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ABSTRACT 

In my PhD-dissertation research project I have studied the effects of physical activity 
and physical condition to the incidence of cancer with main emphasis on colorectal 
cancer (CRC) and prostate cancer (PCA) in men. There were two Finnish cohorts 
studied - the first one was the men born in 1958 (approximately 32,000 men) and 
the other one was a cohort of former elite male athletes (approximately 2,400 men). 
In addition there were two case-control studies, one for CRC (there were 
approximately 145,000 cases of colorectal cancer in men and 146,000 cases in 
women) and one for PCA (240,000 cancer cases were diagnosed during the study 
period). These case-control studies were embedded in the Nordic Occupational 
Cancer (NOCCA) study cohort.  

In the cohort of men born in 1958 the data were collected from the time of their 
military service. The cancer cases of these men were collected from the Finnish 
Cancer Registry (FCR) until the end of 2014. Those men that were overweight or 
obese during the time of their military service had an increased, but statistically not 
significant, risk of cancer. Hazard Ratio (HR) was 1.08, 95% confidence interval (CI): 
0.89-1.30. Men in good or excellent physical condition (PC) during military service 
had significantly reduced cancer risk later in life (HR 0.82, 95% CI: 0.71-0.95). Men 
of normal weight but in poor physical condition had an increased risk of all cancers 
combined (HR 1.18, 95% CI: 1.01-1.38) when compared to the men who were of 
normal weight and in good physical condition. Similarly those men that were 
overweight and in poor physical condition had even more increased risk of cancer 
(HR 1.30, 95% CI: 1.01-1.69). After adjusting these results for smoking, alcohol 
consumption and service class these associations decreased and became statistically 
insignificant. Men in this cohort are still relatively young and therefore a longer 
follow-up is needed for further conclusions on their cancer risk. 

  A Finnish cohort of 2448 elite male athletes and their 1712 referents was 
followed-up for cancer incidence from 1986 to 2010 through the Finnish Cancer 
Registry. The overall cancer incidence was lower in athletes than in the general 
population, standardized incidence ratio (SIR) was 0.89 (95% CI: 0.81-0.97). Middle-
distance runners had the lowest cancer incidence (SIR 0.51, 95% CI: 0.22-1.01). A 
particularly low cancer incidence was detected also among long-distance runners 



(SIR 0.57, 95% CI: 0.35-0.88) and jumpers (SIR 0.60, 95% CI: 0.37-0.92). The SIR 
of lung cancer among athletes was 0.40 (95% CI: 0.27-0.55). The lower risk can be 
attributed to lifestyle factors, especially less frequent smoking among the athletes and 
their better PC.  

In the two case-control studies the associations between perceived physical 
workload (PPWL) at work and CRC and PCA were studied. Five population controls 
were selected for each cancer patient. Individuals were stratified to reference and 
different pre-determined groups based on their PPWL.  

PPWL showed a bigger protective effect on colon cancer for men (odds ratio 
[OR] was 0.74 in the highest PPWL decile when compared with the lowest PPWL 
category, 95% CI: 0.72-0.77) than for women (OR 0.87, 95% CI: 0.81-0.95), with a 
significant trend for different levels of PPWL for both males and females. The OR 
of cancer in the descending colon for the highest PPWL decile of males was 0.61 
(95% CI: 0.54-0.69). For females the protective effect was most notable in the 
transversal part of the colon (OR 0.83, 95% CI: 0.67-1.03). None of the results in 
this study for cancer incidence for females were statistically significant. The OR for 
rectal cancer in the highest PPWL decile for males was 0.87 (95% CI: 0.85-0.90) and 
for females 0.93 (95% CI: 0.83-1.04). Inclusion of further agents in multivariate (MV) 
analyses did not alter the ORs for PPWL.  

The incidence of colon cancer and, to a lesser extent, rectal cancer was lowest in 
professions with the highest PPWL. The association is stronger in males than in 
females. The biggest protective effect appears to be in the descending colon in males.  

The hazard ratios for PCA from the lowest to highest cumulative PPWL levels 
were 0.90 (95% CI: 0.89-0.91), 0.88 (95% CI: 0.87-0.89) and 0.93 (95% CI: 0.92-
0.95) and all these results were statistically significant. There was no statistically 
significant dose response effect of the level of PPWL on PCA incidence. Inclusion 
of socioeconomic status (SES) in the model did not substantially change the result. 
The results were similar before Prostate Specific Antigen (PSA) testing and during 
the years of PSA testing in these countries.  

Individuals with physical strain at work had a lower risk of invasive PCA when 
compared to individuals without physical strain at work.  

 



TIIVISTELMÄ 

Lääketieteen tohtoritutkimusprojektissani tutkin fyysisen aktiivisuuden ja kunnon 
vaikutuksia syöpäilmaantuvuuteen. Erityisinä mielenkiinnon aiheinani olivat paksu- 
ja peräsuolen sekä eturauhasen syövät. Tutkimuskokonaisuus perustui kahteen 
suomalaiseen kohorttiaineistoon: vuonna 1958 syntyneisiin miehiin (noin 32,000 
miestä) ja huippu-urheilijoihin (noin 2,400 miestä) ja kahteen pohjoismaiseen tapaus-
verrokkitutkimukseen. Näistä yhdessä tutkittiin paksu- ja peräsuolen syöpää (miehillä 
todettiin syöpiä tutkimusaikana yhteensä noin 145,000 ja naisilla noin 146,000) ja 
toisessa eturauhassyöpää (syöpiä todettiin tutkimusaikana yhteensä noin 240,000). 
Tapaukset ja verrokit poimittiin Nordic Occupational Cancer (NOCCA) 
tutkimuksen tietokannasta. 

Vuonna 1958 syntyneiden miesten kohorttitukimusta varten kerättiin tietoja 
heidän varusmiespalvelunsa ajalta. Tämän jälkeen heille haettiin 
syöpäilmaantuvuusstiedot vuoden 2014 loppuun asti. Miehillä, jotka olivat 
ylipainoisia tai lihavia varusmiespalveluksen aikana, oli hieman suurentunut riski 
sairastua syöpään. Tämä riski ei kuitenkaan ollut tilastollisesti merkitsevä 
(kerroinsuhde, OR 1.08, 95 prosentin luottamusväli, 95% CI: 0.89-1.30). Hyvässä tai 
erinomaisessa fyysisessä kunnossa varusmiespalveluksen aikana olleilla riski sairastua 
syöpään myöhemmällä iällä oli merkitsevästi alentunut (OR 0.82, 95% CI: 0.71-0.95). 
Normaalipainoisten, mutta huonossa fyysisessä kunnossa olleiden miesten syöpäriski 
(kaikki syövät) oli suurentunut (OR 1.18, 95% CI: 1.01-1.38) verrattuna 
normaalipainoisiin ja hyvässä kunnossa olleisiin miehiin. Niillä miehillä, jotka olivat 
ylipainoisia ja huonossa fyysisessä kunnossa oli vielä tätäkin korkeampi riski sairastua 
syöpään (OR 1.30, 95% CI: 1.01-1.69). Kun nämä tulokset vakioitiin tupakoinnin, 
alkoholinkäytön ja palveluskelpoisuusluokan suhteen, tulokset eivät enää olleet 
tilastollisesti merkitseviä. Tutkimuskohortti on vielä suhteellisen nuori, ja pidempi 
seuranta on tarpeen, jotta tuloksista voidaan tehdä tarkempia päätelmiä. 

Suomalaisten huippu-urheilijoiden kohorttiin kuuluvien 2448 miehen  
syöpäilmaantuvuutta seurattiin vuodesta 1986 vuoteen 2010. 
Kokonaissyöpäilmaantuvuus oli huippu-urheilijoilla alhaisempi kuin perusväestöllä, 
vakioitu ilmaantuvuussuhde (SIR) oli 0.89 (95% CI: 0.81-0.97). 
Keskimatkanjuoksijoilla oli matalin syöpäilmaantuvuus (SIR 0.51, 95% CI: 0.22-



1.01). Hyvin matala syöpäriski todettiin myös pitkänmatkanjuoksijoilla (SIR 0.57, 
95% CI: 0.35-0.88) ja hyppääjillä (SIR 0.60, 95% CI: 0.37-0.92). Keuhkosyövän 
vakioitu ilmaantuvuussuhde urheilijoilla oli 0.40 (95% CI: 0.27-0.55). Alhaisempi 
riski voi johtua terveistä elämäntavoista, erityisesti huippu-urheilijoiden 
vähäisemmästä tupakoinnista sekä hyvästä fyysisestä kunnosta.  

Kahdessa tapaus-verrokkitutkimuksessa tutkittiin yhteyttä koetun fyysisen työn 
kuormittavuuden (PPWL) ja paksu- ja peräsuolen syövän sekä eturauhassyövän 
ilmaantuvuuden välillä. Jokaiselle syöpään sairastuneelle henkilölle valittiin viisi 
kaltaistettua verrokkia. Tutkittavat jaettiin eri ryhmiin työn kuormittavuuden 
perusteella, ja syöpäilmaantuvuutta verrattiin ryhmään, jolla ei ollut merkittävää 
koettua fyysistä rasitusta työssä.  

Työn fyysinen kuormittavuus suojasi paksu-ja peräsuolen syöviltä eniten niitä 
miehiä, jotka kuuluivat työn koetussa rasittavuudessa ylimpään kymmeneen 
prosenttiin (OR 0.74, 95% CI: 0.72-0.77) verrattuna ryhmään jolla ei ollut työssä 
fyysistä rasitusta. Naisten osalta todettu suojavaikutus oli pienempi (OR 0.87, 95% 
CI: 0.81-0.95).   

Miehillä, jotka kuuluivat työn rasittavuudessa ylimpään kymmeneen prosenttiin, 
todettiin laskevan paksunsuolen alueella selkeästi vähemmän syöpiä kuin 
verrokkiryhmällä, kerroinsuhde oli 0.61 (95% CI: 0.54-0.69). Naisilla suurin 
suojavaikutus todettiin poikittaisen paksunsuolen alueella (OR 0.83, 95% CI: 0.67-
1.03). Peräsuolisyövän kerroinsuhde miehille, jotka kuuluivat kuormittavuusarvion 
ylimpään kymmeneen prosenttiin, oli 0.87 (95% CI: 0.85-0.90) ja naisille 0.93 (95% 
CI: 0.83-1.04). Naisten syöpäesiintyvyydelle saadut tutkimustulokset eivät olleet 
tilastollisesti merkitseviä. Muiden tekijöiden mukaan ottaminen monimuuttuja-
analyyseihin ei muuttanut kerroinsuhdetta merkittävästi.  

Paksusuolensyövän ilmaantuvuus ja vähäisemmässä määrin myös 
peräsuolisyövän ilmaantuvuus on matalin ammateissa, jotka ovat fyysisesti 
raskaimpia. Tämä yhteys näkyy miehissä naisia selkeämmin. Suurin suojavaikutus 
todettiin miehillä laskevan paksunsuolen alueella.  

Miehillä, joilla oli työhön kuuluvaa fyysistä rasitusta, oli pienempi riski sairastua 
eturauhassyöpään kuin miehillä, joilla ei ollut koettua fyysistä rasitusta työssä.     
Eturauhassyövän riskitiheyssuhteet matalimmasta korkeimpaan työn 
kuormittavuuden perusteella jaettujen ryhmien välillä olivat 0.90 (95% CI: 0.89-0.91) 
matalan altistuksen, 0.88 (95% CI: 0.87-0.89) keskisuuren altistuksen  ja 0.93 (95% 
CI: 0.92-0.95) suuren altistuksen ryhmille. Tilastollisesti merkittävää yhteyttä työn 
kuormittavuustason ja eturauhassyövän ilmaantuvuuden välillä ei todettu. 
Sosiaaliluokan mukaanotto analyyseihin ei merkittävästi muuttanut tuloksia. 



Tulokset olivat samanlaiset ennen PSA-mittausten yleistymistä 1990-luvulla ja niiden 
aikana 1990-luvun alun jälkeen. 
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UV=Ultraviolet 
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1 INTRODUCTION 

Cancers as well as the diseases of the circulatory system are by far the most important 
causes of death in the western world and the EU-area. (Eurostat 2017) In Finland 
men die several years younger than women. In year 2016 men's life expectancy at 
birth was 78.4 years and women's life expectancy was 84.1 years. Tumors were the 
second most important cause of death among men, explaining approximately 6,600 
or 26% of deaths in men in year 2015. (Statistics Finland, 2017) 

This study was aimed to answer to the question "what are the effects of physical 
activity (PA) and physical condition (PC) to the incidence of cancer" and ultimately 
- what could be done to decrease the number of cancers and the number of deaths 
from cancers. The main focus of this project was to evaluate how PA and PC affect 
the incidence of cancer. The biggest interest was in the incidence of men’s CRC and 
PCA, but interesting results were found also for other cancers and the cancers of 
females.  

1.1 All cancers 

Cancer can be found in any organ of the human body. Age standardized incidence 
of all cancers (excluding non-melanoma skin cancer)  in Finland in year  2012 was 
423/100,000 for men and 324/100,000 for women. The most common cancers in 
men were cancers of the prostate, lung, colon and rectum, bladder as well as non-
Hodgkin lymphoma. For women the most common cancer was breast cancer 
followed by CRC, cancer of the uterus, lung and non-Hodgkin lymphoma. (Ferlay 
et al. 2013) At the end of 2015 there were more than 110 000 men and almost 150 
000 women living with cancer in Finland. (Syöpärekisteri 2018) 

Symptoms of cancer vary widely depending on the organ of origin. The alarm 
symptoms of cancers can be e.g. a lump in an organ, occult blood stools, blood in 
urine or coughing for a prolonged period. (Svendsen et al. 2010) The symptoms of 
advanced cancer may be e.g. anorexia and cachexia, delirium,  nausea and vomiting, 
electrolyte abnormalities, fatigue or constipation. (Lagman et al. 2005) 
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1.2   Colorectal cancer 

Colon, which can also be called the large intestine is located between ileum (the final 
part of the small intestine) and rectum, and its parts are ascending (on the right side 
of the abdomen), transverse (across the upper part of the abdomen), descending (on 
the left side of the abdomen) and sigmoid colon (which is a curved part of colon 
right before the rectum). (Culligan et al. 2013) Rectum is located between sigmoid 
colon and anus. The function of colon is to remove water, salt and nutrients from 
digested nutrition in order to form stool. There is a large amount of bacteria living 
in the colon. The microbiota of the colon have an important role in all the functions 
of colon and rectum. (Shanahan 2012) The most typical symptoms of CRC are 
changes in bowel movements (bowel habits), abdominal discomfort, pain, occult 
blood in feces or diarrhea. (Majumdar, Fletcher, and Evans 1999)    

Incidence of CRC is high in the developed world and low in the developing 
countries. At the beginning of the century  (results from 1998-2002) the incidence 
of CRC varied from 4.1 in 100,000 men in certain regions in India to almost 60/100, 
000 in men in Czech Republic. (Center et al. 2010) In high-risk populations the 
incidence ratio of colon to rectal cancers is close to 2:1. In lower risk countries the 
incidence of colon and rectal cancers are of the same magnitude. (Parkin et al. 2005) 
It is known that a part of colon cancer is hereditary, but it is now generally believed 
that environmental factors including diet and lack of exercise cause up to 80% of 
colon cancer cases in the Western World. (Bingham 2000) 

Physical inactivity is one of the most important health hazards of our days (Kohl 
et al. 2012; Arem et al. 2013; I. M. Lee et al. 2012) and it is on the increase in our 
society. A substantial number of cancers could be avoided, if people were more 
physically active. (Torre et al. 2015; Brown et al. 2012; Wolin et al. 2009)  

PA decreases the risk of CRC significantly – somewhat more in males  than in 
females. It has been evaluated that insufficient PA is the reason for at least 10% of 
the CRC cases in Europe (Leitzmann et al. 2015) Huxley et al. (2009) made a meta-
analysis on the lifestyle reasons of CRC. They noted e.g. that PA was significantly 
protective of CRC. The protective effects of PA were more pronounced in colon 
than rectum. In their meta-analysis Harriss et al. (2009) detected a inverse dose-
response relationship for leisure time physical activity (LTPA) on colon cancer 
incidence in both genders. LTPA didn’t seem to protect from rectal cancer. (Huxley 
et al. 2009; Harriss et al. 2009)  

Diet  has been recognized as an important risk factor of cancer and especially of 
CRC. The risk of CRC is increased by the intake of red and processed meat and 
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saturated fat. In addition a diet that contains small amounts of starch, non-starch 
polysaccharides, fiber and vegetables increase the risk of CRC. On the other hand – 
a healthy diet, which contains ample amounts of fruits, vegetables and whole-grain 
foods and fibers – and smaller amounts of red and processed meats and salt – reduce 
the risk of CRC. (Norat et al. 2015; Leenders et al. 2015; Vineis and Wild 2014; 
Bingham 2000)  

Several studies suggest that many unhealthy habits related to eating and PA 
develop during childhood and adolescence. These unhealthy habits learned at 
childhood may increase the risk of some cancers including CRC. They may also 
increase the incidence and mortality of some other cancers (e.g. renal cancer and 
women’s premenopausal breast cancer). (Fuemmeler, Pendzich, and Tercyak 2009) 
SES (socioeconomic status) modifies the incidence of many cancers including CRC. 
(Di Cesare et al. 2013; Rundle et al. 2013) Lately there has been interest on the early 
life SES and how it modifies the incidence of some cancers.  (Akinyemiju et al. 2017)  

There were approximately 1,600 new cases of CRC diagnosed every year for men 
and 1,400 cases for women between the years 2011and 2015 in Finland (Figure 1.). 
One year after the diagnosis 84% of men and 86% of men were alive. Five years 
after the diagnosis 65% of men and 68% of the women were still alive. When 
compared to other countries, the mortality-to-incidence -ratio of Finnish CRC-
patients is on the same level as in other Nordic countries and e.g. United States. 
(Sunkara and Hébert 2015)  

Age standardized CRC- incidence and mortality from 1954 to 2014 are presented 
in figure 1. It shows that especially in men the incidence has more than doubled over 
the follow-up period. In women the incidence has also increased, but not as much 
as in men. Age standardized CRC-mortality has increased only a little during the 
follow-up period, and it has decreased in men over the last two decades. In women 
a decreasing trend could be seen already earlier. Age specific incidence and mortality 
rates show that CRC is rare in young adults, and its incidence increases sharply after  
60 years both in men and in women.   
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Figure 1.  CRC-incidence and mortality in Finland between 1954-2015 for men. and women 
separately. (source: http://www-dep.iarc.fr/NORDCAN/english/frame.asp, accessed June 
27, 2018,  Nordcan) 

 

The 5-year relative survival percentage for CRC in Finland was 52.5% (95% CI: 50.4-
54.7) With the current treatment paradigms it can be expected that the current RS is 
higher. (Ferlay et al. 2013) 

1.3 Prostate cancer  

Prostate is located in male pelvis around the neck of the bladder and urethra. The 
mean prostatic volume for men between 50 and 80 years of age increases slowly 
from 24 to 38 cc. (Berges and Oelke 2011) The function of prostate is to produce 
mildly alkaline fluid, which makes an important part of the semen. When prostate 
grows it weakens the flow of the urine. This leads to slower flow of urine from the 
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urinary bladder and a need to urinate more often than before. This can be the only 
symptom of PCA. Other symptoms may include urinary hesitancy, pain or burning 
sensations during urination in the groin region, loss of bladder control, blood in 
urine or urinary infections. (Chen et al. 2014)  

PCA is a very common old men's disease. The reasons for PCA have been studied 
widely but there are many areas where the evidence is still inconclusive.  

Some risk factors that have been identified to increase the risk of PCA include  
• Positive family history 

o Genetic predisposition of PCA, e.g. mutations of certain genes (Benafif 
and Eeles 2016; Raymond et al. 2013) 

• Age 
o PCA incidence increases with age (Salinas et al. 2014) 

• Race and ethnicity 
o Especially African origin (Mordukhovich et al. 2011) 

• Geographical location 
o Incidence varies vastly in different regions (Globocan  IARC 2012)   

Prostate Specific Antigen (PSA) was discovered and purified in the 1970’s by the 
team of Dr Wang at Roswell Park Cancer Institute in Buffalo, New York. These 
findings were published for the first time in 1979. (Wang et al. 1979) PSA’s clinical 
significance in the diagnostics of PCA was realized very soon and it was quickly 
adopted to clinical use. FDA approved PSA-test in 1986 to monitor and follow the 
effects of PCA treatment and in the beginning of 1990’s to screen for PCA in 
undiagnosed population. (Rao, Motiwala, and Karim 2008) In our days PSA-testing 
is possible to do in almost every laboratory around the World.  

PCA morbidity and mortality in Finland are among the lowest in the Western 
World. The question of our times is whether PSA-testing should be done as a way 
of screening of asymptomatic men. (Hayes and Barry 2014)  

Age standardized PCA incidence and mortality from 1954 to 2015 are shown in 
figure 2. It shows that the incidence rates increased shaprly in 1990's and early 2000’s 
due to PSA-testing becoming available. Since the peak incidence was achieved in 
2005, the numbers have decreased. There are approximately 4,500-5,000 new PCA 
cases diagnosed in Finland every year. Age standardized mortality has remained 
stable and low. Age specific incidence and mortality rates show that PCA is an old 
men's disease. There are very few cases diagnosed before the age of 60.  
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Figure 2.  PCA incidence and mortality in Finland 1954-2015.  (source: http://www-
dep.iarc.fr/NORDCAN/english/frame.asp, accessed June 27, 2018,  Nordcan)  

 
The 5-year RS percentage for PCA patients in Finland was above 78% for men 

diagnosed between 1999 and 2003. (Bray et al. 2010; Coleman et al. 2008)  
There were approximately 4,800 new PCA-cases diagnosed in Finland between 

the years 2011 and 2015 every year (Figure 2.). One-year survival rate for PCA 
patients was 99% and 5-year survival rate was 94%. At the end of year 2015 there 
were more than 49,000 people living with PCA in Finland. PCA survival has 
significantly increased in Finland between the years 1982 and 2002. (Kavasmaa et al. 
2013)  

There is very little evidence on any specific nutrition or dietary habit influencing 
the incidence of PCA. PCA is common in countries, where “western diet” is typical 
and increased risk may be connected to dietary consumption of saturated fat and 
beta-carotene. There is some evidence that low carbohydrate intake, soy protein, 
omega-3 fat, green tea as well as tomatoes (lycopene) in diet may reduce the risk of 
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PCA. Some vitamins (e.g. ascorbic acid and cholecalciferol) and minerals (e.g. 
calcium) may have a non-linear effect on PCA incidence. (Lin, Aronson, and 
Freedland 2015; Nelson, De Marzo, and Isaacs 2003; Bashir 2015).  

PA decreases the incidence of several cancers, and it seems that PA has the same 
effect on the incidence of PCA. (Leitzmann et al. 2015) It is unclear how big the 
effect of PA can be. It is possible that PA influences on  PCA incidence by decreasing 
body weight and changing the body composition and decreasing body adiposity. 
(World Cancer Research Fund and American Institute for Cancer Reseach 2007; 
Guh et al. 2009; Pischon et al. 2008). 
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2 REVIEW OF THE LITERATURE   

Literature for this dissertation and this chapter have been collected over the period 
of these studies in several parts between years 2009 and 2018. The searches have 
been conducted at Pubmed-database as well as the websites of International Agency 
for Research on Cancer (IARC), especially its GloboCan and NordCan databases, 
FCR and Statistics Finland (Tilastokeskus). For this chapter the best quality 
publications and data have been collected. This review is not a complete collection 
of all scientific data on the issues discussed but rather a collection of articles of 
interest to the author. The articles of interest are mostly in English, but some are in 
Finnish, French or Spanish, which are the languages familiar to the author. Most of 
the articles have had at least an abstract in English. 

2.1 What is cancer and what causes it? 

First cancers in humans were described in a papyrus from Egypt some 1600 BC. 
(Feldman and Goodrich 1999) This document contained a description on how to 
surgically remove a lump from a breast. Since then, almost everything we know about 
cancers, their causes and how to treat them, has changed. Over the years there have 
been several different theories on the development of cancer – starting from 
humoral theory in Ancient Greece, which stated that if there was an imbalance 
between the four body fluids (humors) – blood, phlegm, yellow bile and black bile – 
this could lead to the formation of cancer.  

In a healthy human body every function is in balance. All these functions are 
orchestrated by chromosomes and genes, which are stored as deoxyribonucleic -acid 
(DNA)-strains, that are located inside the cell’s nucleus and mitochondria.  

Cancer begins as damage or mutation in cell’s DNA. (Chatterjee, Mambo, and 
Sidransky 2006) Most mutated cells are not viable, and most mutations can be 
repaired by the cells themselves, but this is not always the case. (Kitagishi, Kobayashi, 
and Matsuda 2013) This can be followed by uncontrollable growth of the mutated 
cell-line, growth of vessels and other life-supporting factors for the mutated tissue 
and thus it becomes a cancerous tumor. (Krishna Priya et al. 2016) In the 1970’s the 
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roles of oncogenes (which cause normal cells into growing without control and 
becoming cancer cells) and tumor suppressor genes (which function in tissues to 
limit the division of cells, repair DNA and inform cells when it’s their time to die) 
have been described in the development of cancer. (Sudhakar 2009) 

An important characteristic of healthy tissue is its limited growth, i.e. the cells of 
a particular tissue do not multiply uninhibitedly. This function is genetically regulated 
by oncogenes and tumor suppressor genes. Oncogene is a mutated proto-oncogene, 
which regulate cell growth as well as their differentiation. After an activating 
mutation, gene amplification or a chromosomal translocation, a proto-oncogene 
becomes an oncogene. (Pierotti, Sozzi, and Croce 2003)  Unlike oncogenes, tumor 
suppressor genes usually follow ‘two-hit hypothesis’ which means that two alleles of 
a gene coding for a particular protein need to be affected before the actual change is 
seen. If there is one affected allele, the correct protein is still being produced. Best 
known examples of this is TP53 gene, which encodes the tumor suppressing protein 
p53. (Chang et al. 1993; Akeshima et al. 2001; Greenblatt et al. 1994; el-Mahdani et 
al. 1997) Lately as the whole genome sequencing has become more affordable, new 
tumor suppressor genes have been identified. In addition to this, normal tissue may 
have other functions that define the death of the cells at the end of their lifecycle. 
(Schulte-Hermann et al. 1997)  

Cancer cells may spread to other tissues either directly growing into them, 
spreading through blood (circulation) or lymph system. After attaching to a new 
organ, the cancer cells grow a new tumor, in case the body’s own immune system 
doesn’t react effectively enough to the new cancer cells that start growing. (Pagès et 
al. 2010)   

Cancer is still, despite the development of molecular diagnostics, classified based 
on its origin and cell-type morphology, which are analyzed under a microscope using 
different stains (Kiernan 2008) and/or antibodies. (Gremel et al. 2014)  

For example lung cancer is a cancer of lung tissue, and it can be divided to 
different subtypes of cancers based on several factors. In the case of lung cancer the 
rough division is ‘small-cell’ (Van Meerbeeck, Fennell, and De Ruysscher 2011) and 
‘non-small-cell’. (Goldstraw et al. 2011) Depending on the complexity of the disease 
and possible ways of separating different cell types or histology there can be further 
classification (in the case of lung cancer the non-small-cell lung cancers can be 
divided to large-cell lung cancers, adenocarsinomas and squamous-cell cancers). 
Further division is often needed, and sometimes particular genetic anomalies of 
cancers are nowadays used in the classification. (Leighl et al. 2014)  
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2.2 Short history of occupational cancer epidemiology  

The reasons behind a regular ‘healthy’ tissues becoming a cancerous have been of 
interest to researchers for a long time. Italian Dr Bernardino Ramazzini was the first 
one to actually realize that there were more certain types of cancers in different 
populations. His studies, which were published in 1700 and 1713, contained data on 
the diseases of some 50-odd different occupations. He noticed e.g. that nuns had 
practically no cervical cancer, but instead had a higher incidence of breast cancer 
when compared to other women. (Araujo-Alvarez and Trujillo-Ferrara 2002) Later 
it would be found out that reasons for these findings pretty much were the same: 
lack of sexual contacts (i.e., HPV-infections) (Franco, Duarte-Franco, and Ferenczy 
2001) and no pregnancies (i.e., hormonal reasons). (Gehring et al. 2016) 

Another noteworthy early cancer epidemiologist, if that term may be used, was a 
British surgeon, Dr Percival Pott. He described in his publication in 1775 the cancer 
of the scrotum, which was more commonly found in chimney sweeps than the 
general population. (Waldron 1983) The reasons behind this finding would be the 
chemicals that were affecting the young boys and men working as chimney sweeps 
often from the age of 4 or 5 years of age cleaning the chimneys in the UK. 

2.2.1 Current data on work related cancers 

There are more than 130 different carcinogenic workplace substances or agents in a 
Finnish registry, which has been maintained since 1979. In 1987 approximately 
15,000 employees were exposed to one or several of these agents at their work. More 
than 80% of the workers exposed to carcinogenic agents were men, and 17% were 
women. The three most prevalent carcinogenic workplace agents were hexavalent 
chromium compounds, nickel and its inorganic compounds as well as asbestos. 
(Heikkilä and Kauppinen 1992; Kauppinen et al. 2007) It has been evaluated that 2-
3% of cancers in Finland and other Nordic countries are work related, but physicians 
have difficulties in recognizing them. (Aitio and Kauppinen 1991; Pukkala and 
Härmä 2007) 

People are exposed to cancer causing agents to a variable degree either at work 
or in their leisure time. Tobacco smoke is probably the most important workplace 
agent, which causes cancer. (Leon et al. 2015; Bradley and Golden 2005; Couraud et 
al. 2012) Over the past decades, however, smoking exposure at work as well as in 
restaurants and other public places has decreased significantly due to legislative 
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measures. Based on studies, reported exposure to tobacco smoke in bars and 
restaurants declined slowly after the launch of the renewed Tobacco Act. (Reijula 
and Reijula 2010) Some other important cancer causing agents at workplace are 
exposures to asbestos, radiation and infectious agents among many others. (Stellman 
and Stellman 1996) Also sedentary work has also been identified as an  important 
cancer risk at work. (Boyle et al. 2011)   

IARC classifies carcinogenic agents as follows 

Table 1.  Table 1. IARC classification of carcinogenic agents (IARC Working Group on the 
Evaluation of Carcinogenic Risks to Humans 2012) 

IARC Class Definition Number of 
Agents 

Examples 

Group 1 Carcinogenic to 
humans 

120 agents Tobacco smoke, 
formaldehyde 

Group 2A Probably carcinogenic 
to humans 

82 agents Chloramphenicole, 
diethyl sulphate 

Group 2B         Possibly carcinogenic 
to humans 

299 agents Isoprene, night shift 
work 

Group 3 Not classifiable as to 
its carcinogenicity to 
humans             

502 agents Aniline, acrylic acid  

Group 4 Probably not 
carcinogenic to 
humans 

1 agent Caprolactam 

The classification helps in evaluating the possible carinogenicity and the need for 
protection from named workplace agents.  

Examples of group 1 (carcinogenic to humans) agents at workplace are tobacco 
smoke and formaldehyde (used in the manufacture process of glues and cosmetic 
products). Over the past couple of decades protection at workplace from these 
carcinogenic agents has improved through legislative measures, most important of 
them being the ban of smoking at work and in other public places such as 
restaurants, first in 1995, and more strictly in 2007. (Tupakkalaki 2016)  
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Examples of group 2A (probably carcinogenic to humans) agents at workplace 
are chloramphenicole (an antibiotic) and diethyl sulphate (used e.g. in the process of 
preparing pigments and drugs).  

Examples of group 2B (possibly carcinogenic to humans) agents at workplace are 
isoprene (used in preparation of rubber products) and night shift work, which has 
been associated with increased risk of breast cancer, especially for nurses and flight 
attendants. (Lin et al. 2015) Similar increasing effect of shift work on PCA has been 
suggested in some studies, but the finding has not been confirmed others. (Åkerstedt 
et al. 2017; Kubo et al. 2006)  

Examples of group 3 (not classifiable) agents at workplace are aniline (used in the 
manufacture process of e.g. fabrics and polyuretan) and acrylic acid (used e.g. in the 
manufacture of plastic products).  

The only agent in group 4, which has been classified as not carcinogenic to 
humans, is caprolactam. It is an organic compound used in the manufacture of nylon. 
(IARC Working Group on the Evaluation of Carcinogenic Risks to Humans 2012) 

2.2.1.1 Current studies on cancer risk at work 

The biggest epidemiological occupational cancer incidence study has been the 
NOCCA study. In the study the cancer incidence of approximately 15 million people 
in Nordic countries (Denmark, Finland, Iceland, Norway and Sweden) aged between 
20 and 64 years of age in the beginning of follow-up was followed for a maximum 
of 45 years, from 1961 to the end of 2005. During this time almost 3 million cancer 
cases were registered for people in the Nordic countries. The researchers collected 
information on each person’s occupation and all incident cancer cases of the 
members of the cohort. For the final analysis the occupational data was classified in 
54 categories. After the number of cancer cases in a professional group of people 
had been classified by country, sex, age, time period and professional group, it was 
then compared with the expected number of cancer cases (number of person years, 
incidence numbers in population) in order to calculate SIRs (i.e. observed/expected 
number of cancers) for each cancer in each occupational group. (Pukkala et al. 2009) 

There are several other cohort studies that are currently collecting data on the 
cancer incidence at work in several countries. The aim of these studies is to evaluate 
the influence of different workplace agents to cancer incidence. The French 
investigators started inclusion to their cohort study “Constances” in 2011-2012. Their 
aim is to follow the cancer incidence of some 200,000 French randomly selected 
adults and evaluate, among other things, the effects of their workplace exposure to 
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cancer causing agents to their cancer incidence. (Goldberg et al. 2017) “Amigo”-study 
cohort in the Netherlands was set up to study occupational and environmental 
determinants of different diseases, including cancers,  and people’s well-being from 
a multidisciplinary and life course point of view. The study group has not reported 
results from this cohort yet. (Slottje et al. 2015)  A relatively new cohort is Dutch 
“Lifework” -cohort, which has been set up to quantify the health effects of 
occupational and environmental exposures. (Reedijk et al. 2018) 

2.3 Examples of some factors that modify (increase/decrease) 
cancer incidence 

The reasons for a mutation to take place in a normal tissue cell and later on becoming 
cancerous are multiple. Quite often the reasons behind this change can’t be 
identified. It should be noted that in most cases one single reason for a cancer can’t 
be named. Often there are several reasons, which lead to the development of cancer. 
On a population level several risk factors and some protective factors have been 
identified, however. 

2.3.1 Tobacco smoking and secondhand smoke  

One of the first researchers to point out the increased incidence of cancers among 
smokers was German Dr Lickint, who published his first epidemiological studies in 
the 1920s and 1930s (Lickint 1930), but his studies were not taken seriously before 
the link between cigarette smoking and lung cancer was published in the 1964 
Surgeon General's Report in the United States. (Hecht and Szabo 2014) In addition 
to lung cancer, tobacco smoking increases the incidence of several other cancers, e.g. 
cancers of pancreas, stomach and urinary bladder. (Malila et al. 2006; Leon et al. 
2015)  

The link between secondhand smoke or exposure to environmental tobacco 
smoke (ETS) and lung cancer has been proven in numerous studies. (Kim et al. 2014) 
In addition to lung cancer the risk is increased for other cancers including at least 
breast and urinary bladder cancer; possibly also cervix, nasal and sinus as well as 
kidney cancer. (Dossus et al. 2014; Tao et al. 2010; Lee, Thornton, and Hamling 
2016)  
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In a meta-analysis investigators could establish a connection between smoking 
and the incidence of CRC (Liang, Chen, and Giovannucci 2009). The RR for heavy 
smokers was 1.38 (p<0.0001) when compared to non-smokers. RR for rectal cancer 
was higher than the RR for colon cancer.  

The effects of smoking to PCA incidence have been studied widely. In a meta-
analysis Islami et al (2014) reported that in studies completed before PSA-testing era 
(i.e. before 1995), ever smoking showed a positive association with PCA incidence 
(RR=1.06; 95% CI: 1.00-1.12). Smoking also seemed to increase mortality from 
PCA. (Islami et al. 2014) 

2.3.2 Alcohol  

Use of alcohol has been studied widely in the development of different cancers. 
Alcohol has been associated with an increased risk of cancers of  e.g.  oral cavity, 
pharynx, larynx, oesophagus, liver, colorectum as well as breast cancer in women. 
Increased risk has been detected even for those individuals that use low or moderate 
amounts of alcohol. (Parkin 2011; Scoccianti et al. 2015)    

It has been reported that in Japanese population the use of alcohol increases the 
incidence of CRC significantly (Mizoue et al. 2008). It seems however that there are 
no other data that would support this finding. In a Dutch study (Bongaerts et al. 
2008) the RR for incidence of colon cancer increased from proximal part of colon 
toward the end of the colon and rectum. Only the incidence of rectosigmoid and 
rectal cancers were significantly higher among alcohol users than among non-users.  

The linkage between alcohol consumption and the risk of PCA have been 
inconsistent. In the EPIC-study (Rohrmann et al. 2008) neither baseline nor average 
lifetime consumption of alcohol were associated with an elevated risk of PCA. 
(Hsing et al. 2014; Albertsen and Grønbaek 2002) 

 

2.3.3 Diet  

Diet has a significant effect of cancer development, especially on the development 
of colon cancer. Willett et al. concluded that the women who belonged to the highest 
20% of red-meat eaters had an increased RR of 1.9 of getting colon cancer when 
compared to the lowest red-meat eating quintile. (Willett et al. 1990) The exact 
reasons behind red meat’s carcinogenicity (Kim, Coelho, and Blachier 2013) are not 
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known, but one possible candidate is iron in the form of heme, which could act as a 
pro-oxidant in colon. (Tappel 2007) In some studies patients suffering of non-insulin 
dependent diabetes mellitus (NIDDM)  (La Vecchia 2011; Le Marchand et al. 1997; 
La Vecchia et al. 1991) have shown an elevated risk of CRC, which has led to a 
conclusion that CRC might be linked to metabolic syndrome and insulin metabolism.  

There are many other dietary choices that have been studied as potential risk 
factors of colon cancer. (Akin and Tözün 2014) IARC has classified a few years ago 
processed red meat in group 1 (i.e. carcinogenic to humans) in its classification of 
carcinogenic agents. It’s been evaluated that a daily dose of 50 grams of processed 
meat increases cancer risk by 18%. (World Health Organization 2015)  

In a meta-analysis high intake of processed red meat  was associated with an 
increased incidence of CRC. The RR was 1.16 (95% CI: 1.10-1.23).  These 
associations were modified by sex – RR for men was 1.23 (95% CI: 1.07-1.42) and 
for women RR was 1.05 (95% CI: 0.94-1.16). (Alexander et al. 2010) 

Among the probably protective dietary choices from CRC are fruits and 
vegetables (Terry et al. 2001), chicken and fish (Willett et al. 1990), calcium and dairy 
products (Cho et al. 2004) as well as anti-oxidants, especially beta-carotene. (West et 
al. 1989; Satia-Abouta et al. 2003) 

There is also increasing amount of evidence of gut microbiota having an 
important role in the relationship between diet and the development of colon cancer. 
(Song, Garrett, and Chan 2015) 

There are some data suggesting that lycopene (found e.g. in tomatoes) might 
reduce the incidence of PCA  but in general there is very little knowledge on the 
effects of diet to PCA incidence. There seems to be some evidence between an 
increased incidence of advanced PCA and a diet high in saturated fat, well-done 
meats and high calcium content of diet. There are inconsistent results for a decreased 
incidence of PCA and intake of total meat, fruits, and vegetables. (Gathirua-Mwangi 
and Zhang 2014) 

 

2.3.4 Inflammation and infections as reasons of cancer 

Inflammatory Bowel Disease (IBD) patients have an increased risk of CRC. Similar 
molecular mechanisms that cause CRC are also a part of colitis-associated colon 
carcinogenesis. Risk of colon cancer in IBD increases with the duration of the 
disease, larger anatomic extent of colitis, the presence of sclerosing cholangitis, 
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family history of CRC and degree of inflammation in the bowel. (Xie and Itzkowitz 
2008)  

Approximately 12% cancers in human are caused by viruses that are called 
oncoviruses. Examples of oncoviruses are e.g. Epstein-Barr virus (EBV), human 
papillomaviruses (HPVs), hepatitis B and C viruses (HBV and HCV, respectively), 
human T cell lymphotropic virus-1 (HTLV-1), and Kaposi's sarcoma herpesvirus 
(KSHV). (Mesri, Feitelson, and Munger 2014)  Human papillomavirus (HPV) 
infections can cause cancer at multiple anatomic sites in both men and women e.g. 
cervical vulvar and vaginal cancers in women, oropharyngeal and anal cancers in 
both men and women and penile cancers in men. (Giuliano et al. 2015) Patients with 
HPV-associated oropharyngeal cancers tend to be younger, and their survival is 
better than in the absence of HPV. (Syrjänen, Rautava, and Syrjänen 2017) HPV-
vaccination is a cost-effective way to reduce the incidence of these cancers. (Arbyn 
et al. 2018) Human immunodeficiency virus (HIV) infection has been associated 
with increases in the incidence of Kaposis’s sarcoma, non-Hodgkin’s lymphoma, 
cervical, lung and liver cancers. The modern highly active antiretroviral therapy, 
however, has somewhat decreased the incidence of these cancers especially in the 
western World. (Engels et al. 2008)  Cirrhosis due to chronic hepatitis B or hepatitis 
C is an important risk factor for hepatocellular carcinoma of the liver. (Mittal and 
El-Serag 2013) 

2.3.5 Physical activity  

2.3.5.1 Physical activity and colorectal cancer incidence 

PA reduces the risk of colon cancer significantly. In a meta-analysis (Wolin et al. 
2009) it was noted that especially men benefit of the protective effects of physical 
exercise. The evaluated Risk Ratio (RR) for men was 0.76 (95% CI: 0.71, 0.82). 
Women seemed to benefit less from exercise RR=0.79 (95% CI: 0.78, 0.88). Thune 
and Lund (1996) followed a population based cohort in Norway for approximately 
16 years from 1970’s for their CRC incidence. There were approximately 53,000 men 
and 28,000 women in the cohort. The researchers reported that PA at a level of e.g. 
walking at least four hours a week during leisure-time was associated with decreased 
risk of colon cancer in females when compared to the sedentary group (RR=0.62, 
95% CI: 0.40-0.97). When occupational PA and LTPA were combined, an inverse 
dose-response with PA was detected (P for trend = 0.04) for both men and women. 
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The protective effect of PA was stronger in the ascending or proximal part of colon 
when compared to descending or distal part of colon. The researchers did not detect 
any association between PA and rectal cancer, neither for  males nor females. (Thune 
and Lund 1996) In a Japanese case-control study high levels of job-related PA were 
associated with significant reduction of risk of cancer in the distal parts of colon and 
rectum in males.  In females high levels of total PA was protective of the cancer of 
distal part of colon. (Isomura et al. 2006)  

In a meta-analysis Thune and Furberg (2001) reported a protective effect of PA 
on cancer risk with a dose-response association between PA and colon cancer. The 
optimal level of PA remained unclear, but the findings supported that moderate 
activity (>4.5 MET) had a bigger effect than lighter activities (<4.5 MET). (Thune 
and Furberg 2001) In a more recent meta-analysis Harriss et al (2009) reported an 
inverse associations with LTPA and colon cancer for men (RR=0.80; 95% CI: 0.67-
0.96) and women (0.86; 95% CI: 0.76-0.98). LTPA did not influence risk of rectal 
cancer. (Harriss et al. 2009) Boyle et al (2012) reported that the risk of proximal 
colon cancer was 27% lower among the most physically active people compared with 
the least active people (RR=0.73, 95% CI: 0.66 to 0.81). For distal part of the colon 
the risk reduction was almost identical. (RR=0.74, 95% CI: 0.68 to 0.80). (Boyle et 
al. 2012) 

World Cancer Research Funds have published on their website a recent update 
on CRC. Being physically active is one of the key issues they present as a method to 
decrease colon cancer incidence. (Diet, Nutrition, Physical Activity and Colorectal 
Cancer 2018)  

 

2.3.5.2 Physical Activity  and prostate cancer incidence 

The protective effect of PA has been studied in different settings. A publication by 
Johnsen et al (2009) on the large West European EPIC study (European Prospective 
Investigation Into Cancer and Nutrition) cohort concluded that a higher level PA at 
work was associated with a trend of lower incidence of advanced PCA. No 
association was found between LTPA and the risk of PCA. (Johnsen et al. 2009) In 
the EPIC study altogether 2446 men developed PCA during an 8.5 year follow-up 
period. The men with a bigger waist circumference or elevated waist-hip ratio had 
an elevated risk of advanced PCA but the total risk of PCA was not significantly 
elevated. (Pischon et al. 2008)  
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Moore et al (2008) reported a small protective effect (3%) of vigorous exercise in 
the adolescence for PCA (Moore et al. 2008), but their findings have not been 
confirmed by other researchers.  Lifetime total occupational PA didn’t prove to be 
protective of PCA in a Swedish study published in 2008. (Wiklund et al. 2008) 

A protective effect of PCA was reported for men having a high level of PA at 
work for aerospace workers (OR=0.55; 95% CI: 0.32-0.95), but not for radiation 
workers (OR=0.95; 95% CI: 0.43-2.1). (Krishnadasan et al. 2008) Many other, larger 
studies have been inconclusive or negative. (Thune and Furberg 2001; Sass-Kortsak 
et al. 2007)  

Hållmarker et al (2015) reported an increased PCA incidence in a cohort of men 
that participated in an endurance sport event (Vasaloppet), and were in good PC. 
(Hållmarker et al. 2015)  

2.3.5.3 The physiological effects of physical activity that may reduce the incidence of 
cancer  

There are several ways how PA might be linked to reduction of cancer incidence. 
First of all it has a direct effects to body weight, Body Mass Index (BMI, calculated 
by dividing the body mass by the square of the body height, and is universally 
expressed in units of kg/m2) and body composition. (Mustelin et al. 2009; Schüz et 
al. 2015) It also changes the levels of hormones or hormonal effects in tissue. These 
can be associated with cancer induction and promotion on a cellular level. Examples 
of hormones or factors that may have such effects are growth factors (Thomas et al. 
2013), stress hormones (Barbieri et al. 2015; Rundqvist et al. 2013) and estrogen. 
(Smith et al. 2013) In addition to this PA is effective in preventing obesity and its 
effects on insulin resistance (Exley et al. 2014; Kahn, Hull, and Utzschneider 2006), 
insulin like growth factor,  IGF binding proteins (Bianchini, Kaaks, and Vainio 2002) 
and inflammation (Mraz and Haluzik 2014; Asghar and Sheikh 2017), which are all 
important factors in the development of metabolic and vascular changes in the 
development of cancer. Adipose tissue produces many bioactive molecules, e.g. 
adipokines, which have immunoregulatory properties (Exley et al. 2014) that have a 
role in the development of cancer.  

In addition to other physiological changes, PA reduces the time of food to travel 
through the digestive system i.e. gastrointestinal transit time, and it has been 
postulated that this in itself may decrease the time of exposure to the carcinogens in 
the gastrointestinal tract. (Bernstein et al. 2005, Quadrilatero and Hoffman-Goetz 
2003, Strid et al. 2011,Wertheim et al. 2009; Winzer et al. 2011)  
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2.3.5.4 Measurement of physical activity and physical condition 

PA and PC can be measured in many ways. For epidemiological studies the most 
common method is questionnaire-based way to evaluate the amount of individual 
PA. (Silsbury, Goldsmith, and Rushton 2015)  

In some studies PA has been measured by direct or indirect calorimetry, 
pedometers (to measure the number of steps), accelerometers, heart rate monitoring, 
GPS watches as well as motion sensors. (Aparicio-Ugarriza et al. 2015; Jörgensen et 
al. 2009)  

Mobile technology based measurements are on the increase and offer new, more 
exact methods to measure PA in studies. These modern methods are more user 
friendly than some older methods. (Hong et al. 2015)  

12-minute running test (Cooper) has been used widely in Finnish population,  and 
it is a part of PC-measurement at the Finnish Defence Forces. It is considered 
accurate, quick and reliable method for evaluating the PC of conscripts. (Taanila et 
al. 2010)   

2.3.6 Socio-economic-status  

In addition to lifestyle, also socio-economic status (SES) has an effect on the 
incidence of cancer. Parts of these differences can be explained by diet, PA, smoking 
or alcohol consumption, but a part cannot be explained by these known factors.  

Over years the incidence of cancers have changed, but the differences in cancer 
incidence between SES categories have remained similar. SES seems to be positively 
associated to the risk of breast and colon cancer incidence. For rectal cancer the data 
are inconsistent. An inverse association has been detected for lung, stomach, 
oropharyngeal and esophageal cancer. These differences in cancer incidence can be 
attributed to lifestyle factors, such as diet, alcohol consumption and reproductive 
factors. (van Loon et al. 1995) PA is a risk factor, which is likely to be associated 
with SES. (Meader et al. 2016)  

In Finnish population the incidence of CRC increases with SES. Although a big 
part of the observed differences in cancer incidence could be explained by known 
etiological factors such as diet, PA, alcohol consumption, smoking, a part of the 
variation is apparently attributable to unknown factors.. (Weiderpass and Pukkala 
2006)  

Men of higher SES seem to have a higher PCA-incidence, but this can be 
attributed to better access to PSA-screening and earlier prostate biopsies to diagnose 
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PCA. (Rundle et al. 2013) This way these men’s PCA is diagnosed earlier. This 
explains partly the fact that globally men of lower SES have higher mortality rates of 
PCA. (Shafique and Morrison 2013; Berglund et al. 2012) Even though SES 
differences in Finland are less pronounced than in some other countries, a similar 
finding has been reported in a recently published Finnish study: the researchers 
detected that men with a higher education level had a higher 10-year PCA specific 
survival than those with only basic education level. This difference in survival was 
apparent both before PSA-testing era and during it. (Seikkula et al. 2018) 

In addition to adult life SES also the childhood SES affects people’s cancer risk. 
(Akinyemiju et al. 2017) There are several reasons behind this finding, but most 
importantly children get used to their parents’ lifestyle during childhood, dietary 
habits as well as PA and other lifestyle choices. In addition to these, also the 
childhood environment may modify the risks of cancer during adult years. One 
important risk factor is exposure to environmental tobacco smoke (ETS), or second-
hand smoke that the children are exposed to when adults around them smoke.  

A study analyzed ETS in Finland between years 1991 and 2009. ETS exposure 
decreased remarkably over years, as tobacco control measures were tightened, 
particularly among children of smoking parents. Differences defined by SES 
persisted, although they diminished over the study period. (Raisamo et al. 2014) 

2.3.7 Other agents that may modify cancer incidence 

Asbestos is a name commonly used for six naturally occurring silicate minerals, 
which were used in construction from 1920’s. (Gee and Greenberg 2002) The use 
of asbestos was mostly terminated by early 1980’s. Exposure to asbestos fibers 
increases the risk of mesothelioma and other cancers. Those who are diagnosed with 
work related mesothelioma, have often been exposed directly to asbestos for a 
number of years. (Plato et al. 2016; Koskinen et al. 2003) There are no studies linking 
the incidence of CRC or PCA to exposure to asbestos.  

Ultraviolet (UV) radiation, which increases the endogenous production of 
amount of vitamin D3 (cholecalciferol) in the skin (Holick 1994), is an often 
neglected workplace carcinogen. UV-radiation increases significantly the risk of 
many types of skin cancers including melanoma. Examples of professions subjected 
to ample amounts of UV-radiation at work are farmers, fishermen and construction 
workers. In a meta-analysis Glanz et al (2007) noticed that men are more likely to 
wear hats and protective clothing and women are more likely to use sunscreen to 
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protect themselves from UV-radiation. The authors state that the sun-safety habits 
of outdoor workers may mirror the common gender norms for sun safety and may 
also be influenced by socioeconomic conditions. (Glanz, Buller, and Saraiya 2007) 
Exposure to UV-light might have a U-shaped association with PCA incidence, as a 
decrease has been noticed in some studies and an increased risk has been noticed in 
others. (Peters et al. 2016; Nair-Shalliker et al. 2012) There are some studies that link 
the incidence of CRC to increased vitamin D-levels in nutrition. (Garland et al. 1985) 
However, according to Jongbloet (2006) the epidemiological findings do not prove 
that higher levels of vitamin D would lower the risk of CRC. (Jongbloet 2006)   

In a few studies workplace exposure to whole body vibration (WBV) has been 
associated with an increased incidence of PCA. A meta-analysis suggests that the 
effect of WBV to PCA incidence can’t be ruled out. (Young et al. 2009) In a large 
Canadian cohort study WBV exposure was evaluated based on occupation in 1991 
for more than one million men, who then were followed for PCA incidence until the 
end of 2003. The results showed that WBV-exposed men in certain professions 
(natural and applied sciences occupations) had a 37% elevated risk of PCA (95% CI: 
1.09-1.72) whereas in some other occupations (trades, transport, and equipment 
operator occupations) a protective effect was detected – the men had a 9% reduced 
risk of PCA incidence (95% CI: 0.86-0.97). (Jones et al. 2014) 

 
In the following tables some of the studies referred to earlier in the chapter have 

been collected. First table is a table presenting the studies on the  incidence of all 
cancers. Second table presents the studies on the incidence of CRC. The third table 
presents the studies on the incidence of PCA. 
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Table 2.  Epidemiological studies on cancer incidence in general and selected risk factors (mostly work related) 
Authors Year Type of study Cancer of interest Exposure 

agent(s) 
Number of 
cases 

Results 

Koskinen, 
Pukkala et al. 

2003 Cohort All cancers Work 
related, 
Asbestos 

1392 for 
men 
55 for 
women 

For men: increase all cancer SIR 1.07 (95% CI: 1.02-1.12), lung 
cancer (SIR 1.14, 95% CI:1.01-1.26), mesothelioma (SIR 2.77, 95% 
CI: 1.66-4.31) 
For women no increase detected 

Malila, 
Virtanen et al. 

2006 Intervention, 
cohort 

All cancers 
Smoking related (incl. lung, mouth, 
pharynx, larynx, oesophagus, 
pancreas, stomach, liver, urinary 
bladder and kidney) 

Smoking 5 944 Risk for all cancers: SIR 1.55 [95% CI: 1.51-1.59].  
Risk for smoking related cancers: SIR 2.45 (95% CI: 2.35-2.56)  
 

Pukkala, 
Martinsen et 
al. 

2009 Cohort Study All cancers Work related 2,8 million Different risks for different jobs* 

Slottje, 
Yzermans et 
al. 

2015 Cohort All cancers, other health data Work 
related, 
leisure time 
exposure 

14829 No results yet 

Moore, Lee et 
al. 

2016 Cohort(s) Several cancers PA 186932 
 

High vs low levels of leisure-time PA were associated with 
lower risks of 13 cancers: esophageal adenocarcinoma (HR 0.58; 
95% CI: 0.37-0.89), liver (HR 0.73; 95% CI: 0.55-0.98), lung (HR  
0.74; 95% CI: 0.71-0.77), kidney (HR 0.77; 95% CI: 0.70-0.85), 
gastric cardia (HR 0.78; 95% CI, 0.64-0.95), endometrial (HR  0.79; 
95% CI, 0.68-0.92), myeloid leukemia (HR 0.80; 95% CI: 0.70-
0.92), myeloma (HR 0.83; 95% CI: 0.72-0.95), colon (HR 0.84; 
95% CI: 0.77-0.91), head and neck (HR  0.85; 95% CI: 0.78-0.93), 
rectal (HR 0.87; 95% CI: 0.80-0.95), bladder (HR 0.87; 95% CI: 
0.82-0.92), and breast (HR 0.90; 95% CI: 0.87-0.93). Body mass 
index adjustment modestly attenuated associations for 
several cancers, but 10 of 13 inverse associations remained 
statistically significant after adjustment. Leisure-time PA was 
associated with higher risks of malignant melanoma (HR 1.27; 
95% CI: 1.16-1.40) and PCA (HR 1.05; 95% CI: 1.03-1.08) 

Goldberg, 
Carton et al. 

2017 Cohort All cancers, other health data Work 
related, 

200000 will 
be included 

No results yet 
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leisure time 
exposure 

Reedijk, 
Lenters et al. 

2018 Cohort All cancers, other health data Work 
related, 
leisure time 
exposure 

88466 No results yet 
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Table 3.  Epidemiological studies on CRC incidence and selected risk factors 

Authors Year Type of 
study 

Cancer 
of 
interest 

Exposure 
agent(s) 

Number 
of cases 

Results 

West, 
Slattery et 
al. 

1989 Case.control CRC Diet 231 High BMI increased risk for both sexes (OR for men 2.1, women 2.3), Fiber 
intake was protective especially for women.  

Le 
Marchand, 
Wilkens et 
al. 

1997 Case-Control CRC Energy intake, 
lifestyle 
(sedentary, diet 
etc.) 

1192 High BMI and low PA-level for men increase OR 3.0; 95% CI: 1.8-5.0, and 
for women OR, 1.7; 95% CI: 1.0-3.2 
 

Terry, 
Giovanucci 
et al. 

2001 Cohort CRC Diet (fibers, 
fruit, vegetables) 

460 Low vegetable and fruit consumers have increased risk of CRC (OR 1.65 
(95% CI: 1.23-2.20) 
 

Satia-
Abouta, 
Galanko et 
al. 

2003 Case-control  CRC Micronutrients 613 Among caucasian (white) Americans the highest quartile of beta-carotene, 
vitamin C and Calcium intake had 40-60% lower CRC incidence. Among 
African Americans vitamin E was associated with 70% lower CRC 
incidence (OR 0.3, 95%CI:0.1-0.6) than the lowest quartile, vitamin C 
similarly had 50% protective effect (OR 0.5, 95% CI: 0.3-0.8). 

Bongaerts, 
Van Den 
Brandt et al. 

2008 Cohort CRC Alcohol 2323 Risk of CRC increased, HR 1.32, 95% CI: 1.06-1.65) 
 

Liang, 
Chen et al.  

2009 Meta-analysis 
of  
34 cohort 
studies  
2 case-control 
studies 

CRC Smoking N/A RR=1.38 for an increase of 40 cigarettes/day) 
RR=1.20 for an increase of 40 years of duration) 
RR=1.51 for an increase of 60 pack-years)  
RR=0.96 for a delay of 10 years in smoking initiation  
The association was stronger for rectal cancer than for colon cancer 
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Table 4.  Epidemiological studies on PCA incidence and selected risk factors 

Authors Year Type of 
study 

Cancer 
of 
interest 

Exposure 
agent(s) 

Number 
of cases 

Results 

Norman, 
Moradi et al. 

2002 Cohort PCA PA 92208 Rate Ratio for PCA was 1.11 (95% CI: 1.05-1.17) for men with sedentary jobs 
as compared with those whose jobs had very high/high PA-levels after MV-
adjustment 

Sass-Kortsak, 
Purdham et 
al. 

2007 Case-
control 

PCA Work 
related 

760 Risk factors for increased incidence of PCA were detected to be WBV (OR: 
1.38, 95% CI: 1.07-1.78) and workplace PA OR: 1.33 (95% CI: 1.02-1.74) 

Kubo, Ozasa 
et al 

2007 Cohort PCA Night 
shift work 

14052 Rotating-shift workers were at an increased risk for PCA (RR= 3.0, 95% CI: 
1.2-7.7). Fixed-night work was associated with a small and nonsignificant 
increase in risk.  

Rohrmann, 
Linseisen et 
al. 

2008 Cohort PCA Alcohol 2665 No increase of RR. For high-user-group RR= 0.88 [95% CI: 0.72-
1.08] 
 

Pischon, 
Boeing et al. 

2008 Cohort PCA BMI, 
body size 
and shape 

2446 For  advanced PCA RR=1.06 (95% CI: 1.01-1.1) per 5-cm-higher waist 
circumference and RR=1.21 (95% CI: 1.04-1.39) per 0.1-unit-higher waist-hip 
ratio 

Wiklund, 
Lageros et al.  

2008 Cohort PCA Lifetime 
PA 

 OR 1.44 (95% CI: 1.08-1.92) of PCA risk for most active men when compared 
to the least active men 
 

Krishnadasan, 
Kennedy et al. 

2008 Case-
control 

PCA PA, 
PPWL 

362 High PPWL levels inversely associated with PCA incidence among 
aerospace workers (OR: 0.55; 95% CI:0.32-0.95), but not among 
radiation workers (OR: 0.95; 95% CI:0.43-2.1). 
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Orsini, 
Bellocco et al. 

2009 Cohort PCA PA 2735 MV-adjusted incidence of PCA in the highest quartile of lifetime total PA  
risk reduction was 16% (95% CI:2-27%) compared with that in the lowest 
quartile of PA 

Johnsen, 
Tjønneland et 
al. 

2009 Cohort PCA PA 2458 Higher level of occupational PA associated with lower risk of advanced 
PCA (p-trend = 0.024) 
 

Moore, Peters 
et al.  

2009 Cohort PCA PA 9995 For black men, who participated in at least 4 hours/week in 
moderate/vigorous PA had a lower RR for PCA 0.65; 95% CI: 0.43-0.99 
Among Caucasian men no protective effect of PA was detected  
 

Hsing, 
Yeboah et al. 

2014 Cohort PCA Genetics 73 7.0% of screened African men had PCA, investigators suggest role 
of genetics for this finding 

Jones, 
HaRR=is et 
al. 

2014 Cohort PCA WBV 1107700 WBV-exposed men in some occupations (Natural and Applied Sciences 
Occupations) had a 37% elevated risk of PCA, RR= 1.37 (95% CI: 1.09-1.72) 
WBV-exposed men in Trades, Transport, and Equipment Operator 
Occupations had a RR= 0.91(95% CI: 0.86-0.97).  
Differences in risk were seen for several occupational categories. 
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3 AIMS OF THE STUDY 

The aims of this project were to study the effects of PA and PC to the incidence of 
cancer with main emphasis on CRC and PCA in men. In order to achieve this, the 
following were the aims of the sub-studies:  

• To assess effects of PC, which was measured during military service, to the 
incidence of cancer later in life. 

• To assess the effects of military fitness classification to the incidence of 
cancers after military service. 

• To assess the effects of body weight and body mass index during military 
service to cancer incidence. 

• To assess whether PPWL has protective effect against CRC.  

• To quantify the protective effect of PPWL to CRC. 

• To quantify the variation of the effect of PPWL to cancer incidence between 
colon subsites and rectum. 

• To find out if there is a lower incidence of PCA in physically active men 
when compared to inactivity.  

• To quantify the protective effects of PPWL to PCA if that is detected. 
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4 MATERIALS AND METHODS 

4.1 A cohort study and a case-control study 

The first and second studies were cohort studies, and studies three and four were 
case-control studies.  

A cohort study is a study in which Individuals are followed for a certain time 
period for risk of developing a health outcome (in this case a cancer). They are 
observed in order to measure the frequency (number) of the health outcome among 
those that have been exposed to an agent that is suspected to cause the outcome of 
interest. During the follow-up period, the number of these expected cases is 
collected. (Blumenthal et al. 2001) In this case the number of cancer cases was 
collected.  

A case-control study setup is different: in it the individuals already having the 
expected health outcome are compared to those people that belong to the same 
population, but are free from the expected health outcome. In this study type the 
sample size can be smaller, and these studies are faster to conduct as well as require 
less financial resources. Selection of control population may cause some issues 
(selection bias), information bias as well as the control of confounding variables. 
(Blumenthal et al. 2001) 

Case-control studies are prone to selection bias and this should be kept in mind 
when selecting the controls for these studies. Wrongly selected controls may affect 
OR estimation. (Geneletti et al. 2011), similarly information bias (Han et al. 2013) 
and other confounding variables may affect it. (Moore et al. 2012) 

 

4.2 The cohort study of Finnish military recruits born in 1958 

This study was based on the cohort of men born in 1958. Data on their PC and other 
health aspects were recorded during their military service by the Finnish Defense 
Forces in paper based archives. These were then later digitized for this study by 
trained clerks.  
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The cancer incidence of these men was followed after military service. In this study 
their cancers were followed until the end of year 2014, by which time the men were 
56 years old.  

 

4.2.1 The baseline measurements  

All baseline measurements were done by health-care professionals in the beginning 
of the military service of the men. Data on health-behavior (e.g. smoking habits and 
alcohol consumption) were collected during the medical check-up. A detailed list of 
all demographic, behavioral and health data items collected at baseline is presented 
in table 6. After the first health check, each man was given a fitness classification (A-
E) based on their health.  

• A-classification indicates that a conscript is in good physical and mental 
health and capable of normal field service.  

• B-classified men are fit for lighter service. They may have health conditions 
that do not need regular treatment or medication, e.g., flat foot.  

• C-classified men were liberated from peace time service due to more 
significant health issues and/or need of daily/regular medication 

• D-classified conscripts are exempt from military service completely.  

• E-classification means deferment for medical reasons for up to 3 years. 
Diagnoses, which lead to E-classification are usually young men’s 
adjustment disorders. (Multimäki et al. 2005)  

 
After the baseline medical check-up and fitness classification, the PC of the 

conscripts was measured by a 12-minute running test and a muscle strength test for 
the first time.  

At the beginning of their service 91.5% of the men were healthy (classified to 
service class A), and 7.1% had minor health problems (service class B) (Table 5). In 
addition, 411 men were classified to service classes C, D or E before the end of the 
military service (beginning of the follow-up).  
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Over 80% of all men were of normal weight at recruitment (BMI 18.5-25 kg/m2), 
approximately 11% were overweight (BMI 25-30 kg/m2) and 1.4% were obese 
(BMI>30 kg/m2).  

Overall PC was excellent in 17.7%, good in 40.8%, and satisfactory or bad in 
24.5% of the men in the cohort. Most men with BMI<25 kg/m2 were also in a good 
or excellent PC, whereas the overweight and obese men (BMI≥25 kg/m2) were more 
likely to be in a satisfactory or bad PC.  

Approximately 52% of the men were non-smokers, and 26% did not drink any 
alcohol. All these data are presented in Table 5. 

4.2.2 In the end of military service 

PC is usually assessed at least twice during the military service. Medical check-ups 
were conducted in the beginning and in the end of military service. The medical 
check-up at the end of the military service is usually less rigorously followed than the 
medical check-up in the beginning. At the end of the military service self-perceived 
health is considered the most important health indicator. In case there were 
significant changes in this indicator, a rigorous medical check-up was conducted.  

 

4.2.3 Linkage of the data 

After all of the data from the military records were coded in digital format, the cohort 
data were linked with the FCR; National Population Registry and censuses (SES 
indicators), hospital discharge data (morbidity) and the cause-of-death register at 
Statistics Finland. (Pukkala et al. 2011) Approvals for these linkages were obtained 
from the Finnish Defense Forces and the National Institute of Health and Welfare 
in Finland (THL). The FCR data contain information on cancer including diagnosis 
date, type and topography, morphology, spreading of the cancer, and the treatment 
method. (Pukkala et al. 2017)  

PIC was used in linking these data across different databases. First it was checked 
from the population database that every cohort member existed in the population 
either alive, or with date of emigration or death.  

The linkage with Finnish Cancer Registry’s data on cancer cases in this population 
was also done using the PIC as a key. 
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There was a built-in mechanism for checking the correct format of the PICs. 
Only an extremely small number of the recorded PICs were not found in the 
population registry, or were of wrong gender (27 PICs). These individuals were 
excluded from the cohort. The baseline characteristics of this cohort are presented 
in Table 5. The data collected on the recruits are presented in Table 6. 

4.2.4 Statistical methods 

Cox proportional hazard models with age as underlying time metric were fitted to 
estimate hazard ratios (HR) and 95% confidence intervals (CI) for the relation 
between each study variable and the risk of developing cancer by site. Subjects were 
censored as they emigrated from Finland or died before the end of follow-up 
(December 31, 2014), which ever occurred first. All analyses were carried out using 
Stata 13. 
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Table 5.  The baseline characteristics of the Finnish Military Recruits born in 1958 -cohort 

  
 

 
 
Number 

 
 
% 

 
Service classification  

  

 
A (healthy) 28 520 91.5% 

 
B (minor health problems) 2 227 7.1% 

 
C or D 192 0.6% 

 
Missing 219 0.7% 

Smoking status  
  

 
Yes 10 707 34.4% 

 
No 16 066 51.6% 

 
Missing 4 385 14.1% 

Cigarettes/day among smokers  
  

 
<10 cigarettes/day 2 010 18.8% 

 
10-19 cigarettes/day 5 657 52.8% 

 
≥20 cigarettes/day 2 862 26.7% 

 
Missing 178 1.7% 

Alcohol consumption  
  

 
Yes 19 052 61.1% 

 
No 8 097 26.0% 

 
Missing 4 009 12.9% 

Body mass index  
  

 
Underweight (BMI<18.5) 1 489 4.8% 

 
Normal weight 
(18.5≤BMI<25) 

25 939 83.2% 
 

Overweight (25≤BMI<30) 3 294 10.6% 
 

Obesity (BMI≥30) 421 1.4% 
 

Missing 15 0.0% 

Body surface area   
  

 
<2 m2 26 729 85.8% 

 
≥2 m2 4 415 14.2% 

 
Missing 14 0.0% 

Overall PC 
  

 
Bad 1 326 4.3% 

 
Satisfying 6 294 20.2% 

 
Good 12 707 40.8% 

 
Excellent 5 503 17.7% 

 
Missing 5 328 17.1% 

BMI & PC crosscategory 
  

 
BMI<25 & good/excellent 
PC 

16 930 54.3% 
 

BMI≥25 & good/excellent 
PC 

1 277 4.1% 
 

BMI<25 & bad/satisfying 
PC 

6 001 19.3% 
 

BMI≥25 & bad/satisfying 
PC 

1 618 5.2% 
 

Missing 5 332 17.1% 
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Table 6.  Data collected on the members of the Finnish Military Recruits born in 1958 -cohort. 

Personal Identity Code of the individual  

Professional group  

Marital status  

Beginning of military service (date) 

End of military service (date) 

Reason for preliminary discontinuation of military service (diagnosis)  

Duration of military service  

Military service classifications at different stages of the service  

Classification diagnoses at different stages of the military service 

Self-perceived health status in the beginning and in the end of the service 

Height and weight at different stages of the service  

Blood pressure at different stages of the service 

PC test results at different stages of the service  
- 12-minute running test results  
- Muscle strength test results  
Smoking status and amount smoked at different stages of the service 

Use of alcohol and the amount smoked at different stages of the service 
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4.3 The cohort of the former elite athletes in Finland 

In study #2 the effects of lifestyle were evaluated in the cohort of Finnish retired 
top athletes. Their lifestyle was charted and in this analysis it was used to evaluate 
how it affected the cancer incidence later in life. 

4.3.1 Data collected in the beginning of the follow-up 

The original study cohort consisted of 2448 athletes and 1712 referents. In 1985, a 
questionnaire on PA and health was mailed to the survivors of the cohort and their 
referents. 85% of the athletes and 81% of the referents responded to the questions. 
Based on the questionnaires we could determine the most important health habits 
of the cohort members: body height and weight, LTPA, alcohol consumption, 
smoking status and amount smoked, SES,  

The members of the top athlete -cohort were 55 years old on the average at the 
beginning of the follow-up. One in five members of the cohort exercised more than 
45 MET*h/week (Metabolic Equivalent hours), while the median was 18 
MET*h/week. Median alcohol consumption was 6.9 grams/week, and almost half 
of the men had never smoked. Average BMI was 25.6 kg/m2 and their SES was 
higher than that of their referents.  

The cohort characteristics are presented in table 7. 

4.3.2 Data linkage 

We obtained PIC for every cohort member together with possible dates of 
emigration or death from the Population Register Centre of Finland. Follow-up for 
cancer through the files of Finnish Cancer Registry was done using the PIC as a key. 
We collected data on every incident cancer case of the cohort members between the 
1st of January 1986 and the 31st of December 2010. The cohort members were 
censored at death or emigration from Finland, after which they were no longer 
followed up.    
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4.3.3 Statistical methods 

Cox regression analyses comparing the risk of cancer in athletes vs. referents after 
adjustment for other factors were performed for lung cancer, all other smoking-
related cancers, PCA and colon cancer. Adjustment for age in each analysis was made 
by using age as the time scale in the Cox models.  

The smoking status (current smokers, former/unknown smoking status and 
others), pack-years of smoking, BMI, alcohol use, reported physical exercise in 1985 
and socioeconomic status were also included in the regression analyses as potential 
confounders or covariates. The assumptions of the Cox model were also tested for 
proportionality. 
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Table 7.  The baseline characteristics of the male former elite athletes in Finland -cohort on 
December 31,1985. 

  Athletes 
 

Referents 
 

 
Age, years: median (min – max) 

 
55.2 (35.6 – 93.8) 

 
53.3 (38.0 – 87.5) 

     ≤ 50 years 29.7% 35.6% 

     50 - 64 years 44.8% 45.3% 

     65 - 79 years 22.2% 17.3% 

     ≥ 80 years 3.3% 1.9% 

 
METa, MET*h/week: median (min - max) 

 
18 (0 – 228) 

 
6 (0 – 228) 

  Quintile I (< 3 MET*h/week) 13.5% 32.3% 

  Quintiles II – IV (3 – 45 MET*h/week) 66.4% 60.9% 

  Quintile V (> 45 MET*h/week) 20.1% 6.8% 

 
Alcohol consumption, grams/week: median (min – max) 

 
6.9 (0 – 144.5) 

 
6.3 (0 – 151.9) 

  Abstainers  (< 1 drinks/week) 11.9% 15.9% 

  Occasional users (1 – 3 drinks/week) 45.9% 46.6% 

  Moderate users (3 – 14 drinks/week) 29.1% 25.3% 

  Heavy users (³ 14 drinks/week) 13.1% 12.2% 

 
Cigarette smoking 

  

  Never smokers 48.7% 28,2 % 

  Ex-smokers 35.2% 43.5% 

  Current smokers 16.0% 28.2% 

  Pack-years for current smokers:  
Median, during smoking period (min – max) 

15 (0.4 – 87) 23 (0.4 – 72) 

 
Body mass index (BMI), kg/m²: median (min - max) 

 
25.6 (16.2 – 43.3) 

 
26.1 (15.8 – 58.1) 

  Normal weight (BMI ≤ 24.99) 42.2% 36.8% 

  Overweight (BMI 25.00 – 29.99)  46.3% 50.4% 

  Obese (BMI ≥ 30.00) 11.6% 12.8% 

 
SES 

   

  Executives 26.7% 10.1% 

  Clerical workers 39.8% 23.3% 

  Skilled workers 26.8% 42.0% 

  Unskilled workers 2.0% 7.9% 

  Agricultural workers 4.4% 16.4% 

  Other 0.2% 0.3% 
a The MET-index was calculated by assigning a coefficient of the resting metabolic rate to each activity and by calculating the 
product of intensity x duration x frequency.  
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4.4 The case-control studies on the association of physical 
activity to the incidence of colorectal cancer and prostate 
cancer 

Studies #3 and #4 describe the patterns of cancer risk in physically demanding 
occupations with a focus to changes in risk patterns as a consequence of changes in 
overall work related PA. The role of PA was evaluated using Nordic Job Exposure 
Matrix (JEM).  

Data from several Nordic countries was used in this study. For the study on CRC 
incidence, data from Finland, Sweden and Norway was used. In PCA study, data 
from Finland and Sweden was used. 

4.4.1 Study Material  

These studies were based on the NOCCA-cohort which is a joint database 
combining census occupations, cancer data and available data on non-occupational 
co-factors from all Nordic countries (Finland, Denmark, Norway, Sweden and 
Iceland) for altogether 15 million people. This cohort has been followed for up for 
45 years from 1961 to 2005, which makes a total of 385 million person years. During 
this follow-up period 2.8 million cancers were diagnosed among the cohort 
members. 

For these studies all CRC and PCA cases diagnosed during the follow-up time 
were extracted from the NOCCA -cohort. Five controls for every cancer case were 
selected among people who were had not been diagnosed with the respective cancer 
before the diagnosis of the cancer case (i.e. index date). Cases and controls were 
matched for birth year, sex, and home country. Everyone who was at least 20 years 
old on the index date, and had any occupational information available, were included 
in the studies.  

For CRC -study, the cases and controls were from Finland, Sweden, Norway and 
Iceland. For PCA -study the cases and controls were from Finland and Sweden as 
we did not have access to the individual records neither for the Danish nor the 
Norwegian parts of the cohort. Occupational histories of individuals from Iceland 
were not available for us, thus these data were not included. 
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4.4.2 Job Exposure Matrix (JEM) 

For everyone in these studies, cases and controls alike, the exposure to occupational 
factors was calculated based on conversions that were made from occupational 
codes to amounts of exposures with the NOCCA-JEM. 

JEM is a way to define and quantify the different, harmful or potentially harmful 
– or potentially beneficial – exposures of a workplace.  

There are many kinds of JEMs, in different countries e.g.  
• US (McHugh et al. 2010; Hoar et al. 1980)  
• UK (Pannett, Coggon, and Acheson 1985)  
• France (Févotte et al. 2006)  
• Sweden (Plato and Steineck 1993)  
• Finland (Kauppinen, Toikkanen, and Pukkala 1998)  

 
All of the JEMs evaluate the level of exposure to different agents, e.g. solvents, 

that are of interest to the study in question and which can be used to evaluate the 
(physical) health-hazards of a particular profession in epidemiological studies. In the 
case of this study project there was a particular interest for the PPWL of different 
professions.  

It should be kept in mind that the levels of exposure were quantified on a 
population level, not on an individual level. Statistically it means, that 95% of the 
evaluated exposure (to an agent at a workplace) should be within +/- two standard 
deviations from the evaluated level. As work and life have changed over time, it has 
also been reflected in JEMs over different time periods, especially in longitudinal 
studies, such as the NOCCA-study is. 

Foreign or ready-made JEMs could be used as an evaluation of occupational 
exposure in other countries (and this has been done (Kauppinen, Mutanen, and 
Seitsamo 1992; Benke et al. 2001)) but this always raises doubts of the validity of the 
exposure evaluation as workplace legislation and historical perspectives to work are 
different in different countries.  

NOCCA-JEM was created with the Finnish-JEM on basis by a panel of Nordic 
experts from every country. (Kauppinen, Heikkilä, et al. 2009; Plato et al. 2011)   

In order to use JEM in occupational studies, the following classes of variables 
have been estimated for each chemical or physical agent: 

• Agents 
• Occupations 
• Time periods (beginning – end) 
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For NOCCA-JEM over 28 agents have been evaluated for more than 300 
professions for different time periods: 1945–1959, 1960–1984, 1985–1994, 1995–
1997, 1998–2000 and 2001–2003. (Kauppinen, Heikkilä, et al. 2009) The time 
periods were taken into use as the professional exposures to different workplace 
agents changed over years, and this change needs to be reflected in the exposure 
evaluations. This matrix consists of two cells of characterizing the occupational 
exposure to a workplace agent by the (P) proportion of the exposed and the (L) 
mean level of the exposure. There is a defined threshold limit of exposure for each 
agent. 

 

4.4.2.1 Perceived physical workload 

PA at work in these studies was expressed as (estimate of) PPWL. It was based on 
national surveys, which had questions about the perceived physical workload. If 
most of the workers in an occupational category reported that their workload was 
very heavy, the value approached one. On the other hand, if most people reported 
none or only a little heavy work, the value of exposure approached zero. If less than 
one in ten persons in the occupational category reported heavy or rather heavy 
physical work, the exposure to PPWL was set to zero (”unexposed”).  

The cumulative exposure to PPWL was calculated for all cases and controls. It 
was calculated by using the time (T) starting at the age of 20 (typical age to start 
working in non-academic occupations) until the age of 65 (typical retirement age) or 
until the index date (if earlier). This was used as a multiplier for the PPWL-exposure 
of the professional category of the individual. After this, the individuals (cases and 
controls) with PPWL above the baseline level, were divided to  

• Baseline (for those people at zero PPWL-years) group in both studies 
(reference group) 

• Low (lowest 50% of the non-zero P*L*T; <4.28 PPWL-years in study 
#3 for CRC and <7.37 PPWL years for study #4 for PCA)   

• Moderate (between 50 and 90 percentiles; 4.28-17.2 PPWL-years for 
study #3 for CRC and 7.37-20.1 PPWL-years for study #4 for PCA)  

• High (highest 10%; >17.2 PPWL-years for study #3 for CRC and >20.1 
PPWL-years for study #4 for PCA) categories  

These cut off points were selected in order to evaluate the effects of the jobs that 
were physically most demanding and compare those jobs to the other, less 
demanding jobs. 
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If the occupational codes changed from one census to another, it was assumed 
that the individual changed occupational groups in the middle of the period between 
the census years. 

 

4.4.3 Methodology for perceived physical workload and colorectal cancer 
incidence 

 

Individuals with baseline PPWL (or no exposure for the co-exposures) were used as 
the reference group. Variable selection for the final main-effect models was based-
on the “purposeful covariate selection” procedure. (Hosmer and Lemeshow 2004) 
We estimated hazard ratios and 95% confidence intervals for each exposure by 
conditional logistic regression model. All occupational agents considered as potential 
confounders, and significantly associated (Wald test p<0.25) with CRC risk in 
univariate logistic regression models were selected for MV-model.  

For the models analyzing the incidence of CRC in addition to PPWL, the 
following agents were included as co-variants: formaldehyde, benzene, ionizing 
radiation, wood dust, chlorinated hydrocarbon solvents and chromium.  Analyses 
were made for different subsites of cancers of colon (ascending, transversal, 
descending, unknown) as well as for the cancers of the rectum for all and then 
separately for both genders. All analyses were conducted by using R statistical 
software version 3.4.1. 

 

4.4.4 Methodology for perceived physical workload and prostate cancer 
incidence 

We quantified the cumulative exposure to PPWL for all cases and controls as 
explained earlier to different exposure groups and used the baseline PPWL exposure 
group as referents.  

There were no workplace agents in the NOCCA-JEM that would have influenced 
PCA incidence, so the only covariates included in this study were the time (before 
PSA-testing era i.e. 1990, or during PSA-testing era) as well as SES, which is known 
to influence how often individuals have PSA-test. All tested workplace agents were 
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not significantly (Wald test p<0.25) associated with PCA incidence.  All analyses 
were conducted by using R statistical software version 3.4.1. 
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5 RESULTS 

5.1 Finnish military recruits born in 1958 -cohort 

31,158 men who were born in 1958 made up this cohort. They were followed-up for 
34.4 years (range 0.1-39 years) from 20.0 years (range 17-31 years) to the end of 2014 
(when they were 56 years old). 91.1% of all study participants were still alive at the 
end of the follow-up. 

The most important result was that overweight and obesity (BMI≥25 kg/m2) 
were associated with an increased risk of cancer (HR 1.08, 95% CI: 0.89-1.30). Good 
or excellent PC was associated with a significant 18% reduced cancer risk (HR 0.82, 
95% CI: 0.71-0.95). The men who were of normal weight and bad PC had an 
increased risk of cancer (HR 1.18, 95% CI: 1.01-1.38, for all cancers) when compared 
to those with normal weight and good PC. This difference further increased if an 
individual was also overweight or obese (HR 1.30, 95% CI: 1.01-1.69). Men in service 
class B had a 46% increased risk of cancer (HR 1.46, 95% CI: 1.19-1.80, for all 
cancers) when compared to the men in service class A. 

Most of these associations became statistically insignificant after MV-adjustment 
for smoking, alcohol consumption, service class and an interaction term between PC 
and overweight.  

The increased risk of all cancers for men in service class B remained significant 
even after MV-adjustment. This was especially notable for advanced PCA, for which 
men in service class B were at a more than 3-fold risk when compared to those in 
service class A (HR 3.35, 95% CI: 1.14-9.90).  

In this study it was also noticed that slim men gained weight and those that were 
overweight lost some weight during their military service.  

In Figure 3. the histograms of the BMIs of the men in the beginning (left side) 
and at the end (right side) are presented. In the beginning of the military service 
almost 90% of the men were either of underweight or of normal weight and a bit 
less than 12% were either overweight or obese. At the end of the military service 
approximately 55% were either under- or normal weight and 9% were either 
overweight or obese. It should be noted that these data was missing from more than 
one in three (36%) at the end of the military service.
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Figure 3.  Histograms of the BMI’s of the Finnish military recruits born in 1958 -cohort 
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In the beginning of the military service almost 6 out of ten (58.5%) were in either 

in good or excellent PC, and one in four (24.4%) were in satisfying or poor PC.  
We followed this cohort until the end of 2014 and collected information on all 

new cancer cases. During the follow-up period 1124 new cancer cases were 
diagnosed.  

Data on the incidence of cancers (all cancers, smoking related, alcohol related, 
obesity related, CRC and PCA) in different subgroups are presented as forest plots 
in Figure 4.   

At this stage the cohort is still relatively young – when it comes to cancer 
incidence – and even though there is an increase in e.g. alcohol related cancers in 
smokers, the increase is not yet statistically significant. We expect that this difference 
will become statistically significant in coming years.  

Similarly an increased incidence is seen in smokers for smoking related cancers 
as well as for alcohol-related cancers (larynx, oral cavity, esophagus and liver, Dreyer 
et al. 1997) for men smoking 10-19 cigarettes daily.  

Other non-significant increased HRs for obesity related cancers (thyroid, 
esophagus, stomach, pancreas, gallbladder, liver, CRC, kidney and multiple 
myeloma, Lauby-Secretan et al. 2016) were detected for groups that had: 

• an increased body weight (BMI >25 kg/m2)  
• high body surface area (BSA)  
• service class B  
• smokers 

For CRC the risk factors for an increased HR were service class B and smoking. 
Service class B was the only significant factor for advanced PCA. 
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Figure 4.  Forest plot of HR of all cancers for men in the Finnish military recruits born in 1958 -cohort
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5.2 Former male elite athletes in Finland -cohort 

Cancer incidence of Finnish world-class athletes in 1967-1999 was 20% lower than 
that of the general Finnish male population. (Pukkala et al. 2000) In this study the 
cancer incidence of these men was reported for a 20-year period from 1986 to 2006.  

The cancer incidence was evaluated with consideration of cancer-related life-style 
factors from questionnaire based data, which was collected in 1985 from this group 
and their referents. 

The overall cancer incidence for athletes was 12% lower than in the general 
population (SIR 0.88, 95%CI 0.79–0.97). The lowest SIRs were detected for lung 
cancer, SIR was 0.42 (95%CI 0.28–0.59) and for renal cancer SIR was 0.20 (95% CI: 
0.04–0.58). There was an increased incidence of basal cell skin cancer for the cohort 
members.  

The lowest overall cancer incidence was detected for middle-distance runners 
(SIR 0.51, 95%CI 0.22-1.01), long-distance runners (SIR 0.57, 95%CI 0.35-0.86) and 
jumpers (SIR 0.60, 95%CI 0.37-0.92). Among the referents the SIR for all cancers 
combined was 1.04 (95%CI 0.91–1.17). The site-specific differences between the 
observed and expected numbers among the referents were not statistically 
significant. 

All results are presented in table 8.   
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Table 8.  Observed and expected numbers of cancer cases for the former male elite athletes cohort 
Observed and expected numbers of cancer cases for the former male elite athletes cohort 

Cancer site  Athletes  Referents 

Observed 
number of cases 

Expected number of 
cases 

SIR (95% CI) Observed 
number of cases 

Expected 
number of cases 

SIR (95% CI) 

All sites 372 422.6 0.88 (0.79-0.97) 239 230.3 1.04 (0.91-1.17) 

Strongly smoking-related cancers 94 139.0 0.68 (0.55-0.83) 82 76.7 1.07 (0.85-1.33) 

Lung 30 71.7 0.42 (0.28-0.59) 49 39.5 1.24 (0.92-1.63) 

Other  64 67.3 0.95 (0.73-1.21) 33 37.2 0.89 (0.61-1.24) 

Larynx  4 4.0 1.00 (0.27-2.54) 3 2.3 1.29 (0.27-3.75) 

Oral cavity and tongue  4 1.4 2.84 (0.77-7.26) 0 0.8 0.00 (0.00-4.84) 

Pharynx 2 1.6 1.28 (0.15-4.62) 1 0.9 1.06 (0.03-5.92) 

Oesophagus 3 5.0 0.61 (0.13-1.77) 2 2.8 0.72 (0.09-2.61) 

Pancreas  14 14.6 0.96 (0.52-1.60) 8 8.0 1.00 (0.43-1.96) 

Kidney, renal pelvis  3 15.1 0.20 (0.04-0.58) 6 8.6 0.70 (0.26-1.51) 

Urinary bladder 34 24.6 1.38 (0.96-1.92) 13 13.2 0.99 (0.53-1.69) 

Weakly smoking-related cancers 26 39.2 0.66 (0.43-0.97) 19 21.2 0.90 (0.54-1.40) 

Lip 1 4.2 0.24 (0.01-1.31) 0 2.3 0.00 (0.00-1.62) 

Liver 4 6.5 0.61 (0.17-1.57) 3 3.6 0.85 (0.17-2.47) 

Stomach  11 19.6 0.56 (0.28-1.00) 11 10.5 1.05 (0.52-1.87) 

Leukaemia 10 8.8 1.13 (0.54-2.07) 5 4.8 1.05 (0.34-2.45) 

Alcohol-related cancers (all also related to 
smoking) 

17 19.5 0.87 (0.51-1.39) 9 11.0 0.82 (0.37-1.54) 

Other       

Stomach 11 19.6 0.56 (0.28-1.00) 11 10.5 1.05 (0.52-1.87) 

Rectum, rectosigmoid, anus 15 17.1 0.88 (0.49-1.44) 7 9.4 0.74 (0.30-1.53) 

Colon 20 22.1 0.90 (0.55-1.39) 14 12.0 1.17 (0.64-1.96) 

Prostate 137 124.6 1.10 (0.92-1.29) 72 67.1 1.07 (0.84-1.35) 
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Skin melanoma 7 9.3 0.75 (0.30-1.55) 8 5.4 1.48 (0.64-2.91) 

Skin, non-melanoma 22 15.7 1.40 (0.88-2.11) 8 7.8 1.02 (0.44-2.01) 

Brain and central nervous system 12 7.7 1.56 (0.81-2.72) 3 4.6 0.66 (0.14-1.92) 

Non-Hodgkin-lymphoma 14 13.9 1.01 (0.55-1.68) 10 7.8 1.28 (0.61-2.34) 

Multiple Myeloma 5 5.5 0.92 (0.30-2.14) 5 3.0 1.70 (0.55-3.96) 

Not included above:       

Skin, basal cell cancer 109 82.6 1.32 (1.08-1.57) 47 44.7 1.05 (0.77-1.39) 
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Athletes had less lung cancers than the referents even after adjustment for 
smoking status (HR 0.60, 95% 0.35-1.04). The difference was attenuated with further 
adjustment with pack-years (HR 0.83, 95% CI: 0.43-1.60).  

Kidney cancer incidence was very low and due to the low number (n=3) among 
the athletes, Cox modelling was not possible for this cancer. 
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5.3 Case-control study for the effects of the physical strain at 
work to the incidence of colorectal cancer 

In this study more than 85,000 colon cancer cases and more than 425,000 controls 
as well as a little more than 60,000 rectal cancer cases and more than 300,000 controls 
were identified for male population. The respective numbers for females for colon 
cancer were almost 97,000 colon cancer cases; 480,000 controls, and for rectal cancer 
49,000 cases and 246,000 controls.  

A statistically significantly decreased risk and inversed dose–response relationship 
was detected for the exposure of PPWL and colon and rectal cancers for the 
combined group of men and women.  

The lowest risk for colon cancer was observed for the group that had their PPWL 
levels above the 90th percentile (HR 0.78, 95% CI: 0.76-0.79). The risk reduction for 
rectal cancer was less significant (HR 0.87, 95% CI: 0.85-0.89).  

The HR for the highest PPWL level-group (90th percentile) for cancer of the 
ascending part of the colon was in men 0.76 (95% CI: 0.73-0.80) and in women 0.90 
(95% CI: 0.79-1.03). For the cancer of the transverse part of colon the HR for males 
was 0.76 (95% CI: 0.71-0.82) and for females 0.83 (95% CI: 0.67-1.03).  

For “other colon sites” (i.e. not defined cancer site or multiple sites) the risk for 
males in the highest PPWL level-group was 0.74 (95% CI: 0.71-0.77) and for females 
0.85 (95% CI: 0.75-0.97). For this undefined cancer site of colon a statistically 
significant protective effect and a dose-response relationship was detected for all 
PPWL groups excluding the “low” exposure level for females.   

The most significant difference in the findings between male and female 
population for the cancer risk was detected in the descending colon: the HR for men 
was 0.61 (95% CI: 0.54-0.69) and the HR for women was 0.99 (95% CI: 0.69-1.40). 
Inclusion of the occupational co-exposures did not change the results. These results 
are presented in the table 9. below. 
 
 

Table 9.  Hazard ratios and 95% confidence intervals (95% CI) for PPWL and CRC in the case-
control study on perceived physical strain at work and incidence of CRC, by sex. PPWL is 
categorized based on 50th and 90th percentile of cumulative exposure distribution among exposed CRC 
cases and controls 
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 Cancer location 
PPWL level 

Males Females 

Cases Controls HR 95% CI Cases Controls HR 95% CI 

Ascending colon                 

None 9579 43158 100   20278 100703 1.00   

Low 7195 35333 0.92 0.89-0.95 10531 52751 0.99 0.96-1.02 

Moderate 8204 44077 0.84 0.81-0.86 5072 25819 0.97 0.94-1.01 

High 2743 16037 0.76 0.73-0.80 265 1457 0.90 0.79-1.03 

p-trend <0.01 p-trend 0.06 

Transversal colon                 

None 4280 19309 1.00   7956 38774 1.00   

Low 3367 16587 0.92 0.87-0.97 4040 21048 0.93 0.89-0.97 

Moderate 3726 19958 0.84 0.80-0.88 2032 10232 0.96 0.91-1.02 

High 1183 6926 0.76 0.71-0.82 97 571 0.83 0.67-1.03 

p-trend <0.01 p-trend 0.01 

Descending colon                  

None 1615 6751 1.00   2577 12502 1.00   

Low 1185 5790 0.86 0.79-0.94 1305 6700 0.94 0.87-1.01 

Moderate 1204 6872 0.73 0.67-0.79 585 3135 0.89 0.81-0.99 

High 354 2377 0.61 0.54-0.69 38 188 0.99 0.69-1.40 

p-trend <0.01 p-trend 0.03 

Other colon sites                 

None 14147 63123 1.00   23337 114914 1.00   

Low 10683 51523 0.93 0.90-0.96 12600 62996 0.98 0.96-1.01 

Moderate 11752 64582 0.81 0.79-0.83 5680 29962 0.93 0.90-0.96 

High 3820 22782 0.74 0.71-0.77 279 1608 0.85 0.75-0.97 

p-trend <0.01 p-trend <0.01 

All colon                 

None 29621 132341 1.00   54148 266893 1.00   

Low 22430 109233 0.92 0.90-0.94 28476 143495 0.98 0.96-0.99 

Moderate 24886 135489 0.82 0.80-0.83 13369 69148 0.95 0.93-0.97 

High 8100 48122 0.74 0.72-0.77 679 3824 0.87 0.81-0.95 

p-trend <0.01 p-trend <0.01 

Rectum                 

None 19350 94187 1.00   26889 132342 1.00   

Low 15830 76694 1.01 0.99-1.03 14667 75366 0.95 0.93-0.98 

Moderate 18611 94765 0.96 0.94-0.98 7283 36361 0.98 0.96-1.01 

High 6228 34449 0.87 0.85-0.90 369 1971 0.93 0.83-1.04 

p-trend <0.01 p-trend 0.01 
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5.4 Case-control study on the effects of physical strain at work 
to the incidence of prostate cancer 

In this study almost 240,000 PCA-cases and 1,200,000 controls were identified. The 
average age at PCA-diagnosis was 72 years. Almost 25% of the cancer cases were 
from Finland and the rest were from Sweden. More that 80,000 PCA cases were 
diagnosed before PSA-testing era, and almost 160,000 PCA cases were detected 
during PSA-testing era. There were 22 men who were diagnosed with PCA before 
the age of 40 years and more than 40,000 were over 80 years old at the time of 
diagnosis.  

SES was determined by profession, and almost 25% belonged to the upper white 
collar (or highest) SES-group. Almost 6% were in the lowest (lower blue collar) SES 
group and 1.5% were economically inactive.  Study population characteristics are 
presented in table 10.    

The lowest risk for PCA was detected for subjects with moderate cumulative 
PPWL level. Their HR was 0.88 (95% CI: 0.87-0.89) when compared to the 
references. Reduced risk was observed also for subjects with low PPWL level (HR 
0.90, 95% CI: 0.89-0.91) and for those with high PPWL level (HR 0.93, 95% CI: 
0.92-0.95).  The risk of PCA was decreased statistically significantly, but there was 
no clear dose-response pattern. 

We also stratified the results based on the availability of PSA-testing. The cut-off 
point was year 1990. The risk for the low PPWL level (50th percentile) were (before 
PSA-testing HR was 0.90, 95% CI: 0.89-0.91 and during PSA-testing HR was 0.89, 
95% CI: 0.88-0.90) practically the same.  

The HRs both before and during PSA-testing era were then adjusted for SES, but 
the results changed only a little. SES seemed to explain some of the differences. After 
adjustment for SES the HRs increased by a few percentages, but remained 
significant. The HRs didn’t change even if they were analyzed for times before and 
during the PSA-testing period. The results are presented in table 11. 
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Table 10.  Characteristics of study population in PCA data in Finland and Sweden 

Characteristics Case Control Total 
n % n % n % 

Total 239835 100 1199175 100 1439010 100 
              

Age*              
<40 22 0,01 105 0,01 127 0,01 
40-60 20198 8,4 101515 8,5 121713 8,5 
60-80 175645 73,2 877070 73,1 1052715 73,2 
>80 43970 18,3 220485 18,4 264455 18,4 
              
Age (mean, SD) 72,16 8,4 72,16 8,5 72,16 8,5 
              
Country             
Finland 58921 24,6 294605 24,6 353526 24,6 
Sweden 180914 75,4 904570 75,4 1085484 75,4 
              
PSA-period**             
pre-PSA 83772 34,9 418860 34,9 502632 34,9 
post-PSA 156063 65,1 780315 65,1 936378 65,1 
              
SES             
Upper white-collar (1) 59318 24,7 257201 21,5 316519 22,0 
Lower white-collar (2) 83527 34,8 424643 35,4 508170 35,3 
Upper blue-collar (3) 68317 28,5 358869 29,9 427186 29,7 
Lower blue-collar (4) 14102 5,9 78631 6,6 92733 6,4 
Farmers (5) 11066 4,6 53500 4,5 64566 4,5 
Economically inactive (6) 3503 1,5 26331 2,2 29836 2,1 
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Table 11.  Hazard ratio and 95% confidence interval (95% CI) for PCA, by cumulative PPWL exposure in Finland 
and Sweden, with an without adjustment for socioeconomic status (SES) in the case-control study for 
the perceived physical strain at work and PCA. 

 Unadjusted Adjusted for SES 
Exposure HR 95% CI p-trend HR2 95% CI p-trend 
Cumulative PPWL1   

 
    

 
  

Reference 1.00 Ref.   
  
  

<0.01 

1.00 Ref.   
  
  

<0.01 

Low 0.90 0.89-0.91 0.94 0.93-0.95 
Moderate 0.88 0.87-0.89 0.94 0.92-0.95 
High 0.93 0.92-0.95 0.97 0.95-0.99 

1 Cut-points are based on 50th and 90th percentile of exposure distribution among exposed subjects. 
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6 DISCUSSION  

Several studies, before the ones presented at this work, have proven that PA and 
good PC reduce cancer incidence of several cancer types. Especially this has been 
proven for colon cancer e.g. by Wolin et al. (2009)  who analyzed 52 studies in their 
meta-analysis and yielded an RR for men of 0.76 (95% CI: 0.71, 0.82) and for women 
0.79 (95% CI: 0.71, 0.88). In case-control studies the risk seemed lower (RR=0.69, 
95% CI: 0.65, 0.74) than in cohort studies (RR=0.83, 95% CI: 0.78, 0.88). (Wolin et 
al. 2009) Similar findings have been reported in several other publications. 
(Kamangar, Dores, and Anderson 2006; Isomura et al. 2006; Leitzmann et al. 2015)  

Moore et al (2016) reported a reduced incidence of CRC associated with LTPA. 
For colon cancer HR was 0.84 (95% CI: 0.77-0.91), rectal cancer HR was 0.87 (95% 
CI: 0.80-0.95). A decreased incidence was also reported in association with LTPA 
for esophageal adenocarcinoma, myeloid leukemia and myeloma as well as cancers 
of liver, lung, kidney, gastric cardia, endometrial, head and neck, bladder and breast.  
An association of LTPA with increased risks for malignant melanoma (HR 1.27; 
95% CI: 1.16-1.40) and PCA (HR 1.05; 95% CI: 1.03-1.08) were reported in the same 
study. (Moore et al. 2016)  

In some other studies, e.g. Orsini (2009) however, a 16% decrease (95% CI:2-27) 
in PCA incidence was  detected for the men belonging to the highest 25% of lifetime 
PA when compared to the lowest quartile.  (Orsini et al. 2009)  

Norman et al (2002) collected historical data from Swedish 1960 and 1970 
censuses and analyzed two cohorts of men whose PA-level they could define based 
on their occupational titles. They reported a significantly increased risk of PCA for 
the men who had a low PA-level at work.(Norman et al. 2002)  

In other studies protective effects of PA have been reported also for lung cancer 
incidence (Moore et al. 2016; Hållmarker et al. 2015; Pukkala et al. 2009; 
Paffenbarger, Hyde, and Wing 1987; Pukkala et al. 1993), endometrial cancer 
incidence (Moore et al. 2010; Friedenreich et al. 2010; Pukkala et al. 1993; Steven C. 
Moore et al. 2016), ovarian cancer incidence (Cottreau, Ness, and Kriska 2000; 
Bertone et al. 2002), testicular cancer incidence (Brownson et al. 1991; Thune and 
Lund 1994), pancreatic cancer incidence (Michaud et al. 2001), kidney cancer 
incidence (Pukkala et al. 1993; Paffenbarger, Hyde, and Wing 1987), urinary bladder 
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cancer incidence (Dosemeci et al. 1993; Wannamethee, Shaper, and Walker 2001) 
and the incidence of the cancers of hematopoietic origin (e.g. lymphomas) 
(Brownson et al. 1991; Wannamethee, Shaper, and Walker 2001; Cerhan 2002).  

Based on literature it seems that PA at young age is more important than PA at 
an older age- This seems to be the case especially with breast cancer, but possibly 
this also applies to PCA (Moore et al. 2009) and some other cancers as well.  

The studies we have conducted support this claim. There may be several reasons 
for this, but the most plausible reason for this is the fact that especially those young 
people that participate in high level of PA at young age (between 9 and 18 years of 
age) would continue this habit of participating in high level of adult PA also later in 
life (Telama et al. 2005). In addition to that PA has several different possible ways 
of reducing the incidence of cancer as discussed earlier (hormonal levels, circulation 
etc.) but it also influences other lifestyle factors, especially diet and smoking, both of 
which have important roles in the development of cancer.  

Some of these above mentioned study results have already changed the 
recommendations that are given to the general public in order to reduce the 
incidence of cancer. A good example of this is the information that obesity and poor 
PC are associated with breast cancer (Fortner et al. 2016). Unfortunately this has not 
had much effect on the lifestyle. We have seen over the past decades, both in Finland 
and especially in other western countries, increase in average body weight, sedentary 
behavior/work and decreased time spent in LTPA. (Power and Thomas 2011; Berry 
et al. 2010; Vartiainen et al. 2010) These changes are especially visible in children and 
young people. Young people in general are now more obese and engage less in PA 
than e.g. 20 years ago. (Telama and Yang 2000; Telama et al. 2005) This will probably 
lead to increased numbers of the above mentioned, PA and obesity -related cancers 
in the future. 

6.1 Finnish military recruits born in 1958  

During the follow-up time we detected on a bit more than 1,100 cancer cases in this 
cohort. We noticed that those men that had been in good or excellent PC during 
their military service had a lower risk of cancer in general than those that were in 
satisfactory or poor condition. In our analyses this difference was not statistically 
significant due to the low number of cancer cases in the cohort at the time of analysis. 
As the cohort grows older, this difference will most likely become statistically 
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significant. In case the young men – in addition to being in poor PC were also obese 
– the difference was even bigger.   

The strengths of this study are the fact that this is a population based study and 
it encompasses a very high percentage of men born in 1958. In addition we were 
able to collect a large amount of data on the conscripts and their PC, which was 
measured in a validated manner during military service. We also have almost 100% 
coverage on the cancer cases detected in this population.  

The weaknesses of this study are the facts that the participants were healthy when 
they started military service. Those with chronic illnesses (diabetes, epilepsy etc.) 
were not included. When drawing further conclusions we have to remember that this 
cohort of men born in 1958 is still relatively young, and the number of cancer cases 
or deaths is still quite moderate. Further follow-up of this cohort will probably 
confirm the above discussed conclusions. 

When we look at the present data it can be seen that the division between the 
‘healthy’ and ‘unhealthy’ men (based on this cohort) happens already at a young age 
- before the age of 20 years. This means that it is of utmost importance to increase 
the amount of PA of every child and young person. In Finland the policy makers 
could make sure that e.g. school curricula have enough time for PA during school 
days. In addition the policies supporting natural inclusion of PA to daily life – at 
work or at studies – should be implemented. These policies would be also financially 
a wise investment: within years the aging society will be a challenge for the health 
care system as chronic illnesses and the incidence of cancers will increase. It would 
not be impossible to evaluate that up to 10% of incident cancer cases could be 
avoided by smart planning and integration of PA to people’s daily life. 

6.2 Former male elite athletes cancer incidence 

The overall cancer incidence in athletes was significantly lower-than-expected and 
when compared to the cancer incidence of the general public. This is mostly due to 
the decreased incidence of lung cancer and other smoking related cancers among the 
athletes. Endurance athletes and jumpers had a lower than expected overall cancer 
incidence. The most probable reason for the low total cancer incidence of the 
endurance athletes is their low incidence of smoking.  

In addition to smoking less, the athletes were physically more active and less 
obese than their referents. About 60% of former elite athletes continued an active 
and sports-oriented life-style throughout their adulthood, while only less than one in 
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five of their age-matched controls did this. (Sarna et al. 1993; Kujala et al. 2003) 
Physically active lifestyle is often combined with many other healthy lifestyle choices: 
healthy diet and non-smoking. (Pukkala et al. 2000)  

  The largest differences were detected between athletes and referents in the 
incidence of lung and kidney cancer. The extremely low incidence for kidney cancer 
cannot be explained by smoking, but possibly by other PA- and SES-linked lifestyle 
choices. In the presented study the prevalence of current smokers didn’t fully explain 
the differences between the two groups, but as we added of the amount of smoking 
as pack-years in the statistical model, it decreased significantly the difference between 
the athletes and the referents.  

Based on our results we can conclude that former elite athlete status modifies the 
risk factors of cancer incidence to a positive direction. Former athletes continue even 
after their careers a physically active lifestyle and healthy diet.  

The strengths of this study are that the athlete cohort was comprehensively 
identified from several sources and their lifestyle was thoroughly examined by a 
questionnaire in 1985. In addition to this, the Finnish registries make accurate record 
linkage possible and a complete long-term follow-up for the cancer incidence with 
little losses to follow-up is possible.  

The weaknesses of this study are the fact that the athletes are not general public. 
Their SES are higher, their PC and PA-levels are higher than that of their referents. 

6.3 Perceived physical workload and the incidence of colorectal 
cancer  

As previously presented the association of an increased level of PA and a significant 
decrease in colon cancer incidence has been seen in many epidemiological studies 
before this study. The case of rectal cancer is a little different: the effects of PA to 
its incidence are either much smaller, or non-significant.  (Leitzmann et al. 2015)  

In the study #3 it was noticed that the incidence of CRC was inversely associated 
with the increase of PPWL level. The decrease was more pronounced in males than 
in females. The trend of risk reduction was significant in all groups that were 
analyzed and in every part of colon and rectum. The biggest protective effect was 
noticed in the distal or descending part of colon in males. In all subsites that were 
studied, the protective effect of PPWL was less pronounced in females.  

The weaknesses of this study, as well as the one that was conducted for PCA, are 
that PPWL can be misclassified, because the generic JEM does not take into account 
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the individual differences in exposure levels in an occupational category. The 
incomplete work history data may also produce varying levels of misclassification on 
individual level. The data that we had were just snapshots with five years in between, 
and if a person had changed jobs from one census to another, it was estimated that 
the change had occurred halfway between these two censuses. This might not be 
true in individual case, but on population level, this accuracy is acceptable.  

In addition to that we had census information from years 1960-1990 and the 
oldest persons may have started their work life 40 years before the first known census 
profession. It was concluded that if a person was still at a rather high age (in 1960 
census) in a physically strenuous job, it was not likely that he would have earlier been 
in a physically less demanding job. This misclassification could bias our presumed 
OR values towards unity and lead to slightly too low estimate of the protective effect 
in our study.  

In both of our PPWL-studies (for CRC and PCA) we could not control for 
several cancer causing agents: diet, smoking, alcohol use, BMI, body adiposity or 
genetic factors. For our study some of these issues might definitely be confounding 
factors as it is known that poor quality diet, smoking, excessive alcohol use as well 
as overweight are more frequent with people of lower SES. Those in lower SES work 
in professions that are physically more demanding (Kaikkonen et al. 2009), which – 
based on our study – protects them from colon cancer.  

People in lower SES are more obese and overweight (Magnusson et al. 2014) than 
those in a higher SES. This could increase the incidence of CRC in lower SES-group. 
Even if BMI was not taken into account in our study, we were able to look at the 
SES. In our highest PPWL decile many of the professions belong to the lower SES-
groups, and overweight and obesity are more common than in the lower PPWL-
exposure groups. Based on this, the protective effect in the highest PPWL category 
would in reality be even stronger than what was seen in our results, if only we were 
able to control for BMI. 

In addition to these factors, we were also unable to control for the LTPA. It can 
be assumed that the PA at work and leisure time would both decrease the incidence 
of CRC and possibly PCA.  

In their meta-analysis of 21 different studies comparing the levels of PA and 
colon cancer subsites Boyle et al report  (Boyle et al. 2012) a 27% decrease of the 
incidence of proximal colon cancer in the most physically active people when 
compared with the least active people (RR=0.73, 95% CI: 0.66-0.81). For distal colon 
cancer a 26% decreased risk was detected (RR=0.74, 95% CI: 0.68-0.80). 
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We had slightly different results. PA seemed to be in inverse dose response 
relationship with the incidence of CRC. There was more effect on the incidence of 
colon cancer in the descending part of the colon than in the ascending part of colon 
in men. This was not the case for women.  

In our study there were only a few females in the highest decile of PPWL. 
Simnilarly the number of colon cancer cases in the distal part of the colon for females 
was small: there were 38 cases for the highest decile of PPWL. Still the 95% CI of 
the OR (0.69-1.40) does not overlap with that calculated for men (0.54-0.69).  

There is a clear difference between the incidence of CRC in men and in women. 
As our analyses show, our method is robust in detecting even small differences in 
cancer incidence, this definitely warrants for more research. 

6.4 Perceived physical workload and the incidence of prostate 
cancer 

As previously presented data shows, there are some conflicting study results on the 
effects of PA to the incidence of PCA. There is some evidence supporting that PA 
reduces PCA incidence significantly. (Liu et al. 2011)  Sedentary lifestyle is also a 
recognized risk factor to an increased risk of PCA. (Leitzmann et al. 2015)  

Our study results show that the incidence of PCA was lower in individuals with 
some PPWL compared to individuals with a low PPWL, but there was no evidence 
of a dose-response relationship.  

When interpreting our results, the same limitations of the methods – as previously 
mentioned in the case of CRC – should be kept in mind.  

The associations between lifestyle, PA at work and the risk of PCA reported in 
previously published studies have been inconsistent. In a Swedish study published 
in 2008 lifetime total occupational PA did not prove to be protective of PCA. In this 
study an increased risk of PCA was detected for men that had a high amount of PA 
in their work. (Wiklund et al. 2008) In the US a significantly decreased risk was 
detected in high PA workers (Krishnadasan et al. 2008) but there are other studies, 
which have been modest, inconclusive or even negative. (Sass-Kortsak et al. 2007) 
Some of these results can be explained by small sample size and not long enough 
follow-up.  

Advantages of the study are significant: the Nordic cancer registries have close to 
100% accuracy and completeness when it comes to their data. (Pukkala et al 2017)  
For our follow-up – on aggregate level - we’ve had access to the job history of the 
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participants of this study to a very satisfactory degree. (Pukkala et al. 2009) These 
features, the completeness of the data, the long follow-up and the amount of the 
data make this dataset unique on a global scale.  

Our study confirms the association between PA and the incidence of PCA: in 
fact even modest level of PA can reduce the incidence of PCA significantly.  

In addition to this, we have also analyzed the results before the era of PSA-testing 
and during PSA-testing, and there are no significant differences. This study adds up 
to the findings presented earlier that especially the lack of PA and sedentary lifestyle 
seem to be associated with higher risk of PC than any level of PA. 

6.5 Suggestions of future research 

The 1958 born men’s cohort is still relatively young and they are just approaching 
the years of increasing cancer incidence. As the cohort has now been set up and data 
are adding up, it is possible to study the effects of measured PC at a young age on 
different cancers. Some more longitudinal health data on the cohort could also be 
collected by the format of e.g. internet based questionnaires. This would also make 
the collection easier and analyzation of the data faster than in the previous and older 
studies. 

The top athletes cohort is relatively mature already. It would be possible to collect 
and present mortality data on the cohort in the coming years. That way we would 
get information whether the healthy, young top athletes are also healthy elderly.  

In the studies presented in my thesis I have been studying the effects of PA and 
PC to cancers with special focus on CRC and PCA.  

PA seems to have a direct dose-response relationship into the incidence of CRC 
and many other cancers. The effects seem to vary by cancer site, and there is a big 
variation between the effects of PA in men and women. This should definitely be an 
area of interest for future studies.  

PA has an effect on PCA incidence, but to our surprise there was no dose-
response relationship. Anyone with a physically demanding job seems to have an 
approximately 10% less PCA than those in sedentary professions. The reasons 
behind this phenomenon are not fully understood. Maybe a longer follow-up of the 
Finnish Conscripts’ cohort will reveal some new issues on the effects of PA and PC 
at a young age and how it affects PCA incidence later in life. This should also be kept 
in mind when planning for future studies.  
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7 SUMMARY AND CONCLUSIONS  

These studies confirm the association between PA and the incidence of CRC as well 
as the incidence of PCA.  

These observations support the previous study findings that the strength of the 
association between PPWL and colon cancer differs by subsite, which calls for 
further research for reasons behind this phenomenon.  

In the presented studies no association was detected to the level of PA and the 
incidence rate of PCA. PA has effects on body BMI and body composition, but it 
seems that PA is also an independent modifying factor in addition to BMI. The 
conclusion of this finding can be that sedentary lifestyle increases PCA incidence 
and PA, even moderate, reduces it significantly.  

In the top athlete cohort we detected that a good PC at a young age protects form 
many cancers later in life. In the 1958 born men’s cohort it was detected that a poor 
PC at a young age is also an important prognostic factor for cancer incidence later 
in life. If a young individual – in our study a young man – is both overweight or 
obese and in poor PC, the association is even stronger. Based on other research this 
applies to females as well. 
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AbstrAct
Purpose The cohort was set up to study the impact of 
lifestyle factors in early adulthood on disease outcomes, 
with a focus on assessing the influence of body 
composition and physical performance in early adulthood 
on subsequent cancer risk. 
Participants Men born in 1958 who performed their 
military service between the ages of 17 and 30 years 
were included in this study (n=31 158). They were 
eligible for military service if they were healthy or had 
only minor health problems diagnosed at the beginning 
of their service. Men with chronic illnesses requiring 
regular medication or treatment were not eligible for 
service. Comprehensive health data including diagnosed 
illnesses, anthropometric measures and health behaviour 
were collected at the beginning and at the end of military 
service, including data from medical check-ups.
Findings to date During the follow-up, 1124 new cancer 
cases were diagnosed between baseline (ie, end of the 
military service for each individual) and end of the year 
2014. In the end of the follow-up, 91% of the study 
participants were still alive. Overweight (body mass index 
(BMI) ≥25 kg/m2) and obesity (BMI ≥30 kg/m2) were 
associated with an overall increased risk of cancer. A good 
or excellent physical condition significantly reduced cancer 
risk.
Future plans The dataset offers the possibility of linkage 
with other databases, such as the Finnish Cancer Registry 
(eg, primary site of the tumour, morphology, time of 
detection, spreading and primary treatment), vital statistics 
(date of emigration or deaths), censuses (socioeconomic 
indicators), hospital discharge data (comorbidity) and 
population surveys (life habits).

IntroductIon
The Finnish Military Recruits Cohort was 
set up to study the impact of several life-
style factors in early adulthood on disease 
outcomes. Military service in Finland is 
mandatory for men at the age of 17–30 years 
for a period of 8–11 months, meaning that 
virtually every Finnish man can be traced 
back in military records. In 2012, we started 
electronic transcription of the paper-based 
medical examination records at entry and 

exit of the mandatory military service of all 
men born in 1958, which was the oldest full 
dataset available to us. These records contain 
demographic information, data on common 
health risk factors such as tobacco smoking or 
height and weight, measurements of general 
physical performance, a standard medical 
examination such as blood pressure, results 
of basic urine examinations (sugar, proteins, 
leucocytes, nitrites and bacteria) and eyesight 
screening tests as well as self-reported health 
status.

One of the initial aims of this study was to 
document and assess the influence of early 
adulthood body composition and physical 
performance on adult cancer risk. This was 
motivated by the increasing burden of disease 
particularly in high-income countries such as 
Finland that has been linked to the growing 
proportion of the population with insuffi-
cient physical activity and high body weight. 
Regular physical activity (PA) and a healthy 
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Cohort profile

strengths and limitations of this study

 ► The large number of a proportion-representative 
sample of men born in 1958 in Finland included in 
this study.

 ► A thorough evaluation performed by medical 
personnel and measurement of different health 
variables in a uniform manner.

 ► Possibility for a wide range of linkages with different 
registries.

 ► The cohort is not fully representative of the male 
population born in 1958, which means that the 
results cannot be fully generalised to the entire 
population. Those suffering from chronically bad 
health before military service and those who chose 
to pursue their national service in civil service for 
any reason (ethical  or religious) were not included 
in the cohort.

 ► We only have data from the military conscripts 
collected during their military service, when their 
average age was 20 years.
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box List of the variables collected at study entry for each 
member of the cohort

 ► Personal identity code of the individual
 ► Professional group
 ► Marital status
 ► Beginning of military service (date)
 ► End of military service (date)
 ► Reason for preliminary discontinuation of military service (diagnosis)
 ► Duration of military service
 ► Military service classifications at different stages of the service
 ► Classification diagnoses at different stages of the military service
 ► Self-perceived health status at the beginning and at the end of the 
service

 ► Height and weight at different stages of the service
 ► Blood pressure at different stages of the service
 ► Physical condition test results at different stages of the service

 – Twelve-minute running test results
 – Muscle strength test results

 ► Smoking status and amount smoked at different stages of the 
service

 ► Use of alcohol and the amount drunken at different stages of the 
service

body weight have been reported to positively impact 
general health and have been associated with lower risks 
of several non-communicable diseases including cardio-
vascular diseases,1 diabetes2 and cancer.3 4

In men, regular PA shows sufficient evidence to protect 
from colorectal cancer.5 6 Similar associations have also 
been suggested for prostate7–9 and bladder cancer, yet 
evidence is still inconsistent.10 11 Previous research from 
Finland has shown that the incidence of cancer among 
world-class male athletes is reduced when compared with 
the general population, with the largest risk reduction seen 
in lung cancer (standardised incidence ratio (SIR) 0.40, 
95% CI: 0.27 to 0.55) and kidney cancer (SIR 0.23, 95% 
 CI: 0.06 to 0.57).12 13 As for high body weight, certain 
cancer sites have been causally linked to body weight, 
including cancers of the oesophagus (adenocarcinoma), 
gastric cardia, colorectum, gallbladder, pancreas, liver, 
breast (postmenopausal), endometrium, ovary, kidney 
and prostate (non-localised).14

Two trained clerks performed the data extraction from 
paper-based military records (hard copy) into electronic 
format. The quality of the collected data was continuously 
monitored both by check-up tools built in the data input 
programme and by following the summary input statistics.

cohort description
The cohort consists of men born in 1958, who served in 
the Finnish Defence Forces (FDF). There is a universal 
male conscription in Finland for either military service 
or civil service, which is usually completed at the age of 
20 years. At the time of the service of the cohort in ques-
tion (entry between 1975 and 1989), men were liable to 
serve between 240 and 330 days depending on the level 
of training they were to receive. Of the men born in 1958, 

almost 90% started their military service, whereas the rest 
either served in civil service or were completely liberated 
from the service.

In total, the cohort comprises 31 158 men born in 
1958, who were randomly selected from the total popula-
tion and represent 74% of all Finnish men born in 1958. 
The average age at study entry was 20 years (range 17–31 
years). In the end of 2014, 91% of all study participants 
were still alive.

During their military service, the conscripts were 
followed-up by healthcare professionals at least twice (at 
the beginning and at the end of their military service). 
Their physical condition (PC) was recorded at least once 
during their military service. Owing to unique person 
identifiers, record linkage with health and administra-
tive databases allows for a wide range of epidemiological 
studies on different outcomes in this cohort. Follow-up 
for incident cancers is currently available until the end of 
2014, with annual updates envisaged depending on rele-
vant research questions.

WhAt hAs been meAsured?
At the start of military service (baseline)
All baseline measurements were performed by health-
care professionals (nurses, physicians and dentists) at 
the beginning of the military service (between 1975 and 
1989). After an initial health check, a fitness classification 
(A–E) was assigned to each conscript, based on his health. 
Class A indicates good physical and mental health and 
capability of field service. Men with B-classification were 
fit for lighter service troops, with health conditions not 
needing regular treatment or medication, for example, 
flat foot. C-classified men were liberated from peacetime 
service, and D-classified men were exempted from mili-
tary service completely. Men classified as C typically need 
regular treatment for their condition (eg, diabetes) but 
are otherwise healthy and can thus be drafted at wartime. 
D-classified men have a condition that affects their daily 
life so seriously that they cannot be drafted even during 
wartime. E-classification means deferment for medical 
reasons up to 3 years. Diagnoses leading to E-classifica-
tion are typically young men’s adjustment disorders.15

After the baseline medical check-up, the basic PC of the 
conscripts was measured by a 12 min running test and a 
test measuring muscle strength. Data on health behaviour 
(eg, smoking habits and alcohol consumption) were 
collected during the medical check-ups. A detailed list 
of all demographic, behavioural and health data items 
collected at baseline is presented in box. At recruitment, 
91.5% of the men were healthy (classified to service 
class A), and 7.1% had minor health problems (service 
class B) (table 1). In addition, 411 men were classified 
to service classes C, D or E before the end of the mili-
tary service (beginning of the follow-up). The majority 
of all men had a normal weight at recruitment (body 
mass index, BMI 18.5–25 kg/m2), 10.6% were overweight  
(BMI 25–30 kg/m2) and 1.4% were obese (BMI >30 kg/
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Table 1 Cohort characteristics at study entry (n=31 158)

n %

Service classification

  A (healthy) 28 520 91.5

  B (minor health problems) 2227 7.1

  C or D 192 0.6

  Missing 219 0.7

Smoking status

  Yes 10 707 34.4

  No 16 066 51.6

  Missing 4385 14.1

Cigarettes/day among smokers

  <10 cigarettes/day 2010 18.8

  10–19 cigarettes/day 5657 52.8

  ≥20 cigarettes/day 2862 26.7

  Missing 178 1.7

Alcohol consumption

  Yes 19 052 61.1

  No 8097 26.0

  Missing 4009 12.9

BMI

  Underweight (BMI <18.5) 1489 4.8

  Normal weight (18.5≤BMI<25) 25 939 83.2

  Overweight (25≤BMI<30) 3294 10.6

  Obesity (BMI ≥30) 421 1.4

  Missing 15 0.0

Body surface area

  <2 m2 26 729 85.8

  ≥2 m2 4415 14.2

  Missing 14 0.0

Overall PC

  Bad 1326 4.3

  Satisfying 6294 20.2

  Good 12 707 40.8

  Excellent 5503 17.7

  Missing 5328 17.1

BMI and PC cross-category

  BMI <25 and good/excellent PC 16 930 54.3

  BMI ≥25 and good/excellent PC 1277 4.1

  BMI <25 and bad/satisfying PC 6001 19.3

  BMI ≥25 and bad/satisfying PC 1618 5.2

  Missing 5332 17.1

BMI, body mass index; PC, physical condition.

m2). Overall PC was excellent in 17.7%, good in 40.8% 
and satisfactory or bad in 24.5%. Most men with BMI <25 
were also in a good or excellent PC, whereas the over-
weight and obese men (BMI ≥25) were more likely to be 

in a satisfactory or bad PC. Overall, 51.6% of the men 
were non-smokers, and 26.0% stated at the beginning 
of their military service that they did not consume any 
alcohol. The number of men in service classes C and D 
was small so  these data are not separately reported.

At the end of military service
Typically, assessments of PC take place at least twice 
during the military service of each conscript, including 
medical check-ups at the beginning and at the end of 
military service. The medical check-up at the end of mili-
tary service has the same elements as the check-up at 
the beginning even though it is usually not as rigorously 
followed as the medical check-up at the beginning. This 
is because self-perceived health is considered the most 
important health indicator at the end of the service, only 
significant changes in this indicator lead to a rigorous 
medical check-up.

Follow-up via record linkage
After a complete transcription of the military records, 
the cohort data were linked with the Finnish Cancer 
Registry (FCR); National Population Registry (date of 
emigration or death) and censuses (socioeconomic 
indicators), hospital discharge data (morbidity) and the 
cause of death register at Statistics Finland. The linkage 
required approvals by the FDF and the National Institute 
of Health and Welfare in Finland. The high-quality FCR 
data contains information on cancer diagnosis date, type 
and location of the cancer (topography), morphology, 
spreading of the cancer and the primary treatment 
method.16

All record linkages were performed using the unique 
personal identity code (PIC) given to every resident of 
Finland and used as the key in all registries in Finland. 
PICs of the men in the cohort collected from the paper-
based files were first linked to the Population Registry 
and checked that every person existed in the population 
either alive or with date of emigration or death.

In our raw data collection system, we had a built-in 
mechanism for checking the correct format of the PICs. 
Only 26 PICs were not found in the population registry. 
In addition, we had one PIC of wrong gender. These indi-
viduals were excluded from the cohort.

statistical methods
Cox proportional hazard models with age as underlying 
time metric were fitted to estimate HRs and 95% CIs) 
for the relation between each study variable and the risk 
of developing malignant cancer by site. Subjects were 
censored as they emigrated from Finland or died before 
the end of follow-up (31 December 2014), whichever 
occurred first. All analyses were carried out using Stata 
13.

results: findings to date
In this first presentation of this cohort, we demonstrate 
the linkage that was done with the FCR to obtain data 
on cancer incidence. We furthermore assessed the 
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association between tobacco smoking, alcohol use and 
anthropometric measures as reported in young adult-
hood (at study baseline) and cancer risk. All men, except 
those with a missing service classification (n=219), those 
with service classification C or D (n=192) and those with 
a cancer diagnosis before the end of the military service 
(n=5) were included in the follow-up. The final study 
sample comprised 30 742 men.

During the follow-up, 1124 new cancer cases were diag-
nosed between baseline (ie, end of the military service 
for each individual) and end of the year 2014. Study vari-
ables were BMI (weight in kilogram divided by height in 
square metre), overall PC (excellent/good/satisfying/
bad), service classification (A/B), smoking status (yes/
no) and amount (cigarettes/day) and alcohol use (yes/
no).

More than three decades after the end of their mili-
tary service, this is the first epidemiological assessment 
of the impact of PC, body composition and certain life-
style factors (eg, smoking and alcohol consumption), 
measured in young adulthood, on cancer risk later in life.

Overweight (BMI ≥25 kg/m2) and obesity (BMI ≥30 
kgm2) were associated with an overall increased, but 
statistically not significant, risk of cancer (age-adjusted 
HR: 1.08, 95% CI: 0.89 to 1.30), a good or excellent PC 
significantly reduced cancer risk (HR: 0.82, 95% CI: 0.71 
to 0.95). When compared with those with normal weight 
and good PC, those with normal weight but bad PC had 
an increased risk of all cancers combined (HR: 1.18, 
95% CI: 1.01 to 1.38). Men who were in poor PC and also 
were overweight had an HR of 1.30 (95% CI: 1.01 to 1.69) 
when compared with those with normal weight and good 
PC. These associations however decreased and became 
statistically insignificant (respective HRs: 1.05 (95% CI: 
0.88 to 1.26) and 1.13 (95% CI: 0.85 to 1.50)) when 
adjusted for smoking, alcohol consumption and service 
class. Men in service class B were at a more than threefold 
higher risk of advanced prostate cancer as compared with 
those in service class A (HR adjusted for age, PC, BMI, 
smoking and alcohol use: 3.35, 95% CI: 1.14 to 9.90).

To further validate health indicators available for this 
cohort, we also observed a dose–response relationship 
between the number of cigarettes smoked daily and total 
cancer incidence. The HR among those who smoked 
20 cigarettes or more per day was 1.54 (95% CI: 1.25 to 
1.89). Increased risk was most pronounced for incidence 
of lung cancer (HR: 9.65, 95% CI: 4.83 to 19.27).

main strengths and weaknesses
The main strength of this study is the large number of 
a proportion-representative sample of men born in 1958 
in Finland included in this study. A thorough evaluation 
performed by medical personnel and measurement of 
different health variables including general health and 
PC were measured in a uniform manner. The FDF have 
a thorough training protocol for all military and medical 
personnel especially for classifying service class and to 
measure PC. Over the 14-year period (1975–1989) during 

which the men in the cohort completed their service, 
there were neither new service class classifications nor 
PC measurement methods introduced in the FDF. We 
believe that the data we collected from the military 
records are of high quality.

Situated in Finland, this cohort provides the possibility 
for a wide range of linkages with different registries. In 
this first study, we linked the cohort data to the FCR and 
validated associations with BMI, PC and smoking.

Usually, ill-health seems to be associated with poor PC 
or high BMI, which in turn are related to some other 
factors typical with low socioeconomic status (SES). 
Finland has tried to take steps in order to decrease 
these risks. Owing to cheap universal health coverage 
in Finland, all Finns have similar access to healthcare 
independent of their financial or SES. In addition to 
this, most Finnish municipalities encourage people to 
improve their health by physical exercise and by offering 
planned activities for people of all ages, even people 
with disabilities.

Some weaknesses should be noted in relation to these 
data. First, the cohort is not fully representative of the 
male population born in 1958, which means that the 
results cannot be fully generalised to the entire popula-
tion. Those suffering from chronically bad health (eg, 
development disorders or mental disorders) before 
military service and those who chose to pursue their 
national service in civil service for religious, ethical or 
other reasons were not included in the cohort, but their 
proportion is small.

Second, we only have data from the military conscripts 
collected during their military service, lasting between 
8 and 11 months. The conscripts were between the ages 
of 17 and 30 years at the beginning of their military 
service. We do not have data on the possible changes 
in their health habits after the completion of their 
service. Considering the relatively stable life habits in 
the majority of the population and the long lag related to 
cancer development, we believe that the changes in the 
health habits do not markedly confound our results. In 
the future, linkage with national population survey data, 
such as the FINRISK study (extensive population study 
on risk factors behind chronic diseases, whici is carried 
out by the National Institute for Health and Welfare 
THL), which is conducted every 5 years since 1972,17 
will allow for better understanding of the magnitude of 
changes in the risk factors measured during the military 
service, as well as other risk factors. A marked proportion 
of the young-age cancers detected up-to-date may have 
a genetic background which was not taken into account 
in the present analyses. It is, however, possible to iden-
tify first-degree family members of the men in our cohort 
from the Finnish Population Registry and then link their 
PICs to the FCR to get information on cancer cases in 
the family.

At present, the cohort is still relatively young, with 
moderate number of cancer cases or deaths. However, 
preliminary results of this cohort show that it can already 
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be used for epidemiological purposes and will become 
even more interesting as the cohort grows older.
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a  b  s  t  r  a  c  t

Objectives:  Physical  activity  has  been  shown  to decrease  the  risk  of certain  cancers.  Objective  of  this  study
was  to  assess  the effect  of  physical  activity  on  cancer  incidence  in  former  male  athletes  in older  age.
Design:  A cohort  of  2448  elite  male  athletes  and  1712  referents  was  followed-up  for  cancer  incidence
during  1986–2010  through  the  Finnish  Cancer  Registry.
Methods: Standardised  incidence  ratios  were  calculated  with  the  general  male  population  as  the  reference.
Self-reported  questionnaire-based  data  on  covariates  were  used  in  Cox  regression  analyses  comparing
the  risk  of  cancer  in athletes  and  referents.
Results:  The  overall  cancer  incidence  was  lower  in athletes  than  in  the  general  population,  standardised
incidence  ratio 0.89  (95%  confidence  interval  0.81–0.97).  It was  lowest  among  middle-distance  runners
(standardised  incidence  ratio  0.51,  95% confidence  interval  0.22–1.01),  long-distance  runners  (standard-
ised  incidence  ratio  0.57,  95% confidence  interval  0.35–0.88)  and  jumpers  (standardised  incidence  ratio
0.60,  95%  confidence  interval  0.37–0.92).  The  standardised  incidence  ratio  of  lung  cancer  among  athletes

was  0.40  (95%  confidence  interval  0.27–0.55)  and  that  of  kidney  cancer  0.23  (95%  confidence  interval
0.06–0.57).  The  hazard  ratio  for lung  cancer  between  athletes  and  referents  increased  from  the  unad-
justed  ratio  of  0.29  (95%  confidence  interval:  0.18–0.48)  to  0.61 (95% confidence  interval:  0.30–1.26)
after  adjustment  for  smoking  status  and  pack-years  of  smoking.
Conclusions:  Former  male  elite  athletes  evidently  have  less  cancer  than  men  on  the average.  The  lesser
risk can  be  attributed  to lifestyle  factors,  notably  less  frequent  smoking  among  the  athletes.

© 2013  Sports  Medicine  Australia.  Published  by Elsevier  Ltd.  All  rights  reserved.
. Introduction

In addition to the well-recognized role of smoking, alcohol
onsumption and unhealthy diet in the aetiology of many cancers,

ncreasing evidence implicates physical inactivity as a risk factor
or some cancers. In 2002 the International Agency for Research
n Cancer (IARC) estimated that excess body weight and physical

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio;
ARC, International Agency for Research on Cancer; LTPA, leisure-time physical
ctivity; MET, standard metabolic equivalent; PIC, personal identity code; SES, socio-
conomic status; SIR, standardised incidence ratio.
∗ Corresponding author.

E-mail address: Jorma.Sormunen@fimnet.fi (J. Sormunen).

440-2440/$ – see front matter © 2013 Sports Medicine Australia. Published by Elsevier L
ttp://dx.doi.org/10.1016/j.jsams.2013.10.239
inactivity could account for one quarter to one third of cancers
of colon, kidney and oesophagus.1 Since especially leisure-time
physical activity is usually associated with a generally health-
ier lifestyle,2,3 the independent role of physical activity in the
aetiology of cancer may  be difficult to demonstrate.

Several studies have reported links between physical activ-
ity and reduced risk of certain cancers, especially breast4,5 and
colon cancer.6–8 There is conflicting evidence from the studies on
prostate, lung and kidney cancer among physically active men.
Some studies have suggested that the risks of these cancers are
lower among the more physically active9,10 but not all studies agree

with this finding.11,12

Cancer incidence of Finnish world-class athletes in 1967–1995
was reported to be one-fifth lower than that of the general Finnish
male population.13 This was  mainly explained by smaller incidence

td. All rights reserved.
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Table 1
Distribution of the background characteristics of the study subjects on December
31, 1985.

Characteristic Athletes Referents

Age N = 1609 N = 1046
Years: median (min–max) 55.2 (35.6–93.8) 53.3 (38.0–87.5)

≤50 years 31.1% 36.3%
50–64 years 45.9% 45.5%
65–79 years 20.3% 16.5%
≥80 years 2.7% 1.6%

Leisure time physical activity (LTPA) N = 1257 N = 731
METa, MET * h/week: median

(min–max)
18 (0–228) 6 (0–228)

Lowest fifth (<3 MET  * h/week) 13.6% 32.6%
Intermediate (fifth II, III & IV (3–45
MET * h/week)

65.9% 60.5%

Highest fifth V (>45 MET  * h/week) 20.5% 7.0%
Alcohol consumption N = 1238 N = 723

Abstainers (<1 drinks/week) 11.7% 15.5%
Occasional users (1–3 drinks/week) 45.4% 46.7%
Moderate users (3–14 drinks/week) 29.7% 25.4%
Heavy users (≥14 drinks/week) 13.2% 12.3%

Cigarette smoking status N = 1247 N = 725
Never smokers 48.9% 28.0%
Occasional smokers 4.7% 2.5%
Ex-smokers 30.6% 40.7%
Current smokers 15.9% 28.8%

Pack-years for current smokers:
median, during smoking period
(min–max)

15 (0.4–87) 23 (0.4–72)

Body mass index (BMI) N = 1264 N = 735
kg/m2: median (min–max) 25.6 (16.2–43.3) 26.1 (15.8–58.1)

Normal weight (BMI ≤ 24.99) 41.8% 36.5%
Overweight (BMI 25.00–29.99) 46.4% 50.9%
Obese (BMI ≥ 30.00) 11.9% 12.7%

Socio-economic status N = 1579 N = 962
Executives 26.4% 10.3%
Clerical workers 40.5% 23.4%
Skilled workers 26.5% 41.6%
Unskilled workers 2.1% 7.9%
Agricultural workers 4.3% 16.5%
Other 0.3% 0.3%

a The metabolic equivalent (MET) index was calculated by assigning a coeffi-
80 J. Sormunen et al. / Journal of Science

f smoking-related cancers in the athletes, but individual-level risk
actor data prior to 1985 were not available. The value of study-
ng elite athletes is that there is a documented period of intensive
hysical activity needed to achieve elite status and this informa-
ion is available historically obviating the need to study young
dults prospectively into the period of high risk for cancer decades
ater. However, elite athletes differ also for other cancer risk factors,

hich need to be accounted for in a rigorous analysis of the relation-
hip of elite athlete status with future cancer. We  now report the
ancer incidence of these individuals for a period of 21 years from
986 to 2010, with due consideration of cancer-related life-style
actors collected in 1985.

The aim of this study was to evaluate the effects of an ath-
ete status and their lifestyle covariates in incidence of different
ancers.

. Methods

The study cohort consisted of Finnish male athletes, who  had
epresented Finland between the years 1920 and 1965 at least
nce in international or inter-country competitions (for details, see
arna et al.14). The following sports were selected: track and field
thletics, cross-country skiing, soccer, ice hockey, basketball, box-
ng, wrestling, weight lifting, and shooting. Sport disciplines were
hosen based on the numbers of Finnish Olympic games partici-
ants. In addition it was made sure that endurance, speed, power
nd team sports disciplines were included in the cohort. One refer-
nt for each athlete was selected from the archives of the registry
f men  liable for military service, matched for year of birth and area
f residence. The referent had to have been classified as completely
ealthy (“A1 category”) at the compulsory medical examination

or induction into military service at age of 20 years (referents
ere born between years 1898 and 1948). No eligible referent was

raced for 15% of athletes because ice hockey, basketball, weight lift-
ng, and shooting were retrospectively included in the study after
election of the referents.

The original study cohort consisted of 2448 athletes and 1712
eferents. In 1985 a questionnaire on physical activity and health
as mailed to the survivors of the cohort and their referents. The

esponse proportion was 85% for the athletes and 81% for the ref-
rents. We  had no reason to expect recall bias between the two
roups. Out of the responders 1324 athletes and 754 of referents
ad no missing values on the main covariates. All persons with non-
issing values of variables included in the models were included

n the Cox regression analyses.
Everyone residing in Finland since 1967 has been assigned a

nique personal identity code (PIC), which is used in all main reg-
sters. PICs for every cohort member together with possible dates
f emigration or death were obtained from the Population Regis-
er Centre of Finland. Follow-up for cancer through the files of the
opulation-based countrywide Finnish Cancer Registry was done
sing the PIC as a key.

In this article we report the cancer incidence of the survivors of
he cohort on the 1st of January 1986 from 1st of January 1986 to
eath or 31st of December 2010.

The ethics committee of the University of Helsinki approved the
tudy, and all subjects have provided informed consent.

Assessment of leisure-time physical activity (LTPA) was  based
n three structured questions on participation in recreational phys-
cal activity. The activity-MET index was used as a measure of

hysical activity level in 1985 and expressed as the score of MET-
ours per week. It was further classified into five groups by four
uintiles (lowest quintile value 3 and highest 45 MET-hours per
eek) (Table 1). For Cox regression analyses the three middle fifths
cient of the resting metabolic rate to each activity and by calculating the product of
intensity × duration × frequency.

(II–IV) were combined. Athletes exercised more MET-hours weekly
than their referents (Table 1).

Alcohol consumption was  evaluated by quantity-frequency
measures of beverages. Respondents were categorised as abstain-
ers, light, moderate and heavy users of alcohol based on number of
drinks per week.15

Smoking status was based on a detailed smoking history.16

Respondents were classified into four categories: never, ex-, occa-
sional or current (daily or almost daily) smokers. Current smokers
were defined as persons, who  had smoked more than 100 cigarettes
in their lifetime and smoked daily or almost daily at the time of
the 1985 questionnaire. For Cox regression analyses the groups
occasional and current smokers were combined.

Duration of smoking was based on age of onset of smoking and
age in 1985 (for current smokers), or age at cessation (for former
smokers). In the calculation of pack-years of smoking for current
smokers in 1985, the daily smoking was classified as follows: those
who smoked 1–15 cigarettes daily were given value of 0.4 packs
(8 cigarettes/day); for those who smoked more than 15, but less
than 25 cigarettes/day were given a value of 1.0 pack; and for those
who smoked >25 cigarettes/day were given a value of 1.5 packs. The
numbers of pack-years was then packs smoked daily multiplied by

the number of years of smoking.

Self-reported data on height (m)  and weight (kg) were used to
calculate the body mass index (BMI) as weight divided by height
squared (kg/m2).
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Table  2
Observed (Obs) and expected (Exp) numbers of cancer cases, and standardised incidence ratios (SIR) with 95% confidence intervals (CI) for most common and all smoking
related cancers among the athletes and referents.

Cancer site Athletes Referents

Obs Exp SIR (95%CI) Obs Exp SIR (95%CI)

All sites 452 509.8 0.89 (0.81–0.97) 289 281.0 1.03 (0.91–1.15)
Strongly smoking-related cancers 109 163.8 0.67 (0.55–0.80) 93 91.1 1.02 (0.82–1.25)

Lung 33 82.9 0.40 (0.27–0.55) 54 46.1 1.17 (0.88–1.52)
Other  76 80.9 0.94 (0.74–1.17) 33 37.2 0.89 (0.61–1.24)

Larynx  4 4.5 0.89 (0.24–2.27) 3 2.6 1.14 (0.24–3.33)
Oral  cavity and tongue 4 1.7 2.40 (0.65–6.14) 0 1.0 0.00 (0.00–3.71)
Pharynx 2 1.9 1.07 (0.13–3.86) 1 1.1 0.89 (0.02–4.96)
Oesophagus 5 5.9 0.85 (0.28–1.98) 3 3.3 0.91 (0.19–2.65)
Pancreas 17 17.8 0.95 (0.55–1.52) 10 9.9 1.01 (0.49–1.86)
Kidney, renal pelvis 4 17.7 0.23 (0.06–0.57) 7 10.2 0.69 (0.28–1.42)
Urinary  bladder 40 29.3 1.36 (0.97–1.85) 15 15.7 0.95 (0.53–1.57)

Weakly  smoking-related cancers 39 46.9 0.83 (0.59–1.14) 23 25.4 0.91 (0.57–1.36)
Lip  1 4.7 0.21 (0.01–1.19) 0 2.5 0.00 (0.00–1.46)
Liver  7 8.5 0.82 (0.33–1.69) 4 4.7 0.85 (0.23–2.18))
Stomach 16 22.0 0.73 (0.42–1.18) 12 11.8 1.02 (0.53–1.77)
Leukaemia 14 10.9 1.29 (0.70–2.16) 5 5.9 0.84 (0.27–1.97)
Alcohol-related cancers (all also related to smoking) 22 24.6 0.91 (0.57–1.37) 9 11.0 0.82 (0.37–1.54)

Other
Rectum,  rectosigmoid, anus 20 20.7 0.97 (0.59–1.49) 10 11.6 0.87 (0.42–1.59)
Colon  24 27.2 0.88 (0.57–1.31) 16 14.9 1.08 (0.62–1.74)
Prostate 159 152.6 1.04 (0.89–1.21) 84 83.7 1.00 (0.80–1.24)
Skin  melanoma 8 11.8 0.68 (0.29–1.33) 11 6.9 1.60 (0.80–2.85)
Skin,  non-melanoma 25 21.8 1.15 (0.74–1.69) 11 11.0 1.00 (0.50–1.78)
Brain  and central nervous system 13 9.1 1.43 (0.76–2.44) 4 5.4 0.74 (0.20–1.90)
Non-Hodgkin-lymphoma 15 16.7 0.90 (0.50–1.48) 13 9.5 1.37 (0.73–2.34)
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Multiple myeloma 7 

Not  included above
Skin, basal cell cancer 126 1

The socioeconomic status was based on data on subject’s occu-
ation collected partly from the Central Population Register of
inland and partly from the questionnaire of year 1985. A much
arger proportion of athletes than referents belonged to the highest
ocio-economic categories (Table 1).

Person-years at risk during 1986–2010 were counted by five-
ear age groups and by five-year calendar time periods. The
xpected number of cancer cases was calculated by multiplying
he number of person-years in each stratum by the corresponding
ancer incidence rate in the overall Finnish male population. The
tandardised incidence ratio (SIR) was calculated as the ratio of
he observed to the expected number of cases. The 95% confidence
ntervals (CI) were obtained assuming a Poisson distribution of the
umber of cases.

Finnish Cancer Registry includes accurate information of more
han 99% of cancers diagnosed in Finland since 1953.17 All cancer
ases that were reported to Finnish cancer registry were included
n the analyses. Smoking-related cancers were analysed in three
roups: (i) lung cancer; (ii) other cancers that have a strong con-
rmed association with smoking (cancers of the larynx, upper
igestive track, oral cavity and tongue, pharynx, pancreas, urinary
ract, kidney and urinary bladder); and (iii) cancers that have a weak
ssociation with smoking (cancers of the lip, liver and stomach, and
eukaemia).18

Cox regression analyses19 comparing the risk of cancer in
thletes vs. referents after adjustment for other factors were per-
ormed for lung cancer, all other smoking-related cancers, prostate
ancer and colon cancer. Adjustment for age in each analysis was
ade by using age as the time scale in the Cox models. The smok-

ng status (current smokers, former/unknown smoking status and
thers), pack-years of smoking, BMI, alcohol use, reported physi-
al exercise in 1985 and socioeconomic status were also included

n the regression analyses as potential confounders or covariates.
he results of Cox regression analyses are reported as hazard
atios (HR). The assumptions of the Cox model were tested for
roportionality. All Cox regression calculations were performed
1.05 (0.42–2.15) 5 3.7 1.37 (0.45–3.19)

1.18 (0.99–1.39) 55 58.2 0.94 (0.71–1.22)

with Stata software, release 10 (Stata Corp., College Station,
TX, USA).

3. Results

Athletes were somewhat older than their referents, their median
age was 55 years when the median age of the referents was 53 years.
Athletes also engaged more in leisure time physical activity (LTPA)
– one fifth of the athletes exercised more than 45 MET  * h/week,
when only 7% of the referents did so (Table 1).

The athletes used a bit more alcohol (median 6.9 g/day) than
their referents (median 6.3 g/day). Current smoking was less com-
mon among athletes (16%) than among referents (29%) in 1985. The
median number of pack-years for smoking athletes was  15 and for
referents who smoked 23. The athletes were also somewhat leaner
than referents (Table 1).

The overall cancer incidence for athletes was  lower than in
the general population (SIR 0.89, 95%CI 0.81–0.97) (Table 2). We
noticed a significant reduction for two smoking related cancers:
the SIR for lung cancer was  0.40 (95%CI 0.27–0.55) and for renal
cancer 0.23 (95%CI 0.06–0.57).

The overall cancer incidence was  lowest for middle-distance
runners (SIR 0.51, 95%CI 0.22–1.01), long-distance runners (SIR
0.57, 95%CI 0.35–0.86) and jumpers (SIR 0.60, 95%CI 0.37–0.92).
The athlete group specific SIRs for all cancer types with expected
number of cases ≥5 in any group are reported in the Appendix Table.

Supplementary material related to this article can be
found, in the online version, at http://dx.doi.org/10.1016/
j.jsams.2013.10.239.

The SIR for all cancers combined among the referents was 1.03
(95%CI 0.91–1.15). None of the site-specific differences between
the observed and expected numbers among the referents were

statistically significant (Table 2).

The Cox regression analysis showed an age-adjusted HR of 0.92
(95%CI 0.79–1.07) for overall cancer between the athletes and ref-
erents (Table 3). Adjustment for smoking status, pack-years of

http://dx.doi.org/10.1016/j.jsams.2013.10.239
http://dx.doi.org/10.1016/j.jsams.2013.10.239
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Table  3
Hazard ratios of selected cancers for athletes compared with referents derived
from Cox regression analyses. The alternative models include smoking status
(no/ex/current), pack-years of smoking for current smokers, leisure-time physical
activity (LTPA as metabolic equivalent index, MET) and socioeconomic status (SES)
reported in 1985.

Cancer
variables in the model

Hazard ratio (95%
confidence interval)

All cancer sites
None 0.92 (0.79–1.07)
Smoking status 0.92 (0.80–1.20)
Smoking status + pack-years + LTPA 0.99 (0.81–1.21)
LTPA 0.93 (0.80–1.09)
Socioeconomic status 0.86 (0.73–1.01)
Socioeconomic status + smoking

status + pack-years + LTPA
0.97 (0.79–1.20)

Lung cancer
None 0.29 (0.18–0.48)
Smoking status 0.39 (0.24–0.64)
Smoking status + pack-years 0.61 (0.30–1.26)
Smoking status + pack-years + LTPA 0.59 (0.29–1.23)
LTPA 0.29 (0.18–0.47)
Socioeconomic status 0.38 (0.22–0.64)
Socioeconomic status + smoking

status + pack-years + LTPA
0.89 (0.42–1.90)

Other strongly smoking related cancersa

None 1.02 (0.65–1.59)
Smoking status 1.11 (0.71–1.75)
Smoking status + pack-years 0.99 (0.56–1.78)
Smoking status + pack-years + LTPA 1.00 (0.55–1.80)
LTPA 1.05 (0.67–1.65)
Socioeconomic status 0.86 (0.53–1.37)
Socioeconomic status + smoking

status + pack-years + LTPA
0.87 (0.47–1.60)

Colon cancer
None 0.70 (0.33–1.47)
Smoking status 0.78 (0.36–1.67)
Smoking status + pack-years 1.13 (0.43–2.99)
Smoking status + pack-years + LTPA 1.19 (0.45–3.18)
LTPA 0.44 (0.20–0.97)
Socioeconomic status 0.71 (0.32–1.57)
Socioeconomic status + smoking

status + pack-years + LTPA
1.17 (0.43–3.24)

Prostate cancer
None 1.03 (0.77–1.37)
Smoking status 0.95 (0.71–0.27)
Smoking status + pack-years 1.09 (0.75–1.58)
Smoking status + pack-years + LTPA 1.07 (0.74–1.56)
LTPA 0.91 (0.69–1.20)
Socioeconomic status 0.99 (0.73–1.35)
Socioeconomic status + smoking

status + pack-years + LTPA
1.12 (0.76–1.65)

Renal cancer
None 0.19 (0.04–0.96)
Smoking status 0.19 (0.04–0.97)
Smoking status + pack-years 0.13 (0.01–1.26)
Smoking status + pack-years + LTPA 0.12 (0.01–1.14)
LTPA 0.19 (0.04–0.96)
Socioeconomic status 0.23 (0.04–1.28)
Socioeconomic status + smoking

status + pack-years + LTPA
0.17 (0.02–1.80)

a Cancer types strongly related to tobacco smoking: larynx, oral cavity and tongue,
p

s
A
i

a
0
m
L
b
n

In this study a 30% non-significantly lower incidence of colon
harynx, oesophagus, pancreas, kidney and urinary bladder.

moking and LTPA in 1985 raised the HR to 0.99, 95%CI 0.81–1.21.
fter adjustment for socio-economic status (SES) the HR for cancer

ncidence was 0.86 (95%CI 0.73–1.01).
Compared to referents athletes had less lung cancer even

fter the result was adjusted for smoking status (HR 0.39, 95%CI
.24–0.64), but this was strongly attenuated after further adjust-
ent with pack-years (HR 0.61, 95%CI 0.30–1.26) (Table 3).
ung cancer was the only cancer that remained significant
etween athletes and referents after adjustment for socioeco-
omic status (SES) alone (HR 0.38, 95%CI 0.22–0.64), but when
edicine in Sport 17 (2014) 479–484

adjusted also for smoking status, pack-years and SES, the differ-
ence disappeared (HR = 0.97, 95% CI 0.79–1.20). Other strongly
smoking-related cancers showed HRs of about 1.0 for athletes, irre-
spective of the presence or absence of smoking variables in the
model.

The hazard ratio for colon cancer of athletes in comparison to
the referents was 0.70 (95%CI 0.33–1.47) in the crude model and
was attenuated in the models including smoking variables. When
the result was  adjusted for LTPA, the protective effect was  statisti-
cally significant (HR 0.44, 95%CI 0.20–0.97), but not significant in a
model, which included also smoking (HR 1.19, 95% CI 0.45–3.18).
Hazard ratios for prostate cancer for athletes were close to 1.0 in
all models (Table 3). Adding other variables to the models did not
change the results significantly.

There were only four cases of renal cancer among athletes vs.
17.7 expected. The risk factors for renal cancer include smok-
ing, obesity and possibly hypertension20 and/or hypertensive
medication20. Despite the small number of cases (8) Cox regression
analyses for renal cancer yielded some significant results. When
adjusted for LTPA the HR was 0.19 (0.04–0.96) and when smoking
was added to the model the HR stayed the same: 0.19 (0.04–0.97).
Adding other variables (amount of smoking in pack-years, socio-
economic status) yielded even lower HRs but the results lost their
statistical significance. Hence the cofactors seem not to give satis-
factory explanation for such an extremely low incidence of renal
cancer among athletes.

In addition to the results presented in Table 3, Cox regres-
sion analyses were made with SES, smoking status, pack-years,
LTPA and alcohol use, but these analysis did not have any sig-
nificant effect on the presented results. BMI  was  not included in
the analyses due to the fact that BMI  for athletes is elevated due
to muscular build instead of body fat and does not necessarily
reflect the same risks attributed to fat mass as it does in general
population.21

4. Discussion

We  observed a lower overall cancer incidence in athletes than in
the general population or among the men  in the reference cohort.
It has also been seen in other studies that aerobic exercise protects
from many cancers1 possibly due to hormonal changes,22 body-
fat alterations22 or shorter intestinal transit time.23 In our study
exceptionally low overall cancer incidence rates were observed
among athletes with aerobic exercise, i.e., middle-distance and
long-distance runners, but not in cross-country skiers. The SIRs
were 0.51 (95%CI 0.22–1.01), 0.57 (95% CI 0.35–0.86), and 0.84,
(95%CI 0.54–1.23), respectively. Nearly all the decrease in overall
cancer incidence among the athletes is due to low incidence of lung
cancer. The difference between observed and expected number of
cases was  about 58 cases overall, of which 50 was due to lung cancer
alone. The incidence of renal cancer in athletes was also markedly
lower than expected.

The incidence for lung cancer among athletes was less than half
of that of both the general population and the referents. The hazard
ratio rose to 0.89 (95%CI 0.42–1.90) and lost statistical significance
when the amount smoked (in pack-years), LTPA and socioeconomic
status were added in the model. These findings are in line with the
information that the prevalence of smokers among athletes was
lower than among the referents and that athlete smokers smoked
less than referents who  smoked. Our findings are in line with a
recently published meta-analysis.24 A similar pattern was observed
for other tobacco-related cancers.
cancer was detected among the athletes when compared to their
referents, and the difference totally disappeared after adjustment
for covariates. It may  be that intense physical activity as young
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based cancer registry. Experience in Finland. Acta Oncol 1994; 33:365–369.

18. IARC. Tobacco Smoke and Involuntary Smoking IARC Monographs on the Evaluation
of  Carcinogenic Risks to Humans, 2002. p. 83.
J. Sormunen et al. / Journal of Science

dults is not the period yielding the most protection, but phys-
cal activity would need to be continued later in life (which is
onsistent with the low risk observed when adjusted only for
ater leisure-time physical activity). The small number of cases in
he cohort population limits the possibilities for more extensive
nalyses.

The athletes and referents had exactly same prostate cancer inci-
ence, when the result was adjusted for socio-economic status.

 part of prostate cancer incidence in the Nordic countries (with
he exception of Denmark) since the 1990s may  be related to fre-
uency of PSA-testing25 but other factors cannot be excluded. A
ecent meta-analysis suggests that physical activity is associated
ith a 10% reduced risk of prostate cancer, but the risk is lower for

ccupational physical activity (relative risk 0.81) than for leisure-
ime physical activity (0.95, 95%CI 0.89–1.00). Our estimate is fully
ompatible with the meta-analysis.26

While none of the invasive cancer types showed elevated risk
mong the athletes, we observed a borderline non-significant 18%
xcess incidence of basal cell cancer of skin. The risk for other
on-melanoma skin cancer was also elevated, but this excess
as not statistically significant. Skin melanoma was less com-
on  in the athletes than in the average population or among the

eferents. The risk of non-melanoma skin cancer is elevated in pro-
essions that include exposure to ultraviolet light (work outdoors,
.g. farmers),25,27 while outdoor workers tend to have low risk of
kin melanoma.25 Many athletes exercise and compete outdoors
uring their athletic careers and which might explain the similar-

ty of their skin cancer risk pattern with that of Finnish outdoor
orkers.25 It has also been observed before that physical exercise
oes not protect from non-melanoma skin cancer.28 Finally, very
igorous exercise may  induce immunosuppression, which is known
o increase the risk of non-melanoma skin cancers.29

This study gives a realistic picture of cancer pattern of ath-
etes. The cohort was comprehensively identified from a variety of
ources and the Finnish registries, which enable accurate record
inkage and complete long-term follow-up for the cancer inci-
ence of this cohort, with no losses to follow-up. Unfortunately
ot enough women could be identified as elite athletes during the

nclusion period of the present cohort and hence no results can be
iven on elite athlete status and cancer in women. The last ath-
etes in the cohort were included before the increase in use of
erformance-enhancing doping agents, so these agents are unlikely
o have marked effect on the results that we have seen.

The athletes of this cohort differ from the general population by
he level of their physical activity and some other health habits:
hey smoke less and they are less obese than their referents.30

his could be analysed in an unbiased way as the former athletes
esponded well to the 1985 questionnaire. About 60% of former elite
thletes continued an active and sports-oriented lifestyle through-
ut their adulthood, while only less than 20% of their age-matched
ontrols did so.14 Physically active lifestyle is often combined with
ther features of a healthy lifestyle such as healthy diet and non-
moking.13

The referent population was recruited from “A1-classified” men
t military service. Although these men  were rated as completely
ealthy in age 20, their cancer incidence rates later in life did not
iffer from the rates of the entire population. Hence the reference
ohort appears to represent quite well the general population and
s an acceptable reference for the analyses of cancer in former elite
thletes.

Our main conclusion is that former elite athlete status has –
specially among endurance athletes – modified the life-long pat-

ern of risk factors of cancer to generally positive direction. Former
thletes have continued their physically active lifestyle, healthy
iet and low smoking. This lifestyle has given them protection
gainst several types of cancers up to their old ages.

1

2
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5. Conclusions

Former male elite athletes evidently have less cancer than men
on the average. Much of the lesser risk is due to the lifestyle factors,
notably less frequent smoking among the athletes.

6. Practical implications

- Athletes have fewer cancers than general population. The inci-
dence is lowest among those engaged in endurance sports.

- Especially notable is the difference in lung and renal cancer.
- Most, if not all, of this is due to healthy lifestyle, especially less

frequent smoking.
- The healthy lifestyle may  also be a consequence of the training

and other requirements for being an elite athletes, hence making
it difficult to attribute causal effects based on this data alone.
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Appendix Table (for online publishing only): Observed (Obs) and expected (Exp) numbers of cancer cases, and standardised
incidence ratios (SIR) with 95% confidence intervals (CI) for cancers with ≥5 expected cases in any group of athletes by type of
sports.

Cancer/site

Short distance
running/hurdles/deca
thlon

Jumps Middle distance
running

Long distance
running

Cross-country
skiing

Obs Ex
p

SIR (95%
CI)

Ob
s Exp SIR (95%

CI) Obs Ex
p

SIR (95%
CI)

O
bs

Ex
p

SIR (95%
CI)

O
bs

Ex
p

SIR (95%
CI)

All sites 51 51.
8

0.98 (0.73-
1.29) 20 33.2 0.60 (0.37-

0.92)* 8 15.
6

0.51 (0.22-
1.01) 21 37.

0
0.57 (0.35-
0.86)** 25 29.

8
0.84 (0.54-
1.23)

Smoking. strong
association1 10 8.3 1.21 (0.58-

2.22) 3  5.3 0.57 (0.12-
1.65) 0  2.5 0.00 (0.00-

1.49) 4  5.8 0.69 (0.19-
1.76) 3 4.7 0.64 (0.13-

1.88)

   Lung 7 8.8 0.80 (0.32-
1.63) 1  5.6 0.18 (0.00-

0.99)* 1  2.6 0.38 (0.01-
2.10) 0  6.1 0.00 (0.00-

0.60)** 1 5.1 0.19 (0.00-
1.08)

   Pancreas 2 1.8 1.12 (0.14-
4.03) 2  1.2 1.73 (0.21-

6.25) 0  0.5 0.00 (0.00-
6.90) 0  1.3 0.00 (0.00-

2.88) 1 1.0 0.98 (0.02-
5.45)

   Kidney 0 1.9 0.00 (0.00 -
1.99) 0  1.2 0.00 (0.00-

3.13) 0  0.6 0.00 (0.00-
6.57) 0  1.2 0.00 (0.00-

2.96) 0 1.0 0.00 (0.00-
3.79)

   Bladder. ureter.
urethra 7 3.0 2.31 (0.93-

4.76) 1  2.0 0.51 (0.01-
2.85) 0  0.9 0.00 (0.00-

4.14) 2  2.2 0.90 (0.11-
3.24) 2 1.9 1.08 (0.13-

3.91)
Smoking. weak
association2 2 4.8 0.42 (0.05-

1.51) 0  3.1 0.00 (0.00-
1.18) 3  1.4 2.09 (0.43-

6.11) 1  3.5 0.29 (0.01-
1.59) 3 2.9 1.04 (0.21-

3.03)

   Stomach 2 2.4 0.84 (0.10-
3.04) 0  1.6 0.00 (0.00-

2.34) 2  0.7 2.80 (0.34-
10.1) 0  1.8 0.00 (0.00-

2.09) 1 1.5 0.68 (0.02-
3.80)

   Leukemia 0 1.1 0.00 (0.00-
3.43) 0  0.7 0.00 (0.00-

5.27) 1  0.3 3.07 (0.08-
17.1) 1  0.8 1.26 (0.03-

7.03) 2 0.6 3.11 (0.38-
11.21)

Alcohol dependant3 1 2.4 0.42 (0.01-
2.33) 0  1.5 0.00 (0.00-

2.41) 0  0.7 0.00 (0.00-
5.08) 2  1.6 1.23 (0.15-

4.44) 0 1.3 0.00 (0.00-
2.89)

Colon 1 3.3 0.30 (0.01-
1.67) 3 2.1 1.41 (0.29-

4.11) 0 1.0 0.00 (0.00-
3.58) 2 2.4 0.85 (0.10-

3.06) 0 1.8 0.00 (0.00-
2.03)

Rectum. anus 2 2.1 0.96 (0.12-
3.46) 1  1.3 0.74 (0.02-

4.15) 0  0.6 0.00 (0.00-
5.85) 0  1.5 0.00 (0.00-

2.50) 2 1.2 1.70 (0.21-
6.14)

Prostate 16 15.
3

1.04 (0.60-
1.69) 5  9.8 0.51 (0.17-

1.19) 3  4.6 0.65 (0.13-
1.89) 12 11.

0
1.09 (0.56-
1.90) 11 8.8 1.25 (0.61-

2.23)
Non-Hodgkin
lymphoma 2 1.7 1.17 (0.14-

4.21) 0  1.1 0.00 (0.00-
3.38) 0  0.5 0.00 (0.00-

7.10) 0  1.2 0.00 (0.00-
3.14) 1 0.9 1.10 (0.03-

6.12)

Myeloma 0 0.7 0.00 (0.00-
5.56) 1  0.4 2.32 (0.06-

12.9) 1  0.2 4.98 (0.13-
27.8) 1  0.5 2.06 (0.05 –

11.5) 1 0.4 2.55 (0.06-
14.2)

Skin melanoma 2 1.2 1.74 (0.21- 1  0.7 1.37 (0.03- 0  0.4 0.00 (0.00- 1  0.8 1.33 (0.03- 0 0.6 0.00 (0.00-



6.30) 7.63) 10.6) 7.42) 6.65)
Skin. non-
melanoma 4 1.9 2.06 (0.56-

5.28) 0  1.3 0.00 (0.00-
2.93) 0  0.6 0.00 (0.00-

6.71) 1  1.6 0.64 (0.02-
3.57) 2 1.3 1.58 (0.19-

5.69)
Basal cell
carcinoma of the
skin4 20 10.

2
1.97 (1.20-
3.03)** 9 6.5 1.38 (0.63-

2.61) 4 3.0 1.33 (0.36-
3.41) 8 7.3 1.09 (0.47-

2.15) 6 5.9 1.02 (0.38-
2.22)

Cancer/site
Ice hockey Football Basketball Throws Wrestling

Obs Ex
p

SIR (95%
CI)

Ob
s Exp SIR (95%

CI) Obs Ex
p

SIR (95%
CI)

O
bs

Ex
p

SIR (95%
CI)

O
bs

Ex
p

SIR (95%
CI)

Total cancer 35 32.
2

1.09 (0.76-
1.51) 50 45.

7
1.09 (0.81-
1.44) 14 15.

3
0.92 (0.50-
1.53) 24 27.

7
0.87 (0.55-
1.28) 44 43.

4
1.02 (0.74-
1.36)

Smoking. strong
association1 4  5.2 0.77 (0.21-

1.96) 11 7.3 1.50 (0.75-
2.69) 3  2.5 1.21 (0.25-

3.52) 1  4.5 0.22 (0.01-
1.25) 7  6.9 1.01 (0.41-

2.09)

   Lung 7  5.3 1.31 (0.53-
2.70) 2  7.8 0.26 (0.03-

0.92)* 1  2.6 0.39 (0.01-
2.15) 1  4.7 0.21 (0.01-

1.18) 2  7.4 0.27 (0.03-
0.98)*

   Pancreas 0  1.1 0.00 (0.00-
3.27) 2  1.6 1.27 (0.15-

4.59) 1  0.5 1.90 (0.05-
10.6) 0  1.0 0.00 (0.00-

3.82) 4  1.5 2.66 (0.72-
6.80)

   Kidney 0  1.2 0.00 (0.00-
3.03) 0  1.7 0.00 (0.00-

2.18) 0  0.6 0.00 (0.00-
5.94) 0  1.0 0.00 (0.00-

3.62) 0  1.5 0.00 (0.00-
2.39)

   Bladder. ureter.
urethra 2  1.8 1.12 (0.14-

4.03) 6  2.6 2.32 (0.85-
5.04) 1  0.8 1.27 (0.03-

7.08) 1  1.6 0.63 (0.02-
3.50) 3  2.5 1.19 (0.25-

3.47)
Smoking. weak
association2 0  2.9 0.00 (0.00-

1.28) 3  4.1 0.73 (0.15-
2.13) 0  1.3 0.00 (0.00-

2.88) 3  2.6 1.18 (0.24-
3.44) 3  4.0 0.74 (0.15-

2.17)

   Stomach 0  1.4 0.00 (0.00-
2.61) 2  2.0 0.99 (0.12-

3.56) 0  0.6 0.00 (0.00-
6.03) 0  1.3 0.00 (0.00-

2.89) 1  2.0 0.50 (0.01-
2.77)

   Leukemia 0  0.7 0.00 (0.00-
5.58) 1  0.9 1.08 (0.03-

5.99) 0  0.3 0.00 (0.00-
12.4) 1  0.6 1.75 (0.04-

9.73) 1  0.9 1.10 (0.03-
6.11)

Alcohol dependant3 3  1.6 1.91 (0.39-
5.59) 3  2.2 1.39 (0.29-

4.04) 1  0.8 1.27 (0.03-
7.10) 1  1.3 0.77 (0.02-

4.27) 2  2.0 1.00 (0.12-
3.61)

Colon 3  1.7 1.79 (0.37-
5.23) 3  2.4 1.26 (0.26-

3.69) 1  0.8 1.27 (0.03-
7.07) 0  1.5 0.00 (0.00-

2.54) 6  2.3 2.64 (0.97-
5.74)

Rectum. anus 2  1.3 1.51 (0.18- 0  1.9 0.00 (0.00 0  0.6 0.00 (0.00- 0  1.1 0.00 (0.00- 2  1.8 1.14 (0.14-



5.46) 1.98) 5.81) 3.26) 4.13)

Prostate 14  9.5 1.47 (0.80-
2.46) 18 13.

5
1.33 (0.79-
2.10) 4  4.6 0.88 (0.24-

2.25) 12 8.2 1.47 (0.76-
2.56) 14 12.

8
1.10 (0.60-
1.83)

Non-Hodgkin
lymphoma 0  1.1 0.00 (0.00-

3.28) 4  1.6 2.58 (0.70-
6.59) 1  0.6 1.77 (0.04-

9.83) 1  0.9 1.07 (0.03-
5.98) 4  1.4 2.81 (0.77-

7.19)

Myeloma 0  0.4 0.00 (0.00-
9.07) 0  0.6 0.00 (0.00-

6.38) 1  0.2 5.33 (0.13-
29.7) 0  0.4 0.00 (0.00-

10.4) 0  0.6 0.00 (0.00-
6.61)

Skin melanoma 1  0.8 1.25 (0.03-
6.97) 0  1.1 0.00 (0.00-

3.46) 0  0.4 0.00 (0.00-
8.83) 0  0.6 0.00 (0.00-

5.80) 1  1.0 1.06 (0.03-
5.87)

Skin. non-
melanoma 1  1.1 0.91 (0.02-

5.08) 2  1.5 1.30 (0.16-
4.68) 0  0.4 0.00 (0.00-

9.08) 1  1.0 1.02 (0.03-
5.68) 3  1.6 1.83 (0.38-

5.34)
Basal cell
carcinoma of the
skin4

9  6.3 1.43 (0.65-
2.70) 12 8.9 1.35 (0.70-

2.36) 4  2.9 1.37 (0.37-
3.50) 9  5.4 1.67 (0.76-

3.16) 4  8.5 0.47 (0.13-
1.20)

Cancer/site
Weight lifting Boxing Shooting

Ob
s Exp SIR (95%

CI)
Ob
s Exp SIR (95%

CI) Obs Ex
p

SIR (95%
CI)

Total cancer 19  22.4 0.85 (0.51-
1.32) 32  38.0 0.84 (0.58-

1.18) 29 30.
6

0.95 (0.64-
1.36)

Smoking. strong
association1 8  3.6 2.24 (0.97-

4.40) 6  6.1 0.98 (0.36-
2.13) 2 4.8 0.42 (0.05-

1.50)

   Lung 2  4.0 0.50 (0.06-
1.81) 3  6.6 0.46 (0.09-

1.33) 2 5.0 0.40 (0.05-
1.44)

   Pancreas 1  0.8 1.30 (0.03-
7.26) 1  1.3 0.75 (0.02-

4.20) 0 1.1 0.00 (0.00-
3.46)

   Kidney 2  0.8 2.49 (0.30-
8.97) 1  1.4 0.72 (0.02-

4.03) 0 1.0 0.00 (0.00-
3.72)

   Bladder. ureter.
urethra 4  1.3 3.00 (0.82-

7.68) 3  2.2 1.36 (0.28-
3.98) 2 1.9 1.06 (0.13-

3.82)
Smoking. weak
association2 2  2.1 0.96 (0.12-

3.47) 4  3.6 1.11 (0.30-
2.85) 2 3.1 0.66 (0.08-

2.37)

   Stomach 0  1.0 0.00 (0.00-
3.53) 3  1.8 1.65 (0.34-

4.83) 0 1.6 0.00 (0.00-
2.35)



	
1) Cancers included: larynx, oral cavity, tongue, pharynx, oesophagus, pancreas, kidney, renal pelvis, urinary bladder

2) Cancer sites included: lip, liver, stomach and leukaemia

3) Cancer sites included: larynx, oral cavity, tongue, pharynx, oesophagus, liver (all of them also related to smoking)

4) Basal cell carcinoma of the skin not included in “Total cancer” or “Skin, non-melanoma”

* p<0.05

** p<0.01

   Leukemia 2  0.5 4.33 (0.52-
15.6) 0  0.8 0.00 (0.00-

4.62) 1 0.7 1.47 (0.04-
8.20)

Alcohol dependant3 1  1.0 0.98 (0.02-
5.46) 2  1.3 0.76 (0.02-

4.21) 2 1.8 1.12 (0.14-
4.03)

Colon 0  1.2 0.00 (0.00-
3.14) 1  2.0 0.51 (0.01-

2.82) 1 1.6 0.62 (0.02-
3.43)

Rectum. anus 1  0.9 1.11 (0.03-
6.19) 2  1.6 1.29 (0.16-

4.64) 3 1.2 2.46 (0.51-
7.19)

Prostate 6  6.5 0.92 (0.34-
1.99) 10  11.0 0.91 (0.44-

1.67) 12  9.0 1.33 (0.69-
2.32)

Non-Hodgkin
lymphoma 0  0.7 0.00 (0.00-

5.04) 1  1.3 0.80 (0.02-
4.44) 0 0.9 0.00 (0.00-

3.92)

Myeloma 0  0.3 0.00 (0.00-
12.8) 0  0.5 0.00 (0.00-

7.48) 0 0.4 0.00 (0.00-
8.94)

Skin melanoma 0  0.5 0.00 (0.00-
7.75) 1  0.8 1.19 (0.03-

6.61) 0 0.6 0.00 (0.00-
6.32)

Skin. non-
melanoma 0  0.8 0.00 (0.00-

4.53) 3  1.3 2.25 (0.46-
6.56) 5 1.3 3.73 (1.21-

8.70)*
Basal cell
carcinoma of the
skin4

2  4.4 0.46 (0.06-
1.65) 14  7.3 1.91 (1.04-

3.20)* 8 6.0 1.34 (0.58-
2.63)
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A B S T R A C T

The evidence for a relationship between colon cancer incidence and physical activity is not fully
convincing, and the association between physical activity and rectal cancer is also unclear.
We studied the association between perceived physical workload (PPWL) at work and colorectal

cancer, stratified by subsite, in a nested case–control setting in the Nordic Occupational Cancer (NOCCA)
data from Finland, Iceland, Norway and Sweden. Five population controls were selected for each cancer
patient.
PPWL showed a bigger protective effect on colon cancer for males (odds ratio [OR] 0.74 in the highest

PPWL decile as compared with the lowest PPWL category, 95% confidence interval [95% CI]: 0.72–0.77)
than for females (OR 0.87, 95% CI: 0.81–0.95), with a significant trend for different levels of PPWL for both
males and females. In males, the OR of cancer in the descending colon for the highest PPWL decile of
males was 0.61 (95% CI: 0.54–0.69). For females the protective effect was most notable in the transversal
part of the colon (OR 0.83, 95% CI: 0.67–1.03). The OR for rectal cancer in the highest PPWL decile for
males was 0.87 (95% CI: 0.85–0.90) and for females 0.93 (95% CI: 0.83–1.04). Inclusion of further agents in
multivariate analyses did not alter the ORs for PPWL.
The incidence of colon cancer and, to a lesser extent, rectal cancer is lowest in professions with the

highest PPWL. The association is clearer in males than in females. The biggest protective effect appears to
be in the descending colon in males.

ã 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Globally colorectal cancers are among the most common
cancers. Their incidence is particularly high in the Western World
[1] and in the developed Asian countries [2]. The incidence has
increased in most countries over the past decades, possibly due to
lifestyle changes and changes in diet [3].
* Corresponding author at: Tampere University Hospital, Lahti Unit of Radiation
Therapy, Keskussairaalankatu 7, 15850 Lahti, Finland.

E-mail address: Jorma.Sormunen@gmail.com (J. Sormunen).

http://dx.doi.org/10.1016/j.canep.2016.07.001
1877-7821/ã 2016 Elsevier Ltd. All rights reserved.
Physical activity can be one of the key lifestyle factors that may
significantly reduce the risk of colon cancer. According to a meta-
analysis published in 2009 [4] both men and women benefit from
the protective effect of exercise. When comparing the most and the
least active individuals across all studies, the protective effect in
men seemed a bit more pronounced than in women (24% versus
21%). Physical activity also reduces the risk of rectal cancer, but the
effect is not as strong as that in colon cancer [5,6].

Reduced incidence of colon cancer has been reported in those
with professions that required continuous daily physical activity,
such as people involved in agricultural and related jobs, farmers,
fishermen and hunters [6,7]. In a Japanese study Isomura et al.
observed that the protective effect of physical activity was greatest

http://crossmark.crossref.org/dialog/?doi=10.1016/j.canep.2016.07.001&domain=pdf
mailto:Jorma.Sormunen@gmail.com
http://dx.doi.org/10.1016/j.canep.2016.07.001
http://dx.doi.org/10.1016/j.canep.2016.07.001
http://www.sciencedirect.com/science/journal/18777821
www.cancerepidemiology.net


Table 1
Annual Physical Workload for Probability (P) and Level (L) of being
exposed to physical workload in different professions (all profes-
sions with a value of P * L � 0.28) NOCCA Job Exposure Matrix.

Occupation P * L

Reinforced concrete layers, stonemasons etc. 0.69
Concrete shutterers and finishers 0.68
Rod layers 0.58
Labourers 0.56
Assisting construction workers, nec 0.54
Assisting building workers 0.51
Butchers and sausage makers 0.50
Farmers, silviculturists, horticulturists 0.45
Bath attendants etc. 0.43
Homehelps (municipal) 0.42
Building occupations, nec 0.40
Sheet metal workers 0.37
Bricklayers, plasterers and tile setters 0.36
Forestry workers and lumberjacks 0.34
Charworkers 0.31
Fur farm workers 0.31
Headwaiters, restaurant waiters 0.28
Metal smelting furnacemen 0.28
Insulation workers 0.28
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in the distal part of colon, especially in women [8]. Nilsen et al.
detected a hazard ratio (HR) of 0.44 (95% CI: 0.25–0.78) for cancer
in the transverse colon, comparing people who reported high
versus no leisure-time physical activity [9]. For cancer in the
sigmoid colon the HR was 0.48 (95% CI: 0.31–0.75).

The aim of the current study is to confirm that there is a
protective effect related to physical activity at work, and that this
effect is stronger in men than in women. We also assess the
variation of this effect between colon and rectum, and between
subsites of the colon.

2. Materials and methods

This study employed a case–control design nested in the Nordic
Occupational Cancer Study (NOCCA) cohort. The NOCCA study
cohort consists of 14.9 million people from Nordic countries
(Finland, Iceland, Norway, Denmark, and Sweden) who participat-
ed in population censuses in 1960, 1970, 1980/1981, and/or 1990. A
detailed description of the NOCCA cohort has been given by
Pukkala et al. [10]. Because we did not have access to the individual
records of the Danish part of the cohort, their data were not
included. Occupational information was obtained from digital
census records from 1960 and later censuses in Sweden and
Norway, and from 1970 and later censuses in Finland. In Iceland,
the only computerized census records available were from a
1981 census [10].

Unique personal identity codes for all residents were first
introduced in Sweden in 1947, last in Denmark in 1968, and in
other countries between these time points. Personal identity codes
were used for linking the census records with the data from cancer
registries and national population registries for information on
cancer, death, and emigration [10].

The cancer registries in all Nordic countries collect information
on almost 100% of cancer cases diagnosed in each country [11]. We
have no reason to expect that there would have been occupation-
related selection in the missing cancer cases. The cancer cases have
been collected in all participating Nordic countries since the 1950s.

For this study, all incident colon and rectal cancer cases
diagnosed between the first available census and 2005 were
extracted from the NOCCA cohort. Five controls for each cancer
case were randomly selected among persons who were alive and
free from colon and rectal cancer on the date of diagnosis of the
case (hereafter the ‘index date’ of the case–control set). Cases and
controls were matched for the year of birth, sex, and country.
Individuals with a minimum age of 20 years at the index date, and
having occupational information from at least one census record
before the index date, were included in the present study.

For each case and control, the exposure to occupational factors
was estimated on the basis of conversions of occupational codes to
quantitative amounts of exposure with the NOCCA job exposure
matrix (JEM). It is used for defining the specific occupational
exposures to different, potentially harmful or beneficial, workplace
conditions, e.g., exposure to different chemicals or the physical
stress of the work [12].

The exposure is characterized by probability of being exposed,
P, and the average exposure level among the exposed persons, L
(e.g. mg/m3). The physical activity at work was expressed as
(estimate of) ‘perceived physical workload’ (PPWL), and it was
based on physical workload as reported in national interview
surveys. The unit of exposure was defined as a score among those
workers reporting heavy or rather heavy physical work in a
national interview survey, which was conducted in 1990 as a part
of the national ‘Quality of Work Life Survey’ in Finland [13]. When
most workers in an occupational category report very heavy
workload in their profession, the value approaches one. If most
respondents report only fairly heavy work, the value approaches
zero. If <10% persons in the occupation report heavy or rather
heavy physical work, the PPWL was set to zero (‘unexposed’).

We quantified the cumulative exposure to PPWL for all cases
and controls. Physical workload of all individuals was calculated by
using the time (T) between the age of 20 (typical age to start
working in non-academic occupations) and the age of 65 (typical
retirement age) or index date as a multiplier for the P * L exposure
of the profession of the individual (Table 1). After this, the
individuals (cases and controls) with PPWL above the baseline
level, which was defined as P * L * T being zero, were divided into
low (lowest 50% of the non-zero P * L * T; <4.28 PPWL years),
moderate (between 50 and 90%; 4.28–17.2 PPWL years) and high
(highest 10%; >17.2 PPWL years) categories. If there were different
occupational codes in census records for an individual, he/she was
assumed to have changed occupations in the middle of the period
between known census years.

The following agents have in some studies been found to be
related to either colon or rectal cancer: aromatic hydrocarbon
solvents (benzene, and cyclic hydrocarbon solvents) [14], wood
dust [15], diesel engine exhaust [15], ionizing radiation [16],
chromium [17], formaldehyde [18]; all of these were considered as
potential confounders in the analysis. The NOCCA JEM-based
exposure categories were defined for these factors using a
procedure similar to that described above for PPWL.

We estimated hazard ratios and 95% confidence intervals for
each exposure by conditional logistic regression. Individuals with
baseline PPWL (or no exposure for the co-exposures) were used as
the reference group.

Variable selection for the final main-effect models was based-
on the ‘purposeful covariate selection’ procedure [19]. We used
univariate analyses to assess which agents were associated with
colorectal cancer risk, and considered such agents as potential
confounders. Variable selection suggested that co-exposures to
benzene, formaldehyde, ionizing radiation, wood dust, chlorinated
hydrocarbon solvents and chromium (in addition to PPWL) could
be of interest as they can have a moderate effect on the incidence of
colorectal cancers. A correlation check was then done between
these cofactors: benzene was highly correlated with chlorinated
hydrocarbon solvents and chromium, and therefore these cofactors
were not used for same model. The resulting models were (1)
PPWL + benzene + formaldehyde + ionizing radiation and wood
dust and (2) PPWL + chlorinated hydrocarbon solvents + chromi-
um + formaldehyde + ionizing radiation and wood dust.
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Analyses were made for different subsites of cancers of the
colon (ascending, transversal, descending, unknown) as well as for
the cancers of the rectum for all and then separately for both
genders.

3. Results

Altogether 85,037 male colon cancer cases and 425,185 controls,
and 60,019 rectal cancer cases and 300,095 controls were
identified during the study period. The respective numbers for
females for colon cancer were 96,672 and 483,360, and for rectal
cancer 49,208 cases and 246,040 controls.

We observed a statistically significantly decreased risk and an
inverse dose–response relationship (P-values for trends are
presented in Table 2) for the exposure of PPWL and cancers of
colon and rectum for males and females combined (Table 2). The
lowest risk estimate for colon cancer was observed for cumulative
PPWL levels above the 90th percentile of exposed persons (OR
0.78, 95% CI: 0.76–0.79). For the subsite analysis of colon cancer we
observed the lowest risk for cancer of the descending colon (OR
0.66, 95% CI: 0.59–0.75). Reduced risks were also observed for high
PPWL categories for ascending colon (OR 0.80, 95% CI: 0.77–0.84)
and transversal colon (OR 0.78, 95% CI: 0.73–0.84). The risk
Table 2
Odds ratios (OR) and 95% confidence intervals (95% CI) for perceived physical
workload (PPWL) and colorectal cancer. PPWL is categorized based on 50th and
90th percentile of cumulative exposure distribution among exposed colorectal
cancer cases and controls.

Cancer location Number of individuals OR 95% CI

PPWL level Case Control

Ascending colon
None 29857 143861 1.00 Reference
Low 17726 88084 0.97 0.94�0.99
Moderate 13276 69896 0.90 0.88�0.92
High 3008 17494 0.80 0.77�0.84

p-trend <0.01

Transversal colon
None 12236 58083 1.00 Reference
Low 7407 37635 0.93 0.89�0.96
Moderate 5758 30190 0.89 0.86�0.92
High 1280 7497 0.78 0.73�0.84

p-trend <0.01

Descending colon
None 4192 19253 1.00 Reference
Low 2490 12490 0.91 0.86�0.96
Moderate 1789 10007 0.79 0.75�0.85
High 392 2565 0.66 0.59�0.75

p-trend <0.01

Other colon sites
None 37484 178037 1.00 Reference
Low 23283 114519 0.96 0.94�0.98
Moderate 17432 94544 0.86 0.84�0.88
High 4099 24390 0.77 0.74�0.79

p-trend <0.01

All colon
None 83769 399234 1.00 Reference
Low 50906 252728 0.95 0.94�0.97
Moderate 38255 204637 0.87 0.86�0.89
High 8779 51946 0.78 0.76�0.79

p-trend <0.01

Rectum
None 46239 226529 1.00 Reference
Low 30497 152060 0.98 0.97�0.99
Moderate 25894 131126 0.96 0.94�0.98
High 6597 36420 0.87 0.85�0.89

p-trend <0.01
reduction for rectal cancer was less pronounced (OR 0.87, 95% CI:
0.85–0.89) than for colon cancer.

The OR for the highest PPWL level for cancer of the ascending
part of the colon was 0.76 in males (95% CI: 0.73–0.80) and 0.90 in
females (95% CI 0.79–1.03). For the transverse part of colon the OR
for males was 0.76 (95% CI 0.71–0.82) and that for females was 0.83
(95% CI 0.67–1.03). The most pronounced difference in the findings
between male and female populations for the risk of cancer of the
descending colon were: OR for males 0.61 (95% CI 0.54–0.69) and
OR for females 0.99 (95% CI 0.69–1.40). Detailed results are
presented in Table 3.

Inclusion of the occupational co-exposures did not change the
results.

4. Discussion

Our study shows that the incidence of colorectal cancer
decreases along with increasing PPWL, more so in males than in
females. The trend of risk reduction along with increasing PPWL
was significant in all groups and in all subsites of the colon as well
as in the rectum. The biggest protective effect was noticed in the
distal part of the colon in males. The protective effect was less
pronounced in females in all subsites.

When interpreting our results, one potential limitation of the
present study is exposure misclassification, which may arise from
two sources. First, the generic JEM does not take into account the
individual variety of exposure levels within an occupational
category.

The incomplete data on work history is another factor possibly
contributing to exposure misclassification. People’s work histories
were based on census records that are merely snapshots of jobs
held in the year before the time of the census. The data did not
provide accurate information on changes of the job or tasks during
the entire career. The census information was known from years
1960–1990, and the oldest persons might have started their work
life more than 40 years before the first known census occupation. If
the person is still at rather an old age in a physically demanding
job, it is unlikely that he/she would have been at the beginning of
his/her career in a physically less demanding job than later in life,
while the change to a physically less demanding job in older ages is
more common. Therefore it is likely that the persons classified to
the highest PPWL category truly belong in that category, but there
may be persons on the no-PPWL category with PPWL exposure.
This misclassification would bias the OR values towards unity and
lead to slightly too low an estimate of the protective effect in our
study.

We could not control for diet, smoking, alcohol usage, body
mass index, adiposity or genetic factors that have been linked to
cancers of colorectal cancer [20,21]. In a meta-analysis [22]
investigators were able to establish a connection between smoking
and colorectal cancer. Relative risk for smoking in rectal cancer
seemed to be higher than the risk in colon cancer. The investigators
detected a dose–response relationship, and the relative risk for
incidence in the high exposure group was up to 1.5 for those with
an exposure of �60 pack-years of cigarette smoking. For our study
this issue might be a confounding factor as we are aware that
smoking is more frequent in people of lower socioeconomic class
[23]. Those in lower socioeconomic classes work in professions
that are physically more demanding [24], which protects from
colon cancer. For some of the professions in our highest decile of
PPWL we noticed an increased risk ratio for lung cancer (highest in
male waiters RR 1.90, 95% CI: 1.75–2.05) and a decreased risk ratio
for some (lowest in female farmers, RR 0.46, 95% CI: 0.44–0.49).
This big variability shows that this should not be expected to be a
confounding effect in this study.



Table 3
Odds ratios (OR) and 95% confidence intervals (95% CI) for PPWL and colorectal cancer for men and women separately. Cumulative PPWL is categorized based on 50th and
90th percentile of cumulative exposure distribution among exposed colorectal cancer cases and controls.

Cancer location Males Females

PPWL level Cases Controls OR 95% CI Cases Controls OR 95% CI

Ascending colon
None 9579 43158 100 Reference 20278 100703 1.00 Reference
Low 7195 35333 0.92 0.89�0.95 10531 52751 0.99 0.96�1.02
Moderate 8204 44077 0.84 0.81�0.86 5072 25819 0.97 0.94�1.01
High 2743 16037 0.76 0.73�0.80 265 1457 0.90 0.79�1.03

p-trend <0.01 p-trend 0.06

Transversal colon
None 4280 19309 1.00 Reference 7956 38774 1.00 Reference
Low 3367 16587 0.92 0.87�0.97 4040 21048 0.93 0.89�0.97
Moderate 3726 19958 0.84 0.80�0.88 2032 10232 0.96 0.91�1.02
High 1183 6926 0.76 0.71�0.82 97 571 0.83 0.67�1.03

p-trend <0.01 p-trend 0.01

Descending colon
None 1615 6751 1.00 Reference 2577 12502 1.00 Reference
Low 1185 5790 0.86 0.79�0.94 1305 6700 0.94 0.87�1.01
Moderate 1204 6872 0.73 0.67�0.79 585 3135 0.89 0.81�0.99
High 354 2377 0.61 0.54�0.69 38 188 0.99 0.69�1.40

p-trend <0.01 p-trend 0.03

Other colon sites
None 14147 63123 1.00 Reference 23337 114914 1.00 Reference
Low 10683 51523 0.93 0.90�0.96 12600 62996 0.98 0.96�1.01
Moderate 11752 64582 0.81 0.79�0.83 5680 29962 0.93 0.90�0.96
High 3820 22782 0.74 0.71�0.77 279 1608 0.85 0.75�0.97

p-trend <0.01 p-trend <0.01

All colon
None 29621 132341 1.00 Reference 54148 266893 1.00 Reference
Low 22430 109233 0.92 0.90�0.94 28476 143495 0.98 0.96�0.99
Moderate 24886 135489 0.82 0.80�0.83 13369 69148 0.95 0.93�0.97
High 8100 48122 0.74 0.72�0.77 679 3824 0.87 0.81�0.95

p-trend <0.01 p-trend <0.01

Rectum
None 19350 94187 1.00 Reference 26889 132342 1.00 Reference
Low 15830 76694 1.01 0.99�1.03 14667 75366 0.95 0.93�0.98
Moderate 18611 94765 0.96 0.94�0.98 7283 36361 0.98 0.96�1.01
High 6228 34449 0.87 0.85�0.90 369 1971 0.93 0.83�1.04

p-trend <0.01 p-trend 0.01
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Overweight and obesity are definite factors that increase the
incidence of colorectal cancers [25]. People in lower socioeco-
nomic classes are also more obese/overweight [26], and this could
increase the incidence of CRC. Even if we couldn’t take BMI into
account in our study, we were able to look at socioeconomic class.
In our highest PPWL decile many of the professions belong to the
lower socioeconomic groups, and thus overweight/obesity can be
expected to be more common than in the lower PPWL exposure
groups. Therefore, the protective effect seen in the highest PPWL
category would be even stronger than that seen in our results, if we
were able to control for BMI.

We were also unable to control for the leisure-time physical
activity of the subjects. It can be assumed that the physical activity
at work and leisure time would have similar, but weaker, effects for
the incidence of colorectal cancer. This has been the finding of a
few other studies that have looked at physical activity at work and
leisure time [27]. Thus the effect of leisure-time physical activity
could possibly decrease the incidence rates.

According to our results physical activity is in a significant
inverse dose–response relationship with the incidence of colorec-
tal cancer. There is more effect on the incidence of colon cancer in
the distal part (descending) of the colon than in the proximal (or
ascending) part of colon in the male population, but not in the
female population. Isomura et al. [8] noticed a similar finding in
colon cancer subsites among men, but a completely different result
for the females: the study suggested a bigger protective effect for
females, especially in the distal part (in our study: descending part)
of colon.

In our study the number of colon cancer cases in the descending
part of the colon for females was quite small: only 38 for the
highest decile of PPWL. Despite the small number of cancer cases in
women, the 95% CI of the OR (0.69–1.40) does not overlap with that
calculated for men (0.54–0.69). A Norwegian study [28] found a
stronger preventive effect for self-reported physical activity in
males in the proximal part than in the distal part of colon. They
noticed that the range of self-reported physical activity was greater
in males than in females. In our study there were also only a few
females in the highest decile of PPWL.

Our study confirms the inverse association between physical
activity and the incidence of colorectal cancer. Our observations
support previous study findings that the strength of the association
between PPWL and colon cancer differs by subsite; this calls for
further research into the reasons behind this phenomenon.
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Abstract		
	
The	evidence	that	prostate	cancer	is	associated	to	physical	inactivity	is	inconsistent.	
	
We	studied	the	association	of	perceived	physical	workload	(PPWL)	at	work	and	incidence	of	
prostate	cancer	in	a	case-control	setting.	We	used	data	from	the	Nordic	Occupational	Cancer	
study	from	Finland	and	Sweden.	Five	population	controls	were	selected	for	each	prostate	
cancer	patient,	matched	on	age	and	country.	We	had	239,835	cases	and	1,199,175	controls	in	
our	study.		
	
For	each	case	and	control	we	estimated	cumulative	PPWL	based	on	probability,	level	and	
duration	of	PPWL	using	the	NOCCA	Job	Exposure	Matrix.		
	
We	then	stratified	individuals	as	having	no	exposure	(reference	category),	low	physical	
activity	(below	50th	percentile	of	the	exposed),	moderate	exposure	(50th-90th	percentile)	and	
high	exposure	(90th	percentile	and	higher).	The	hazard	ratios	for	prostate	cancer	from	the	
lowest	to	highest	cumulative	PPWL	levels	were	0.90	(95%	confidence	interval	0.89-0.91),	
0.88	(0.87-0.89)	and	0.93	(0.92-0.95).		There	was	no	statistically	significant	dose	response	
effect	of	PPWL	on	prostate	cancer	incidence.	Inclusion	of	socioeconomic	status	in	the	model	
did	not	substantially	change	the	result.		The	results	were	similar	before	Prostate	Specific	
Antigen	(PSA)	testing	and	during	the	years	of	PSA	testing	in	these	countries.						
	
In	summary,	individuals	with	physical	strain	at	work	had	a	lower	risk	of	invasive	prostate	
cancer	as	compared	to	individuals	without	physical	strain	at	work.		
		
Contents		
	
Abstract		 221	words		
Article		 2114	words		
Tables	 3	(+	1	Annex	table	for	online	publication)	
References		 24	
	
Keywords:	Epidemiology,	Invasive	Prostate	cancer,	Physical	Workload	
	
Abbreviations:	P-Professional	exposure,	L-level	(of	exposure),	T-time,	PPWL-Perceived	
Physical	Workload,	PC-Prostate	Cancer,	PA-Physical	Activity		
	
What’s	new?	
	

Perceived	Physical	workload	(PPWL)	at	work	was	associated	with	a	decreased	risk	of	
invasive	prostate	cancer.	The	association	between	PPWL	and	prostate	cancer	was	not	
dose-dependent.	The	results	were	similar	before	and	during	the	active	PSA-testing	
years.			
Adjustment	for	socio-economic	status	did	not	influence	risk	estimates.		
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Introduction	
	 	
Prostate	cancer	(PC)	is	the	most	common	cancer	in	older	men	in	the	western	world.1	
Incidence	rates	increased	steadily	from	the	beginning	of	1970’s	to	the	end	of	1980’s	2.		After	
the	introduction	of	prostate	specific	antigen	(PSA)	testing	in	the	late	1980’s	PC	incidence		
rates	have	soared,	due	to	detection	of	asymptomatic	early	state	PCs.3	Some	of	the	PCs	
detected	in	PSA	test	are	of	low	risk	of	progression,	and	can	safely	be	followed-up	clinically	
without	active	treatment	for	years,	and	may	still	later	be	treated	surgically	or		with	radiation	
therapy	if	PC	becomes	more	aggressive.4	Despite	this	PC	mortality	rates	in	the	developed	
countries	have	stayed	quite	constant	over	the	years.		
	
Physical	activity	(PA)	is	one	of	the	most	important	lifestyle	factors	that	may	reduce	the	risk	of	
several	cancer	forms5.	Reduced	risk	of	prostate	cancer	has	been	reported	in	the	Nordic	
Occupational	Cancer	(NOCCA)	study	in	professions	that	require	continuous	physical	activity,	
i.e.,	gardeners,	fishermen,	forestry	workers,	miners	and	quarry	workers,	smelting	workers	as	
well	as	several	others.6	In	a	recently	published	study	it	was	noted	that	early	onset-PC	(men	
diagnosed	before	the	age	of	50)	was	most	common	in	public	safety	workers	and	military	
personnel.7	The	reasons	behind	this	finding	require	further	research.			
	
In	a	meta-analysis	published	in	2012,	an	inverse	linear	association	was	noted	between	
localized	PC	and	body	mass	index	(BMI,	defined	as	weight	in	kg/	height	in	meters	squared),	
while	f	or	advanced	PC		there	was	a	linear	positive	association	with	BMI.8	It	has	been	
postulated	that	BMI	might	not	be	an	ideal	marker	of	body	composition,	especially	for	PC	
studies,	as	the	positive	association	seen	in	some	studies	between	BMI	and	PC	incidence	could	
be	caused	by	lean	body	mass	or	muscle	mass,	which	are	associated	with	increased	circulating	
androgen	levels.9	
	
Socioeconomic	status	(SES)	seems	to	predict	active	PSA-screening.10	In	a	Norwegian	cohort	
study	the	incidence	of	PC,	probably	due	to	increased	PSA-testing,	was	elevated	among	men	of	
high	SES	when	compared	to	low	SES	(RR	=	1.30;	95%	CI	1.05-1.61).	Men	who	were	highly	
educated	had	similarly	an	increased	risk	for	PC-diagnosis	when	compared	to	those	with	least	
education	(RR	=	1.56;	95%	CI	1.11-2.19).	In	the	same	study	a	20-percent	protective	effect	was	
detected	with	leisure-time	physical	activity	(RR	=	0.80;	95%	CI	0.62-1.03	for	high	vs	low	
activity).11	In	another	study	SES	was	studied	in	relation	to	cancers	of	male	genital	organs	in	
Finnish	men	aged	45-69	years	of	age	between	years	1971-95.	The	incidence	of	prostate	
cancer	was	40-50%	higher	in	men	of	the	highest	SES	than	men	of	the	lowest	SES.	The	
difference	diminished	significantly	in	the	1990s.12	
	 	
The	aim	of	this	study	is	to	assess	effect	of	perceived	physical	workload	(PPWL)	at	work	and	
the	incidence	of	invasive	prostate	cancer	in	Finland	and	Sweden.		
	
Materials	and	methods		
	
We	used	a	nested	case-control	design	within	the	Nordic	Occupational	Cancer	Study	(NOCCA)	
cohort.	This	cohort	consists	of	14.9	million	people	from	Nordic	Countries	(Finland,	Iceland,	
Norway,	Denmark,	and	Sweden)	who	participated	in	population	censuses	in	1960,	1970,	
1980/1981,	and/or	1990.	A	detailed	description	of	the	NOCCA	cohort	has	been	given	by	
Pukkala	et	al.6		As	we	did	not	have	access	to	the	individual	records	neither	of	the	Danish	nor	
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the	Norwegian	parts	of	the	cohort,	their	data	were	not	included.	Occupational	histories	of	
individuals	from	Iceland	were	not	available	for	us,	thus	these	data	were	not	included.		
	
Occupational	data	was	obtained	from	digital	census	records	from	1960	and	later	censuses	in	
Sweden	and	from	1970	and	later	censuses	in	Finland.	Unique	personal	identity	codes	were	
used	for	linking	the	records	from	census	with	cancer	registry	data	and	national	population	
registries	for	information	on	death,	and	emigration	from	the	country.6	
	
The	cancer	registries	in	Finland	and	Sweden	have	collected	information	on	almost	every	
single	cancer	case	diagnosed	since	the	1950s,	and	their	data	is	of	high	quality.13	
	
For	this	study	all	incident	prostate	cancer	cases	diagnosed	between	the	first	available	census	
and	the	31st	of	December	2005	were	extracted	from	the	NOCCA	cohort.	Five	controls	for	each	
cancer	case	were	randomly	selected	among	men	who	were	alive	and	without	a	reported	
diagnosis	of	prostate	cancer	on	the	date	of	diagnosis	of	the	case	(hereafter	the	“index	date”	of	
the	case–control	set).	Cases	and	controls	were	matched	for	year	of	birth	and	country.	
Individuals	with	minimum	age	of	20	years	at	index	date,	and	having	occupational	information	
from	at	least	one	census	record	before	the	index	date,	were	included	in	this	study.	Having	a	
cancer	diagnosis	before	prostate	cancer	incidence	(for	cases)	or	inclusion	date	(for	controls)	
was	not	considered	an	exclusion	criteria	
	
For	each	case	and	control,	the	PPWL	was	estimated	based	on	conversion	of	occupational	
codes	to	quantitative	amounts	of	PPWL	with	the	NOCCA	Job	Exposure	Matrix	(JEM).14	
	
The	PPWL	is	characterized	by	probability	(P)	and	average	PPWL	(L).	The	unit	of	exposure	was	
defined	as	a	score	of	workers	reporting	heavy	or	rather	heavy	physical	work	in	a	national	
interview	survey,	which	was	conducted	in	1990	as	a	part	of	the	national	’Quality	of	Work	Life	
Survey’	in	Finland.15	When	most	workers	in	an	occupational	category	reported	very	heavy	
workload	in	their	profession,	the	value	approaches	one.		If	most	respondent	reported	only	
fairly	heavy	work,	the	value	approaches	zero.	If	<10%	persons	in	the	occupation	reported	
heavy	or	rather	heavy	physical	work,	the	PPWL	was	set	to	zero.	The	estimated	PPWL	was	
highest	among	reinforced	concrete	layers,	stonemasons,	and	concrete	shutters	(Annex	Table	
1).	
	
We	quantified	the	cumulative	exposure	to	PPWL	for	all	cases	and	controls.	Physical	workload	
of	all	individuals	was	calculated	by	using	the	time	(T)	between	the	age	of	20	(typical	age	to	
start	working	in	non-academic	occupations)	and	the	age	of	65	(typical	retirement	age)	or	
index	date	as	a	multiplier	for	the	P*L-exposure	of	the	profession	of	the	individual	(Table	1).	
After	this,	the	individuals	with	PPWL	above	the	baseline	level,	which	was	defined	as	P*L*T	
being	zero,	were	divided	to	low	(lowest	50%	of	the	non-zero	P*L*T;	<7.37	PPWL-years),	
moderate	(between	50	and	90	percentiles;	7.37-20.1	PPWL-years)	and	high	(highest	10%;	
>20.1	PPWL-years)	categories.	If	there	were	different	occupational	codes	in	census	records	
for	an	individual,	he	was	assumed	to	have	changed	occupations	in	the	middle	of	the	period	
between	known	census	years.		
	 	
<<	Table	1.	here>>	
Table	1.	Characteristics	of	study	population	in	prostate	cancer	data	in	Finland	and	
Sweden		
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Based	on	the	introduction	of	PSA-testing	at	the	end	of	1980’s,	as	well	as	the	possible	SES-bias	
in	access	to	it,	we	conducted	stratified	analyses	for	the	period	before	and	after	1990	in	order	
to	evaluate	the	effect	of	PSA-testing	on	our	main	results.	We	used	year	1990	as	a	cut-point	
because	PSA-testing	became	widely	available	that	time.16	
	
Results		
	
Altogether	239,835	PC-cases	and	1,199,175	controls	were	identified	during	the	study	period	
(Table	1).	The	average	age	at	diagnosis	was	72.2	years.	Most	men	were	over	60	years	old	
when	they	were	diagnosed	with	PC,	but	there	were	a	few	cases	that	were	diagnosed	also	in	
men	under	the	age	of	30.		
	
The	lowest	risk	estimate	for	PC	was	observed	for	moderate	cumulative	PPWL	level;	the	HR	
was	0.88	(95%	CI	0.87-0.89)	when	compared	to	the	reference	population.	Reduced	risks	were	
also	observed	for	low	PPWL	level	(HR=0.90,	95%	CI	0.89-0.91)	and	for	high	PPWL	level	
(HR=0.93,	95%	CI:	0.92-0.95).			We	observed	statistically	significantly	decreased	risk	of	PC,	
though	without	a	clear	dose-response	pattern.	(Table	2).		
	
After	adjustment	for	SES	the	HRs	were	0.94	(95%	CI	0.93-0.95),	0.94	(0.92-0.95)	and	0.97	
(0.95-0.99)	for	the	low,	moderate	and	high	PPWL	groups	(Table	2).		
	
<<	Table	2	here	>>	
Table	2a.	Hazard	ratio	and	95%	confidence	interval	(95%	CI)	for	PPWL	exposure	and	
prostate	cancer	in	Finland	and	Sweden,	with	and	without	adjustment	for	socio-
economic	status	(SES)	
	
The	HRs	were	virtually	identical	before	and	during	the	PSA-testing	period	(Table	3).						
	
<<	Table	3.	here>>	
Table	3.	Hazard	ratio	and	95%	confidence	interval	(95%	CI)	for	PPWL	exposure	and	
prostate	cancer	in	Finland	and	Sweden	stratified	by	PSA-period.	
	
Discussion		
	
Our	study	shows	that	the	incidence	of	PC	was	lower	in	individuals	with	PPWL	compared	to	
individuals	without	PPWL,	but	there	was	no	evidence	of	a	dose-response	relationship.		
	
When	interpreting	our	results,	one	potential	limitation	of	the	present	study	is	exposure	
misclassification,	which	may	arise	from	the	following	sources.	First,	the	generic	JEM	does	not	
take	into	account	the	variation	of	PPWL	between	individuals	in	the	same	occupation	category,	
but	an	average	PPWL	is	given	to	every	individual	in	the	same	occupational	category.	NOCCA-
JEM	does	not	account	for	industries	but	only	occupational	groups.	PPWL	intensity	and	
prevalence	may	vary	by	industry	included	into	the	same	occupational	group.17	Hence,	a	lack	of	
information	on	industry	may	also	contribute	to	misclassification,	in	the	case	of	this	study	of	
physical	strain	at	work,	and	bias	the	association	between	exposure	and	outcome	of	interest.18		
	
The	incomplete	data	on	work	history	may	also	contribute	to	exposure	misclassification.	
People’s	work	histories	were	based	on	census	records	that	are	merely	snapshots	of	jobs	held	
in	the	year	before	the	time	of	the	census.	The	data	did	not	provide	exact	information	on	the	
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changes	of	the	job	or	tasks	during	the	entire	career.		The	census	information	was	known	from	
years	1960-1990,	and	the	oldest	individuals	may	have	started	their	work	life	more	than	40	
years	before	the	first	known	census	occupation.	If	the	person	was	still	at	rather	high	age	in	a	
physically	demanding	job,	it	was	unlikely	that	he	would	have	been	in	the	beginning	of	his/her	
career	in	a	physically	less	demanding	job,	while	the	change	to	physically	less	demanding	job	
in	older	age	is	more	common.	Therefore	it	is	likely	that	the	persons	classified	to	the	highest	
PPWL	category	truly	belonged	in	that	category	but	there	may	be	persons	in	the	reference	
category	with	some	PPWL	exposure.	This	misclassification	would	bias	the	HR	values	towards	
unity	and	lead	to	slightly	too	low	estimates	of	the	protective	effect	in	our	study.		
	
The	associations	between	lifestyle,	physical	activity	at	work	and	the	risk	of	PC	reported	in	
previously	published	studies	have	been	inconsistent.	Lifetime	total	occupational	physical	
activity	did	not	prove	to	be	protective	of	PCs	in	a	Swedish	study	published	in	2008.19		On	the	
contrary,	there	was	an	increased	risk	of	PC	for	men	that	had	a	high	amount	of	physical	activity	
in	their	work.	There	was	a	significantly	decreased	risk	in	high	physical	activity	workers in the 
US20	but	several	other	studies	have	been	inconclusive	or	negative21.	Often	these	results	can	be	
explained	by	small	sample	size	and	short	follow-up.		
	
We	were	unable	to	control	for	the	leisure	time	physical	activity	of	the	subjects.	However,	on	
population	level	we were able to assess the effects of independent lifestyle factors to a satisfactory 
degree.	Some	studies	have	reported	a	small	decrease	in	PC	risk	for	increased	leisure	time	PA22,	
but	recently	some	conflicting	findings	have	been	reported:	an	increased	PC	incidence	has	
been	reported	in	a	meta-analysis	of	12	different	studies	from	US	and	Europe	comprising	of	
1.44	million	adults.	Intense	leisure-time	physical	activity	was	associated	with	a	5%	increased	
risk	of	prostate	cancer	(HR,	1.05;	95%	CI,	1.03-1.08).23		
	
Advantages	of	the	study	are	important.	The	Nordic13	cancer	registries	have	reportedly	a	very	
high	accuracy	and	completeness	when	it	comes	to	their	data.	In	addition	to	that	we’ve	had	
access	to	the	accurate	job	history	of	the	participants	of	this	study6	to	a	very	satisfactory	
degree.	The	completeness	and	the	amount	of	the	data	makes	this	dataset	unique.		
	
In	addition	to	this	the	general	lifestyle	and	access	to	healthcare	for	all	social	classes,	thanks	to	
tax	funded	health	care,	is	almost	identical	to	everyone	living	in	Finland	and	Sweden.	In	
addition	to	that	in	both	countries	the	local	municipalities	support	different	health	promoting	
activities	e.g.	cheap	access	to	sports	facilities.			
	
Our	study	confirms	the	association	between	physical	activity	and	the	incidence	of	PC:	in	fact	
even	modest	levels	of	physical	activity	(PA)	at	work	can	reduce	the	incidence	of	PC	
significantly24.	In	addition,	the	results	were	almost	identical	at	the	time	before	the	era	of	PSA-
testing	and	during	PSA-testing.	Most	importantly	our	study	adds	up	to	the	finding	presented	
by	earlier	research	that	especially	the	lack	of	physical	activity	and	sedentary	lifestyle	seem	to	
be	associated	with	higher	risk	of	PC	than	any	level	of	physical	activity.	
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Table	1.	Characteristics	of	study	population	for	prostate	cancer	data	in	Finland	and	
Sweden.		
	

Characteristics Case Control 
n % N % 

Total 239835  100 1199175 100  
          

Age at index date          
<40 22 0.0 105 0.0 
40-60 20198 8.4 101515 8.5 
60-80 175645 73.2 877070 73.1 
>80 43970 18.3 220485 18.4 
          
Country         
Finland 58921 24.6 294605 24.6 
Sweden 180914 75.4 904570 75.4 
          
Period         
Before 1990 (pre-PSA) 83772 34.9 418860 34.9 
1990-2005 (PSA) 156063 65.1 780315 65.1 
          
Socio-economic status         
Upper white-collar  59318 24.7 257201 21.5 
Lower white-collar  83527 34.8 424643 35.4 
Upper blue-collar  68317 28.5 358869 29.9 
Lower blue-collar  14102 5.9 78631 6.6 
Farmer  11066 4.6 53500 4.5 
Economically inactive  3503 1.5 26331 2.2 

	
	
Table	2.	Hazard	ratio	(HR)	and	95%	confidence	interval	(95%	CI)	for	prostate	cancer,	
by	cumulative	PPWL	exposure	in	Finland	and	Sweden,	with	an	without	unadjustment	
for	socioeconomic	status	(SES).	
	

 Unadjusted Adjusted for SES 
Exposure HR 95% CI p-trend HR2 95% CI p-trend 
Cumulative PPWL1   

 
    

 
  

Reference 1.00 Ref.   
  
  

<0.01 

1.00 Ref.   
  
  

<0.01 

Low 0.90 0.89-0.91 0.94 0.93-0.95 
Moderate 0.88 0.87-0.89 0.94 0.92-0.95 
High 0.93 0.92-0.95 0.97 0.95-0.99 

1	Cut-points	are	based	on	50th	and	90th	percentile	of	exposure	distribution	among	exposed	
subjects.	
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Table	3.	Hazard	ratio	(HR)	and	95%	confidence	interval	(95%	CI)	for	PPWL	exposure	
and	prostate	cancer	in	Finland	and	Sweden	stratified	by	PSA-period,	with	and	without	
adjustment	for	socioeconomic	status	(SES).	
	
Cumulative PPWL1 Case Control Unadjusted Adjusted for SES 

HR 95% CI p-
trend 

HR 95% CI p-
trend 

Before 1990 (pre-PSA period)         

Reference 30205 144069 1..00 Ref.   1..00 Ref.   
Low 22290 114081 0.90 0.89-0.91   0.94 0.92-0.96   
Moderate 21980 114294 0.88 0.87-0.89   0.94 0.92-0.96   
High 9297 46416 0.93 0.92-0.95 <0.01 0.99 0.95-1.02 0.01 

1990 and later (PSA period)         
Reference 56720 261649 1.00 Ref.   1.00 Ref.   
Low 54533 282317 0.89 0.88-0.90  0.94 0.92-0.95  
Moderate 38548 204829 0.87 0.86-0.88  0.93 0.92-0.95  
High 6262 31520 0.92 0.89-0.95 <0.01 0.96 0.93-1.00 <0.01 

	
	
1	Cut-points	are	based	on	50th	and	90th	percentile	of	exposure	distribution	among	exposed	
subjects.	
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Annex	table	for	online	publication.	Annual	Physical	Workload	for	Probability	(P)	and	
Level	(L)	of	being	exposed	for	physical	workload	in	different	professions	(all	
professions	with	a	value	of	P*L≥0.001)	NOCCA	Job	Exposure	Matrix.		
	

Occupation P*L 
Reinforced concrete layers. stonemasons etc. 0.69 
Concrete shutterers and finishers 0.68 
Rod layers 0.58 
Labourers 0.56 
Assisting construction workers. Nec 0.54 
Assisting building workers 0.51 
Butchers and sausage makers 0.50 
Farmers. silviculturists. horticulturists 0.45 
Bath attendants etc. 0.43 
Homehelps (municipal) 0.42 
Building occupations. Nec 0.40 
Sheet metal workers 0.37 
Bricklayers. plasterers and tile setters 0.36 
Forestry workers and lumberjacks 0.34 
Charworkers 0.31 
Fur farm workers 0.31 
Headwaiters. restaurant waiters 0.28 
Metal smelting furnacemen 0.28 
Insulation workers 0.28 
Occupations below this line never reach the highest  
cumulative PPWL category of 17.2 PPWL-years 
Laundry workers 0.27 
Turners. toolmakers and machine-tool setters 0.27 
Occupations in smelting. metallurgical and foundry work. nec 0.25 
Cabinetmakers and joiners etc. 0.25 
Construction carpenters 0.24 
Cold- and hot-rolling metal workers 0.24 
Chimney sweeps 0.24 
Stone cutters 0.24 
Hairdressers and barbers 0.23 
Concrete-mixer operators and cast concrete product workers 0.23 
Plumbers 0.23 
Postmen and sorters 0.22 
Warehousemen 0.22 
Painters. lacquerers and floor layers 0.21 
Commercial garden and park workers 0.20 
Wooden boat builders. coach-body builders etc. 0.20 
Sugar processing workers 0.20 
Pursors and hostesses 0.20 
Kitchen assistants 0.20 
Plywood and fibreboard workers 0.20 
Processed foods workers 0.19 
Maintenance crews and supervisors 0.18 
Wooden surface finishers 0.17 
Foundry workers 0.17 
Fishermen 0.17 
Bakers 0.17 
Wire and pipe drawers 0.16 
Occupations in the food industry. nec 0.16 
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Bench carpenters 0.16 
Dairy workers 0.15 
Sawyers 0.15 
Cannery workers 0.15 
Metal plating and coating work 0.15 
Glaziers 0.14 
Masseurs etc. 0.14 
Heat treaters. hardeners. temperers etc. 0.14 
Newspaper delivery work 0.14 
Door-to-door salesmen 0.14 
Assemblers and other machine and metalware occupations 0.14 
Smiths 0.13 
Cooks etc. 0.13 
Chocolate and confectionery manufacturers 0.13 
Farm workers 0.13 
Brewers. beverage makers and kilnmen 0.12 
Woodworking machine operators etc. 0.12 
Woodworking occupations. Nec 0.12 
Welders and flame cutters 0.11 
Institutional child care staff 0.11 
Fur farmers 0.11 
Machine setter operators (not in textile industry) and riggers 0.11 
Physical education instructors. trainers. coaches etc. 0.11 
Shop personnel. shop supervisors and department chiefs 0.11 
Grain millers 0.11 
Reindeer breeders 0.10 
Timbermen 0.10 
Directors and nursing staff at child day care centres 0.10 
Machine and engine mechanics 0.10 
Occupations in agriculture. horticulture and animal husbandry. nec 0.10 
Nurses 0.10 
Concentration plant workers 0.09 
Well drilling and quarrying 0.09 
Firemen 0.09 
Miners. shot firers etc. 0.09 
Asphalt workers 0.09 
Stevedores etc. 0.09 
Farm supervisors 0.09 
Other occupations related to health care and medical work 0.09 
Fitter-assemblers etc. 0.09 
Housekeepers (private service). child care in families and at home 0.08 
Physiotherapists. occupational therapists 0.08 
Caretakers 0.08 
Occupations below this line never reach the Moderate  
cumulative PPWL category of 4.28 PPWL-years 
Messengers and delivery boys etc. 0.07 
Assistant nurses and affendants 0.07 
Packers and labellers etc. 0.07 
Flight operations officers 0.07 
Midwives 0.07 
Crushers. grinders and calender operators (chemical processing) 0.07 
Occupations in manufacturing. nec 0.06 
Paper products workers 0.06 
Glass and ceramics kilnmen 0.06 
Cashiers in shops and restaurants 0.06 
Paper and cardboard mill workers 0.05 
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Non-commissioned officers in corresponding positions 0.05 
Deck crew 0.05 
Fish farmers 0.05 
Engine-room crew 0.05 
Rubber products workers 0.04 
Glass moulders etc. 0.04 
Hotel and restaurant matrons 0.04 
Waiters in bars and cafes etc. 0.04 
Tanners. fellmongers and pelt dressers 0.04 
Potters 0.04 
Customs officers and border guards 0.04 
Distillers 0.04 
Plastic product workers 0.04 
Telephone installation crew. linemen and cable jointers 0.03 
Service station attendants 0.03 
Electricians 0.03 
Beauticians etc. 0.03 
Guards (civil duties) 0.03 
Enlisted military personnel 0.02 
Military personnel 0.02 
Photographic laboratory assistants 0.02 
Research and consultative work in forestry 0.02 
Electric machine fitters (high voltage) 0.02 
Occupations related to building caretaking and cleaning. nec 0.02 
Housekeeping managers 0.02 
Printers 0.02 
Cookers and furnacemen (chemical processes) 0.02 
Tobacco industry workers 0.02 
Occupations and guarding security. nec 0.02 
Refinery workers. other occupations in the chemical industry 0.01 
Prison guards etc. 0.01 
Occupations related to medical and nursing work. nec 0.01 
Forklift operators etc. 0.01 
Bookbinders 0.01 
Electric machine operators 0.01 
Upholsterers 0.01 
Secondary school rectors. teachers and instructors 0.01 
Construction machinery operators etc. 0.01 
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