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Twenty years_from now you will be more disappointed by the things you
didn't do than by the ones you did do. So throw off the bowlines. Sail away
from the safe harbour. Catch the trade winds in your sails. Explore. Dream.

Discover.
Mark Twain






Abstract

Background: Prostate cancer is the most common cancer in Sweden with
around 10,000 new cases every year. Kidney and bladder cancer are less
common with 1,000 and 2,000 new cases annually, respectively. The
incidence of these cancer sites is higher in developed, than in developing
countries, suggesting an association between lifestyle and cancer risk. The
aims of this thesis were to investigate body mass index (BMI), blood
pressure, and blood levels of glucose, total cholesterol, and triglycerides as
risk factors for prostate, kidney, and bladder cancer. Furthermore, we aimed
at assess probabilities of prostate cancer and competing events, all-cause
death, for men with normal and high levels of metabolic factors.

Material and methods: This thesis was conducted within the Metabolic
Syndrome and Cancer project (Me-Can), a pooled cohort study with data
from 578,700 participants from Norway, Sweden, and Austria. Data from
metabolic factors were prospectively collected at health examinations and
linked to the Cancer and Cause of Death registers in each country.

Results: High levels of metabolic factors were not associated with increased
risk of prostate cancer, but high levels of BMI and blood pressure were
associated with risk of prostate cancer death. The probability of prostate
cancer was higher for men with normal levels of metabolic factors compared
to men with high levels, but the probability of all-cause death, was higher for
men with high levels than for those with normal levels. For both men and
women, high levels of metabolic factors were associated with increased risk
of kidney cancer (renal cell carcinoma). Furthermore, blood pressure for
men and BMI for women were found as independent risk factors of kidney
cancer. High blood pressure was associated with an increased risk of bladder
cancer for men.

Conclusions: High levels of metabolic factors were associated to risk of
kidney and bladder cancer and to death from kidney, bladder, and prostate
cancer. Compared to men with normal levels, men with high levels of
metabolic factors had a decreased probability of prostate cancer but an
increased probability of all-cause death.
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Background

Cancer epidemiology

Epidemiology investigates patterns, causes, and effects of health and disease
conditions in populations. Epidemiological cancer research has uncovered
significant associations such as the role of smoking in developing lung cancer
and the role of human papilloma virus infection in developing cervical cancer.
As the third largest cause of death worldwide (after cardiovascular and
infectious diseases), cancer is a major health problem [1]. In Sweden, cancer is
the second largest cause of death [2]. Worldwide, the most common cancer for
women is breast cancer and for men, lung cancer. Other common cancer sites
are the colon, rectum, prostate, liver, stomach, and cervix uteri [3].

As a complex system of trillions of cells, the human body continuously
produces new cells as old cells die. However, at times, cells start to behave
unexpectedly, sometimes giving rise to cancer tumours. The probability of
developing cancer tumours depend both on inherited individual risk factors
given at birth, and modifiable risk factors that an individual is exposed to
during life. Family history of cancer contributes to 5-10% of total cancer
diagnoses [4, 5], whereas five modifiable risk factors — tobacco, alcohol, high
BMI, low fruit and vegetable intake, and physical inactivity — contributes to
24% of new cancer diagnoses and 30% of cancer deaths worldwide [6]. Among
those, smoking is the most important risk factor, contributing to one-fourth of
the cancers in developed countries among men [7].



Prostate cancer

Prostate cancer is the most common cancer among men in developed
countries, with incidences up to 20 times higher compared to developing
countries [8] (Figure 1).

B <ss W <162 <260 [ <574 [ <1737

Figure 1. Prostate cancer incidence, as a proportion per 100,000 persons per year.
Figure from GLOBOCAN 2008 v2.0, Cancer Incidence and Mortality Worldwide: IARC
CancerBase No. 10 [9].

The probability of prostate cancer among men below 75 years old is 12% in the
Nordic countries, and in Sweden, there are almost 10,000 new cases every
year [10]. Risk factors of prostate cancer are high age, heredity, and ethnicity
[11]. Family history, when a first or second degree relative has prostate cancer
contributes to 14% of the cases [4]. There are no established preventable risk
factors of prostate cancer [3].

Prostate cancer is a very heterogeneous disease. At detection, the
aggressiveness, size and spread of the cancer are investigated. Depending on
these factors, prostate cancers are divided into risk categories, ranging from
low-risk groups (when a small tumour slowly grows inside the prostate) to
high-risk groups (when the tumour grows outside the prostate and with
metastases in other parts of the body).



During the last decades there has been an increase in incidence of prostate
cancer, mainly due to improved detection methods using serum levels of
prostate specific antigen (PSA) as a marker for risk of prostate cancer. PSA is a
protein that is produced in the prostate, and a fraction of PSA is leaked
through the membranes of the prostate into the blood and into the circulation.
PSA can be measured in serum or plasma from blood and an elevated level of
PSA could indicate cancer in the prostate. It could also be signs of benign
enlargement of the prostate or inflammation in the prostate gland
(prostatitis). Men diagnosed with prostate cancer detected by a PSA test
without any clinical symptoms are generally at lower risk.

In 1997, an increase in incidence of prostate cancer was noted in Sweden [12,
13] (Figure 2), an increase that coincided with the time PSA began to be used
to test for prostate cancer. This thesis defines the period in time from 1997 as
the PSA era. Since 1997, mean age of diagnosis has been around 70 years and
more than 90% of these men survived more than five years [10].
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Figure 2. Trends in incidence and mortality of prostate cancer in the Nordic
countries. Figure from NORDCAN:Cancer Incidence, Mortality, Prevalence and
Survival in the Nordic Countries, Version 5.3 [10].



Many of the geographical areas with high incidence of prostate cancer also
have high incidence of the metabolic syndrome, a state of metabolic
aberrations originating from high intake of an energy-dense diet in
combination with a sedentary lifestyle. However, studies investigating the
associations between the metabolic syndrome and prostate cancer have been
inconsistent [14, 15]. In addition, studies investigating associations between
metabolic aberrations and prostate cancer have been inconclusive; most large
studies on obesity have found a modest increase in risk of prostate cancer [16,
17]. Diabetes mellitus type 2, on the other hand, has consistently been
associated with a decreased risk of prostate cancer [18, 19]. It is not been
confirmed whether these associations have changed due to uptake of PSA for
detection of prostate cancer. In the PSA era, recent studies have reported an
increased risk of prostate cancer among men with high socioeconomic status
[20, 21].

From an individual’s perspective, it is important to consider other events that
influence the probability of diagnosis and death from prostate cancer. Many
men at risk of prostate cancer are also at increased risk for death due to high
age, and men with metabolic aberrations are at increased risk for death,
mainly due to cardiovascular diseases [22]. To the best of our knowledge, the
probabilities of prostate cancer and competing events have never been
investigated for men with metabolic aberrations. However, a few studies use
various methods to account for competing risks with inconsistent results [23-

25].



Kidney cancer

Each year in Sweden, there are around 1,000 new cases of kidney cancer, twice
as many among men than among women. The mean age of diagnosis is around
70 years, 70% survive more than five years, and more than half of the men and
women diagnosed with kidney cancer die from their cancer [10].

Approximately 80% of all kidney cancers are renal cell carcinomas (RCC);
when the tumour originates from the renal medulla where the blood is filtered
to produce urine. The most common symptom of RCC is blood in the urine
and some people experience pain in the lower back on the same side as the
affected kidney.

Until recently, incidence of RCC has increased [26, 27], a trend that can be
partly explained by improved detection methods [28]. However, this increase
may also have been due to an increasing prevalence of risk factors [26].
Smoking is an established risk factor for RCC, and compared to non-smokers,
male smokers have approximately 50% and female smokers have
approximately 20% increased risk [27]. Most studies have also found excessive
body weight to be a risk factor, with a stronger association among women [27].
Furthermore, diabetes type 2 among women [29] and high BMI and blood
pressure among men [30] have been suggested as independent risk factors for
RCC. However, these studies had no data for blood lipids, which may be a
mediator of these associations. Another study reported that high levels of
triglycerides were associated with risk of RCC [31] and found that the
association was stronger among obese participants, but no data for smoking or
hypertension were included in the analyses.

Thus, less is known about lipids [31, 32] and glucose [31, 33] and it is also
unclear if any of the metabolic factors independently increase risk, or if they
are part of the same pathway, or interact with risk for RCC. Most studies on
metabolic factors and risk for RCC have used dichotomized levels of exposure;
however, it remains to be shown if there is a threshold level with a distinct risk
increase or if the association between increasing levels of metabolic factors
and risk is linear.



Bladder cancer

Bladder cancer is the fourth most common cancer among men in developed
countries and the seventh in developing countries [3]. Every year in Sweden,
around 2,000 new cases, around three times as many in men as in women, are
found. The mean age is around 75 years and nearly 80% survive more than
five years [10].

The strongest risk factor for bladder cancer is smoking, which contributes to
50% of the cases among men and 30% among women [34]. The second largest
risk factor is occupational exposure to chemicals in a variety of industries, a
risk factor that may contribute to 5-25% of cases [35]. In Africa,
schistosomiasis infections (from the Schistosoma haematobium virus) have
been associated with bladder cancer and contribute to 3% of all bladder cancer
cases worldwide [36]. There are no established preventive factors, but some
studies suggest that high intake of fluids may decrease the risk of bladder
cancer [35]. The main symptom is, similar to kidney cancer, dark urine due to
blood. Other symptoms of bladder cancer are pain during urination and
recurrent urinary tract infections.

Two large studies have investigated glucose levels in relation to risk of bladder
cancer: one study reported an association with bladder cancer death among
men (no data reported for women) [33] and one more recent study from the
Me-Can project reported an association between high glucose and risk of
bladder cancer among women [37]. Studies investigating other metabolic
factors have been small and the results are inconsistent [38-41].



Aims

The overall aim of this thesis was to study the association between metabolic
factors, in single and combination, and risk of prostate, kidney and bladder
cancer.

Specific aims for prostate cancer (paper I, and II) were to investigate:

e If there were any changes in association between metabolic factors
and risk of prostate cancer due to introduction of PSA testing.

e Probabilities of prostate cancer, prostate cancer death, and competing
events using competing risk analysis.

Specific aims for kidney cancer (renal cell carcinoma, RCC, paper III) and
bladder cancer (paper IV) were to investigate:

e If any of the metabolic factors independently increased risk of RCC, or
whether they are part of the same pathway, or biological interact on

risk of RCC.

e If the associations between increasing levels of metabolic factors and
risk of RCC were linear.

e If smoking modified the associations between metabolic factors and
risk of RCC and bladder cancer.

10



Material and methods
The Me-Can project

In 2006, the Metabolic Syndrome and Cancer Project (Me-Can) was initiated
to study the associations between metabolic factors and cancer risk in a large
data set. Me-Can is a pooled cohort study consisting of cohorts from Norway,
Sweden, and Austria (Figure 3).
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Figure 3. Map with location of cohorts included in Me-Can. The 40-y cohort includes
all counties in Norway (all grey- and black-marked areas in Norway), NCS includes
areas and M, the CONOR includes areas ™ and ., and further cohorts (marked in
black) are Oslo I, VHM&PP, VIP, and the MPP. Figure reproduced from Stocks et al.
[42].
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The purpose of the Me-Can project, pooling and cleaning of data has
previously been described in detail [42]. In short, the cohorts included in the
project were: from Norway — the Oslo study I (Oslo), Norwegian Counties
Study (NCS), the Cohort of Norway (CONOR) and the Age 40 programme (40-
y); from Sweden — the Visterbotten Intervention Project (VIP), and Malmo
Preventive Programme (MPP); and from Austria — the Vorarlberg Health
Monitoring and Prevention Programme (VHM&PP). All participants in Me-
Can had undertaken one or several health examinations where height and
weight were measured and a sample of plasma, serum, or blood was taken.
After cleaning the data and randomly excluding some of the Norwegian data to
not exceed 50%, the Me-Can project consisted of 578,700 participants [42].

In paper IV, all 578,700 participants were included in the study. In paper III,
only participants with complete data on all metabolic factors were included,
resulting in slightly lower number of participants. In paper I and II, only men
were included, and in paper II, different follow-up times were used than in
paper L.

Endpoints

Participants were linked to the National Cancer Registry in Norway and
Sweden and to the Vorarlberg State Cancer Registry in Austria to identify
cancer diagnoses. Cancer diagnoses were classified according to The
International Classification of Diseases, seventh revision (ICD-7): for paper I
and paper II, code 177 was selected; for paper III, codes 180.0 and 180.9 were
selected; and for paper IV, code 181 was selected. In paper III, we selected
cases of RCC (not all cases of kidney cancer) due to their different
characteristics. Data from the cancer registries were available until December
31, 2003 in Austria, 2005 in Norway, and 2006 in Sweden. In paper I, paper
ITI, and paper IV, only participants with a selected cancer diagnosis as primary
cancer diagnosis were selected; in paper II, all men diagnosed with prostate
cancer were selected, and around 5% of these cases were secondary or later
cancer diagnoses among men already diagnosed with cancer at another site.

The data were linked to the National Cause of Death Registry in each country
to identify causes of death, which were coded according to Eurostat European
shortlist for causes of death [43]. In Norway and Sweden, data were also
linked to the Registry of Total Population and Population Changes for
assessment of migration (data not available in Austria). Data from the cause of
death registers were available up to December 31, 2003 in Austria, and 2004
in Norway and Sweden.

12



Risk factors

The single metabolic factors studied were body mass index (BMI), blood
pressure and glucose, triglycerides and total cholesterol. BMI was calculated
as weight divided by height squared. Blood pressure was the actual pressure
from the blood on the walls of the vessels and was measured in two parts, the
systolic and the diastolic blood pressures. Levels of glucose, triglycerides and
total cholesterol were measured in plasma, serum or blood. Because these
levels are influenced by the time since last meal, fasting time before health
examination was registered. Other covariates included in the statistical
analyses were smoking, age at health examination, birth cohort, and cohort.

Ethical considerations

Participants at health examinations in Sweden and Austria provided written
informed consent to participate. In Norway, participants were invited to come
to health examinations; questionnaires were included with these invitations.
During the health examination, participants provided their completed
questionnaire and this was accepted by the Data Inspectorate as informed
consent, but not written consent. Written consent was obtained from 1994 in
Norway. The Me-Can project was approved by The Research Review Board of
Umed, Sweden, the Regional Committee for Medical and Health Research
Ethics, Southeast Norway, and the Ethikommission of the Land Vorarlberg,
Austria.

13



Statistical methods
General methods

Because the risk of prostate, kidney, and bladder cancer increases with higher
age, attained age was used as timescale in all analyses, counted from the date
of birth until date of event or censoring. To minimize the probability of reverse
causation, follow-up time started one year after the date of baseline health
examination. We considered smoking, age at health examination, cohort, and
birth cohort as confounders in the association between metabolic factors and
risk, and those factors were included in all analyses.

We analysed metabolic factors divided into quintiles, in categories defined by
the World Health Organisation (WHO) [44, 45] and transformed to
standardized variables, z-scores. The general assumption within these
analyses was that the association between increasing metabolic factors and
risk was linear. To compare the metabolic factors with each other, single
metabolic factors were transformed to the same scale with zero as mean and
one as standard deviation, calculated as: z = (x - p)/o, where p is the mean, o
is the standard deviation, and x is the actual level of the exposure. Mid blood
pressure was defined as (systolic+diastolic blood pressure)/2. In addition, all
transformed exposures were summarized and transformed into a composite
score to assess combined effect of all these metabolic factors. In paper IV, this
variable was called the metabolic syndrome (MetS) score. BMI and blood
pressure was divided into quintiles and transformed to z-scores separately for
cohort and sex, while glucose, triglycerides, and cholesterol were divided into
quintiles and transformed to z-scores separately for cohort, sex, and fasting
time.

In paper IT and for some analyses in paper III, we could not analyse metabolic
factors as continuous variables. To compare results between metabolic factors,
we used z-scores dichotomized at z=1, which means that the exposed group
consisted of the participants with the highest 16% of each metabolic factor or
the composite score and the non-exposed group consisted of men in the
bottom 84%. In paper II, the non-exposed group were denoted men with
normal levels of metabolic factors and the exposed group, men with high
levels.

14



Risk assessment using hazard ratios (paper I, II1, and IV)

Cox proportional hazards regression model was used to investigate
associations between metabolic factors and risk of prostate, kidney, and
bladder cancer. In analyses of risk of cancer diagnosis, participants were
followed to date of prostate, kidney (RCC), or bladder cancer diagnosis, or
until censoring due to other cancer diagnosis, death, emigration, or end of
follow-up (last date of available data from each Cancer Registry), whichever
occurred first. To analyse risk of cancer death, participants were followed to
date of prostate, kidney (RCC), or bladder cancer death, or until censoring due
to other causes of death, emigration, or end of follow-up (last date of available
data from each Cause of Death Registry), whichever occurred first.

In these models, the hazard functions were assumed to be proportional over
timescale; these assumptions were checked graphically and tested with
Schoenfeld residuals for metabolic factors, smoking (never, current, or former
smoker), age at health examination (in categories in paper I, continuous in
paper III and IV), and birth cohort (in categories). In paper I, we found
violations for birth cohort and age at health examination and chose to stratify
for these covariates within the Cox models. In addition, all Cox models were
stratified for cohort.

Hazard ratios (HRs) using Cox models were calculated in three ways:

1. Using exposures divided into quintiles, with the lowest quintile as
reference. The mean (in paper I and IV) and the median value (in
paper III) of each quintile were used to test for linear trend across
quintiles. All these analyses were adjusted for BMI (except for the
analysis of BMI).

2. Using exposures transformed to z-scores, as described previously, in
two different approaches. Firstly, to analyse a separate Cox model for
each single exposure and secondly, to analyse only one Cox model
containing all exposures (mutually adjusted model), in order to
investigate in exposures differed depending on if other metabolic
factors were included in the models. In paper II the results differed
between those two models and we decided to add one exposure at the
time to the model in order to find out which ones of the exposures that
attenuated each other.

3. Using categories defined by WHO (only in paper IV).

15



Competing risk analysis (paper II)

Competing risk analysis was used to investigate probability of prostate cancer,
prostate cancer death, and competing events. In these analyses, participants
were followed until the first date of either the main event or the competing
event or until date of censoring due to emigration or end of follow-up (last
date of available data from Cause of Death registers) in two different analyses.
Prostate cancer and prostate cancer death were the main events in the two
analyses. All-cause death and death from causes other than prostate cancer
were the competing events.

For main and competing events in each analysis, we calculated cumulative
incidence functions [46] and sub distribution hazard ratios based on Fine and
Gray regression [47] for men with normal and high levels of metabolic factors
as previously described. The cumulative incidence functions were interpreted
as probabilities and the p-values from Fine and Gray regression were
interpreted as a test for difference in probability between high and normal
levels of metabolic factors. Attained age was used as time scale, and smoking
status, birth cohort, age at health examination, and cohort were included in
the models in all analyses. The cumulative incidence functions were calculated
based on Cox regression models where smoking and age at heath examination
were allowed to have different effects on main and competing event, in
addition to each metabolic factor. The assumption of proportional hazards in
the Cox regression model was tested with Schoenfeld residuals and was found
to be valid.

Subgroup analysis according to PSA introduction (paper I, and II)

To investigate changes in associations between metabolic factors and risk of
prostate cancer due to the introduction of PSA for prostate cancer detection,
we performed subgroup analyses for follow-up ending in December 31, 1996,
and starting in January 1, 1997, respectively. This cut-point was chosen
because at that date an increase in the incidence of prostate cancer was noted
in Sweden [12, 13] and before that date the increase had been noted in Norway
[48] and Austria [49]. These two periods have been denoted pre-PSA and PSA
era. In paper II, no subgroup analysis was done for prostate cancer death.

16



Biological interaction, splines and absolute risks (paper III)

To further investigate interplay between metabolic factors on risk of RCC, we
calculated the biological interaction between metabolic factors using relative
excess risk due to interaction (RERI), attributable proportion due to
interaction (AP), synergy index (S), and their 95% confidence intervals [50].
In these calculations, the z-scores were dichotoimized at z=1, as previously
described.

To test whether the associations between metabolic factor and risk were
linear, restricted cubic polynomial splines were plotted using exposures in z-
scores and the mutually adjusted model. We used knots at the 5th, 35th, 65t
and 95t percentiles in these models. The fit of the spline model was tested
versus a fit using a linear model with likelihood-ratio test.

Absolute risks, the probability of developing RCC for quintiles of the
composite score, were calculated as described by Gail et al. [51], taking into
account survival from competing risks.

Multiplicative interaction (paper I, II1, and IV)

We used the Wald test (paper III and IV) and the likelihood ratio test (paper I)
to test for interaction between pair wise exposures and between exposures and
smoking. In papers I and IV, we used both diagnosis and death of prostate and
bladder cancer as endpoints. In paper III, diagnosis of RCC was endpoint in
these analyses. In paper III and IV, these analyses were performed separately
for men and women. We adjusted the significance level for multiple testing
with the Bonferroni correction [52]. To further investigate smoking as an
effect modifier in paper III and IV, we calculated HRs in strata of smoking
status.

Correction for random errors (paper I, II1, and IV)

If one or more of the covariates included in a Cox model are estimated with
error, HR will be biased, so-called regression dilution bias. The errors can
originate from random error at measurement as well as from short or long

time variation around the “true” individual level.

We corrected HRs for random errors using methods based on regression
dilution ratio described by Wood et al. [53]. In these calculations, data from

17



participants who had undergone repeated health examinations in Me-Can
were used, in total 133,820 participants with 406,364 health examinations.
One of two methods for correction was used; direct adjustment of the HR
using the estimated regression dilution ratio (RDR) or replacing the actual
covariate with predicted values from an estimated regression model, the
regression calibration. We used RDR in analysis of quintiles, in the first
approach using z-scores and for WHO categories.

In our data set, the values used for RDR and regression calibration had
minimal differences between studies. In paper I, only data from men with
repeated measurements were used; in paper III and IV, data from both men
and women were used. In paper IIT and IV, RDR for BMI was 0.90, for systolic
blood pressure, 0.53, for diastolic blood pressure, 0.51, for glucose (log) 0.28,
for cholesterol, 0.66, and for triglycerides, (log) 0.51. Thus, measurements of
BMI had a much smaller random error than the other exposures in accordance
with previous observations [54-56]. The correction was applied by dividing the
regression coefficient computed by the Cox model with RDR for the exposure,
HRorrecteq=€log(HRoriginal)/RDR,. RDR was estimated as the regression coefficient in
the regression models with the repeated health examination as a dependent
variable and the baseline health examination as an independent variable. Age
at baseline, fasting time, smoking status, sex, birth year, BMI, and time from
date of baseline examination were included as fixed effects in the model and
cohort was included as random effect. In the mutually adjusted model, we
replaced the original z-score with the predicted z-score calculated in a similar
mixed linear model [57]. RDR and regression calibration were predicted at
half of the mean follow-up time — six years after baseline health examination.

18



Alternative methods
Time dependent HRs (paper I)

We considered using a flexible parametric model [58] for paper I to evaluate
the time-dependency for the covariates not satisfying the assumption of
proportional hazards.

Conditional probability (paper II)

Previously published papers using competing risk analysis have calculated
conditional probability of prostate cancer, defined as the probability that the
main event has occurred given that a participant has not experienced the
competing event at a given time. This was computed as pep(t) =pmain(t)/(1-
Peompeting(t)) [59, 60], where pmain and peompeting Were defined as the cumulative
incidence of main and competing event, which we analysed in paper II. We
also calculated Pepe and Mori’s test of equality for cumulative incidence and
conditional probability curves [60] but this was not used in the final
manuscript.

Multi-state models (paper II)

An extension of competing risk is to add more states to the model and create a
multi-state model. One of the most common multi-state models is a three state
model, one state with healthy, one state with diseased and one state with dead
individuals, also called the illness-death-model [61]. This was considered to be
included in paper II and similar covariates as in that study were included in
these models.

Software

Most of calculations were performed with STATA MP/2 version 11.2
(StataCorp LP, College Station, Texas). Random error calculations and
predictions of multi-state models were performed in R version 2.7.2 and
quintile analysis of bladder cancer were performed in SAS version 9.1 (SAS
Institute Inc., Cary, NC, USA).
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Main results

General results

Table 1 lists the characteristics of the participants included in the Me-Can
project. Participants had undertaken the baseline health examination at mean
age of 44 years and mean follow-up time was 12 years.

Table 1. Characteristics for participants in the Me-Can project measured at baseline

health examination.

Men N (%) Women N (%)
Participants 289,866 (50.1) 288,834 (49.9)
Cohort Norway:
Oslo 16,760 (5.8) 0 (0)
NCS 25,952 (9.0) 25,072 (8.7)
CONOR/| 52,181 (18.0) 57,687 (20.0)
40-y| 60,676 (20.9) 68,211 (23.6)
Austria:
VHM&PP 73,213 (25.3) 86,671 (30.0)
Sweden:
VIP 38,843 (13.4) 40,669 (14.1)
MPP 22,241 (7.7) 10,524 (3.6)

Smoking status

Never smoker
Ex-smoker
Smoker

113,496 (39.2)
86,086 (29.7)
89,419 (30.9)

144,815 (50.1)
72,600 (25.1)
70,721 (24.5)

BMI (kg/m?)*

Normal
Overweight
Obese

131,167 (45.3)
127,846 (44.1)
30,853 (10.6)

170,535 (59.0)
82,869 (28.7)
35,430 (12.3)

Blood pressure
(mmHg)**

Normal
Hypertension

179,497 (61.9)
110,369 (38.1)

212,968 (73.7)
75,866 (26.3)

Glucose levels
(mmol/l) and
fasting status

Fasting <8 hours
Fasting >8 hours,
Normal levels
Fasting > 8 hours,

Impaired fasting glucose

Fasting > 8 hours,
Diabetes

151,279 (52.2)
122,841 (42.4)

10,594 (3.7)

5,152 (1.8)

149,121 (51.6)
127,524 (44.2)

8,149 (2.8)

4,040 (1.4)

* Definitions according to WHO: overweight 25-30 kg/m?, obese >30 kg/m?
** Systolic blood pressure 2140 mmHg or diastolic blood pressure 290mmHg

*** Impaired fasting glucose = 6.1 mmol/|, diabetes = 7.0 mmol/I
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In this thesis, only results using metabolic factors transformed to z-score have
been presented. For backward calculations, we used the mean and standard
deviation for metabolic factors among men and women found in Table 2.
There might be minor changes between papers due to further exclusion of
participants.

Table 2. Mean and standard deviation (SD) of metabolic factors at baseline health
examination.

Men Women
Metabolic factor Mean (SD) Mean (SD)
BMI (kg/m?) 25.7 (3.5) 249 (4.4)
Systolic blood pressure (mm Hg) 132.6 (16.9) 126.9 (19.4)
Diastolic blood pressure (mm Hg) 81.2 (10.9) 76.8 (11.3)
Glucose (mmol/L)* 51 (1.3) 50 (1.1)
Cholesterol (mmol/L)* 56 (1.2) 56 (1.2)
Triglycerides (mmol/L)* 16 (1.2) 1.3 (0.8)

* Calculated among participants fasting >8 hours before health examination
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Prostate cancer (paper I)

During follow-up, 6,673 men were diagnosed with prostate cancer (mean age
at diagnosis 68 years) and 961 men died from prostate cancer (mean age at
death 72 years).

For prostate cancer diagnosis, high levels of glucose, HR=0.90 (0.82-0.98),
and triglycerides, HR=0.94 (0.89-0.99), were associated with decreased risk
in univariate analysis, but after adjustment for the other metabolic factors,
these associations were no longer significant (Figure 4A). For death from
prostate cancer, we found that BMI, blood pressure, and the composite score
were associated with risk, but after adjustment for the other metabolic factors,
only the association for blood pressure remained significant, HR=1.17 (1.04-
1.32) (Figure 4B).

A B
Model 1 HR (Cl 95%) HR (CI 95%)
BMI - 0.99 (0.96 - 1.02) —— 1.12(1.05-1.21)
Blood pressure - 0.98 (0.94 - 1.03) ———+—— 1.21(1.08 - 1.36)
Glucose (log) —— 0.90 (0.82 - 0.98) + 1.03 (0.83 - 1.28)
Cholesterol - 1.00 (0.96 - 1.04) ——— 0.95 (0.86 - 1.05)
Triglycerides (log) —— 0.94 (0.89 - 0.99) o 1.08 (0.95-1.23)
Composite score — 0.96 (0.92 - 1.00) —— 113 (1.02-1.25)
Model 2
— 1.02 (0.99 - 1.06) T 1.07 (0.98 - 1.17)
Blood pressure —— 0.99(0.94 - 1.04) ——— 117 (1.04 - 1.32)
Glucose (log) — 0.94 (0.86 - 1.03) * 0.95 (0.756 - 1.19)
Cholesterol -— 1.02 (0.98 - 1.07) —— 0.91(0.81-1.02)
Triglycerides (log) ——] 0.94 (0.89 - 1.00) —— 1.04 (0.89 - 1.22)
0.75 1.00 1.25 0.75 1.00 1.25
Hazard Ratio Hazard Ratio

Figure 4. Risk of A) diagnosis and B) death from prostate cancer by exposures in z-
scores. Model 1: Cox regression models were adjusted for smoking and stratified for
categories of birth year, age at health examination, and cohort. Model 2: Mutually
adjusted model. Both models were corrected for random errors.

From start of follow-up until December 31, 1996 (the pre-PSA era), there were
1,345 prostate cancer cases and 268 deaths; after that date to end of follow-up
in the PSA era, there were 5,328 cases and 698 deaths. All metabolic factors
and the composite score were more strongly associated with risk among men
in the pre-PSA era, but not in the PSA era (Figure 5A). For death from
prostate cancer, we found similar risk estimates for the two periods (Figure
5B). No multiplicative interactions between any of the exposures on risk of
prostate cancer were found.

22



*SJ0JJD Wopuel J0j Pa3IaJI0d J9M S3NSad 9yl "10yod pue
‘uoijeulwexa yjeay je abe ‘uesaA yuiq jo sali0bajed Joj payneldis pue bupjows 1oy paisnipe a4am s|ppow uojssaibal xo)
*dn-mo||04 JO spollad OM] J0j S2400S-Z Ul saunsodxa AQ Jaoued ayejsold wody yeap (g pue sisoubelp (v 4O XSy *§ a4nbi4

23

oljey piezey oljey piezey
05°L 00'L 0S°0 sZ'L 0oL SL0
_ _ _ |
LA —— i (L6'0 - 680) €60 - 21008 aysodwo)
(611 -88°0)20°} ! —— ' (96°0-98°0) 1670 ! —a— (Boi) sepusohibiil
(LL'L - 2870) 660 ! — ' (50'L - 96'0) 00°} — " loJaisajoyD
(8€'L-€80) 0Ly ————&1T—— ' (£6'0-640) 280 —— (Boy) asoanin
(lr'L-soL)geL + ——8— : (L0'L - 16°0) 960 T " ainssaid poo|g
@r-conert —— “ (001 - ¥6°0) L6°0 - " g
869 . gze's | ! sasea Jo Jaquiny
“ : ' “ 1661 ‘| Atenuer wou
(LeL - 060) 601 — (911 -86°0) L0'L —— 2109s aysodwo)
(9L - /60) €2 ) €—8—F ! (Lz'L-/60601 @ —&— ' (o) sepleoA|bLL
(€01 - 69°0) ¥8°0 ! 8 ! (0L'L-260)LOL ¢ —a— ' |o181saj0YD
(E¥'L - 09°0) €6°0 ! & ! (81’1 - 180860 ! e (Bol) asconi
(ev'L-260)G1) ) ————F—— ! (Or'L-ss0)soL | —8— ! aunssaid poolg
(62'L - 660 €L} ! — ' (PLL-001) 200k ¢ —— ! Ing
892 | . SPEL | | S8582 JO JaquinN
! Jaquiada 13u
(%56 12) ¥y (%56 10) ¥y 9661 1€ 129 aiun
| v




Prostate cancer with competing risk analysis (paper IT)

This study consisted of 285,040 men and during follow-up, 5,893 men were
diagnosed with prostate cancer and 1,013 men died of prostate cancer (Figure
6). Of these, 1,366 men were diagnosed with prostate cancer in the pre-PSA
era with end of follow-up at December 31, 1996 and 4,527 men were diagnosed
in the PSA era with start of follow-up at January 1, 1997.

A) Prostate cancer

5,893 caszes
Men followed from /
one year after health
\‘ All-cause death

examination
25,682 cases

B) Prostate cancer
death

1,013 cases
men followed from /
one year after health

examination

Death from other
causes
26,323 cases

Figure 6. Main and competing events in analysis of A) prostate cancer and B)
prostate cancer death. Men were followed until the first point in time of main or
competing event or until censoring due to migration or end of follow up in each
analysis. The number of cases in the competing event in A) is smaller than in B)
because many of men followed to date of prostate cancer diagnosis in A) have died
from both prostate cancer and other causes in B).

In the pre-PSA era, men below age 80 with normal levels of the composite

score had 6% probability of prostate cancer and men with high levels had 5%
probability. In the PSA era, corresponding probabilities were twice as high,
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13% and 11%, respectively (Figure 7). In the PSA era, men below 80 years
with normal levels of BMI, blood pressure, glucose, cholesterol, and
triglycerides had approximately 13% probability of prostate cancer and
approximately 37% probability of the competing event, all-cause death. For
men with high levels of these metabolic factors, corresponding probabilities
were 12% and 47% (Figure 8).

154 154

Probability
Probability

.05+

60 70 80 90

Probability of prostate cancer for men with normal metabolic levels

————— Probability of prostate cancer for men with high metabaolic levels

Figure 7. Competing risk analysis of prostate cancer, with cumulative incidence of
prostate cancer for men with high and normal levels of the composite score in A) the
pre-PSA era and in B) the PSA era. Solid lines correspond to normal levels of
metabolic factors, dashed line to high levels, and shaded areas are 95% confidence

intervals.

In the analysis of p-values from Fine and Gray regression, high levels of BMI,
triglycerides, glucose, and the composite score were associated with a
decreased probability of prostate cancer in the PSA era. High levels of all
single metabolic factors and the composite score, in both periods were
associated with increased probability of all-cause death.
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Prabability of all-cause death far men with normal metabolic levels
————— Probability of prostate cancer for men with high metabalic levels

Probability of prostate cancer for men with normal metabolic levels

Figure 8. Competing risk analysis of prostate cancer, with cumulative incidence of
prostate cancer (black lines) and of the competing event, all-cause death (grey lines)
in the PSA era. The curves are stacked for each level of exposure and the remaining
area above the curves corresponds to the probability of no event. Solid lines
correspond to normal levels and dashed line to high levels of metabolic factors. P-
values are from Fine and Gray regression for prostate cancer in the figures, and p-
values for the competing event were all <0.001.

In analysis of p-values from Fine and Gray regression, men with high blood
pressure had an increased probability of prostate cancer death, and men with
high cholesterol levels had a decreased probability (data not shown).

In the cumulative incidence functions, men below 80 years with high levels of
blood pressure had 2.4% probability of prostate cancer death and 43%
probability of competing event, death from other causes. For men with normal
levels of blood pressure, corresponding probabilities were 2.0% and 30%. Men
below 80 years with high levels of cholesterol had 1.8% probability of prostate
cancer death and 37% probability of competing event; for men with normal
levels of cholesterol, the corresponding probabilities were 2.1% and 30%. High
levels of all single metabolic factors and the composite score were associated
with increased probability of death from other causes.
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Kidney cancer (renal cell carcinoma, paper III)

Participants with complete data of all metabolic factors were selected which
resulted in that the study consisted of 278,920 men and 281,468 women.
During follow-up, 592 men and 263 women were diagnosed with RCC at a
median age of 62 years and 244 men and 84 women died from RCC.

Among men, high levels of BMI, blood pressure, glucose, triglycerides, and
composite score were associated with increased risk of RCC (Figure 9A,
model 1). After including other exposures to the model, some of the
associations were attenuated, and in the mutually adjusted model, the
associations for mid blood pressure, HR= 1.37 (1.18-1.59) and triglycerides,
HR=1.22 (1.00-1.50) and risk of RCC remained significant (Figure 9A,
model 2). Among women, high levels of BMI and triglycerides (borderline)
were associated with risk of RCC (Figure 9B, model 1). In the mutually
adjusted model the association between BMI were still significant, HR=1.23
(1.04-1.45) (Figure 9B, model 2).

A B
Model 1 ' RR (Cl 95%) ! RR (Cl 95%)
BMI —— i 1.20 (1.10 - 1.31) — 1.29 (1.14 - 1.46)
Blood pressure —_— 1.62 (1.33-1.75) - 1.19 (0.95 - 1.49)
Glucose (log) —T.H 1.52 (1.17 - 1.97) T 1.22 (0.81-1.83)
Cholesterol —f— ] 1.04 (0.91-1.18) T 118 (0.98 - 1.42)
Triglycerides {log) —_— 1.40 (1.19 - 1.64) —— 1.28(1.01-1.64)
Composite score — 1.45 (1.29 - 1.63) — 1.39 (1.16 - 1.66)
Model 2 i i
BM —— ] 0.97 (0.87 - 1.09) —_— 1.23(1.04 - 1.45)
Blood pressure ——— 1.37 (1.18 - 1.59) —_— ! 1.03 (0.80 - 1.31)
Glucose (log) T 1.28 (0.97 - 1.69) ' 1.13(0.74 - 1.73)
Chaolesterol —_— ] 0.91(0.78 - 1.05) —_— ! 1.13(0.92-1.40)
Triglycerides (log) ——— 1.22 (1.00 - 1.50) —_— 1.04 (0.77 - 1.41)
0.75 1.00 1.5 0.75 1.00 15
Hazard Ratio Hazard Ratio

Figure 9. Risk of RCC by exposures in z-scores among A) men and B) women. Model
1: Cox regression models were adjusted for smoking, categories of birth year, age at
health examination and stratified for cohort. Model 2: Mutually adjusted model. Both
models were corrected for random errors.

Trend tests over quintiles and analyses using cubic spline models indicated
approximately linear associations for all metabolic factors in relation to RCC
risk (data not shown). We found no biological interaction between
metabolic factors or multiplicative statistical interactions between the
exposures or between exposure and smoking on risk of RCC after applying the
Bonferroni correction.
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Bladder cancer (paper IV)

During follow up, bladder cancer was diagnosed in 1,587 men and 327 women,
and 216 men and 58 women died of bladder cancer.

For diagnosis of bladder cancer, we found that blood pressure, HR=1.15 (1.05-
1.26) and the composite score, HR=1.10 (1.01-1.18) were associated with risk
among men (Figure 10, model 1), and in the mutually adjusted model,
blood pressure were still significant. Among women, in both approaches, the

strongest risk factor was glucose, HR=1.41 (0.97-12.06), (Figure 10).

A B
Model 1 : HR (Cl 95%) : HR (Cl 95%)
BMI 4— . 103(097-109) i —s— ' 0.90(0.79 -1.04)
Blood pressure — 1.15(1.05 -1.26) e ’ 0.89(0.72 -1.10)
Glucose (log) —fe— 1.03 (0.86 -1.24) : S ] 1.36 (0.95 -1.96)
Cholesterol ——  1.02(0.94-1.10) — | 0.91(0.76 -1.09)
Triglycerides (log) —a—- 1.11 (1.00 -1.23) P—t— H 1.03 (0.82 -1.30)
MetS —a— 1.10 (1.01 -1.18) P —— ] 0.95(0.79 -1.14)
Model 2 _
BMI —a . 097(0.80-105) —a—rt | 0.86(0.73-1.01)
Blood pressure —— 1.13(1.03-1.25) ——1— ! 0.87 (0.69 -1.09)
Glucose (log) —— 0.97 (0.80 -1.18) : ] 1.41(0.97 -2.06)
Cholesterol —e— . 0.97 (0.88 -1.06) —e L 091(0.75-1.11)
Triglycerides (log) +—s——  1.11(0.97 -1.26) P — 1.08 (0.81 -1.43)
| [ |
0.75 1.00 1.25 0.75 1.00 1.5
Hazard Ratio Hazard Ratio

Figure 10. Hazard ratios of bladder cancer for exposures in z-scores among A) men
and B) women. Model 1:
categories of birth year, age at health examination and stratified for cohort. Model 2:
Mutually adjusted model. Both models were corrected for random errors.

Cox regression models were adjusted for smoking,

For death from bladder cancer, we found that blood pressure was associated
with risk among men, HR=1.34 (95% CI 1.06-1.69), in the mutually adjusted
model, calculated per one unit increase of z-score (data not shown). No
other metabolic factor was associated with the risk of death from bladder
cancer among men or women.

We found no difference in risk for the any of the exposures in strata of
smoking status and formal testing showed no interaction across strata. No
interactions between metabolic factors on risk of bladder cancer after
Bonferroni adjustment of the significance level were found.
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Results from alternative statistical methods
Time dependent HRs (paper I)

Because some of the covariates in paper I did not satisfy the proportional
hazards assumption for the Cox model, we further investigated calendar time
and age using the flexible parametric model and calculated time-dependent
HRs. In these models, we used WHO categories of BMI, with normal levels of
BMI as baseline corresponding to HR=1, solid lines for HR of overweight and
dashed lines for HR of obese men and risk of prostate cancer (Figure 11).

Age dependent HR Calendar time dependent HR

1.25

Hazard ratio
1
Hazard ralio

= -

050 60 70 80 a0 = 0%an1975  01jan 1580 N;al:lﬁ': 0Mjan 1550 0‘_ur:|3‘35 0%an2000  0%an2005
: Calendar time

HR_overweight ————- HR_obese |

HR_overweight =—==—=—-= HR_obese

Figure 11. Time-dependent hazard ratios for prostate cancer calculated per age
(left) and calendar time (right) for overweight (solid line) and obese (dashed line)
men according to WHO categories. The baseline is men with BMI below 25 which
corresponds to HR=1. In both these models, five knots were used in the flexible
parametric models, and the models were adjusted for five categories of birth date
and age at health examination, cohort and categories of smoking.

Although we have not investigated time dependent HRs fully with confidence
intervals or p-values, our results suggest that obese and overweight men had a
lower risk of prostate cancer along the full age-span, and that there was a shift
in association between overweight and obese men and prostate cancer risk
over calendar time.
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Conditional probability (paper II)

Using competing risk analysis, we also calculated conditional probability with
p-values from the Pepe and Mori test (Figure 12). We found that there were
no differences in conditional probability of prostate cancer and prostate
cancer death for men with normal and high levels of the composite score.
However, in subgroup analyses in categories of age, we found that older men
(>80 years) with high blood pressure had a higher conditional probability of
prostate cancer death than men with normal levels (data not shown).

Conditional probability of prostate cancer Conditional probability of death
- from prostate cancer
o~ p=0.119
p=0.535

A5

.05

MNormal ic levels

_____ High metabolic levels

Figure 12. Conditional probability of prostate cancer (left) and death from prostate
cancer (right) for normal and high levels of composite score. P-values in the figures
correspond to Pepe and Mori test of differences between conditional probabilities.
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Multi-state models (paper II)

In paper II, we initially considered expanding the competing risk analysis to
include more states — i.e., a multi-state analysis with three states, also called
an illness-death model (Figure 13). In this setting, all participants start at
state 1, alive and free of prostate cancer. Participants either stay in state 1 or
are diagnosed with prostate cancer or die. If they receive a diagnosis of
prostate cancer, they are moved to state 2; if they die, they are moved to state
3. Rates between states and probability for being in each state can be
calculated. The probability for being in each state could be interpreted as
prevalence, in contrast to paper II, where lifetime probability of prostate
cancer was calculated.

1. Aliveandfreefrom 2. Alivewithprostate
prostate cancer cancer

l l

3. Deadiany cause)

Figure 13. Multi-state model with three states, illness-death model.

We calculated the probability for being in each state with age as timescale for
normal and high levels of blood pressure and stacked those probabilities
(Figure 14). Probability of being in state 2, alive with prostate cancer, is
highest around 78-80 years of age and highest for men with normal blood
pressure, approximately 5%. Men with high blood pressure had a prevalence
of 4% for prostate cancer in the same age-span. For men around 55 years of
age, the probability of being alive and free from prostate cancer is almost 1.0,
100%. For men around 95 years of age, the probability of being dead is almost
100% for men with high blood pressure and about 90% for men with normal
blood pressure.
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Stacked probabilities of 3 states

E N — State 1: Alive and prostate cancer free High BP
— — State 2: Alive with prostate cancer —— MNormal BP
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Figure 14. Stacked probabilities for being in any of the three states in a multi-state
model. The solid lines correspond to the probability of being in state 1 (alive and free
of disease), the dashed line, the probability of being in state 2 (alive with prostate
cancer), and the dotted line, the probability of being in state 3 (dead). Black lines
represent men with normal levels and grey lines represent men with high levels of
blood pressure. The model includes similar covariates as in paper II.
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Discussion

Study design

To draw conclusions valid for the general population, we assumed that our
data represent the general population. Me-Can is a population-based project
and the proportions of smokers [62] and obese individuals [63-65] were
similar to background populations within the same calendar period. In the VIP
cohort, a validity check was performed, comparing participants that have
undertaken a health examination to the background population; only minimal
differences were found [66].

To draw unbiased conclusions, we assumed our data captured all diagnoses
and deaths due to prostate, kidney (RCC), and bladder cancer from
participants in Me-Can. Validity studies within the Swedish [67], Norwegian
[68], and Vorarlberg State Cancer Register [69] have concluded that the
capture of cancer diagnoses is accurate and close to complete. The Swedish
cause of death register has shown to have high quality, at least for prostate
cancer patients [70].

To avoid biased estimates, we assumed that the metabolic factors measured at
baseline were not going to change unevenly at follow-up. If all participants,
regardless of their baseline metabolic status, were changing in the same
direction, this would not substantially bias our results. If participants with
metabolic aberrations at baseline changed their lifestyle and improved their
health, the results would be underestimated. If the opposite happened,
participants with metabolic aberrations become even more extreme at follow-
up, results would be overestimated. Differences in BMI between baseline and
repeated health examination within 2.5-7.5 years have been calculated in
preliminary data including VHM&PPP, MPP, and VIP. BMI was divided into
categories at baseline; in the repeated health examinations, all those
categories had slightly higher mean BMI (Wirén, unpublished).

The Me-Can project dataset consists of participants from seven cohorts,
measured at different dates using slightly different measurement methods and
under different fasting status. Although the inconsistency is a weakness in the
project, we have tried to overcome these differences by calculating cohort and
fasting time (for glucose, cholesterol, and triglycerides) specific cut points
when dividing exposures into quintiles and transformed exposures to z-scores
separately for cohort and fasting time (for glucose, cholesterol, and
triglycerides). In all Cox regression analyses, we have stratified within the
model to allow for different baseline hazards for each cohort.
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The metabolic syndrome is a state of multiple metabolic aberrations including
obesity, insulin resistance, hypertension, and high levels of glucose and lipids.
There exist several different definitions of this state with defined cut off levels
on each of the included factors [71]. In paper IV, the composite score was
called the metabolic syndrome (MetS) score, a label that reflects that the
variable could be compared with the metabolic syndrome, although we did not
use any of the definitions. In later papers (I-III), we called the variable
composite score to avoid confusion.

There is no evidence that metabolic factors have cut offs or threshold levels
where the risk is increased [72]. We assumed a linear association between
increasing level of metabolic factor and risk of cancer and cancer death, and
the metabolic factors were analysed as continuous variables if allowed in the
models. We investigated this assumption by performing trend tests over
quintiles and tested the assumption in paper III by plotting cubic splines.

When creating the composite score, each single factor was given equal weight.
However, using weighted z-score where weights had been selected to
maximize the risk of cancer could have been another solution [73]. If the aim
would have been to find the combination of metabolic factors that predict the
highest risk of cancer, a similar model could have been used.
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Prostate cancer (paper I)

We found that high levels of glucose and triglycerides were associated with a
decreased risk of prostate cancer and that the association between metabolic
factors and risk of prostate cancer differed between calendar periods. For
cases diagnosed during the pre-PSA era, the associations were stronger than
for cases diagnosed in the PSA era. One study on cases diagnosed before 1998
also found an association between the metabolic syndrome and prostate
cancer [14], but another study on cases diagnosed 1995 to 2005 found no such
association [74]. Previous studies on glucose or triglyceride levels and risk of
prostate cancer found inverse [24, 75] or no associations to risk [24, 33, 37]. In
our data, high levels of BMI and blood pressure were associated with
increased risk of death from prostate cancer, findings that agree with large
studies on BMI [25, 76-79] and support the hypothesis that high BMI is not
related to prostate cancer risk, but that it is related to an increased risk of
progression and prostate cancer death [25, 76, 80, 81]. For blood pressure, the
largest previous study found a non-significant association to prostate cancer
death [76] although smaller studies reported null associations [82, 83].

The introduction of PSA for detection of prostate cancer was noticed as a
period effect in our data. We speculate that the differences in association
depending on calendar period were due to a different case mix during the two
periods with a larger proportion of low-risk cases diagnosed in the PSA era.
Conversely, a larger proportion of advanced cases were diagnosed in the pre-
PSA era, for which there was a stronger association to metabolic risk factors.
No effect of calendar time was found on risk of death from prostate cancer.

Detection bias could explain the divergent association between metabolic
factors and risk of diagnosis and death from prostate cancer. That is, obese
men might be diagnosed at a later stage because of lower PSA levels and a
larger prostate, which makes rectal examinations more difficult [80]. Other
possible explanations are decreased levels of hormones and growth factors
among diabetics and obese men and the protective effect of diabetes
medication on prostate cancer [84].

Hormone levels (mainly testosterone) and growth factors (mainly insulin-
growth factor 1, IGF-1) have been discussed as key mediators for prostate
cancer initiation [85]. Insulin resistance may result in higher levels of free
IGF-1 and also may impact the cycle of fat cells (adipocytes) in a way that
disturbs hormonal balance. Both hormones and IFG-1 are connected with cell
proliferation [86]. High levels of IGF-1 have been associated with prostate
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cancer [87-89] and with an increased risk of prostate cancer mortality among
those that are diagnosed with aggressive tumours [89].

A healthy lifestyle is associated with higher levels of serum testosterone [90]
and high levels have previously been associated to risk of prostate cancer [91],
but this association has not been confirmed in later studies [92-94]. Men
diagnosed with benign enlargement of the prostate are often prescribed 5-
alpha reductase inhibitors (5ARI) to inhibit the transformation of testosterone
to a more active form of testosterone. This active form of testosterone is used
in the prostate and has the effect of reducing the size of the prostate. Two large
randomized placebo-controlled clinical trials have investigated 5ARI and risk
of prostate cancer. The first trial compared the risk of prostate cancer at
biopsy in men given 5ARI for seven years with the risk for men given a
placebo. The first trial concluded that men with 5ARI had a decreased risk of
low-risk prostate cancer, but found an increased risk of high-risk prostate
cancer [95]. The second trial found similar results after four years [96]. There
are discussions in the literature whether the medication drives the
aggressiveness of the actual tumour or whether there is a detection bias due to
higher probability of finding the cancer tumour in a smaller prostate [97]. One
recent large case-control study investigated men treated with 5ARI for urinary
tract symptoms and found no indication of increased risk of high-risk prostate
cancer, and a decreased risk of low-risk prostate cancer [98].

After paper I was published in October 2012, some new studies have been
published in this field, most of them confirming our findings. There are two
recent meta-analyses. One study, investigating clustered metabolic factors and
prostate cancer risk, found no association with prostate cancer diagnosis, but
did find an association with death from prostate cancer [99]. The other study,
investigating BMI and prostate cancer in risk categories, found an inverse
association between high BMI and localized prostate cancer and an
association with advanced disease [100]. A large case-control study (almost
45,000 cases of prostate cancer) found that diabetic men had a reduced risk of
prostate cancer [19]. One study has used offspring BMI as an instrumental
variable for own BMI, and found no association with risk of prostate cancer
death [101].
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Prostate cancer with competing risk analysis (paper IT)

In paper I, we investigated metabolic factors as putative etiological factors for
prostate cancer using Cox proportional hazards model. This approach found
no association with risk of prostate cancer but did find an association with
prostate cancer death, a finding that confirms several other large studies.
Paper II had another purpose: to study whether a man with high levels of
metabolic factors has a different probability of prostate cancer compared to
men with normal levels of metabolic factors. There are mainly two reasons
why the results from these two types of analyses differ. First, prostate cancer is
mainly diagnosed at an age when many men might already have died (mean
age at prostate cancer diagnosis in Scandinavia is between 70-75 years) [10].
In conventional survival analysis, this may affect calculations towards
overestimation of the absolute risk [102]. The cumulative incidence of prostate
cancer in the current study was lower than Kaplan-Meier failure estimates (1 -
S(t)) using conventional survival analysis when censoring for all endpoints
other than prostate cancer (Figure 15) in accordance with simulated data
[103] and previous studies [104, 105].
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Figure 15: Calculated probabilities for prostate cancer for men with normal and high
levels of the composite score in a comparison with conventional survival analysis
(left) and competing risk scenario (right).
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Second, high levels of metabolic factors are related to increased risk of death
from all causes [22], which may influence calculations of hazard ratios [106],
since men with high levels of metabolic factors are more likely to die at a
younger age and therefore more likely to be censored in conventional survival
analysis than men with normal levels. This is also noticeable within our data,
with a gap between the curves in the competing risk scenario larger than in the
conventional survival analysis approach (Figure 15). In other words, among
men censored due to a competing event (i.e., all-cause death or death from
other causes), there are more men with high levels of metabolic factors than
those censored for other reasons (i.e., migration or end of follow-up).

This scenario is similar to reports on smoking as a risk factor for dementia,
Alzheimer disease [107], and melanoma [108]; these studies found a
decreased risk among smokers. One of these studies defined competing risk
bias using directed acyclic graphs (DAGs) [108], and discussed whether the
decreased risk among smokers may be due to a selection bias, since smokers
have a shorter life expectancy compared to non-smokers. Accordingly, we
speculate that a similar selection bias may exists due to censoring for death in
etiological studies of metabolic factors and prostate cancer, since men with
high levels of metabolic factors have a shorter life expectancy than men with
normal levels. In the scenario of metabolic syndrome and prostate cancer, a
DAG could look like Figure 16.
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Figure 16. DAG for selection bias due to competing risks. Conditioning on a collider
(i.e., only choosing those that have survived all causes of death) may bias the
association between metabolic factors and prostate cancer.

Underlying assumptions are that there are common causes for both prostate
cancer and the risk of death. Competing risks are a collider in this DAG, and
the bias could be introduced when stratifying survivors (i.e., only including
those that have survived competing events). To investigate whether such a bias
exists, we would need to simulate hypothetical data, an aim outside the scope
of our study. In this study, we have focused on calculating probabilities similar
to the probabilities in the real world. This is also why we chose to include all
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primary, secondary, and later prostate cancer diagnoses in the study: in the
real world, men with a cancer diagnosis may still get prostate cancer. Also, in
the data set, we have no information of other diseases (not cancer related) or
medication that may affect the probability of prostate cancer.

There are only a few studies on metabolic factors and prostate cancer that
have used a competing risk approach, and these studies have used different
methods with inconsistent results [23-25]. In our study, men with high levels
of metabolic factors had a lower probability of prostate cancer. This finding
agrees with results in a Swedish cohort study (almost 37,000 men) that used
Fine and Gray regression. That study found that men with high levels of BMI
at age 60 had a decreased probability of low-risk prostate cancer, non-
significantly increased probability of high-risk prostate cancer, and an
increased probability of prostate cancer death [25]. However, our findings are
in contrast with two other studies [23, 24] that calculated conditional
probability of prostate cancer. The first study, which included almost 200,000
men and 5,000 prostate cancer cases, found an increased risk of prostate
cancer for high levels of triglycerides and glucose at age 75 [24]. The second
study, which consisted of 2,322 men, reported that men at age 50 with
metabolic syndrome had an increased probability of prostate cancer at age 80

[23].

In the PSA era, we found larger differences in probability of prostate cancer
for men with normal and high levels of metabolic factors than in the pre-PSA
era. We speculate that more men with high socioeconomic status undergo PSA
testing more often than men with lower socioeconomic status [109] and
therefore these men have a higher risk of prostate cancer, in particular low-
risk tumours [20, 21]. Men with high socioeconomic status have lower
prevalence of the metabolic syndrome [110], obesity [111], and diabetes
mellitus type 2 [112] than men with low socioeconomic status. The metabolic
syndrome, obesity, diabetes, and high levels of other metabolic factors have
been linked to lower risk of prostate cancer during the PSA era [19, 74, 113].

We calculated conditional probability, sub distribution hazard ratios, and p-
values from Pepe and Mori test for differences between cumulative incicence
curves, but decided not to include these results in the final paper. The main
reason for this exclusion was that conditional probability curves and sub
distribution hazards were difficult to interpret [114] and that the Pepe and
Mori test used unadjusted cumulative incidence curves [115].
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Kidney cancer (renal cell carcinoma, paper III)

Our results indicate that high BMI, blood pressure, glucose, and triglycerides
among men and high BMI among women are associated with risk of RCC, and
several of these factors may interplay on biological pathways. By adding single
factors to a model to investigate which factors attenuated other factors, we
found that blood pressure and triglycerides among men and BMI among
women were independent risk factors. This method is similar to how previous
studies have investigated independence [116]. However, this approach only
reveals independence among the measured covariates, and the actual
“independent” risk factor may interact or share the same pathway with other,
not measured, factors. To further investigate the interplay between metabolic
factors, we calculated biological interaction [50], which as stated, should test
whether the covariates share the same pathway. However, we have not been
convinced that this test reflects the interplay within pathways better than
other statistical measures of interaction [117].

Our findings for BMI and blood pressure among men agree with results from
previous studies [30, 116, 118-121]. As previous data suggests, the results for
BMI were attenuated after adjustments for other metabolic factors [119] and
high blood pressure was independently associated with risk of RCC [30]. Our
results for glucose [31, 331, cholesterol [31, 32], and triglycerides [31], and risk
of RCC also agree with previous reports. We found a stronger association
between BMI and RCC in women than in men, results that are also in line with
a recently published meta-analysis [122]. In contrast to several previous
reports [116, 119, 120, 123], we did not observe an association between blood
pressure and RCC among women.

The data did not reveal multiplicative statistical interaction or any evidence of
biological interaction, thus, the interactions between metabolic factors on risk
of RCC are on an additive scale, similar to previous reports [29, 31, 116, 124,
125]. Smoking is an established risk factor for RCC, but no evidence of effect
modification due to smoking status was found. Two previous studies used
spline functions to investigate levels of BMI and systolic and diastolic blood
pressure and risk of RCC. For BMI, one study reported, in line with our data, a
steady increase of RCC with increasing levels of BMI [121], although the other
study reported, in contrast to our data, a positive but non-linear dose-
response between blood pressure and RCC [120].

There are a few biological mechanisms that may link metabolic factors to

initiation of renal cell cancer. Insulin resistance may result in higher levels of
free IGF-1; this relationship has been proposed as a possible link between
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BMI, abnormal glucose metabolism, and RCC [86]. Insulin resistance may
also impact the cycle of adipocytes and disturb the hormonal balance [126]. It
is unclear why obese women have higher risk compared to men [86]. Lipid
peroxidation, which is increased in obese and hypertensive subjects, has been
hypothesized to be partly responsible for the association between obesity,
hypertension, and RCC [127, 128]. The mechanisms for high blood pressure
and RCC risk independent of obesity are unclear, but researchers have
speculated that renal injury or functional changes due to hypertension in the
renal tubule could increase susceptibility for cancer cells to grow [126].

After paper III was published in January 2013, very few new findings for
metabolic factors and risk of RCC and/or kidney cancer have been noted. One
small case-control study reported that insulin resistance was inversely
associated to risk of RCC, independent of obesity, diabetes mellitus type 2,
lifestyle, and hormonal covariates [129]. Also, offspring BMI, used as a proxy
for own BMI, has been associated with risk of kidney cancer death among both
men and women [101].
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Bladder cancer (paper IV)

Among men, we found that high blood pressure was consistently associated
with risk. Previous studies on blood pressure were based on much smaller
study populations and reported no association [130-132]. Among women, the
strongest risk factor was high glucose levels, although our findings were of
borderline significance. Previous cohort studies have investigated the
association between glucose levels and risk [33, 37, 69] and between prevalent
diabetes and risk [41, 133-136]. Most of these studies reported an increased
risk for both men and women, but only in some of these studies did the results
reach statistical significance. We found an increased risk of bladder cancer for
men who had a high composite score, whereas no such association was
observed among women. Our study included 30 times as many cases as a
previous study on the metabolic syndrome and bladder cancer risk [137].
Smoking is an established risk factor for bladder cancer and we found a more
than two-fold increase in risk for smokers, findings in line with previous
studies [138], but formal tests of interaction indicated no differences across
strata of smoking status. However, as a result of the crude classification of
smoking, some residual confounding likely remained.

A possible pathway between high levels of glucose or diabetes and bladder
cancer risk is the increased incidence of urinary tract infections, also a risk
factor for bladder cancer among diabetic individuals, in particular among
diabetic women [139, 140]. There are no clear pathways to why hypertension
could be associated with risk of bladder cancer among men. One study of only
men detected higher levels of IGF-1 in bladder cancer cases compared to
controls, a finding that might suggest a higher risk of bladder cancer among
men with insulin resistance [141].

After paper IV was published in June 2010, a few new studies in this field have
been published. Recent meta-analyses found an association for metabolic
syndrome with bladder cancer among men [142] and associations for obesity
and diabetes with increased risk of bladder cancer among men and women
[143] [144]. A large Taiwanese cohort study found an association between
diabetes and bladder cancer [145]. Other studies have reported an association
between diabetes mellitus type 2 for more than 15 years and invasive bladder
cancer [146] and that diabetic postmenopausal women increased risk of
bladder cancer [147].
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Future perspectives

To assess causality between risk factor and outcome, randomized clinical trials
(RCT) are assumed to produce the highest quality results. There are methods
similar to a RCT that can analyse data collected in an observational study.
These methods, which will probably be used more frequently, attempt to
randomly distribute confounders, both known and unknown, within the study
population. Creating a propensity score of covariates and matching
participants on propensity score [148] is one way to ensure more random
study selection so as to minimise bias. Other ways of avoiding unmeasured
confounding is to use instrumental variables as proxies for something else
such as socioeconomic background factors, which may confound associations,
and be hard to measure and account for otherwise. In the cancer research
field, one study has used son’s BMI [101] as a proxy for own BMI and another
study used health service area as proxy for a therapy option among men with
prostate cancer [149]. In a comparison between adjusting for covariates,
adjusting for propensity score, and instrumental variable analysis, the
instrumental variable analysis was found to be the best method to reduce
selection bias in a similar way as a RCT [150]. Genes can also be used as
instrumental variables, also called Mendelian randomization. However, an
extensive paper on the use of Mendelian randomization between nutrition and
cancer risk concluded that these kinds of studies normally require a large
sample size, except under certain circumstances where strong associations are
involved [151].

If a study contains several possible outcomes, treatments, or something else
that changes the characteristics of a study participant, multi-state models can
be used in studies with only one endpoint. Large population-based studies of
diseases could use this approach and calculate the rates and predict
probabilities of being in each state. In a larger context and in large datasets,
theories based on complex networks can be used by placing covariates as
nodes in a “map” and analysing how the flow between these nodes changes
over time. A large study using this method suggested that friends had higher
impact for an individual’s risk of obesity than siblings [152]. When studying
outcomes that may depend on socioeconomic or demographic factors,
methods based on network theories might add an extra dimension than
traditional epidemiological study designs.
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Conclusions

We found that high levels of metabolic factors were associated to diagnosis of
kidney and bladder cancer and to death from prostate, kidney and bladder
cancer (Table 3). Results for death from kidney and bladder cancer pointed
in the same direction as the results for diagnosis for these cancer sites.

Table 3. Overview of associations between high metabolic factors and the composite
score and risk of prostate, kidney, and bladder cancer. A minus sign in the table
corresponds to inverse association, plus sign to an increased risk, double plus to
independent risk factors and zero to no multiplicative interactions.

Kidney cancer
Prostate cancer (Renal cell Bladder cancer
(paper 1) carcinoma, (paper 1V)
paper lll)
MEN Diagnosis Diagnosis
Diagnosis | Death | MEN | WOMEN MEN WOMEN

BMI + + ++
Blood pressure + ++ +
Glucose - + +
Cholesterol
Triglycerides -
Composite _ + +
score
Interactions 0 0 0 0 0 0

Additional conclusions for prostate cancer (paper I-II):

e The associations between high levels of metabolic factors and risk of
prostate cancer in the pre-PSA era were stronger than in the PSA era.
In the PSA era, inverse associations between high levels of metabolic
factors and prostate cancer were found. For prostate cancer death, no
changes according to calendar period were found.

e Men with high levels of metabolic factors had a decreased probability
of prostate cancer, similar probability of prostate cancer death, and
increased probability of competing events (all-cause death and other
causes of death), compared to men with normal levels.
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Additional conclusions for kidney cancer (renal cell carcinoma, RCC, paper
III) and bladder cancer (paper IV):

e Blood pressure among men and BMI among women were found to be
independent risk factors for RCC. Several of the other metabolic
factors may interplay in biological pathways, but no biological
interaction was found.

e The associations between increasing levels of metabolic factors and
risk of RCC were found to be approximately linear.

e No effect modification due to smoking was found for risk of RCC or
bladder cancer.
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Populiarvetenskaplig sammanfattning

Prostatacancer ar den vanligaste cancerformen i Sverige med ca 10 000 nya
fall arligen. Forekomsten av prostata-, njur- och urinblésecancer ar vanligare i
Nordamerika och Viasteuropa, dn i utvecklingslander, vilket antyder att risken
for dessa cancerformer ar kopplade till diet och livsstil.

Syftet med denna avhandling var att undersoka sambandet mellan olika
metabola riskfaktorer och risk for prostata-, njur- och urinbldsecancer. De
metabola faktorer vi studerade var kroppsmasseindex (Body mass index,
BMI), blodtryck, blodsocker (glukos) och blodfetter (totalkolesterol och
triglycerider). Vi ville ocksa berdkna verkliga sannolikheter for diagnos och
dod av prostatacancer for médn med normala jamfort med hoga nivaer av
metabola faktorer.

Denna avhandling bygger pa det Metabola Syndromet och Cancerprojektet
(Me-Can) dar data fran halsokontroller av 578 700 man och kvinnor fran
Sverige, Norge och Osterrike samlats in. Efter uppfoljningstiden har mitdatat
lankats till cancerregister och dédsorsaksregister i varje land, darefter har hela
databasen analyserats med statistiska metoder inom 6verlevnadsanalys.

Vi hittade inget samband mellan nagon av metabola riskfaktorerna och
prostatacancer, ddremot en 6kad risk for dod av prostatacancer hos man med
hogt BMI eller blodtryck. Sannolikheten att fa prostatacancer var hogre for
man med normala virden péa riskfaktorerna an for de med hoga varden, men
sannolikheten for att konkurrerande hindelse (d6d) var mycket hégre hos
min med hoga virden. Hos bdde min och kvinnor med hoga viarden pa
riskfaktorerna fann vi en 6kad risk for njurcancer, dar blodtryck hos mén och
BMI hos kvinnor var oberoende riskfaktorer. For urinblésecancer hittade vi en
forhojd risk hos man med hogt blodtryck.

Sammanfattningsvis fann vi att min och kvinnor med hoga viarden péa

metabola riskfaktorer hade en o©kad risk for diagnos av njur- och
urinbldsecancer och dod av prostata-, njur-och urinblasecancer.
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