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Epidemiologiske studier blant offiserer og vervet personell i Sjoforsvaret.
Kohortetablering, kreftforekomst og arsaksspesifikk dedelighet

Avhandlingen omhandler etablering og kvalitetskontroller av kohorter (studiegrupper)
bestaende av sivilt og militert personell som har tjenestegjort i Sjoforsvaret (Marinen,
Kystvakta og Kystartilleriet) etter 1950, samt to epidemiologiske studier blant mannlige
militeere. Tidsperioden karakteriseres av gjenoppbygging etter den andre verdenskrig,
hvor Sjeforsvaret tilpasses “den kalde krigen” og designes for invasjonsforsvar i kyst-
farvann, og Sovjetunionens fall i 1991 med pafelgende omorganisering og nedbygging.

Arbeidet startet i 2002 med etablering av kohorter. Kilde til personopplysninger
var Forsvarets Personelldatabase og rulleblader pa papir. Inkludert i den sivile kohorten
var alle sivilt ansatte, mens den militeere kohorten ble begrenset til offiserer og vervete.
Registreringsarbeidet resulterte i en militeer kohort bestdende av 29 056 personer, hvorav
2,5% kvinner, med gjennomsnitt tjenestetid i Sjeforsvaret pa 6 ar. Den sivile kohorten
bestod av 8341 personer (39% kvinner) med 11 &rs tjeneste i snitt. Kohortene ble vurdert
a vere ner komplette.

Observerte antall krefttilfeller og dedsfall blant Sjeforsvarspersonellet ble
sammenlignet med tilsvarende tall for den mannlige norske befolkning. Det ble ogsa
foretatt interne sammenligninger mellom ulike avdelinger i Sjeforsvaret.

Den forste kohortstudien omhandlet asbestrelatert kreft. Asbest har vert brukt i
skipsbygging som varme- og steyisolasjon og som brannsikring, og ble fjernet ved
utskifting og overhaling av farteyene 1 lopet av 1980-tallet. Rundt 11 500
besetningsmedlemmer kan ha vart eksponerte. Asbest er den eneste kjente miljefaktor
som kan forarsake mesoteliom (brysthinnekreft), og andre asbestrelaterte kreftformer
(kreft 1 lunge, svelg, strupe, mage, og i tykk- og endetarm) ble evaluert i lys av
tjenestested og forekomst av mesoteliom. Dkt risiko for mesoteliom ble kun funnet blant
maskinromsbesetninger.

Den andre kohortstudien dreide seg om kreft og dedsarsaker. Militeer karriere
betyr tilpasning til et rigid disiplinaert system, handtering av vpen og potensielt farlig
maskineri, samt tjeneste pd fjerne steder, atskilt fra familie. Et stort potensiale for
ulykker, samt rapporter om heyt alkoholforbruk i1 utenlandske mariner, medferte fokus pé
voldsomme dedsfall samt dedsfall grunnet alkoholrelaterte sykdommer som skrumplever
og alkoholpsykoser, og forekomst av alkoholrelatert kreft. For kohorten under ett var
dedeligheten 16% lavere enn i den generelle norske mannlige befolkning. Dette kan
forklares med seleksjoner pa fysisk og mental helse ved opptak til militertjeneste (sesjon)
og befalsutdanning, samt regelmessige fysiske tester og helsekontroller under tjenesten.
Kreftforekomsten var 6% forheyet, forst og fremst grunnet okt forekomst av prostatakreft
og hudkreft. Voldsomme dedsfall (ulykker, selvmord) var 36% lavere enn forventet.
Generelt var dedelighet og kreftforekomst heyere blant farteybesetninger enn landbasert
personell. Ingen okt risiko for alkoholbetinget dedsfall eller kreft ble observert for
kohorten under ett, men hoyere risiko ble funnet for fartoybesetningene sammenliknet
med landpersonell.
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SUMMARY

The thesis covers the establishment and quality controls of two cohorts of civilian and
military personnel serving in the Royal Norwegian Navy (RNoN) after January 1,

1950, and two studies among male members of the military cohort.

For the civilian cohort, the criterion for inclusion was all civilians who have served at
any time during 1950-2005 in the Navy, while the military cohort was limited to
officers and enlisted personnel. All branches of the Navy were covered, hereunder the
Fleet, the Coast Guard and the Coastal Artillery. By 1950, the Norwegian Fleet was
either destroyed during the Second World War (WWII) or out-dated. The rebuilding
of the Navy was yet to begin, and Norway had just become a member of the North
Atlantic Treaty Organisation (NATO) at the Treaty foundation in 1949. With its
border with the Soviet Union in the north Norway became of strategic importance,

and the Cold War shaped the design of the Norwegian Defence.

The present work started in 2002 with establishment of the cohorts. The registration
work resulted in a military cohort of 29 056 persons (2.5% women) with an average
of 6.2 years service in the Navy. The cohort of 8 378 civilians (39% women) had an

average of 11 years in the Navy. Both cohorts were regarded as virtually complete.

The first cohort study dealt with asbestos related cancers among Navy vessels crews.
Asbestos has been commonly used in shipbuilding for heat and sound insulation, and
for fireproofing. Until 1987, asbestos aboard the Navy vessels potentially caused
exposure to 11 500 crew members. Engine room crews were considered to experience
higher exposure intensity than other crews aboard. Asbestos is the only environmental
factor known to cause malignant mesothelioma, and an elevated incidence of this
disease served as an indicator of asbestos exposure. The incidence of other potentially
asbestos related cancers (lung, laryngeal, pharyngeal, stomach and colorectal cancers)
was evaluated according to duty station and mesothelioma incidence. Elevated
incidence of mesothelioma was found among engine room crews only, and the time
from first exposure to date of diagnosis ranged from 28 to 48 years (median 41). The
mesothelioma incidence offered no consistent explanation to the variation in

incidence of other potentially asbestos-related cancers.



The second cohort study examined the cause-specific mortality and cancer incidence
compared to the national rates. Internal comparisons between vessel crews and land-
based personnel were performed. A military career implies adaptation to a rigid
disciplinary system, handling of weaponry, and a life at remote locations causing
separation from family members. In foreign navies, a higher than average alcohol
consumption with a negative impact on occupational efficiency and adverse health
outcome, has been reported. Special attention was thus given towards deaths from
violent causes, alcohol related diseases (mental and behavioural disorders due to use
of alcohol, liver cirrhosis) and incidence of alcohol-related cancers (mouth, pharynx,
larynx, oesophagus and liver cancer). For the cohort as a whole, the overall mortality
was 16% lower than in the general Norwegian male population. The physical and
psychological screenings for military service and the demand for “keeping up” during
service imply that the Navy personnel were highly selected and expected to be
healthier than the general population. This phenomenon has been termed “healthy
soldier effect”. Overall cancer incidence was 6% higher, mostly due to excess prostate
cancer and malignant melanoma and non-melanoma skin cancers. Death from violent
causes (accidents and suicide) was 36% lower than expected. Both overall mortality
and cancer were higher among sailors than among land-based personnel. No increased
risk of alcohol related cancers or mortality was found for the cohort as a whole, but a
higher risk was found among those serving aboard the vessels than for land based

personnel.
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4. BACKGROUND AND AIMS

4.1 Background

After Gulf War I (1991), possible health hazards among military personnel have come
into focus, in Norway and internationally. Military operations during the United
Nation (UN) missions in the Balkans, in which Norway participated, led to reports on
health problems among the personnel. Putative health hazards like stress,
vaccinations, environmental pollution, bad hygiene, risk of infection and exposure to
ammunition made of depleted uranium have been discussed in United Kingdom (UK),
Denmark, Sweden and Italy. In the United States of America (US), a wide range of
health problems such as tiredness, headache, numbness and limb weakness, loss of
concentration, memory problems and low mood have been reported among veterans
from Gulf War I, often referred to as “The Gulf War Syndrome”. An increase in
multi-symptom conditions, injury, and mental health diagnoses among veterans has

been demonstrated (Gray et al. 2004).

In Norway, focus has been directed towards health problems among civilian and
military personnel in the Royal Norwegian Navy (RNoN). Examples of media
enquiries were congenital anomalies in offspring of personnel who served aboard a
missile torpedo boat, deaths among former submarine officers, asbestos exposure
aboard the vessels and at the naval shipyards, and cancer incidence among civilians
who worked at the coastal forts in northern Norway. In 2001, the Chief of the Naval
Staff decided to investigate the alleged health problems, and started the research
programme “Health, Safety and Work Environment in the Royal Norwegian Navy”
(HSE Navy), a joint venture project between the University of Bergen and the Cancer

Registry of Norway.

The project was organised and led by the Navy Medical Service, which also provided
access to personnel files. The tasks of the University of Bergen were assessment of
possible hazards in the workplace environment and to conduct cross-sectional surveys
among present and former naval staff. The Cancer Registry was responsible for the
establishing of cohorts of military and civilian personnel who served in the navy after

1950, and to perform research on cancer incidence and mortality among military
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servicemen. The cohorts were established during 2002-2006, and the work on the
thesis started in 2006.

4.2 The aims of the thesis

e The overall aim was to investigate cancer incidence and cause-specific mortality
among military servicemen (officers and enlisted personnel) who served in the

RNoN during the years 1950-2004.

e Specified aims were;

o to describe the establishment and quality controls of historical cohorts of
civilian and military Navy personnel

o to investigate the risk of potentially asbestos related cancers (malignant
mesothelioma, lung cancer, laryngeal, pharyngeal, stomach and colorectal
cancers) in Navy vessel crews

o to investigate risk of all cancers, and cause-specific mortality among
military servicemen, violent deaths and deaths from alcohol abuse and
alcohol related diseases, and incidence of alcohol related cancers

o to compare health outcome between different exposure groups within the
RNoN (land-based personnel, vessel crews hereunder engine room crews

and non-engine room crews)
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S. INTRODUCTION

5.1 After Second World War: the shaping of the modern Royal Norwegian Navy

Although the present studies cover the period from 1950 to present, the naval history
spans more than 1000 years. In this section, an historic overlook of the Navy during
the study period is presented, starting with the Second World War (WWII). During
the occupation by Nazi Germany (1940-1945), Norway was fortified as a part of the
Atlantic Wall, a protection against Allied invasion. The fortification (“Festung
Norwegen”) included strengthening of the Coast Artillery by modernization and the
building of new coastal forts. When the war ended, Norway was left with 310 modern

Coast Artillery facilities but a strongly reduced Fleet.

Norway became a founding member of the North Atlantic Treaty Organisation
(NATO) in 1949 as a response to the up-coming Cold War. Norway's geo-strategic
location made its territory important for monitoring enemy military activities, for
denying the Soviet North Fleet access to the North Atlantic, and for projecting power
against Soviet military bases and installations (Tamnes 2004). During the 1960s, 50
vessels were built, equipped and manned (Pettersen 1990). The Coast Artillery was
updated, providing fortified batteries with anti-ship artillery and torpedoes, and
controlled minefields. The forts were equipped with anti-aircraft artillery and surface-
to-air missile systems (Gjelsten 1986). The Navy became designed for invasion

defence in coastal waters.

During 19601990, the Fleet and the Coast Guard had 85-100 vessels operative
simultaneously. In 1986, the inventory was 7 escort vessels, 14 diesel-electric
submarines, 10 coast guard vessels, 38 motor/missile torpedo boats (MTBs), 12 mine
sweepers and -layers, 7 landing crafts and 1 tender (Gjelsten 1986), and the number of
military personnel (officers and enlisted personnel) reached a peak of approximately

5 000 during the 1980s. When the Cold War ended with the collapse of the Soviet
Union in 1991, the need for personnel decreased. Most of the coastal forts were closed
down during the subsequent years, and were in part replaced with small combat boats

with light missile batteries (Bye 2004).
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5.2 The military milieu

The choice of a military career implies adaptation to a rigid disciplinary system,
service at remote locations, separation from family members, and handling of
weapons and complex machinery. Theoretically, personality traits, lifestyle and
chemical exposure might influence cancer incidence and mortality cause patterns that
differ from that of the general population. The Navy work places are diverse. Many
are similar to civilian work places, like offices, workshops, transport, and surface
vessels. But there are work places rather specific to the military, in the Navy those
include underground forts, submarines, and jobs involving handling of weaponry like

mines, torpedoes, missiles, and gun batteries.

The demand for mental and physical fitness and overall good health at recruitment
means that personnel seeking a military career were highly selected and expected to

be healthier than the general population.

5.3 Epidemiological cohort studies among military navy personnel

The number of cohort studies aimed to investigate cancer incidence and cancer
mortality in military navy personnel before the start of the thesis (2006) was limited.
A search on Medline/PubMed using the words “cohort”, “navy” and “cancer” in title-
and abstract fields gave 7 hits, whereof only 4 among military personnel. Using the
search word “military” instead of “navy” the result was 32 studies, but two of these
where listed in the previous search result and four where limited to civilians or to
women. There seems to be even fewer articles available on mortality from non-
neoplastic diseases and violent causes on Medline/PubMed. Searching for titles
containing the words “cohort”, “navy” and “mortality” but excluding the word
“cancer”, only one article was found. Replacement of the word “navy” with “military”
resulted in 37 articles, but the number was reduced to 29 after excluding articles on
non-military personnel and women. Most of studies on cancer and mortality among
Navy personnel have been conducted in the US Navy, but also in the British Royal
Navy (RN) and in the Brazilian Navy. After 2006, two studies of high relevance for
the thesis have been published. One is a review by McLaughlin et al. (2008) on

quantifying the “healthy soldier effect”, including 12 cohort studies on all-cause
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mortality and cancer mortality, the other is the large census-based cohort study on
occupational cancer risk in the five Nordic countries, inclusive of that of military

personnel (Pukkala et al. 2009).

5.4 Possible health hazards associated with Navy service

Moen et al. (2005) made an overview on carcinogens and potential carcinogenic
agents occurring in the Navy based on interviews and measurements from visits to 42
land-based facilities and vessels. The report addressed potential exposure to asbestos,
metals (arsenic, copper, lead, cobalt, nickel, chromium), hydrocarbons (benzene,
polycyclic aromatic hydrocarbons (PAH), exhaust), and radiation (radon, ionizing
radiation, electromagnetic fields). Some of the agents, like metal compounds (in ship-
bottom paint containing antifouling components), have probably caused exposure
only to civilian personnel at shipyards and workshops, and were regarded as not
relevant as occupational exposures to military personnel. Exposure to and potential
health effects from electromagnetic fields has been a topic for research by the
University of Bergen, and is not part of the thesis. In the following paragraphs, focus
is directed towards exposures that are known, or assumed to be encountered at

military navy work places or to be associated with lifestyle.

5.4.1 Physical hazards (violent deaths)

The purpose of military organisations in peace time is preparation for war, and
military service includes military exercises and manoeuvres. Handling of weaponry
and potentially dangerous machinery in the military means a huge potential of
accidents even in peace time, an effect which easily could be amplified by attraction
of risk takers to military jobs. Studies have shown elevated risk of mortality by
accidents in foreign military forces. Darby et al. (1990) found a standardised mortality
ratio (SMR) of violent causes of 1.32 (p<<0.001) in UK Royal Navy (RN) personnel
compared with the national rates, hereunder drowning and water transport accidents
(SMR =2.37) and suicide (SMR = 1.39). Inskip (1997) observed a 15% increase
bordering on statistical significance in deaths from violent causes in RN submariners,
mainly due to drowning (SMR = 3.26) and motor vehicle traffic accidents (SMR =
1.18, not significant). In Finland, most accidents among permanent military personnel

occurred during military exercises (57%) but the accident frequency for military work
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was lower than for civilian work (Lehtomiki et al. 2005). The meta-analyses by
McLaughlin et al. (2008), which included the study by Inskip (1997), found a non-
significant lowered risk of deaths by violent causes (meta-SMR = 0.90) among
deployed veterans, and a borderline significant lowered risk (meta-SMR of 0.80)

among non-deployed veterans.

5.4.2 Asbestos

Military and civilian vessels have traditionally been packed with asbestos, due to the
compound’s excellent heat and sound insulation properties. The association between
inhalation of asbestos fibres and malignant mesothelioma and lung cancer is well
established (International Agency for Research on Cancer (IARC) 1977). The
evidence that exposure to asbestos fibres is associated with laryngeal cancer is
considered sufficient, but suggestive only for pharyngeal, stomach and colorectal
cancers (Board on Population Health and Public Health Practices, 2006; Straif et al.
2009). In Norway, restrictions on use of asbestos aboard ships were introduced in
1978. Navy vessels built before that time had asbestos applied inside as well as
outside the engine rooms. Vibrations during sailing, inspections and maintenance
work involving removal and reapplication of insulation containing asbestos might
have caused fibre release to the breathing atmosphere aboard, putting the crews at
risk. Pukkala et al. (2009) showed an overall increased risk of mesothelioma of the
pleura and peritoneum among Nordic seafarers on merchant vessels, and significant
excess of both lung cancers and mesotheliomas among Finnish engine room crews
was found by Saarni et al. (2002). As far as [ know, no such study has been carried
out among crews aboard military vessels. Navy ships may differ from civilian ships
with respect of asbestos exposure among the crews, by having more powerful engines
and target practice. Asbestos was gradually phased out from the work environment
aboard Navy vessels during the 1980s by refitting or disposal of vessels (Moen et al.
2005).

5.4.3 Radon

Radon is a naturally occurring and radioactive uranium-decay gas that seeps out of
soil and rocks. The rate of seepage shows great variation, partly because the amounts
of uranium in the soil vary considerably. Radon decays into a series of short-lived

radioisotopes that can be inhaled and cause lung cancer (Copes & Scott 2007,
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National Research Council 1999). Radon is considered second only to smoking as a
cause of lung cancer. According to a meta-analysis by Darby et al. (2005), radon in
homes accounts for about 9% of the deaths from lung cancer and hence 2% of all
cancer deaths in Europe. Concentrations of radon gas in Norwegian dwellings are
claimed to be among the highest in the world (Geological Survey of Norway 2008).
The land based branch of the Navy armed forces is the coastal artillery, whose duty
stations were a few fortresses and some 70 forts along the coast. The forts are mostly

situated underground, which might have caused exposure to radon gas.

5.4.4 Diesel-exhaust fumes

Except from a few of the older vessels being propelled by steam from oil boilers or by
petrol, all engines aboard were diesel powered, inclusive that of the submarines.
Being designed for shorter missions, all RNoN submarines were diesel-electric. The
diesel engine was running during surface sailing and at snorkeling depth, charging the
propulsion batteries for submerged sailing. The closed submarine environment might
have led to exposure among all crews members. Aboard surface vessels, possible
exhaust leaks would primarily be expected to affect engine room crews. Diesel
exhaust may be associated with both bladder and lung cancer, although there is

limited epidemiological evidence (IARC 1989).

5.4.5 Solar radiation

Military work is associated with both indoor and outdoor activities, and the latter
potentially causing occupational exposure to sunlight. The ultraviolet (UV) radiation
in sunlight is a causal factor of malignant melanoma of skin and non-melanoma skin
cancers (IARC 1992), and in census studies, these forms of skin cancers were
elevated by 17 and 29% in military men in the 4 Nordic countries (Pukkala et al.
2009). Some duty stations, such as underground forts, inside surface vessels and in
submarines, are shaded from sunshine, but the personnel might be exposed to

intentional tanning.

5.4.6 Alcohol drinking
Easy access to alcoholic beverages during military service, such as availability in
officers” mess, has led to questions raised by the Navy Medical Service about high

consumption among Navy personnel. Alcoholic beverages are carcinogenic (IARC
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1988). During the days of sail, serving of alcohol was common aboard the Navy
vessels (Olafsen 1973). A higher than average alcohol consumption has been reported
among foreign navy personnel, and alcohol abuse has been suggested as an
occupational risk factor of military life (Henderson et al. 2009). Seafarers have long
been associated with alcohol drinking, and the concept of the “drunken sailor” is not
only a myth. In the study by Pukkala et al. (2009), Norwegian seamen showed an
elevated SIR of 1.84 for alcohol-related cancers (upper aerodigestive tract, UADT—i.e.
tongue, mouth, pharynx, larynx, esophagus cancers—and liver cancer combined). In a
Swedish study, seamen received a psychiatric diagnosis of alcohol- and drug abuse at
conscription for military service markedly more often than other unskilled workers,
and the authors raised the question ’do drinkers sail or do sailors drink?”

(Hemmingsson et al. 1997).
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6. MATERIAL AND METHODS

6.1 The study cohort: criteria for inclusion

Included in the study cohort were military personnel who served in the Navy at any
time between 1 January 1950 and 31 December 2004, and who fulfilled one of the

following criteria:

e Conscripts who underwent military education to become commissioned officers
(COs) or non-commissioned officers (NCOs)

e Enlisted personnel who attended Officer Candidate Schools and achieved a Chief
Petty Officer’s rank (quartermaster)

e Enlisted personnel known as Able Seamen and Engineer Assistants. During 3—6
years of enlistment, they attended military or civilian schools for maritime or

technical education.

Conscripts serving the initial (compulsory) service without achieving an officer’s rank

were not included in the cohort.

The sources of personnel information were the Norwegian Defence computer system
at Headquarters Defence Command Norway (HDCN) and paper-based personnel
records. Electronic personnel information was available from 1989, containing service
history files for approximately 16 000 persons of relevance for our project when the
registration started in 2002. In addition, some 31 000 paper-based personnel records
for military Navy personnel were available and computerized by a team of 8 persons

from a temporary staff recruitment agency.

The crude registration work lasted nearly for 3 years. In 2005, the available data were
extracted and transferred to the Cancer Registry for quality controls. The extracts
included career information from all branches of the Armed forces and consisted of
some 32 000 persons. After removal of personnel who did not meet the inclusion

criteria of the cohort (i.e., civilians, ordinary conscripts and non-navy personnel) the
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cohort consisted of 29 056 officers and enlisted personnel who had served in the Navy

at any time during 1950-2004.

Matching against 2 different and independent sources of Navy personnel was
performed to evaluate the completeness of the cohort. These sources were an
overview of flag- and staff officers in the Navy for the period of 1814—-1997 by
Omberg (1998) and yearly listings of Navy officers with a fixed salary. The oldest
available list (1963), and one list from each of the three following decades (1971,
1981 and 1990), were used. Each of the lists contained some 1500-2000 officers.

6.2 Description of the study population and sources of outcome

Due to the small proportion of women (2.5%) in the Military Cohort, the
epidemiological studies were limited to a total of 28 345 men. The years of birth
spanned 1883—1984 with a median of 1953. Some 15 400 had ever served aboard a
vessel. Average duration of service in the Navy was 6.2 years, while vessel crews
served aboard for 3 years. Table I shows average duration of service for all personnel
combined, and according to military branch and duty station. The distribution of
personnel according to the highest rank or status achieved before 2004 was: COs
(42%), NCOs and petty officers (33%), seamen, able seamen and (other) enlisted

personnel: 25%.

Table I. Average duration of service during 1950-2004 for all military personnel, and for
personnel groups according to duty station. Vessel crews are defined by personnel who ever
served aboard; submariners are defined by vessel crews who ever served aboard submarines;
and land-based personnel are personnel who never served aboard a vessel, during 1950-2004.

Personnel group Military Proportion of Total years  Years aboard
N=28 345 branch  all personnel  of service, (in submarine),
(%) average average
All personnel Any 100 7.2 1.6
All personnel Navy 100 6.2 1.6
Land-based personnel Navy 46 4.4 —
All vessel crews Navy 54 7.8 3.0
Surface vessel crews Navy 45 7.2 2.7

Submariners Navy 9 10.6 4.4 (2.9)
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Cancer diagnosis and date of diagnosis were obtained by linkage to the Cancer
Registry of Norway, and date and underlying cause for all deaths were obtained by
linkage to the Cause-of-Death Registry at Statistics Norway. Data on vital status and
emigration were provided by the National Population Register, which is continuously
updated for the whole Norwegian population. The linkage was based on 11-digit
unique personal identification numbers given to all citizens of Norway alive in 1960
or born later. For those who died before 1960, linkage to registries was based on name

and date of birth.

6.2.1 The Cancer Registry of Norway

The Cancer Registry of Norway has systematically collected notifications on cancer
for the entire Norwegian population since 1952, and is considered to be virtually
complete since the following year (Larsen et al. 2007). According to a directive from
the Ministry of Health and Social Affairs in 1951 reporting of neoplasms is
compulsory. The reporting is based on pathology and cytology reports, clinical reports
and death certificates. The coding of cancer is based upon a modified version of
International Classification of Diseases (ICD), 7™ revision (World Health

Organisation, WHO, 1957).

6.2.2 The Cause of Death Registry

The Cause of Death Registry contains information on causes of death for all
registered residents in Norway at the time of death. The Registry contains information
back to 1922, and is regarded as complete from 1951, due to compulsory reporting.
Statistics Norway is responsible for the management of the Registry in collaboration
with Norwegian Institute of Public Health. Deaths were classified according to ICD,
6" revision throughout 1957, 7™ revision during 1958-1968, 8" revision during 1969—
1986, 9" revision during 1986-1995, and 10™ revision during 1996-2007.

6.3 Follow-up

In the cancer incidence studies the cohort members were followed-up for cancer from
the first date of entering service in the Navy, but no earlier than 1 January 1953, until
date of death, date of emigration, but no later than 31 December 2007 (Paper II) or 31
December 2008 (Paper III). In the mortality study (Paper III) the cohort members
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were followed from the date of entering the Navy, but no earlier than 1 January 1951,

until date of death, date of emigration, or 31 December 2007, whichever came first.

By the end of follow-up all cohort members were either known to be alive and

resident in Norway, to have died, or to have emigrated.

6.4 Statistical analyses

External comparisons: The analyses were based on comparison of observed numbers
of deaths or cancer cases with those expected, computed from the national five-year
age-specific and five-year period-specific rates among all Norwegian men.
Standardised mortality ratios (SMRs) and standardised incidence ratios (SIRs) were

calculated.

Internal comparisons: Poisson regression analyses were used to compare rates
according to duty station, with observation period and age at risk included in the
models. Relative risks expressed as rate ratios (RR) were calculated for engine-room
crews with reference to non-engine room crews aboard the vessels (Paper II), and

vessel crews with reference to land-based personnel (Paper III).

A p-value smaller than 0.05 was taken to indicate statistical significance. Ninety five
percent confidence intervals (95% CI) were computed on the assumption of a Poisson

distribution of the cases.

Epicure statistical software package (Preston 1993) was used in Paper II and III. In
addition, Stata statistical software packages v. 10 and v. 11 were used in Paper II and

111, respectively (Stata Corporation 2007; 2009).
6.5 Ethics
Full freedom of publication was granted by the RNoN to the Cancer Registry of

Norway. The Norwegian Data Inspectorate, the Norwegian Directorate of Health and

the Regional Committee for Medical Research Ethics approved the study.
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7. SUMMARY OF RESULTS

7.1 Paper 1

Establishment of the Royal Norwegian Navy personnel cohorts for cancer
incidence and mortality studies

Cohorts of military and civilian personnel who served in the RNoN during 1950-2004
were established. Sources of service history files were the Norwegian Defence
personnel database, and nearly 40 000 paper-based records stored at HDCN, the naval
bases and the National Archives of Norway. The registration work started in 2002 and
lasted 3 years. The result was the Military Cohort consisting of 29 056 officers and
enlisted personnel (2.5% women), and the Civilian Cohort of 8 381 persons, 5 146
men and 3 235 women. Military personnel had shorter average service in the Navy
(6.2 years) than had civilian personnel (10.8 years), and the median year of birth was
1954, compared to a median of 1942 among civilians. For quality control of the
Military Cohort, two independent external lists of officers were available. Of a total of
3 760 officers on fixed salary listings during 1963—1990, 98% was retrieved in the
cohort. Matching against the list of Flag- and Staff officers revealed a substantial lack
of records for officers born before 1900. A variation in the number of personnel in
service throughout the period, with peaks during the 1960s and 1980s was seen in

both cohorts.

7.2 Paper 11

Asbestos related cancers among 28 300 military servicemen in the Royal
Norwegian Navy

The study investigated the incidence of potentially asbestos related cancers among

28 345 officers and enlisted servicemen in the RNoN. Asbestos was used for heat and
sound insulation and for fireproofing in Navy vessels until it was gradually phased out
during the 1980s. By 1987, all vessels were regarded as free of asbestos. Some 11 500
crew members served aboard before 1987 and were considered exposed. Follow-up
period was 1953-2007. SIRs for malignant mesothelioma, lung cancer, and laryngeal,
pharyngeal, stomach and colorectal cancers were calculated according to service
aboard between 1950 and 1987 and in other Navy personnel. An increased risk of
mesothelioma among engine room crews was observed, with SIR = 6.23 (95% CI =

2.51-12.8) for personnel who served less than 2 years and SIR = 6.49 (95% CI =
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2.11-15.1) for those with longer service. No elevated risk was seen in other personnel
groups. Lung cancer was nearly 20% higher than expected among both engine crews
and non-engine crews, and 23% lower than expected among land-based personnel and
personnel who served aboard after 1987 (SIR = 0.77, 95% CI = 0.64—0.92). An excess
of colorectal cancer bordering on statistical significance was seen among non-engine
crews (SIR = 1.14, 95% CI = 0.98-1.32). No elevated risk of laryngeal, pharyngeal or
stomach cancers was found. Among engine room crews, the latency time (i.e., the
time period between start of work in engine rooms to date of diagnosis) ranged from

28 to 48 years, with a median of 41 years.

7.3 Paper I11

Cause-specific mortality and cancer incidence among 28 300 Royal Norwegian
Navy servicemen followed for more than 50 years

The objective of this study was to examine mortality and cancer incidence in the
cohort of 28 300 RNoN servicemen, whereof 15 400 who had served aboard the Navy
vessels. Special attention was directed towards all-cause mortality, deaths from
violent causes, and mortality and cancer incidence related to alcohol drinking.
Mortality for all Navy personnel was lower than expected for all causes combined
(SMR = 0.84, 95% CI = 0.81-0.87) and for selected groups of diseases, but not for
cancer mortality (SMR = 1.02). Mortality from violent causes was 0.64 of expected
(95% CI =0.58-0.71). The SMRs for vessel crews were consistently higher than that
of land-based personnel but still lower than or equal to the national rates. Internal
comparisons showed a difference in the same direction for mortality from violent
causes (RR =1.36, 95% CI = 1.11-1.36), for alcohol abuse and non-neoplastic
alcohol related diseases (bordering on statistical significance; RR = 1.56, 95% CI =
0.96-2.52), for the incidence of alcohol-related cancers (RR = 1.58, 95% CI = 1.12—
2.52), and for lung cancer (RR =1.65, 95% CI = 1.33-2.04). The cohort as a whole
had a slightly elevated SIR for all cancers combined (SIR = 1.06, 95% CI = 1.02—
1.09), mainly caused by prostate cancer (SIR = 1.12, 95% CI = 1.04-1.20), malignant
melanoma (SIR = 1.18, 95% CI = 1.03—1.35) and non-melanoma skin cancer (SIR =
1.37,95% CI=1.18-1.59). An excess of bladder cancer was observed among
submariners (SIR = 1.53, 95% CI=1.01-2.23).
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8. DISCUSSION

8.1 General remarks

The aims of this thesis were to establish cohorts of military and civilian personnel,
and to perform cancer incidence and mortality studies among servicemen in the
military cohort. The cohorts were established from relevant available sources. Lack of
records for officers born before 1900 was regarded as of minor importance. The
variation in the annual number of personnel at work during 1950-2004 showed the
same pattern in both cohorts and was taken to reflect the activity in the Navy and the
availability of work force. Both cohorts were regarded as virtually complete.
Compared to the general Norwegian male population, military servicemen were found
to have a slightly elevated overall cancer incidence; cancer mortality in line with that
of the general population; and a reduced overall mortality and mortality from non-
neoplastic diseases. With reference to land-based personnel, vessel crews had higher
rates for total cancer, hereunder lung cancer and alcohol-related cancers, and higher
overall mortality, including deaths due to diseases of the circulatory system, and
deaths from violent causes. Excess malignant mesothelioma was only seen among

engine room crews aboard.

The large size of the cohort, the long follow-up and linkage to virtually complete
national registers by means of unique personal identification numbers strengthen the
studies. Lack of quantitative information about occupational exposures, no
information about occupations outside the military, and lack of individual data on
smoking, alcohol drinking and diet were limiting factors for interpretation of the

results.

The incidence of some forms of cancers was taken as results of specific exposure or
even as indicators of exposure. At the group level, incidence of malignant
mesothelioma was taken as an indicator of presence of asbestos fibres in the breathing
atmosphere, which is plausible, since asbestos is the only environmental factor known
to cause the disease. Lung cancer is strongly associated with tobacco smoking, and
the variation in incidence across subgroups was mainly ascribed to different smoking

habits. Still, lung cancer may be caused by occupational exposures, such as asbestos,
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and the lack of exposure data hampered the possibility of making precise conclusions.
Cancers of the UADT and the liver are known to increase as a result of heavy alcohol
drinking, but the UADT-cancers are also linked to tobacco smoking. The variation of
mortality from alcohol-related (non-neoplastic) diseases (mental and behavioural
disorders and cirrhosis of liver) across the subgroups was pointing in the same
direction as the alcohol-related cancers, suggesting that confounding from smoking
would be a minor problem. Both the cancers and the non-neoplastic mortality were

taken to reflect variation in alcohol consumption.

8.2 Methodological considerations

8.2.1 Study design, selection bias and representativeness

Longitudinal (cohort) studies are commonly regarded as the best epidemiological tool.
A group of persons with a certain exposure (the cohort) is established and followed
forward in time during which diseases are accumulated. Breslow & Day (1987)
outline two ways to conduct the follow-up: A cohort can be established in the present
and followed into the future (a prospective cohort study), or assembled from historical
records and followed forward in time from a start-point in the past (a historical
prospective cohort study). The present work consists of two cohort studies of
historical prospective design. The cohort is regarded as virtually complete and should
by definition representative for Navy personnel during the observation period.
Unbiased results should additionally be ensured by linkage to virtually complete

disease or death registries by a unique personal identification number.

8.2.2 Exposures

The cancer incidence and mortality rates were evaluated according to Navy work
place (duty station) (and in Paper II: duration of vessel service). In Paper I, personnel
were classified into groups of personnel who ever served in engine rooms aboard
during 1950-1987 (engine room crews) and those who served aboard but never in the
engine rooms during the same period (non-engine room crews), with sub-categories of
those who served inside and outside engine rooms aboard submarines. Land-based
personnel and personnel who served aboard after 1987 were regarded as a separate
group. In Paper III, personnel was classified into groups of personnel who never

served aboard a vessel (land based personnel), personnel who ever served aboard
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(vessel crews), and a subgroup of vessel crews who ever served aboard the
submarines (submariners). The “ever-never” definition of personnel groups means
that personnel with only one day of service in a given category are good for
classification as such. This might weaken the results, as persons with very short
exposure (to vessel service or engine room service) were counted as exposed. In both
studies, each individual was followed according to land-based service, (all) vessel
service or submarine service from the first day in the Navy, as vessel crews normally
start their service aboard during the first three months of initial service. In Paper II,
duration of service aboard vessels and in engine rooms with a cut-point of 2 years was
used to assess the effect of long-term exposure. All crews starting with any particular
service was followed according to the lowest category (shortest duration) until they
qualified for a higher one. Those who never qualified for a higher category were

followed according to the lower one throughout their entire follow-up time.

8.2.3 Misclassification of exposure

In Paper I, risk of asbestos-related cancers was analysed according to duty station
aboard the vessels during 1950-1987. Engine room crews were considered to
experience higher levels of asbestos exposure than other crew members, while
personnel who did not serve aboard during the same period were regarded as
unexposed to asbestos. Due to the German occupation of Norway during WWII,
historical service files before 1950 were incomplete or missing, and service history
before 1950 was not registered. Personnel with only land-based service after 1950,
who had vessel service prior to that time, would be misclassified as unexposed.
Likewise, personnel who served aboard before 1987 but aboard vessels which already
had the asbestos removed (or build after 1980 with no asbestos applied), would
represent unexposed personnel in the exposed group (the year of 1987 was chosen as
the year when virtually all vessels were free of asbestos due to disposal or refitting).
The possible “leak™ of exposed personnel into the unexposed group and vice versa,
was a potential source of misclassification and would have biased the risk estimates
towards unity. In Paper III, where cancer incidence and cause-specific mortality was
evaluated for vessel crews with reference to that of land-based personnel during

1950-2004, unknown service before 1950 was a possible source of misclassification.
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8.2.4 Confounding

Confounding can be defined as the distortion of the exposure—outcome association by
an uneven distribution of other factors that may affect the outcome. Tobacco smoking
and inhalation of asbestos fibres are both causal factors for development of lung
cancer. When differences in smoking across subgroups of personnel were discussed in
light of lung cancer incidence, asbestos exposure could be a potential confounder. No
individual or quantitative data on asbestos exposure were available, and the estimated
ratio between asbestos-related lung cancer and mesothelioma suggested by Darnton et
al. (2006) was used to adjust for asbestos exposure (8.3.1). When variation in
incidence of UADT-cancers between personnel groups was used to discuss alcohol
consumption, smoking might act as a confounder as it too is a causal factor for the

same cancers.

8.2.5 Loss to follow-up

Individuals left the cohort either by death or through emigration. Loss to follow-up
occurs when individuals leave the observable cohort unnoticed and continue to
contribute to the person-years at risk, without contributing to the event of interest. The
risk estimates will be biased downwards (Breslow & Day 1987). The National
Population Register is continuously updated with residential and vital status for all
Norwegian citizens, and linkage with the cohort should ensure virtually no loss to

follow-up.

8.3 Interpretation of results

8.3.1 Asbestos related cancers

In Paper II, no elevated risk of malignant mesothelioma was found among personnel
who did not serve aboard the vessels during 1950—-1987, or among personnel who
served aboard but never in the engine room. Engine room service was associated with
a 6-fold increase compared to the national rates, and a 7-fold increase compared to
non-engine crews aboard. Inhalation of asbestos fibres is the only recognised cause of
mesothelioma, and Dreyer et al. (1997) estimated the proportion attributable to
asbestos to be 83% in Norwegian men. Asbestos was applied almost everywhere
aboard, but it seemed that the concentration of asbestos fibres in the breathing

atmosphere only was high enough to cause elevated risk of the disease in the engine



27

room. There was probably more asbestos applied in the engine room than elsewhere
aboard due to the noise and heat production from the ship’s engine. Also, inspection
and maintenance involve removal and re-application of insulation containing asbestos.
Vibrations causing fibre release were probably more intense in the engine room, since
most vibrations aboard were caused by the engine itself. The risk did not seem to
increase with increasing length of service in the engine room. Short duration of
exposure has been reported to be sufficient to cause mesotheliomas. In a study among
British asbestos factory workers, Browne and Smither (1983) found that 45% of the
pleural mesothelioma cases followed exposure lasting less than 2 years. Another
plausible explanation to our finding is asbestos exposure outside the Navy, which

might have obscured the effect of service length in the Navy.

In fact, 5 of the 7 cases with less than 2 years of service in engine rooms were enlisted
personnel, while only one of the 5 cases with longer service was enlisted. A typical
contract period for enlisted personnel was 3 years, which included 1-2 years of
maritime and technical education, followed by obligatory vessel service. Optionally, it
was possible to sign up for a second 3-year period. Enlisted personnel were not
obliged to compulsory service and mobilization, and had no further obligations with
respect to military duty after fulfilling their contracts. The intention of enlistment
might have been to sign on to civilian vessels, rather than having a military career.
For the 12 mesothelioma cases in engine room crews, the latency period ranged from
28 to 48. Latency time for mesotheliomas as long as > 70 years have been reported
(Bianchi & Bianchi 2009) and an extended follow-up might display latency periods
longer than 48 years. Ideally, the cohort should be subjected to a life-time follow-up
before median and range were calculated. The risk of lung cancer was some 20%
elevated in both engine room crews and in non-engine crews. Taking excess
mesotheliomas as an indicator of asbestos exposure, we would expect to find
asbestos-related lung cancer risk among engine room crews. Based on the assumption
of the ratio of asbestos-related lung cancer to mesothelioma deaths to be somewhere
between two thirds and unity (Darnton et al. 2006), all excess lung cancers among
engine room crews could be ascribed to asbestos exposure. This item was not
discussed in Paper II. In Paper III, however, it was estimated that 5-8% of lung

cancers in vessel crews could be caused by asbestos exposure.
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When mesothelioma incidence was used as an indicator of the presence or absence of
asbestos exposure, the data did not suggest an effect on laryngeal, pharyngeal,
stomach or colorectal cancers. Maybe the exposure to personnel who do not handle

asbestos was too low to have detectable effects.

8.3.2 All-cause mortality and non-neoplastic diseases (other than alcohol-related)

In Paper 111, all-cause mortality for the cohort as a whole was 16% lower than the
national rates. This is in accordance with one of the most consistent findings in
epidemiological studies on military personnel, a phenomenon termed a “healthy
soldier effect”, as a military equivalent to the “healthy worker effect”. In Norway, all
military personnel were selected through psychological and physical screening for the
initial compulsory military service, thereby excluding individuals with chronic
diseases or simply physically unfit or unable to adjust to military discipline. Further
selection occurred due to high mental and physical demands during Officer Candidate
Schools and Military Academies. In addition, officers are required to stay fit during
service, and to pass physical and medical tests at regular intervals. Socioeconomic
factors have been associated with mortality, and military officers have traditionally
been regarded as a high-status group with safe employment and steady income.
Among Norwegian men, mortality has been shown to decrease with increasing level
of education and income (Zahl et al. 2003). The magnitude of the “healthy soldier
effect” showed a wide variation within 12 studies (whereof 9 among US military
personnel) included in a meta-analysis by McLaughlin et al. (2008). The combined
SMR was around 0.75, compared to the SMR of 0.84 in the RNoN. The difference
might be due to more stringent selection and lower mortality among military
personnel in countries like US, who are trained for offensive warfare around the
world. Generally, the magnitude is also depending upon the mortality of the reference
population. In countries with greater social differences and/or lower standard of
medical care provided to the general public, the “healthy soldier effect” will probably
be stronger. The lower magnitude of the “healthy soldier effect” in our study might be
due to less stringent selection of military personnel, and a generally low mortality in
the reference population as a consequence of the egalitarian Norwegian society with
social security, medical services provided by the state to all citizens and fairly equal

living conditions across the population.
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Navy personnel had a lower than expected mortality from circulatory, respiratory,
digestive and infectious diseases. When lung cancer incidence was used as an
indicator, the level of tobacco smoking in the cohort seemed to be similar to that of
the general Norwegian male population, and other factors may have contributed to the
low mortality. In addition to the effect from selection by employment, such factors
might include higher level of physical activity, fewer hazardous occupational

exposures, and healthier diet compared to the reference population.

8.3.3 Cancer incidence and cancer mortality

The 6% higher than expected incidence of all cancers combined in the cohort seems to
contrast the low mortality from non-neoplastic causes and the general “healthy soldier
effect”. Screening and improvements in medical diagnostics may contribute to a low
overall mortality, and may also increase the reported cancer incidence. One such
cancer is prostate cancer, which was elevated by 12% and thus a major contributor to
the elevated overall cancer incidence. A similar SIR of 1.10 was found among
military personnel in four Nordic countries (Pukkala et al. 2009). There are few
known carcinogens associated with prostate cancer. A plausible explanation of the
elevated incidence is higher diagnostic intensity during regular health controls among
active-duty and retired servicemen, compared to the reference population. Following
the introduction during the late 1980s of prostate specific antigen (PSA) tests
provided to asymptomatic men, a

Figure 8.1: Age-adjusted incidence rate per 100 000
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number of deaths attributed to the disease, as suggested by Feuer et al. (1999). Darby
et al. (1990) found a 56% increased prostate mortality among UK military personnel

who served abroad in the1950s and 1960s, and Logan (1982) observed tripled SMRs
for prostate cancer among UK armed forces servicemen in occupational mortality

analyses in 1961 and 1971.

The increased risk of both malignant melanoma and non-melanoma skin cancer in the
cohort as a whole is in accordance with that among military men in four Nordic
countries (Pukkala et al. 2009). The major causal factor involved in development of
skin cancers is exposure to ultraviolet (UV) radiation from sunlight (IARC 1992).
Navy service is associated with both indoor and outdoor activities, but the elevated
skin cancer risk might be due to intentional (leisure) tanning as well as be of
occupational nature. The high risk of non-melanoma skin cancer among vessel crews
was also seen in the subgroup of submariners, which strongly support the idea of off-
duty tanning. In the study by Pukkala et al. (2009), typical outdoor occupational
groups like farmers, forestry workers, gardeners and fishermen, as well as indoor
labour groups like factory workers and craftsmen showed lowered risk of melanoma
and non-melanoma skin cancers. Elevated risk was seen among highly educated
professions including medical doctors, dentists, administrators, teachers and religious
workers, indicating a social gradient and leisure-time exposure as more important than

occupational exposure for the incidence of skin cancers.

In spite of an elevated overall cancer incidence, the cancer mortality was in par with
that of the general population. This might in part be explained by screening which
might have lead to early diagnosis and improved survival rates, and overdiagnosis.
Further, that the main contribution to the elevated cancer incidence (prostate cancer,
malignant melanoma and non-melanoma skin cancer) was cancers with relatively low

mortality rates.

8.3.4 Violent deaths

The very low rate of death from external causes, including transport accidents, other
accidents and suicide, is remarkable for an organisation designed for military activity,
where the personnel by routine are handling potentially dangerous weapons and

machinery. The result can possibly be explained by a culture of safety in the Navy,
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involving selection of personnel, proper training, regulations, and a psychosocial
environment with emphasis on personal control. These factors might even have

outbalanced a possible attraction of risk takers to military jobs.

8.3.5 Alcohol-related diseases

For the cohort as a whole, deaths from alcohol abuse and non-neoplastic alcohol-
related diseases (including liver cirrhosis) were less frequent than in the general male
population, while the incidence of alcohol related cancers did not differ from the
reference population. Our observation is in line with the results from Pukkala et al.
(2009), where military men showed a lower than expected mortality from liver
diseases (SMR 0.80), and an incidence of alcohol-related cancers similar to that of
non-military men. For the Navy cohort as a whole, the results are pointing towards
alcohol consumption slightly lower than or similar to that of Norwegian males in
general, a result supported by surveys including data on alcohol consumption in the

Norwegian Navy (Baste et al. 20006).

8.3.6 Sea and land — two different cultures?

In general, vessel crews had higher mortality rates and cancer incidence rates
compared to those of land-based personnel, inclusive of deaths from violent causes,
deaths from non-neoplastic alcohol related diseases, incidence of alcohol-related

cancers, and incidence of lung cancer.

Even if the rates of alcohol-related deaths and cancers were higher among vessel
crews, these rates were not elevated compared to the general population. This
contrasts the findings in foreign navies. A doubled age-adjusted proportionate
mortality ratio (PMR) for alcohol related liver disease was observed among Brazilian
Navy servicemen, compared to the reference population of males in the State of Rio
de Janeiro (Silva & Santana 2004). Darby et al. (1990) reported high alcohol-related
mortality among British RN servicemen, and deaths from alcohol related diseases
(other than cancer) were nearly 7 times higher than that of the Army and the Royal
Air force (RAF) combined. This might be due to the old tradition of alcohol drinking
aboard. In the RN, the tradition of sailor’s rum rations originated some 360 years ago
because of the need for preservation of drinking supplies during the long overseas

voyages. The rum tradition was abolished as late as in 1970 (Pack 1982), whereas the
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Norwegian tradition of distributing rations of distilled spirits aboard navy vessels was
abandoned more than 80 years earlier, when spirits was replaced by hot beverages like

tea and coffee (Olafsen 1973).

A proportion of the difference in mortality and cancer incidence between vessel crews
and land-based personnel is likely attributable to a higher prevalence of smoking
among vessel crews. An estimated 5-8% of lung cancers in vessel crews could be
ascribed to asbestos exposure, leaving a lung cancer excess of 12—15% probably
explained by tobacco smoking (see 8.3.1.). The largest land-based branch of the Navy
is the Coastal Artillery, which operated the coastal forts. The forts were mostly
located in mountain halls, where personnel on duty used to live around the clock.
Smoking was prohibited, at least in areas where ammunition was stored, and smokers
would probably not apply for this type of service. According to self-reported data on
smoking among 1 500 cohort members in active service in 2002, 27% of those who
ever served aboard a vessel were present-day smokers, in contrast to 20% of the land-
based group (data from Magergy et al. 2006). The difference was statistically
significant (p<0.005). According to Ezzati & Lopez (2004) the leading causes of
death from smoking in industrialized regions in the year 2000 were cardiovascular
diseases, lung cancer, and chronic obstructive pulmonary disease (COPD). It is
therefore plausible that the lower mortality from circulatory and respiratory diseases
observed in land-based personnel compared to vessel crews, at least in part, can be
explained by less tobacco smoking. The low incidence of lung cancer among land-
based personnel (SIR = 0.75) gave by itself no support to the idea of radon exposure
in the underground Coastal Artillery facilities, although a potential effect could be

masked by lower smoking rates.

An elevated risk of bladder cancer among submariners was observed. Relevant
exposure to diesel exhaust could have occurred from diesel powered engines, but the
evidence of a causal link to lung cancer is limited, and still weaker for bladder cancer
(IARC 1989). Smoking is an established risk factor for cancers of bladder and lung,
but lung cancer incidence was not elevated in submariners. The cause of the elevated
risk of bladder cancer remains unexplained, but the SIR of 1.53 was based on 27 cases

which gave a wide CI close to borderline, statistically (1.01-2.23).
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Navy vessel crews experienced more deaths from external causes than land-based
personnel, which might be caused by a higher potential risk of accidents aboard a
vessel, and/or related to alcohol drinking. Similarly, in a census-based study on
mortality among occupational groups in Norway, Borgan (2009) reported a higher
risk of death by external causes among Norwegian seamen compared to land-based

personnel.
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9. CONCLUSIONS

Overall, Royal Norwegian Navy servicemen were found to have lower all-cause
mortality inclusive of mortality from circulatory, respiratory, digestive and infectious
diseases, in line with a “healthy soldier effect”. Selection of physically and mentally
fit persons, requirement of passing physical and medical tests at regular intervals
during service, and high socioeconomic status are factors which may have contributed
to this pattern. The very low rates of deaths from external causes, including transport
accidents, other accidents and suicide, may be achieved by a culture of safety in the

Navy and thorough selection of personnel.

An elevated overall cancer incidence was mostly caused by excess cancers of the skin
and prostate gland, the latter probably due to increased diagnostic intensity in present

or former navy personnel. An increased incidence of skin cancers is seen among other
occupational groups with long education and high income, and a potential effect of

occupational UV exposure is difficult to sort out.

Mortality from alcohol abuse and alcohol related diseases, and incidence of alcohol
related cancers, was higher among vessel crews than among land-based personnel, but
the none of the rates were higher than in the general population. The incidence of lung
cancer in vessel crews and in the land-based group differed in the same direction. This
suggests a cultural difference between sea and land: Vessel crews tend to drink and
smoke more than land based personnel. A higher prevalence of smoking among vessel
crews might explain the higher mortality rates for circulatory and respiratory diseases.
The higher risk of deaths from violent causes among seamen might be caused by a

higher potential for accidents at sea, or, possibly, related to consumption of alcohol.

In spite of being applied also outside engine rooms, only engine room crews showed
increased risk of malignant mesothelioma. The latency time for cases among engine
room crews ranged from 28 to 48 years, with a median of 41 years. An effect on other

potentially asbestos-related cancers was not found.
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ABSTRACT

Objectives: To examine mortality and cancer incidence in a cohort of 28,300 military
servicemen known from personnel files to have served in the Royal Norwegian Navy during
1950-2004.

Methods: The cohort was followed from 1951 through 2007 for mortality, and from 1953
through 2008 for cancer. Standardized mortality ratios (SMR) and incidence ratios for cancer
(SIR) were calculated from national rates. Internal comparisons (rate ratios, RR) were made
using Poisson regression.

Results: Mortality for all Navy personnel was lower than expected for all causes combined
(SMR 0.84), for most disease groups and violent causes, but not for cancer mortality (SMR
1.02). Vessel crews had consistently higher SMRs than had land-based personnel, still on the
low side of—or close to—the national rates. Vessel crews differed in the same direction with
respect to mortality from alcohol abuse and non-malignant alcohol-related diseases (RR 1.56),
and for the incidence of alcohol-related cancers (RR 1.58) and lung cancer (RR 1.65). An
overall small excess of all cancers combined (SIR 1.06) was caused by prostate cancer,
malignant melanoma and non-melanoma skin cancer. An excess of bladder cancer was
observed among submariners (SIR 1.53) based on 9 excess cases.

Conclusion: The low all-cause mortality was in line with a —kealthy soldier effect”. Navy
personnel had a lower than expected mortality from accidents and suicide. Alcohol-related
diseases were more frequent among vessel crews than among land based personnel, but
largely similar to the rates in all Norwegian men.

Keywords: Navy, vessel crews, mortality, cancer, alcohol, violent deaths, cohort study



INTRODUCTION

The aim of our study was to investigate cause-specific mortality and cancer incidence
according to duty station (land-based, all vessels, submarines) among officers and enlisted
military personnel serving in the Royal Norwegian Navy during 1950-2004 (1). The
investigation was a part of the research program —Health, Safety and Work Environment in
the Royal Norwegian Navy”, initiated after claims that a number of health hazards were
associated with service in the navy. The incidence of potentially asbestos related cancers
(malignant mesothelioma, and cancers of the lung, larynx, pharynx, stomach, and colorectal
cancer) in the cohort has been presented in a previous paper, showing a 6-fold increased risk
of malignant mesothelioma in marine engine crews with service aboard before 1987, when
asbestos was removed from the vessels. Lung cancer incidence was nearly 20% higher than
expected among both engine crews and non-engine crews during the same period, while all
land-based personnel and personnel who served aboard after 1987 had lung cancer incidence
23% lower than expected (2). In the present study we investigated cause-specific mortality,
with a special focus on preventable diseases and external causes, as well as the incidence of
cancer.

Regular physical and psychological screening for service, and the requirement to maintain
physical fitness implies that personnel pursuing a military career are highly selected
throughout their service. As a consequence, they would be expected to experience lower
mortality than the general population, and perhaps lower mortality than occupationally active
groups without repeated health examinations. This phenomenon has been observed and
termed a —kealthy soldier bias” in Bross & Bross (3), later denoted —kealthy soldier effect”, as
a military equivalent to the healthy worker effect. A review by McLaughlin ef al. (4) found
lower mortality rates for all-causes (meta-SMR 0.76, 95% CI 0.65-0.89) and cancer mortality
(meta-SMR 0.78, 95% CI 0.63—0.98) among deployed military personnel compared to the
general population. We therefore expected a general —helthy soldier effect” in our study,
although it might vary across different subgroups of personnel.

A number of factors might put military personnel at elevated risk for accidents and violent
deaths: A service that includes handling of weaponry, explosives, and potentially dangerous
machinery, might also attract risk takers. The essence of military activity is violence, force
and destruction, and military exercise includes simulation of war. Darby ef al. (5) found a
SMR of accidents and violence of 1.32 (p<0.001) in RN personnel compared with the national
rates. In Finland, most accidents among permanent military personnel occurred during
military exercises (57%) but the accident frequency for military work was lower than for
civilian work (6). Alcohol drinking might increase this risk. Among male U.S. army soldiers
in active duty, Bell et al. (7) noted that alcohol use was associated with a 10-fold increase in
reckless behavior (OR 9.6, 95% CI 4.5-20.7).

Several studies report evidence of a higher than average alcohol consumption among military
personnel, especially in the naval forces. Alcohol abuse has been suggested as an
occupational hazard of military life (8). Alcohol consumption in the navies could be seen as a
result of drinking traditions, readily available of alcoholic beverages, and a life isolated from
family members. Daily rations of alcoholic beverages became tradition in the early days of
sail, the most famous example is the naval rum introduced in the British Royal Navy (RN)
after the capture of Jamaica in 1655. Rum rations were known as —grog” and —Nelson's
blood” (9). Military servicemen in the RN have shown a higher alcohol consumption and
more frequent binge drinking than that expected from the general population (8). The causal
relationship between alcohol consumption and risk of cancers of the upper aerodigestive tract



(UADT) (tongue, mouth, pharynx, larynx, esophagus) and of liver is well established (10),
and a high consumption might also lead other potentially life threatening diseases, such as
liver cirrhosis and mental and behavioral disorders.

Elevated death rates ascribed to alcohol intake has been reported in navy personnel. Silva &
Santana (11) found increased PMR for liver diseases in the Brazilian Navy. Among UK
servicemen with service in tropical or desert areas, Darby et al. (5) found excess deaths in RN
personnel from alcohol related cancers (SMR 1.81) and other alcohol related diseases (SMR
2.29) compared with national rates. British submariners had elevated risk of deaths from liver
cirrhosis (SMR 2.21) (12).

Submarines as work places are specific for the Navy, and the crew must undergo special
training in a submarine-escape training tank. The Norwegian Navy operated diesel-electric
submarines, with the potential to expose the crews to diesel exhaust and battery acid fumes.
The land-based branch of the Navy’s armed forces is the Coastal Artillery, whose duty
stations are forts and fortresses along the coast. These forts are mostly located underground.

MATERIAL AND METHODS
Study population

A historical cohort of 28,345 officers and enlisted servicemen who served in the Royal
Norwegian Navy between 1950 and 2004 had been established. The cohort covers all
branches of the Navy, inclusive of the Fleet, the Coast Guard and the Coastal Artillery, and is
believed to comprise virtually all active military personnel in the Navy for the period (1). The
inventory during our study period was 7 naval bases, 70 coastal forts, 3-4 fortresses and
around 300 vessels. Some 15,400 persons (54% of the cohort members) had ever served
aboard a vessel, whereof 2665 aboard submarines. The distribution of personnel according to
the highest rank or status achieved during this period was: commissioned officers (42%), non-
commissioned officers and petty officers (33%), seamen, able seamen and (other) enlisted
personnel: 25%. Women were not included in our study due to small numbers. Conscripts in
compulsory service that did not achieve an officer’s rank were not included. The birth years
of the cohort members span the period 1883—1984 with a median of 1953. Average total
service length in the Navy was 6.2 years, and for vessel crews, average service aboard the
vessels was 3 years. Individual data on tobacco smoking was available only for a limited
number (1500) of cohort members, who participated in a survey among Navy personnel in
active service in 2002 (data from Mageroy ef al. (13)). No individual data was available for
alcohol drinking, diet and occupational exposure, which, together with tobacco smoking, are
factors that might have a large impact on mortality and cancer incidence.

Case identification and follow-up

The cohort members were followed with respect to the event of death from the first date he
entered service in the Navy, but no earlier than 1% of January 1951, until date of death, date of
emigration, or 31 December 2007, whichever came first. By the end of follow-up, all cohort
members were either known to be alive and resident in Norway, known to have died, or
known to have emigrated. Data on residence, vital status and emigration was provided by the
National Population Register, which is continuously updated for the whole Norwegian



population. We obtained date and underlying cause for all deaths by linkage to the Cause-of-
Death Registry at Statistics Norway, which eventually receives the death certificates for all
Norwegian citizens. The linkage was based on 11-digit unique personal identification
numbers given to all citizens of Norway alive in 1960 or born later. For those who died before
1960, linkage was based on name and date of birth. Deaths were classified according to the
International Classification of Diseases (ICD), 6" revision throughout 1957, 7™ revision
during 1958-1968, 8" revision during 1969-1986, 9" revision during 1986-1995, and 10"
revision during 1996-2007.

All cohort members were followed for incident cancers from the first date he entered service
in the Navy, but no earlier than 1 of J anuary 1953, until date of death, date of emigration, or
31 December 2008, whichever came first. Cancer diagnosis and date of diagnosis were
obtained by linkage to the Cancer Registry of Norway, which, due to compulsory reporting, is
virtually complete (14). Cancer was classified according to ICD, 7" revision, as registered by
the Cancer Registry of Norway. More than one cancer diagnosis could be counted in each
individual.

Alcohol-related diseases and cancers

Deaths by alcohol related diseases other than cancer were defined as caused by -Mental and
behavioral disorders due to use of alcohol” (ICD-10 code F10) and liver cirrhosis (ICD-10
code K70). Alcohol related cancers were defined by cancers of the upper aerodigestive tract
(UADT) which includes tongue (ICD-7 code 141), mouth (ICD-7 codes 143—144), pharynx
(ICD-7 codes 145-148), esophagus (ICD-7 code 150) and larynx (ICD-7 code 161), and of
liver cancer (ICD-7 code 155) combined, a definition also used by Pukkala ez al. (15) in a
census-based study on occupational cancer risk in the five Nordic countries.

Statistical analysis and duty stations

The analysis was based on a comparison of the observed numbers of deaths or cancer cases
with those expected, computed from the national five-year age-specific and five-year period-
specific rates among all Norwegian men. The standardized mortality and incidence ratios
(SMRs and SIRs) were calculated, and ninety-five percent confidence intervals (95% CI)
were computed on the assumption of a Poisson distribution of the observed numbers.

The results for mortality and cancer incidence are presented for the whole cohort and for 3
subsets: personnel who never served aboard a vessel (land based personnel), personnel who
ever served aboard (vessel crews), and for an additional subgroup of vessel crews who ever
served aboard the submarines (submariners). Personnel within the subsets are followed
equally (from the first day in the Navy but no earlier than 1 January 1951 for mortality and 1
January 1953 for cancer) as vessel crews normally start their service aboard within the first
few weeks of initial service. Poisson regression analysis was used to compare rates according
to duty station, with observation period and age at risk included in the models. Relative risks,
expressed as rate ratios (RR) were calculated for vessel crews with reference to land-based
personnel. Epicure (Hirosoft International Corp, Seattle, WA, USA) and Stata (StataCorp LP,
College Station, TX, USA) software packages were used for statistical analysis. We chose a p
value smaller than 0.05 to indicate statistical significance.



Seventy eight deaths (2%), whereof 36 occurring during 2000-2007, were classified as having
an —anknown cause”. According to Statistics Norway, most of these deaths probably occurred
abroad. The number of Norwegians dying abroad increased by 20% during 2000-2007, and
90% of all deaths abroad in 2007 were of unknown cause (16). Individuals with unknown
cause of death were excluded from all SMR and Poisson analyses.

Death within 31 days after end of last recorded service was regarded as service-related, but
we still could not discriminate between active-duty and off-duty deaths.

RESULTS

Total mortality

There were 3650 deaths of known cause during 1951-2007. Average follow-up time was 31.5
years. All-cause mortality was 16% lower than expected, and it was stable throughout the last
four decades (data not shown). Table 1 shows the mortality from all causes combined and
from selected causes for the cohort as a whole. Mortality by duty station is presented in Table
2, and mortality rate ratios derived by Poisson regression are shown in Table 3, where the
risks for vessel crews are compared to land-based personnel. All-cause mortality was lower
than expected for vessel crews as well as land-based personnel (table 2) but the Poisson
analysis showed a significantly higher mortality among vessel crews when the two groups
were compared (RR 1.15) (table 3).

Alcohol-related deaths and cancers

Deaths from alcohol abuse and non-malignant alcohol related diseases were two thirds of that
expected from all Norwegian men. Cirrhosis of the liver constituted half the number of these
deaths, giving a SMR of 0.73 (35 deaths, borderline significance, data not shown). The
incidence of alcohol related cancer was similar to that of the reference population (Table 4).
Compared to land-based personnel, vessel crews had between 50 and 60 % higher risk of
dying from non-malignant alcohol related diseases, and of being diagnosed with an alcohol
related cancer (Tables 3 and 6).

Deaths from violent causes

Among all personnel, a lower than expected mortality was seen for external causes of injury
and poisoning combined (SMR 0.64) and for the selected sub-categories in this group:
transport accidents (SMR 0.78), other accidents (SMR 0.63) and suicide (SMR 0.53) (table 1).
For injury and poisoning combined, the mortality was lower than expected among both land-
based personnel (SMR 0.53) and vessel crews (SMR 0.73), although the Poisson regression
analysis confirmed a 36% higher mortality in the latter (vessel crews) when the two groups
were compared (Table 3). Mortality from transport accidents was significantly lower than
expected in land-based personnel, but not convincingly so in vessel crews (Table 2). Suicide
occurred at nearly half the expected rate for both personnel groups. A total of 206 service-
related deaths (i.e., deaths within one month after end of last recorded service) were observed,



whereof 47 deaths of violent causes. Violent causes counted for 26% of service-related deaths
in vessel crews and 17% in land-based personnel.

Deaths from other causes

The most common cause of death in the cohort was diseases of the circulatory system (1315
cases), which was 14% lower than expected. Ischaemic heart disease and cerebrovascular
diseases counted for 819 and 200 of these cases, giving SMRs of 0.86 and 0.77, respectively.
Except from cancer mortality, which was similar to that of the general population, the
mortality from all other selected groups of diseases was lower than expected for the cohort as
a whole. The Poisson regression analyses suggested a 10 to 20 percent higher risk of death
from diseases of the circulatory, respiratory, and digestive system in vessel crews compared
with land-based personnel (table 3).

Cancer incidence

There were a total of 3362 cancer cases in the cohort during follow-up. Average follow-up
time was 32.2 years. The risk for selected forms of cancer is presented for the cohort as a
whole in table 4, and for personnel according to duty station in table 5. Relative risks for
vessel crews compared to land-based personnel are presented in table 6. The overall cancer
risk among all personnel was slightly elevated, with 179 excess cases. Melanoma of the skin
(SIR 1.18), other skin cancers (SIR 1.37), and prostate cancer (SIR 1.12) counted for 88% of
the excess number of cancers. The total incidence of lung cancer was close to that expected
for the general population, but it was elevated by 21% among vessel crews and lowered by
25% in the land-based personnel group (Table 5). This contrast was confirmed in the Poisson
regressions (Table 6). Vessel crews also showed higher incidence of all cancers combined
(RR 1.16). Submarine service was associated with an excess of bladder cancer (SIR 1.53).
Prostate cancer was elevated in both vessel crews and land-based personnel.

DISCUSSION

For navy servicemen, our study showed a lower than expected all-cause mortality and a lower
than expected mortality from most selected causes of death. For cancer, we found a slightly
elevated standardized incidence ratio (SIR) for the cohort as a whole, mainly caused by
prostate and skin cancers (melanoma and non-melanoma). In general, vessel crews had higher
mortality rates and cancer incidence rates compared to those of land-based personnel,
inclusive of deaths from non-malignant alcohol related diseases, incidence of alcohol-related
cancers, and incidence of lung cancer. Deaths from violent causes were lower than expected
for all personnel, but, again, higher among vessel crews than in land-based personnel.

The strengths of this study were the quality and the completeness of the outcome derived
from independent sources, despite a slight deficit of deaths from unknown cause (2% of all,
excluded from analyses, see Material and methods section). There was no loss to follow-up
except emigrations at specified dates. Accurate Navy service history (duration, occupation
and work places) and unique personal identity numbers secured a complete and unbiased
linkage. Weaknesses were a relatively short duration of service in the Navy and a lack of



information about other (non-military) occupations. We had no access to occupational
exposures in the Navy and lacked data on lifestyle for more than a minor part of the cohort
(see below).

Total mortality

The low mortality is in accordance with a —-kealthy soldier effect”, as described by Kang and
Bullman (17) and in a review by McLaughlin ef al. (4) In Norway, navy personnel are
selected through screening at the initial compulsory military service, excluding individuals
that were physically unfit or unable to adjust to military discipline. Further selection occurs
due to high mental and physical demands during Officer Candidate Schools and Military
Academies. In addition, officers are required to stay fit during service, and to pass physical
and medical tests at regular intervals.

Socioeconomic factors have been associated with mortality. In Britain, life expectancy for
men in the period 1992—-1996 was 9.5 years shorter for the bottom social class, compared to
that of the top social class (18). In Norway, mortality decreases with increasing level of
education and income, more pronounced in men than in women (19). Traditionally, military
officers have been regarded as a high-status group, but our cohort consists of individuals from
different social strata. Income is highly correlated with rank and length of service. Most
personnel with a short career in the Navy were able seamen and other enlisted personnel, who
had maritime or technical education during their enlistment period. The intention of
enlistment was often to attain a career aboard civilian vessels.

The magnitude of the —healthy soldier effect” vary between cohorts in the review of
McLaughlin ef al. (4), with meta-SMRs for deployed and non-deployed personnel around
0.75. The deviation is not only dependent on the mortality in the cohort under study, but also
on that of the reference population. In countries with greater social differences and/or lower
standard of medical care provided to the general public, the difference might be bigger. Our
data suggests a -kealthy soldier effect” of a modest magnitude, possibly caused by the
egalitarian Norwegian society with generally high standard of living, social security and
health services provided by the State to all citizens, those are factors which contribute to low
mortality in the general population.

Alcohol-related deaths and cancers

For the cohort as a whole, deaths from alcohol abuse and non-malignant alcohol-related
diseases (including liver cirrhosis) were less frequent than in the general male population,
while the incidence of alcohol related cancers did not differ from the reference. Our
observation is in line with the results from a cohort study based on employed populations in
one or more censuses in the Nordic countries, where military men showed a lower than
expected mortality from liver diseases (SMR 0.80), and an incidence of alcohol cancers
similar to, that of non-military men (15). Our results indicate an alcohol consumption similar
to or lower than that of Norwegian males in general, a finding which is supported by surveys
including data on alcohol consumption in the Norwegian Navy (20).

Vessel crews had higher risk of death from alcohol abuse and alcohol-related diseases and
higher incidence of alcohol cancers than land-based personnel. Compared to the general



population, a 14% higher than expected risk of alcohol-related cancers was seen (not
statistically significant). Pukkala ef a/.(15) showed an 84% increase among Norwegian
civilian seamen, and there is a possibility that our observation of more alcohol-related
diseases in vessel crews can be explained by post-military service in the merchant fleet. Our
results do indeed contrast the high alcohol-related mortality reported among British RN
servicemen (5). In UK, the rum tradition was abolished as late as 1970 (9, 21), while the
Norwegian tradition of distributing rations of distilled spirits aboard navy vessels was
abandoned more than 80 years earlier, spirits being replaced by hot beverages like tea and
coffee (22).

Deaths from external causes

The death rates of external causes, including transport accidents, other accidents and suicide,
were very low. Navy vessel crews experienced more deaths from external causes than land-
based personnel, possibly due to a higher risk of accidents aboard a vessel compared to land-
based activity, and higher consumption of alcohol. Similarly, in a census-based study on
mortality among occupational groups in Norway, Borgan (23) reported a higher risk of death
by external causes among Norwegian seamen compared to land-based personnel. Our result
are remarkable for an organization designed for military activity and it might reflect—in
addition to the obvious absence of real warfare—a culture of safety, involving selection of
personnel, proper training, regulations, and a psychosocial environment with emphasis on
personal control. These factors might even have outbalanced a possible attraction of risk
takers by military jobs.

Deaths from other causes

Navy personnel had a lower than expected mortality from circulatory, respiratory, digestive
and infectious diseases. Judged by the lung cancer incidence, it seems fair to assume that the
historical smoking habits in the cohort have been compatible with those of the general
population. This may be taken to suggest that factors other than smoking, such as selection by
employment, diet, physical activity, occupational exposures, indoor or outdoor air quality,
may have had a positive impact on the incidence and prevalence of these diseases.

Differences in mortality across the personnel groups: explained by tobacco smoking?

A proportion of the difference in mortality and cancer incidence between vessel crews and
land-based personnel is likely attributable to a higher prevalence of smoking among vessel
crews. An excess of mesotheliomas was observed in vessel crews by Strand ez al. (2), and
based on an estimated ratio of asbestos-related lung cancer to mesothelioma deaths to be
somewhere between two thirds an unity—suggested from UK data by Darnton et al. (24)—
some 5-8% of lung cancers in vessel crews could be ascribed to asbestos exposure. This still
leaves room for a higher lung cancer rate attributable to smoking among vessel crews
compared to land-based personnel. According to self-reported data on smoking among 1500
cohort members in active service in 2002, 27% of those who ever served aboard a vessel were
present-day smokers, in contrast to 20% of the land-based group (data from Mageroy et al.
(13)). Although a modest difference, the observation was statistically significant (p<0.005)



and it would be in line with a historical difference in the same direction. According to Ezzati
& Lopez (25), the leading causes of death from smoking in industrialized regions in the year
2000 were cardiovascular diseases, lung cancer, and chronic obstructive pulmonary disease
(COPD). We therefore assume that lower mortality from circulatory and respiratory diseases
observed in land-based personnel compared to vessel crews, at least in part, can be explained
by less tobacco smoking.

Other cancers

The 6% higher than expected incidence of all cancers combined in the cohort seems to
contrast the low mortality from non-neoplastic causes and the —healthy soldier effect”. It is,
however, well known that screening and improvements in medical diagnostic may increase
the reported cancer incidence.

Prostate cancer incidence was elevated for land-based personnel as well as for vessel crews. A
similar SIR of 1.10 was found among military personnel in a census-based study in four
Nordic countries (15). There are few known carcinogens associated with prostate cancer. The
steep increase in prostate cancer incidence in Norway since 1990 is attributed to the
increasing use of prostate specific antigen (PSA) tests in asymptomatic men (26, 27). The
most plausible explanation of our finding is a difference in diagnostic intensity compared to
the reference population, possibly taking place in regular health examinations among active or
retired personnel. In line with our assumption, Zhu et al. (28) regarded screening as the most
plausible explanation to the doubled incidence seen among US military men. Interestingly,
Darby et al. (5) found a 56% increased prostate mortality among British military personnel
based on 29 deaths. Even in the pre-PSA era, an increased diagnostic intensity might lead to a
higher incidence of prostate cancer, and subsequently to a higher number of deaths attributed
to the disease, as suggested by Feuer et al. (29).

The increased risk of non-melanoma skin cancer was more marked than that of malignant
melanoma. Our finding is in accordance with that among military men in four Nordic
countries (15). The major causal factor involved in development of skin cancers is exposure
to ultraviolet (UV) radiation from sunlight (30). Vessel crews might be more exposed to
occupational sunlight than land-based personnel. The elevated risk of non-melanoma skin
cancer in vessel crews was also seen in the subgroup of submariners, whose submarine
service counts for less than one third of their total Navy employment. We find it reasonable to
assume that the excess is linked to intentional tanning although some exposure may take place
during work hours in land-based or surface activity. In the study by Pukkala et al. (15),
elevated risk of skin cancers was seen among highly educated professions including medical
doctors, dentists, administrators, teachers and religious workers, while typical outdoor
workers like farmers, forestry workers, gardeners and fishermen showed lowered risk,
indicating that a social gradient and leisure-time exposure could be more important than
occupational exposure for the incidence of skin cancers. A certain correlation between skin
cancer and social gradient might also exist in our cohort, as military rank is linked to duration
of service, and vessel crews have a longer average duration of service compared to land-based
personnel, 7.8 years against 4.5 years, respectively.

There was sign of an increased risk of bladder cancer among submariners. Relevant exposure
to diesel exhaust could have occurred from diesel powered engines, but the evidence of a
causal link to bladder cancer is even weaker than that for lung cancer (31).
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CONCLUSION

All-cause mortality and most of the selected causes of mortality were significantly lower than
expected, in line with a —hkealthy soldier effect”. An elevated overall cancer incidence was
mostly due to excess cancers of the skin and prostate gland. Mortality from alcohol abuse and
alcohol related diseases, and incidence of alcohol related cancers, were higher among vessel
crews than land based personnel, but not higher than in the reference population. The risk of
death from violent causes was lower than expected, although vessel crews experienced a
higher mortality from external causes than did land-based personnel. Lung cancer incidence
was 65% higher among vessel crews than in land-based personnel, with some of the
difference probably explained by asbestos and most of it by contrasts in tobacco smoking.
The smoking patterns may also explain the higher mortality from circulatory and respiratory
diseases in vessel crews compared to land-based personnel.
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Table 1 All-cause mortality and selected causes of death among 28,265 Royal Norwegian Navy
servicemen followed between 1951 and 2007; 890,771 person-years

Causes of death ICD-10* Obs.t Exp.f SMR§ 95% CI|
All causes A00-Y99 3648 4339.4 0.84 0.81-0.87
Alcohol abuse and alcohol related diseases # 73 108.6 0.67 0.53-0.85
Infectious and parasitic diseases A00-B99 24 43.6 0.55 0.35-0.82
Malignant neoplasms C00-C97 1208 1189.6 1.02 0.96-1.07
Diseases of the circulatory system 100-199 1315 15324 0.86 0.81-0.91
Ischaemic heart disease 120-125 819 951.7 0.86 0.80-0.92
Cerebrovascular diseases 160-169 200 2613 0.77 0.67-0.88
Diseases of the respiratory system JO0-J99 170 231.1 0.74 0.63-0.85
Chronic lower respiratory diseases 140-147 89 104.8 0.85 0.68-1.04
Diseases of the digestive system KO0—K93 108 133.4 0.81 0.67-0.98
External causes of injury and poisoning V01-X59 402 6284 0.64 0.58-0.71
Transport accidents V01-V99 155 1999 0.78 0.66-0.91
Other accidents WO00-19,X40-49 138 219.2 0.63 0.53-0.74
Suicide X60-84,Y87.0 101 189.6 0.53 0.44-0.65

* |CD, International Classification of Diseases

T Obs., Observed number of cases

¥ Exp., Expected number of cases based on population rates
§ SMR, Standardized Mortality Ratio

9 Cl, Confidence Interval

# Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70)



Table 2 All-cause mortality and deaths of selected causes among 28,265 Royal Norwegian Navy
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servicemen according to duty station: land-based personnel (never vessel, 401,493 person-years), all

vessel crews (489,278 person-years), and a subgroup of the latter: submariners (86,815 person-
years). Follow-up 1951-2007

Causes of death ICD-10* Duty station Obs.t Exp.f SMR§ 95% CIf|
All causes A00-Y99 Land-based 1535 1986.6 0.77 0.73-0.81
All vessels 2113 2352.7 0.90 0.86-0.94
- Submarines 303 3544 0.85 0.76-0.96
Alcohol abuse and alcohol # Land-based 25 48.2 0.52 0.34-0.77
related diseases All vessels 48 60.4 0.79 0.58-1.05
- Submarines 4 10.3 0.39 0.11-1.00

Malignant neoplasms C00-C97 Land-based 503 536.2 0.94 0.86-1.02
All vessels 705 6534 1.08 1.00-1.16
- Submarines 108 100.3 1.08 0.89-1.30
Diseases of the circulatory system 100-199 Land-based 569 713.6 0.80 0.73-0.87
All vessels 746 818.8 0.91 0.85-0.98
- Submarines 110 1143 0.96 0.80-1.16
Ischaemic heart disease 120—125 Land-based 344 438.7 0.78 0.71-0.87
All vessels 475 513.0 0.93 0.85-1.01
- Submarines 67 725 092 0.72-1.17
Cerebrovascular diseases 160-169 Land-based 94 1259 0.75 0.60-0.91
All vessels 106 1354 0.78 0.65-0.95
- Submarines 12 18.0 0.67 0.34-1.16
Diseases of the respiratory system J00-J99 Land-based 71 1069 0.66 0.52-0.84
All vessels 99 124.2 0.80 0.65-0.97
- Submarines 11 16.7 0.66 0.33-1.18
Diseases of the digestive system KO0-K93 Land-based 46 609 0.76 0.55-1.01
All vessels 62 72,5 0.86 0.66-1.10
- Submarines 7 11.1 0.63 0.25-1.29

External causes of injury V01-X59 Land-based 151 282.6 0.53 0.46-0.63
and poisoning All vessels 251 3458 0.73 0.64-0.82
- Submarines 39 59.7 0.65 0.46-0.89
Transport accidents V01-V99 Land-based 54 88.7 0.61 0.46-0.79
All vessels 101 1113 091 0.75-1.10

- Submarines 16 19.5 0.82 0.47-1.33

Other accidents W00-19,X40-49 Land-based 48 98.9 0.49 0.36-0.65
All vessels 90 120.3 0.75 0.61-0.93

- Submarines 10 20.0 0.50 0.24-0.92

Suicide X60-84,Y87.0 Land-based 47 86.1 0.55 0.40-0.73
All vessels 54 103.5 0.52 0.39-0.68
- Submarines 12 18.3 0.65 0.34-1.14

* |CD, International Classification of Diseases
T Obs., Observed number of cases

¥ Exp., Expected number of cases based on population rates
§ SMR, Standardized Mortality Ratio

9 Cl, Confidence Interval

# Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70)



Table 3 Mortality rate ratios (RR) comparing vessel crews with land-based personnel in the Royal
Norwegian Navy. Poisson regression analysis adjusted for observation period and age

Causes of death ICD-10*  RRt 95% Clt

All causes A00-Y99 1.15 1.08-1.23
Alcohol abuse and alcohol related diseases § 1.56 0.96-2.52
Diseases of the circulatory system [00-199 1.12 1.00-1.24
Diseases of the respiratory system J00-J99 1.18  0.86-1.60
Diseases of the digestive system KOO-K93 1.14  0.78-1.67
External causes of injury and poisoning V01-X59 1.36 1.11-1.66

* |CD, International Classification of Diseases

T RR, Rate Ratio

¥ Cl, Confidence Interval

§ Mental and behavioural disorders due to use of alcohol (F10), liver cirrhosis (K70)

Table 4 Cancer incidence among 28,345 Royal Norwegian Navy servicemen followed between 1953
and 2008; 912,527 person-years

Cancer site ICD-7* Obs.t  Exp.t SIR§ 95% CIf

All sites 140-204 3362 3183.0 1.06 1.02-1.09
Alcohol related cancers # 147 153.3 096 0.82-1.13
Lip 140 14 20.3 0.69 0.38-1.16
Stomach 151 109 113.5 096 0.80-1.16
Colon 153 266 258.1 1.03 0.91-1.16
Rectum 154 159 152.8 1.04 0.89-1.22
Pancreas 157 82 78.1 1.05 0.83-1.30
Trachea, bronchus and lung 162 375 370.5 1.01 0.91-1.12
Prostate 177 777 696.7 1.12 1.04-1.20
Testis 178 117 107.7 1.09 0.91-1.30
Kidney, renal pelvis and urether 180 116 1153 1.01 0.84-1.21
Bladder and other urinary organs 181 207 198.2 1.04 0.91-1.20
Melanoma of skin 190 217 183.8 1.18 1.03-1.35
Other skin 191 168 1229 137 1.18-1.59
Brain, nervous system 193 126 1229 1.03 0.86-1.22
Thyroid gland 194 14 21.4 0.66 0.36-1.10
Lymphomas 200-202 143 1434 1.00 0.85-1.17

Multiple myeloma and leukemias 203-204 142 1376 1.03 0.88-1.22

*|CD, International Classification of Diseases

T Obs., Observed number of cases

¥ Exp., Expected number of cases based on population rates

§ SIR, Standardized Incidence Ratio

9 Cl, Confidence Interval

# Tongue (141), mouth (143-144), pharynx (145—-148), oesophagus (150), liver (155), larynx (161)
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Table 5 Incidence of selected cancers among Royal Norwegian Navy servicemen according to duty
station: land-based personnel (411,208 person-years), all vessel crews (501,319 person-years), and a
subgroup of the latter: submariners (89,315 person-years). Follow-up 1953—2008

Cancer site ICD-7* Duty station Obs.t Exp.f  SIR§ 95% CIf|
All sites 140-204 Land-based 1382 14181 0.97 0.92-1.03
All vessels 1980 17649 1.12 1.07-1.17
- Submarines 332 2886 1.15 1.03-1.28

Alcohol related cancers # Land-based 50 68.3 0.73  0.54-0.97
All vessels 97 85.0 1.14 0.93-1.39

- Submarines 18 14.1 1.28 0.76-2.02
Trachea, bronchus and lung 162 Land-based 123 163.0 0.75 0.63-0.90
All vessels 252 207.5 1.21 1.07-1.37

- Submarines 32 335 0.95 0.65-1.35
Prostate 177 Land-based 351 308.6 1.14 1.02-1.26
All vessels 426 3838.1 1.10 1.00-1.21

- Submarines 69 62.6 1.10 0.86-1.40

Bladder and other urinary 181 Land-based 87 87.6 0.99 0.80-1.23
organs All vessels 120 110.6 1.09 0.91-1.30
- Submarines 27 17.6 1.53 1.01-2.23

Melanoma of skin 190 Land-based 97 82.0 1.18 0.96-1.44
All vessels 120 101.8 1.18 0.99-1.41

- Submarines 24 17.7 135 0.87-2.01

Other skin 191 Land-based 67 545 1.23 0.95-1.56
All vessels 101 68.4 148 1.21-1.79

- Submarines 20 10.8 1.85 1.13-2.86

* |CD, International Classification of Diseases

T Obs., Observed number of cases

¥ Exp., Expected number of cases based on population rates

§ SIR, Standardized Incidence Ratio

9 Cl, Confidence Interval

# Tongue (141), mouth (143—144), pharynx (145-148), oesophagus (150), liver (155), larynx (161)

Table 6 Incidence rate ratios (RR) for selected cancers among vessel crews with reference to land-
based personnel in the Royal Norwegian Navy. Poisson regression analysis adjusted for observation
period and age

Cancer site ICD-7* RRT 95% Clt

All sites 140-204 1.16 1.08-1.24
Alcohol related cancers § 1.58 1.12-2.22
Lung cancer 162 1.65 1.33-2.04
Other skin 191 1.20 0.88-1.63

* |CD, International Classification of Diseases

T RR, Rate Ratio

¥ Cl, Confidence Interval

§ Tongue (141), mouth (143—144), pharynx (145-148), oesophagus (150), liver (155), larynx (161)
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PROLIFERATOR-INDUCED HYPERFUNCTION OF THE RAT GASTRIN PRODUCING
CELL

211.Ingrid Susann Gribbestad: MAGNETIC RESONANCE IMAGING AND SPECTROSCOPY OF
BREAST CANCER

212.Rennaug Astri @degard: PREECLAMPSIA — MATERNAL RISK FACTORS AND FETAL
GROWTH

213.Johan Haux: STUDIES ON CYTOTOXICITY INDUCED BY HUMAN NATURAL KILLER
CELLS AND DIGITOXIN

214.Turid Suzanne Berg-Nielsen: PARENTING PRACTICES AND MENTALLY DISORDERED
ADOLESCENTS

215.Astrid Rydning: BLOOD FLOW AS A PROTECTIVE FACTOR FOR THE STOMACH
MUCOSA. AN EXPERIMENTAL STUDY ON THE ROLE OF MAST CELLS AND
SENSORY AFFERENT NEURONS
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216.Jan Pal Loennechen: HEART FAILURE AFTER MYOCARDIAL INFARCTION. Regional
Differences, Myocyte Function, Gene Expression, and Response to Cariporide, Losartan, and
Exercise Training.

217.Elisabeth Qvigstad: EFFECTS OF FATTY ACIDS AND OVER-STIMULATION ON
INSULIN SECRETION IN MAN

218.Arne Asberg: EPIDEMIOLOGICAL STUDIES IN HEREDITARY HEMOCHROMATOSIS:
PREVALENCE, MORBIDITY AND BENEFIT OF SCREENING.

219.Johan Fredrik Skomsvoll: REPRODUCTIVE OUTCOME IN WOMEN WITH RHEUMATIC
DISEASE. A population registry based study of the effects of inflammatory rheumatic disease
and connective tissue disease on reproductive outcome in Norwegian women in 1967-1995.

220.Siv Merkved: URINARY INCONTINENCE DURING PREGNANCY AND AFTER
DELIVERY: EFFECT OF PELVIC FLOOR MUSCLE TRAINING IN PREVENTION AND
TREATMENT

221.Marit S. Jordhey: THE IMPACT OF COMPREHENSIVE PALLIATIVE CARE

222.Tom Christian Martinsen: HYPERGASTRINEMIA AND HYPOACIDITY IN RODENTS —
CAUSES AND CONSEQUENCES

223.Solveig Tingulstad: CENTRALIZATION OF PRIMARY SURGERY FOR OVARAIN
CANCER. FEASIBILITY AND IMPACT ON SURVIVAL

224 Haytham Eloqayli: METABOLIC CHANGES IN THE BRAIN CAUSED BY EPILEPTIC
SEIZURES

225.Torunn Bruland: STUDIES OF EARLY RETROVIRUS-HOST INTERACTIONS — VIRAL
DETERMINANTS FOR PATHOGENESIS AND THE INFLUENCE OF SEX ON THE
SUSCEPTIBILITY TO FRIEND MURINE LEUKAEMIA VIRUS INFECTION

226.Torstein Hole: DOPPLER ECHOCARDIOGRAPHIC EVALUATION OF LEFT
VENTRICULAR FUNCTION IN PATIENTS WITH ACUTE MYOCARDIAL INFARCTION

227.Vibeke Nossum: THE EFFECT OF VASCULAR BUBBLES ON ENDOTHELIAL FUNCTION

228.Sigurd Fasting: ROUTINE BASED RECORDING OF ADVERSE EVENTS DURING
ANAESTHESIA — APPLICATION IN QUALITY IMPROVEMENT AND SAFETY

229.Solfrid Romundstad: EPIDEMIOLOGICAL STUDIES OF MICROALBUMINURIA. THE
NORD-TRONDELAG HEALTH STUDY 1995-97 (HUNT 2)

230.Geir Torheim: PROCESSING OF DYNAMIC DATA SETS IN MAGNETIC RESONANCE
IMAGING

231.Catrine Ahlén: SKIN INFECTIONS IN OCCUPATIONAL SATURATION DIVERS IN THE
NORTH SEA AND THE IMPACT OF THE ENVIRONMENT

232.Arnulf Langhammer: RESPIRATORY SYMPTOMS, LUNG FUNCTION AND BONE
MINERAL DENSITY IN A COMPREHENSIVE POPULATION SURVEY. THE NORD-
TRONDELAG HEALTH STUDY 1995-97. THE BRONCHIAL OBSTRUCTION IN NORD-
TRONDELAG STUDY

233.Einar Kjelsas: EATING DISORDERS AND PHYSICAL ACTIVITY IN NON-CLINICAL
SAMPLES

234.Arne Wibe: RECTAL CANCER TREATMENT IN NORWAY — STANDARDISATION OF
SURGERY AND QUALITY ASSURANCE
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235.Eivind Witse: BONE GRAFT AS AN ANTIBIOTIC CARRIER

236.Anne Mari Sund: DEVELOPMENT OF DEPRESSIVE SYMPTOMS IN EARLY
ADOLESCENCE

237.Hallvard Lerum: EVALUATION OF ELECTRONIC MEDICAL RECORDS — A CLINICAL
TASK PERSPECTIVE

238.Gustav Mikkelsen: ACCESSIBILITY OF INFORMATION IN ELECTRONIC PATIENT
RECORDS; AN EVALUATION OF THE ROLE OF DATA QUALITY

239.Steinar Krokstad: SOCIOECONOMIC INEQUALITIES IN HEALTH AND DISABILITY.
SOCIAL EPIDEMIOLOGY IN THE NORD-TRONDELAG HEALTH STUDY (HUNT),
NORWAY

240.Arne Kristian Myhre: NORMAL VARIATION IN ANOGENITAL ANATOMY AND
MICROBIOLOGY IN NON-ABUSED PRESCHOOL CHILDREN

241.Ingunn Dybedal: NEGATIVE REGULATORS OF HEMATOPOIETEC STEM AND
PROGENITOR CELLS

242 .Beate Sitter: TISSUE CHARACTERIZATION BY HIGH RESOLUTION MAGIC ANGLE
SPINNING MR SPECTROSCOPY



243 Per Arne Aas: MACROMOLECULAR MAINTENANCE IN HUMAN CELLS — REPAIR OF
URACIL IN DNA AND METHYLATIONS IN DNA AND RNA

244.Anna Bofin: FINE NEEDLE ASPIRATION CYTOLOGY IN THE PRIMARY
INVESTIGATION OF BREAST TUMOURS AND IN THE DETERMINATION OF
TREATMENT STRATEGIES

245.Jim Aage Neottestad: DEINSTITUTIONALIZATION AND MENTAL HEALTH CHANGES
AMONG PEOPLE WITH MENTAL RETARDATION

246.Reidar Fossmark: GASTRIC CANCER IN JAPANESE COTTON RATS

247.Wibeke Nordhey: MANGANESE AND THE HEART, INTRACELLULAR MR
RELAXATION AND WATER EXCHANGE ACROSS THE CARDIAC CELL MEMBRANE
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248.Sturla Molden: QUANTITATIVE ANALYSES OF SINGLE UNITS RECORDED FROM THE
HIPPOCAMPUS AND ENTORHINAL CORTEX OF BEHAVING RATS

249.Wenche Brenne Drayvold: EPIDEMIOLOGICAL STUDIES ON WEIGHT CHANGE AND
HEALTH IN A LARGE POPULATION. THE NORD-TRONDELAG HEALTH STUDY
(HUNT)

250.Ragnhild Steen: ENDOTHELIUM-DEPENDENT VASODILATION IN THE FEMORAL
ARTERY OF DEVELOPING PIGLETS

251.Aslak Steinsbekk: HOMEOPATHY IN THE PREVENTION OF UPPER RESPIRATORY
TRACT INFECTIONS IN CHILDREN

252.Hill-Aina Steffenach: MEMORY IN HIPPOCAMPAL AND CORTICO-HIPPOCAMPAL
CIRCUITS

253.Eystein Stordal: ASPECTS OF THE EPIDEMIOLOGY OF DEPRESSIONS BASED ON
SELF-RATING IN A LARGE GENERAL HEALTH STUDY (THE HUNT-2 STUDY)

254.Viggo Pettersen: FROM MUSCLES TO SINGING: THE ACTIVITY OF ACCESSORY
BREATHING MUSCLES AND THORAX MOVEMENT IN CLASSICAL SINGING

255.Marianne Fyhn: SPATIAL MAPS IN THE HIPPOCAMPUS AND ENTORHINAL CORTEX

256.Robert Valderhaug: OBSESSIVE-COMPULSIVE DISORDER AMONG CHILDREN AND
ADOLESCENTS: CHARACTERISTICS AND PSYCHOLOGICAL MANAGEMENT OF
PATIENTS IN OUTPATIENT PSYCHIATRIC CLINICS

257.Erik Skaaheim Haug: INFRARENAL ABDOMINAL AORTIC ANEURYSMS —
COMORBIDITY AND RESULTS FOLLOWING OPEN SURGERY

258.Daniel Kondziella: GLIAL-NEURONAL INTERACTIONS IN EXPERIMENTAL BRAIN
DISORDERS

259.Vegard Heimly Brun: ROUTES TO SPATIAL MEMORY IN HIPPOCAMPAL PLACE
CELLS

260.Kenneth McMillan: PHYSIOLOGICAL ASSESSMENT AND TRAINING OF ENDURANCE
AND STRENGTH IN PROFESSIONAL YOUTH SOCCER PLAYERS

261.Marit Sebe Indredavik: MENTAL HEALTH AND CEREBRAL MAGNETIC RESONANCE
IMAGING IN ADOLESCENTS WITH LOW BIRTH WEIGHT

262.0le Johan Kemi: ON THE CELLULAR BASIS OF AEROBIC FITNESS, INTENSITY -
DEPENDENCE AND TIME-COURSE OF CARDIOMYOCYTE AND ENDOTHELIAL
ADAPTATIONS TO EXERCISE TRAINING

263.Eszter Vanky: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT IN
PREGNANCY

264.Hild Fjertoft: EXTENDED STROKE UNIT SERVICE AND EARLY SUPPORTED
DISCHARGE. SHORT AND LONG-TERM EFFECTS

265.Grete Dyb: POSTTRAUMATIC STRESS REACTIONS IN CHILDREN AND
ADOLESCENTS

266.Vidar Fykse: SOMATOSTATIN AND THE STOMACH

267.Kirsti Berg: OXIDATIVE STRESS AND THE ISCHEMIC HEART: A STUDY IN PATIENTS
UNDERGOING CORONARY REVASCULARIZATION

268.Bjorn Inge Gustafsson: THE SEROTONIN PRODUCING ENTEROCHROMAFFIN CELL,
AND EFFECTS OF HYPERSEROTONINEMIA ON HEART AND BONE
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269.Torstein Baade Re: EFFECTS OF BONE MORPHOGENETIC PROTEINS, HEPATOCYTE
GROWTH FACTOR AND INTERLEUKIN-21 IN MULTIPLE MYELOMA

270.May-Britt Tessem: METABOLIC EFFECTS OF ULTRAVIOLET RADIATION ON THE
ANTERIOR PART OF THE EYE



271.Anne-Sofie Helvik: COPING AND EVERYDAY LIFE IN A POPULATION OF ADULTS
WITH HEARING IMPAIRMENT

272.Therese Standal: MULTIPLE MYELOMA: THE INTERPLAY BETWEEN MALIGNANT
PLASMA CELLS AND THE BONE MARROW MICROENVIRONMENT

273.Ingvild Saltvedt: TREATMENT OF ACUTELY SICK, FRAIL ELDERLY PATIENTS IN A
GERIATRIC EVALUATION AND MANAGEMENT UNIT — RESULTS FROM A
PROSPECTIVE RANDOMISED TRIAL

274.Birger Henning Endreseth: STRATEGIES IN RECTAL CANCER TREATMENT — FOCUS
ON EARLY RECTAL CANCER AND THE INFLUENCE OF AGE ON PROGNOSIS

275.Anne Mari Aukan Rokstad: ALGINATE CAPSULES AS BIOREACTORS FOR CELL
THERAPY

276.Mansour Akbari: HUMAN BASE EXCISION REPAIR FOR PRESERVATION OF GENOMIC
STABILITY

277.Stein Sundstrem: IMPROVING TREATMENT IN PATIENTS WITH LUNG CANCER —
RESULTS FROM TWO MULITCENTRE RANDOMISED STUDIES

278.Hilde Pleym: BLEEDING AFTER CORONARY ARTERY BYPASS SURGERY - STUDIES
ON HEMOSTATIC MECHANISMS, PROPHYLACTIC DRUG TREATMENT AND
EFFECTS OF AUTOTRANSFUSION

279.Line Merethe Oldervoll: PHYSICAL ACTIVITY AND EXERCISE INTERVENTIONS IN
CANCER PATIENTS

280.Boye Welde: THE SIGNIFICANCE OF ENDURANCE TRAINING, RESISTANCE
TRAINING AND MOTIVATIONAL STYLES IN ATHLETIC PERFORMANCE AMONG
ELITE JUNIOR CROSS-COUNTRY SKIERS

281.Per Olav Vandvik: IRRITABLE BOWEL SYNDROME IN NORWAY, STUDIES OF
PREVALENCE, DIAGNOSIS AND CHARACTERISTICS IN GENERAL PRACTICE AND
IN THE POPULATION

282.1dar Kirkeby-Garstad: CLINICAL PHYSIOLOGY OF EARLY MOBILIZATION AFTER
CARDIAC SURGERY

283.Linn Getz: SUSTAINABLE AND RESPONSIBLE PREVENTIVE MEDICINE.
CONCEPTUALISING ETHICAL DILEMMAS ARISING FROM CLINICAL
IMPLEMENTATION OF ADVANCING MEDICAL TECHNOLOGY

284.Eva Tegnander: DETECTION OF CONGENITAL HEART DEFECTS IN A NON-SELECTED
POPULATION OF 42,381 FETUSES

285 .Kristin Gabestad Norsett: GENE EXPRESSION STUDIES IN GASTROINTESTINAL
PATHOPHYSIOLOGY AND NEOPLASIA

286.Per Magnus Haram: GENETIC VS. AQUIRED FITNESS: METABOLIC, VASCULAR AND
CARDIOMYOCYTE ADAPTATIONS

287.Agneta Johansson: GENERAL RISK FACTORS FOR GAMBLING PROBLEMS AND THE
PREVALENCE OF PATHOLOGICAL GAMBLING IN NORWAY

288.Svein Artur Jensen: THE PREVALENCE OF SYMPTOMATIC ARTERIAL DISEASE OF
THE LOWER LIMB

289.Charlotte Bjork Ingul: QUANITIFICATION OF REGIONAL MYOCARDIAL FUNCTION
BY STRAIN RATE AND STRAIN FOR EVALUATION OF CORONARY ARTERY
DISEASE. AUTOMATED VERSUS MANUAL ANALYSIS DURING ACUTE
MYOCARDIAL INFARCTION AND DOBUTAMINE STRESS ECHOCARDIOGRAPHY

290.Jakob Nakling: RESULTS AND CONSEQUENCES OF ROUTINE ULTRASOUND
SCREENING IN PREGNANCY — A GEOGRAPHIC BASED POPULATION STUDY

291.Anne Engum: DEPRESSION AND ANXIETY — THEIR RELATIONS TO THYROID
DYSFUNCTION AND DIABETES IN A LARGE EPIDEMIOLOGICAL STUDY

292.0ttar Bjerkeset: ANXIETY AND DEPRESSION IN THE GENERAL POPULATION: RISK
FACTORS, INTERVENTION AND OUTCOME — THE NORD-TRONDELAG HEALTH
STUDY (HUNT)

293.Jon Olav Drogset: RESULTS AFTER SURGICAL TREATMENT OF ANTERIOR
CRUCIATE LIGAMENT INJURIES — A CLINICAL STUDY

294 .Lars Fosse: MECHANICAL BEHAVIOUR OF COMPACTED MORSELLISED BONE — AN
EXPERIMENTAL IN VITRO STUDY

295.Gunilla Klensmeden Fosse: MENTAL HEALTH OF PSYCHIATRIC OUTPATIENTS
BULLIED IN CHILDHOOD

296.Paul Jarle Mork: MUSCLE ACTIVITY IN WORK AND LEISURE AND ITS ASSOCIATION
TO MUSCULOSKELETAL PAIN



297.Bjorn Stenstrom: LESSONS FROM RODENTS: I: MECHANISMS OF OBESITY SURGERY
—ROLE OF STOMACH. II: CARCINOGENIC EFFECTS OF HELICOBACTER PYLORI
AND SNUS IN THE STOMACH
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298.Haakon R. Skogseth: INVASIVE PROPERTIES OF CANCER — A TREATMENT TARGET ?
IN VITRO STUDIES IN HUMAN PROSTATE CANCER CELL LINES

299.Janniche Hammer: GLUTAMATE METABOLISM AND CYCLING IN MESIAL
TEMPORAL LOBE EPILEPSY

300.May Britt Drugli: YOUNG CHILDREN TREATED BECAUSE OF ODD/CD: CONDUCT
PROBLEMS AND SOCIAL COMPETENCIES IN DAY-CARE AND SCHOOL SETTINGS

301.Arne Skjold: MAGNETIC RESONANCE KINETICS OF MANGANESE DIPYRIDOXYL
DIPHOSPHATE (MnDPDP) IN HUMAN MYOCARDIUM. STUDIES IN HEALTHY
VOLUNTEERS AND IN PATIENTS WITH RECENT MYOCARDIAL INFARCTION

302.Siri Malm: LEFT VENTRICULAR SYSTOLIC FUNCTION AND MYOCARDIAL
PERFUSION ASSESSED BY CONTRAST ECHOCARDIOGRAPHY

303.Valentina Maria do Rosario Cabral Iversen: MENTAL HEALTH AND PSYCHOLOGICAL
ADAPTATION OF CLINICAL AND NON-CLINICAL MIGRANT GROUPS

304.Lasse Lovstakken: SIGNAL PROCESSING IN DIAGNOSTIC ULTRASOUND:
ALGORITHMS FOR REAL-TIME ESTIMATION AND VISUALIZATION OF BLOOD
FLOW VELOCITY

305.Elisabeth Olstad: GLUTAMATE AND GABA: MAJOR PLAYERS IN NEURONAL
METABOLISM

306.Lilian Leistad: THE ROLE OF CYTOKINES AND PHOSPHOLIPASE Ass IN ARTICULAR
CARTILAGE CHONDROCYTES IN RHEUMATOID ARTHRITIS AND OSTEOARTHRITIS

307.Arne Vaaler: EFFECTS OF PSYCHIATRIC INTENSIVE CARE UNIT IN AN ACUTE
PSYCIATHRIC WARD

308.Mathias Toft: GENETIC STUDIES OF LRRK2 AND PINK1 IN PARKINSON’S DISEASE

309.Ingrid Levold Mostad: IMPACT OF DIETARY FAT QUANTITY AND QUALITY IN TYPE
2 DIABETES WITH EMPHASIS ON MARINE N-3 FATTY ACIDS

310.Torill Eidhammer Sjebakk: MR DETERMINED BRAIN METABOLIC PATTERN IN
PATIENTS WITH BRAIN METASTASES AND ADOLESCENTS WITH LOW BIRTH
WEIGHT

311.Vidar Beisvag: PHYSIOLOGICAL GENOMICS OF HEART FAILURE: FROM
TECHNOLOGY TO PHYSIOLOGY

312.0lav Magnus Sendena Fredheim: HEALTH RELATED QUALITY OF LIFE ASSESSMENT
AND ASPECTS OF THE CLINICAL PHARMACOLOGY OF METHADONE IN PATIENTS
WITH CHRONIC NON-MALIGNANT PAIN

313.Anne Brantberg: FETAL AND PERINATAL IMPLICATIONS OF ANOMALIES IN THE
GASTROINTESTINAL TRACT AND THE ABDOMINAL WALL

314.Erik Solligard: GUT LUMINAL MICRODIALY SIS

315.Elin Tollefsen: RESPIRATORY SYMPTOMS IN A COMPREHENSIVE POPULATION
BASED STUDY AMONG ADOLESCENTS 13-19 YEARS. YOUNG-HUNT 1995-97 AND
2000-01; THE NORD-TRONDELAG HEALTH STUDIES (HUNT)

316.Anne-Tove Brenne: GROWTH REGULATION OF MYELOMA CELLS

317.Heidi Knobel: FATIGUE IN CANCER TREATMENT — ASSESSMENT, COURSE AND
ETIOLOGY

318. Torbjern Dahl: CAROTID ARTERY STENOSIS. DIAGNOSTIC AND THERAPEUTIC
ASPECTS

319.Inge-Andre Rasmussen jr.. FUNCTIONAL AND DIFFUSION TENSOR MAGNETIC
RESONANCE IMAGING IN NEUROSURGICAL PATIENTS

320.Grete Helen Bratberg: PUBERTAL TIMING — ANTECEDENT TO RISK OR RESILIENCE ?
EPIDEMIOLOGICAL STUDIES ON GROWTH, MATURATION AND HEALTH RISK
BEHAVIOURS; THE YOUNG HUNT STUDY, NORD-TRONDELAG, NORWAY

321.Sveinung Serhaug: THE PULMONARY NEUROENDOCRINE SYSTEM.
PHYSIOLOGICAL, PATHOLOGICAL AND TUMOURIGENIC ASPECTS

322.0lav Sande Eftedal: ULTRASONIC DETECTION OF DECOMPRESSION INDUCED
VASCULAR MICROBUBBLES

323.Rune Bang Leistad: PAIN, AUTONOMIC ACTIVATION AND MUSCULAR ACTIVITY
RELATED TO EXPERIMENTALLY-INDUCED COGNITIVE STRESS IN HEADACHE
PATIENTS



324.Svein Brekke: TECHNIQUES FOR ENHANCEMENT OF TEMPORAL RESOLUTION IN
THREE-DIMENSIONAL ECHOCARDIOGRAPHY

325. Kristian Bernhard Nilsen: AUTONOMIC ACTIVATION AND MUSCLE ACTIVITY IN
RELATION TO MUSCULOSKELETAL PAIN

326.Anne Irene Hagen: HEREDITARY BREAST CANCER IN NORWAY. DETECTION AND
PROGNOSIS OF BREAST CANCER IN FAMILIES WITH BRCAIGENE MUTATION

327.Ingebjerg S. Juel : INTESTINAL INJURY AND RECOVERY AFTER ISCHEMIA. AN
EXPERIMENTAL STUDY ON RESTITUTION OF THE SURFACE EPITHELIUM,
INTESTINAL PERMEABILITY, AND RELEASE OF BIOMARKERS FROM THE MUCOSA

328.Runa Heimstad: POST-TERM PREGNANCY

329.Jan Egil Afset: ROLE OF ENTEROPATHOGENIC ESCHERICHIA COLI IN CHILDHOOD
DIARRHOEA IN NORWAY

330.Bent Havard Hellum: /N VITRO INTERACTIONS BETWEEN MEDICINAL DRUGS AND
HERBS ON CYTOCHROME P-450 METABOLISM AND P-GLYCOPROTEIN TRANSPORT

331.Morten André Hoydal: CARDIAC DYSFUNCTION AND MAXIMAL OXYGEN UPTAKE
MYOCARDIAL ADAPTATION TO ENDURANCE TRAINING
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332. Andreas Mollerlokken: REDUCTION OF VASCULAR BUBBLES: METHODS TO
PREVENT THE ADVERSE EFFECTS OF DECOMPRESSION

333.Anne Hege Aamodt: COMORBIDITY OF HEADACHE AND MIGRAINE IN THE NORD-
TRONDELAG HEALTH STUDY 1995-97

334. Brage Hoyem Amundsen: MYOCARDIAL FUNCTION QUANTIFIED BY SPECKLE
TRACKING AND TISSUE DOPPLER ECHOCARDIOGRAPHY — VALIDATION AND
APPLICATION IN EXERCISE TESTING AND TRAINING

335.Inger Anne Naess: INCIDENCE, MORTALITY AND RISK FACTORS OF FIRST VENOUS
THROMBOSIS IN A GENERAL POPULATION. RESULTS FROM THE SECOND NORD-
TRONDELAG HEALTH STUDY (HUNT?2)

336.Vegard Bugten: EFFECTS OF POSTOPERATIVE MEASURES AFTER FUNCTIONAL
ENDOSCOPIC SINUS SURGERY

337.Morten Bruvold: MANGANESE AND WATER IN CARDIAC MAGNETIC RESONANCE
IMAGING

338.Miroslav Fris: THE EFFECT OF SINGLE AND REPEATED ULTRAVIOLET RADIATION
ON THE ANTERIOR SEGMENT OF THE RABBIT EYE

339.Svein Arne Aase: METHODS FOR IMPROVING QUALITY AND EFFICIENCY IN
QUANTITATIVE ECHOCARDIOGRAPHY — ASPECTS OF USING HIGH FRAME RATE

340.Roger Almvik: ASSESSING THE RISK OF VIOLENCE: DEVELOPMENT AND
VALIDATION OF THE BROSET VIOLENCE CHECKLIST

341.0ttar Sundheim: STRUCTURE-FUNCTION ANALYSIS OF HUMAN ENZYMES
INITIATING NUCLEOBASE REPAIR IN DNA AND RNA

342.Anne Mari Undheim: SHORT AND LONG-TERM OUTCOME OF EMOTIONAL AND
BEHAVIOURAL PROBLEMS IN YOUNG ADOLESCENTS WITH AND WITHOUT
READING DIFFICULTIES

343.Helge Garasen: THE TRONDHEIM MODEL. IMPROVING THE PROFESSIONAL
COMMUNICATION BETWEEN THE VARIOUS LEVELS OF HEALTH CARE SERVICES
AND IMPLEMENTATION OF INTERMEDIATE CARE AT A COMMUNITY HOSPITAL
COULD PROVIDE BETTER CARE FOR OLDER PATIENTS. SHORT AND LONG TERM
EFFECTS

344.0lav A. Foss: “THE ROTATION RATIOS METHOD”. A METHOD TO DESCRIBE
ALTERED SPATIAL ORIENTATION IN SEQUENTIAL RADIOGRAPHS FROM ONE
PELVIS

345.Bjorn Olav Asvold: THYROID FUNCTION AND CARDIOVASCULAR HEALTH

346.Torun Margareta Mele: NEURONAL GLIAL INTERACTIONS IN EPILEPSY

347 Irina Poliakova Eide: FETAL GROWTH RESTRICTION AND PRE-ECLAMPSIA: SOME
CHARACTERISTICS OF FETO-MATERNAL INTERACTIONS IN DECIDUA BASALIS

348.Torunn Askim: RECOVERY AFTER STROKE. ASSESSMENT AND TREATMENT; WITH
FOCUS ON MOTOR FUNCTION

349.Ann Elisabeth Asberg: NEUTROPHIL ACTIVATION IN A ROLLER PUMP MODEL OF
CARDIOPULMONARY BYPASS. INFLUENCE ON BIOMATERIAL, PLATELETS AND
COMPLEMENT



350.Lars Hagen: REGULATION OF DNA BASE EXCISION REPAIR BY PROTEIN
INTERACTIONS AND POST TRANSLATIONAL MODIFICATIONS

351.Sigrun Beate Kjotrod: POLYCYSTIC OVARY SYNDROME — METFORMIN TREATMENT
IN ASSISTED REPRODUCTION

352.Steven Keita Nishiyama: PERSPECTIVES ON LIMB-VASCULAR HETEROGENEITY:
IMPLICATIONS FOR HUMAN AGING, SEX, AND EXERCISE

353.Sven Peter Ndasholm: ULTRASOUND BEAMS FOR ENHANCED IMAGE QUALITY

354.Jon Stale Ritland: PRIMARY OPEN-ANGLE GLAUCOMA & EXFOLIATIVE GLAUCOMA.
SURVIVAL, COMORBIDITY AND GENETICS

355.Sigrid Botne Sando: ALZHEIMER’S DISEASE IN CENTRAL NORWAY. GENETIC AND
EDUCATIONAL ASPECTS

356.Parvinder Kaur: CELLULAR AND MOLECULAR MECHANISMS BEHIND
METHYLMERCURY-INDUCED NEUROTOXICITY

357.Ismail Ciineyt Giizey: DOPAMINE AND SEROTONIN RECEPTOR AND TRANSPORTER
GENE POLYMORPHISMS AND EXTRAPYRAMIDAL SYMPTOMS. STUDIES IN
PARKINSON’S DISEASE AND IN PATIENTS TREATED WITH ANTIPSYCHOTIC OR
ANTIDEPRESSANT DRUGS

358.Brit Dybdahl: EXTRA-CELLULAR INDUCIBLE HEAT-SHOCK PROTEIN 70 (Hsp70) — A
ROLE IN THE INFLAMMATORY RESPONSE ?

359.Kristoffer Haugarvoll: IDENTIFYING GENETIC CAUSES OF PARKINSON’S DISEASE IN
NORWAY

360.Nadra Nilsen: TOLL-LIKE RECEPTOR 2 -EXPRESSION, REGULATION AND SIGNALING

361.Johan Hakon Bjerngaard: PATIENT SATISFACTION WITH OUTPATIENT MENTAL
HEALTH SERVICES — THE INFLUENCE OF ORGANIZATIONAL FACTORS.

362.Kjetil Hoydal : EFFECTS OF HIGH INTENSITY AEROBIC TRAINING IN HEALTHY
SUBJECTS AND CORONARY ARTERY DISEASE PATIENTS; THE IMPORTANCE OF
INTENSITY,, DURATION AND FREQUENCY OF TRAINING.

363.Trine Karlsen: TRAINING IS MEDICINE: ENDURANCE AND STRENGTH TRAINING IN
CORONARY ARTERY DISEASE AND HEALTH.

364.Marte Thuen: MANGANASE-ENHANCED AND DIFFUSION TENSOR MR IMAGING OF
THE NORMAL, INJURED AND REGENERATING RAT VISUAL PATHWAY

365.Cathrine Broberg Vagbe: DIRECT REPAIR OF ALKYLATION DAMAGE IN DNA AND
RNA BY 2-OXOGLUTARATE- AND IRON-DEPENDENT DIOXYGENASES

366.Arnt Erik Tjonna: AEROBIC EXERCISE AND CARDIOVASCULAR RISK FACTORS IN
OVERWEIGHT AND OBESE ADOLESCENTS AND ADULTS

367.Marianne W. Furnes: FEEDING BEHAVIOR AND BODY WEIGHT DEVELOPMENT:
LESSONS FROM RATS

368.Lene N. Johannessen: FUNGAL PRODUCTS AND INFLAMMATORY RESPONSES IN
HUMAN MONOCYTES AND EPITHELIAL CELLS

369.Anja Bye: GENE EXPRESSION PROFILING OF INHERITED AND ACQUIRED MAXIMAL
OXYGEN UPTAKE — RELATIONS TO THE METABOLIC SYNDROME.

370.0luf Dimitri Ree: MALIGNANT MESOTHELIOMA: VIRUS, BIOMARKERS AND GENES.
A TRANSLATIONAL APPROACH

371.Ane Cecilie Dale: DIABETES MELLITUS AND FATAL ISCHEMIC HEART DISEASE.
ANALYSES FROM THE HUNT1 AND 2 STUDIES

372.Jacob Christian Holen: PAIN ASSESSMENT IN PALLIATIVE CARE: VALIDATION OF
METHODS FOR SELF-REPORT AND BEHAVIOURAL ASSESSMENT

373.Erming Tian: THE GENETIC IMPACTS IN THE ONCOGENESIS OF MULTIPLE
MYELOMA

374.0le Bosnes: KLINISK UTPROVING AV NORSKE VERSJONER AV NOEN SENTRALE
TESTER PA KOGNITIV FUNKSJON

375.0la M. Rygh: 3D ULTRASOUND BASED NEURONAVIGATION IN NEUROSURGERY. A
CLINICAL EVALUATION

376.Astrid Kamilla Stunes: ADIPOKINES, PEROXISOME PROFILERATOR ACTIVATED
RECEPTOR (PPAR) AGONISTS AND SEROTONIN. COMMON REGULATORS OF BONE
AND FAT METABOLISM

377.Silje Engdal: HERBAL REMEDIES USED BY NORWEGIAN CANCER PATIENTS AND
THEIR ROLE IN HERB-DRUG INTERACTIONS
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