en roken of geslacht. Er waren geen associaties 

met blootstelling aan gassen / dampen, en herbiciden. Sommige van onze 

bevindingen zijn in overeenstemming met de conclusies van andere recente studies 

(3) en brachten nieuw inzicht in de rol van specifieke blootstellingen bij het risico op 

sterfte door  kanker. Naar ons weten is deze studie de eerste die de potentiële rol van 

roken en geslacht in relatie met verschillende beroepsmatige blootstellingen heeft 

onderzocht, in verschillende subcategorieën, en algemene sterfte aan kanker.  

Hoofdstuk 5 beschrijft een genoomwijde associatie studie naar alle sterfte aan 

kanker met het doel om nieuwe kanker-gevoeligheids-loci te identificeren. Dit 

onderzoek is beperkt tot een GWAS op Kaukasische individuen uit Vlagtwedde-

Vlaardingen, waarvan bloedmonsters werden verkregen in 1989-1990, en de vitale 

status werd beoordeeld op 31 december 2008 (18 jaar follow-up). Van de 1546 

ingesloten  deelnemers  waren 141 overleden aan kanker. De associaties tussen SNPs 

en risico te sterven aan kanker  zijn onderzocht  met behulp van Cox proportional 

hazard modellen met een additief genetisch model met correctie voor leeftijd 

(continu) bij laatste onderzoek (1989-1990)) en geslacht, met het GenABEL pakket in 
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R. Daarnaast hebben we SNPs tot genen geannoteerd en  betreffende genfuncties 

beschreven. 

We hebben ook nagegaan of de top SNPs die geassocieerd waren met sterfte aan 

kanker ook in andere GWA studies waren geassocieerd met andere phenotypes of 

ziekten. Bovendien hebben we gekeken of de SNPs waren geassocieerd met gen-

expressie (eQTL) (4). Geen van de associaties voldeed aan het criterium van genoom-

brede significantie (p <2,06 × 10-7). We identificeerden de 26 meest significant 

geassocieerde SNPs (p <1 ×10-4) met algemene kanker sterfte in RCSD1, MSLN, 

NRXN1, PhIP, LRP1B, PHF21A, XKR5, NRXN1, CARD10, NBEA, EIF2AK3 en MASP1 

genen. De identificatie van nieuwe loci voor sterfte door kanker in dit onderzoek kan 

inzicht geven in de moleculaire mechanismen van de ontwikkeling van kanker. Een 

volgende stap zou zijn om onze bevindingen te repliceren in andere cohorten. 

Hoofdstuk 6 beschrijft het mogelijke verband tussen drie objectieve allergie markers 

(aantal perifere bloed eosinofielen, huidtest positiviteit en serum totaal IgE) en 

sterfte en ziekenhuisopname door kanker. We hebben onderzocht of allergie is 

geassocieerd met sterfte aan kanker en ziekenhuisopname na correctie voor 

potentiële verstorende variabelen, in een algemene populatie in twee Nederlandse 

gemeenten (Vlagtwedde en Vlaardingen). Ook hebben we onderzocht of er effect 

modificatie van geslacht en roken is op de associatie tussen allergie en kanker, 

aangezien vorige studies suggereerden dat deze variabelen modificerende  effecten 

zouden kunnen hebben. Om tenslotte de robuustheid van onze resultaten te 

onderzoeken, voerden we verscheidene sensitiviteitsanalyses uit. In de totale 

populatie werden geen associaties tussen objectieve allergie merkers en kanker 

sterfte of hospitalisatie gevonden, maar we vonden wel verschillende associaties in 

specifieke subgroepen. Een groter aantal eosinofielen was geassocieerd met een 

verminderd risico op sterfte aan colorectale kanker in ooit rokers en bij mannen. 

Huidtest positiviteit was geassocieerd met een verminderd risico op overlijden door 

kanker bij vrouwen. Serum totaal IgE-waarden waren geassocieerd met een 

verhoogd risico op sterfte door longkanker bij vrouwen, maar met een verminderd 

risico op ziekenhuisopname voor kanker in ooit rokers en mannen. Concluderend  
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hebben we geen associaties tussen objectieve allergie merkers en kanker in de totale 

populatie gevonden. Echter huidtest positiviteit en een groot aantal eosinofielen 

waren geassocieerd met een verminderd risico op sterfte aan kanker in specifieke 

subgroepen. Daarom lijkt het belangrijk om specifieke subgroepen gedefinieerd door 

geslacht en rookgewoonten te bestuderen wanneer de associaties tussen allergie 

merkers voor kanker sterfte wordt bestudeerd. 

Hoofdstuk 7 onderzoekt de associatie tussen serum urinezuur (SUA) en sterfte als 

gevolg van kanker bij mannen. Het verband tussen SUA niveaus en kanker is 

complex, en huidig bewijs is vaak tegenstrijdig en onduidelijk. Bovendien is de rol 

van SUA als onafhankelijke risicofactor voor de ontwikkeling van kanker 

controversieel. Uit onderzoek blijkt dat er positieve associaties tussen SUA en 

gevestigde risicofactoren zijn zoals body mass index (BMI), het niveau van 

cholesterol en triglyceriden voor cardiovasculaire ziekte, metabool syndroom, en 

kanker (5,6). Daarom is een ander doel van dit hoofdstuk om te beoordelen of de 

associatie tussen SUA en kanker onafhankelijk is van een individu’s cholesterol en 

triglyceriden. We vonden dat hogere SUA niveaus waren geassocieerd met een lager 

risico op sterfte door alle vormen van kanker. SUA niveaus in de hoogste tertiel (> 

5,8 mg / dl) waren geassocieerd met een lager risico op sterfte door alle vormen van 

kanker. Extra correctie voor serum totaal cholesterol en triglyceriden veranderde de 

resultaten niet. Tot nu toe is het mechanisme achter de associatie tussen SUA en 

kanker slecht begrepen. Daarom zijn meer studies nodig om onze bevindingen te 

bevestigen en het mechanisme te begrijpen waarmee urinezuur kankersterfte 

beïnvloed in zowel mannen als vrouwen. 
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