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Objectives The aim of this study was 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 1951-2007 for mortality and from 1953-2008 for cancer. Standard-
ized mortality ratios (SMR) and incidence ratios (SIR) for cancer 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) and for
most disease groups and violent causes, but not for cancer mortality (SMR 1.02). Vessel crews had consistently
higher SMR than land-based personnel, still with rates lower than — or close to — national ones. The relative
risk between the two subgroups was in the same direction for 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 in the incidence of all cancers combined for the entire cohort (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).

Conclusion The low all-cause mortality was in line with a “healthy 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 comparable to the rates among all Norwegian men.
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The essence of military activity is discipline, violence,
force and destruction; military exercise includes simu-
lation of war. Service in the Royal Norwegian Navy
involves handling of weaponry, explosives, and poten-
tially dangerous machinery. Studies on foreign mili-
tary populations still tend to show reduced all-cause
mortality. A review by McLaughlin et al (2) found
lower standardized mortality rates (SMR) for all-causes
[meta-SMR 0.76, 95% confidence interval (95% CI)
0.65-0.89] and cancer mortality (meta-SMR 0.78, 95%
CI10.63-0.98) among deployed military personnel com-
pared to the general population.

On the other hand, the military work environment is
shown to have an adverse effect on specific causes of
death and cancer incidence. Among United Kingdom
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servicemen, Darby et al (2) observed an elevated risk
of mortality from accidents and violence, whereas there
was a lower-than-expected mortality from all causes of
death, all neoplasms, and all other known non-violent
causes. Specifically for the British Royal Navy, mortal-
ity from all neoplasms was almost equal to that of the
reference population, but two specific hazards were
identified: deaths from mesothelioma and neoplasms and
diseases associated with alcohol consumption. Inskip
(3) observed an SMR for all-cause mortality of 0.86
among British Royal Navy submariners and concluded
that they seemed to be a healthy group. Brazilian Navy
servicemen showed increased age-adjusted proportional
mortality for liver diseases related to alcohol consump-
tion, other specified diseases of the digestive system, and
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diseases of the nervous system, compared to the refer-
ence population (4). In line with these reports, alcohol
abuse has been suggested as an occupational hazard
of military life (5). In the navy, it could be a result of
drinking traditions or the on-board supply of alcoholic
beverages—starting in the early days of sail when, eg,
naval rum was made available to British Royal Navy
personnel following the capture of Jamaica in 1655 (6).
Military servicemen in the British Royal Navy have
shown a higher alcohol consumption and more frequent
binge drinking compared to the general population (5).

Earlier, we presented the incidence of potentially
asbestos-related cancers (malignant mesothelioma, and
cancers of the lung, larynx, pharynx, stomach, and
colorectal cancer) among officers and enlisted military
personnel serving in the Royal Norwegian Navy during
1950-2004 (7). The aim of this current study was to
investigate cause-specific mortality and incidence of
other cancers according to duty station (land-based, all
vessels, submarines).

Methods

Study population

A historical cohort of 28 345 officers and enlisted
servicemen who served in the Royal Norwegian Navy
between 1950 and 2004 was established. The cohort cov-
ers 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 during this period (7). Women were not included
in our study because they represented only 2.5% of the
cohort. Additionally, conscripts in compulsory service
that did not achieve an officer’s rank were not included.
The inventory during our study period covered 7 naval
bases, 70 underground coastal forts, 3—4 fortresses
and around 300 vessels. 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%), sea-
men, able seamen and (other) enlisted personnel (25%).
The birth years of the cohort members span the period
1883-1984 with a median of 1953. Distribution of per-
sonnel according to duty station and average duration of
service is shown in table 1. Individual data on tobacco
smoking was available only for a limited number (1500)
of cohort members participating in a survey among
Navy personnel in active service in 2002 [data from
Mageroy et al (8)]. No individual quantitative data was
available for alcohol consumption, diet or occupational
exposure, which, together with tobacco smoking, would
be expected to influence mortality and cancer incidence.
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Table 1. Distribution of Navy personnel who served during
1950-2004 according to duty station and corresponding
average duration of service

Personnel group Proportion Total Years Years in
(N=28 345) of all years of  aboard all sub-
personnel  service vessels marine
(%) (average) (average) (average)
All personnel 100 6.2 1.6 0.3
Land-based personnel 46 44 . .
All vessel crews 54 7.8 3.0 0.5
Surface vessel crews 45 7.2 2.7 .
Submariners 9 10.6 4.4 2.9

Case identification and follow-up

The cohort members were followed for event of death
from the date of first entrance into Navy service, 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 (i) be alive and resident in Norway, (ii)
have died, or (iii) 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 of deaths by linkage to the cause-of-
death registry at Statistics Norway, which eventually
receives the death certificates for all deaths in Norway.
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 through
1957, 7" revision during 1958-1968, 8™ revision dur-
ing 1969-1986, 9" revision during 1986—1995, and 10*
revision during 1996-2007.

All cohort members were followed for incident can-
cers from the date of first entrance into Navy service,
but no earlier than 1 January 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 com-
plete (9). Cancer was classified according to ICD, 7%
revision, as registered by the Cancer Registry of Nor-
way. More than one cancer diagnosis could be counted
for each individual.

The mortality rates are regarded as valid estimates
of disease risk across the population at any time as the
national public healthcare system provides fairly equal
diagnostic services and treatment of severe and chronic
diseases to all inhabitants, irrespective of place of resi-
dence or socioeconomic status.



Ethics approval

The study was approved by the Norwegian Data Inspec-
torate, the Regional Ethics Committee and the Norwe-
gian Directorate of Health.

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 (i) the upper-aero
digestive tract [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 (ii) the liver (ICD-7 code 155)
combined]. This definition was also used by Pukkala et
al (10) in a census-based study on occupational cancer
risk in the five Nordic countries and by Kjaerheim et al
(11, 12) in Norwegian studies of cancer in the restaurant
business.

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 national five-year age-specific and
five-year period-specific rates among all Norwegian
men. SMR and standardized incidence ratios (SIR) were
calculated; 95% CI were computed on the assumption of
a Poisson distribution of the observed events.

Mortality and cancer incidence were presented for
the whole cohort and three subsets: personnel who never
served aboard a vessel (land-based personnel), personnel
who ever served aboard (vessel crews), and an additional
subgroup of vessel crews who ever served aboard the
submarines (submariners). Personnel within the subsets
were followed from the first day of entrance into the
Navy (but no earlier than 1 January 1951 for mortality
and 1 January 1953 for cancer) as vessel crews normally
start their on-board service within the first few weeks of
initial service. Duration of service is not included in the
analyses as it is generally short (table 1), does not proxy
any known occupational exposure, and is expected to be
correlated with socioeconomic status such as military
rank. 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) soft-
ware packages were used for statistical analysis. P<0.05
indicates statistical significance.
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Of total deaths, 78 (2%) were classified as being
of an “unknown cause”; of these, 36 occurred during
2000-2007. 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 (13). Individuals with unknown
cause of death were excluded from all SMR and Pois-
son analyses.

Death within 31 days from the end of last recorded
service was regarded as being service-related, but we
were not able to discriminate between active- and off-
duty deaths.

Results

Total mortality

There were 3648 deaths of known cause during 1951—
2007. Average follow-up time was 31.5 years. All-cause
mortality was on average 16% lower than expected.
The SMR was 0.52 during the 1950s but stable at about
0.85 throughout the last five decades (data not shown).
Table 2 shows the mortality from all causes combined
and selected causes for the cohort, as a whole and for
personnel according to duty station. Mortality rate
ratios derived by Poisson regression are shown in table
3, where the risks for vessel crews were 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-neoplastic alcohol-
related diseases were two thirds of that expected for all
Norwegian men. Cirrhosis of the liver constituted half
the number of these deaths, giving a SMR of 0.73 (35
deaths, 95% CI 0.51-1.02). The incidence of alcohol-
related cancer was similar to that of the reference popu-
lation (table 4). Compared to land-based personnel,
vessel crews had 50-60% higher risk of dying from non-
malignant alcohol-related diseases and of being diag-
nosed 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 selected sub-categories
in this group: transport accidents (SMR 0.78), other
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Table 2. All-cause mortality and selected causes among 28 265 Royal Norwegian Navy servicemen (890 771 person-years) and among
personnel 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. Standardized mortality ratio (SMR)
adjusted for age and time period with 95% confidence intervals (95% Cl). [ICD-10= International Classification of Diseases, 10" revision;
Obs=o0bserved number of cases; Exp=expected number of cases.]

Causes of death ICD-10 Personnel group Obs Exp SMR 95% CI
All causes A00-Y99 All personnel 3648 4339.4 0.84 0.81-0.87
Land-based 1535 1986.6 0.77 0.73-0.81
All vessel crews 2113 2352.7 0.90 0.86-0.94
Submariners 303 354.4 0.85 0.76-0.96
Alcohol abuse and alcohol- F10, K70 All personnel 73 108.6 0.67 0.53-0.85
related diseases * Land-based 25 482 052 0.34-0.77
All vessel crews 48 60.4 0.79 0.58-1.05
Submariners 4 10.3 0.39 0.11-1.00
Malignant neoplasms C00-C97 All personnel 1208 1189.6 1.02 0.96-1.07
Land-based 503 536.2 0.94 0.86-1.02
All vessel crews 705 653.4 1.08 1.00-1.16
Submariners 108 100.3 1.08 0.89-1.30
Diseases of the circulatory system 100-199 All personnel 1315 1532.4 0.86 0.81-0.91
Land-based 569 713.6 0.80 0.73-0.87
All vessel crews 746 818.8 0.91 0.85-0.98
Submariners 110 114.3 0.96 0.80-1.16
Ischemic heart disease 120-125 All personnel 819 951.7 0.86 0.80-0.92
Land-based 344 438.7 0.78 0.71-0.87
All vessel crews 475 513.0 0.93 0.85-1.01
Submariners 67 72.5 0.92 0.72-1.17
Cerebrovascular diseases 160-169 All personnel 200 261.3 0.77 0.67-0.88
Land-based 94 125.9 0.75 0.60-0.91
All vessel crews 106 135.4 0.78 0.65-0.95
Submariners 12 18.0 0.67 0.34-1.16
Diseases of the respiratory system J00-J99 All personnel 170 2311 0.74 0.63-0.85
Land-based 71 106.9 0.66 0.52-0.84
All vessel crews 99 124.2 0.80 0.65-0.97
Submariners 1 16.7 0.66 0.33-1.18
Diseases of the digestive system K00-K93 All personnel 108 1334 0.81 0.67-0.98
Land-based 46 60.9 0.76 0.55-1.01
All vessel crews 62 72.5 0.86 0.66-1.10
Submariners 7 11.1 0.63 0.25-1.29
Externql causes of injury V01-X59 All personnel 402 628.4 0.64 0.58-0.71
and poisoning Land-based 151 282.6 053 0.46-0.63
All vessel crews 251 345.8 0.73 0.64-0.82
Submariners 39 59.7 0.65 0.46-0.89
Transport accidents V01-V99 All personnel 155 199.9 0.78 0.66-0.91
Land-based 54 88.7 0.61 0.46-0.79
All vessel crews 101 111.3 0.91 0.75-1.10
Submariners 16 19.5 0.82 0.47-1.33
Other accidents WO00-19, X40-49 All personnel 138 219.2 0.63 0.53-0.74
Land-based 48 98.9 0.49 0.36-0.65
All vessel crews 90 120.3 0.75 0.61-0.93
Submariners 10 20.0 0.50 0.24-0.92
Suicide X60-84,Y87.0 All personnel 101 189.6 0.53 0.44-0.65
Land-based 47 86.1 0.55 0.40-0.73
All vessel crews 54 103.5 0.52 0.39-0.68
Submariners 12 18.3 0.65 0.34-1.14

2 Mental and behavioral disorders due to use of alcohol (F10), liver cirrhosis (K70)
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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
with 95% confidence intervals (95% Cl). Follow-up 1951-2007.
[ICD-10=International Classification of Diseases, 10™ revision]

Causes of death ICD-10 RR 95% Cl

All causes A00-Y99  1.15 1.08-1.23
G\ilgggsoelsaguse and alcohol-related F10, K70 156 0.96-252
Diseases of the circulatory system 100-199 112 1.00-1.24
Diseases of the respiratory system J00-J99 118 0.86-1.60
Diseases of the digestive system K00-K93 114 0.78-1.67
External causes of injury and VO1-X59 136 111-1.66

poisoning

@ Mental and behavioral disorders due to use of alcohol (F10), liver
cirrhosis (K70)

accidents (SMR 0.63) and suicide (SMR 0.53) (table 2).
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 (table 3). Mortality from transport
accidents was significantly lower than expected among
land-based personnel, but not convincingly so among
vessel crews (table 2). Suicide occurred at nearly half the
expected rate for both personnel groups. A total of 206
service-related deaths (ie, deaths within one month after
end of last recorded service) were observed, of which 47
were deaths from violent causes. Violent causes counted
for 26% and 17% of service-related deaths among vessel
crews and land-based personnel, respectively.

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 (table 2). Except 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
10-20% higher risk of death from diseases of the circu-
latory, respiratory, and digestive system among 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
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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 cases. The total incidence
of lung cancer was close to that expected for the general
population, although elevated by 21% among vessel
crews and lowered by 25% in the land-based personnel
group (table 4), a difference confirmed in the Poisson
regressions (table 5). Vessel crews also showed a higher
incidence of all cancers combined (RR 1.16). Submarine
service was associated with an excess of bladder cancer
(SIR 1.53). The SIR for prostate cancer was elevated
among both vessel crews and land-based personnel.

Discussion

For the cohort as a whole, we found a lower-than-
expected all-cause mortality and mortality from most
selected causes of death. Cancer incidence was slightly
elevated, mainly caused by prostate and skin cancers.
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 and
deaths from non-malignant alcohol-related diseases, and
also a higher incidence of alcohol-related cancers and
incidence of lung cancer.

The strengths of this study were the quality and the
completeness of the outcome derived from independent
sources. There was no loss to follow-up except emigra-
tions at specified dates. Accurate Navy service history
(duration, occupation, and workplaces) and unique
personal identity numbers secured reliable and unbiased
estimates. 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 individual 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 overall mortality is most likely in part a result of
selections before and during initial compulsory military
service, where individuals are excluded if physically unfit
or unable to adjust to military discipline. Further selection
occurs for those pursuing a military career, caused by the
high mental and physical demands that are part of the
life at officer candidate schools and military academies.
In addition, officers are required to stay fit during service
and pass physical and medical tests at regular intervals.
The mortality pattern was in accordance with the “healthy
soldier effect”, as described in the review by McLaughlin
etal (1), but of lesser magnitude. Of the 12 cohorts in the
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Table 4. Cancer incidences among 28 345 Royal Norwegian Navy servicemen followed between 1953-2008 (912 527 person-years).
Standardized incidence ratio (SIR) adjusted for age and time period with 95% confidence intervals (95% Cl). [ICD-7= International Clas-
sification of Diseases, 7 revision; Obs=observed number of cases; Exp=expected number of cases.]

Cancer site ICD-7 Obs Exp SIR 95% Cl

All sites 140-204 3362 3183.0 1.06 1.02-1.09
Alcohol-related cancers @ 141, 143-148, 150, 155, 161 147 153.3 0.96 0.82-1.13
Lip 140 14 20.3 0.69 0.38-1.16
Stomach 151 109 113.5 0.96 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 180 116 115.3 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 191 168 122.9 1.37 1.18-1.59
Brain, nervous system 193 126 122.9 1.03 0.86-1.22
Thyroid gland 194 14 21.4 0.66 0.36-1.10
Lymphomas 200-202 143 143.4 1.00 0.85-1.17
Multiple myeloma and leukemias 203-204 142 137.6 1.03 0.88-1.22

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

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. Standardized incidence ratio (SIR) adjusted for age and time period with 95% confidence intervals (95% Cl). [ICD-7=
International Classification of Diseases, 7t revision; Obs=0bserved number of cases; Exp=expected number of cases.]

Cancer site ICD-7 Personnel group Obs Exp SIR 95% Cl
All sites 140-204 Land-based 1382 1418.1 0.97 0.92-1.03
All vessel crews 1980 1764.9 1.12 1.07-1.17
Submariners 332 288.6 1.15 1.03-1.28
Alcohol-related cancers @ 141, 143-148, 150, 155, 161 Land-based 50 68.3 0.73 0.54-0.97
All vessel crews 97 85.0 1.14 0.93-1.39
Submariners 18 141 1.28 0.76-2.02
Trachea, bronchus, and lung 162 Land-based 123 163.0 0.75 0.63-0.90
All vessel crews 252 207.5 1.21 1.07-1.37
Submariners 32 335 0.95 0.65-1.35
Prostate 177 Land-based 351 308.6 1.14 1.02-1.26
All vessel crews 426 388.1 1.10 1.00-1.21
Submariners 69 62.6 1.10 0.86-1.40
Bladder and other urinary organs 181 Land-based 87 87.6 0.99 0.80-1.23
All vessel crews 120 110.6 1.09 0.91-1.30
Submariners 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 vessel crews 120 101.8 1.18 0.99-1.41
Submariners 24 17.7 1.35 0.87-2.01
Other skin 191 Land-based 67 54.5 1.23 0.95-1.56
All vessel crews 101 68.4 1.48 1.21-1.79
Submariners 20 10.8 1.85 1.13-2.86

2Tongue (141), mouth (143, 144), pharynx (145-148), oesophagus (150), liver (155), larynx (161).
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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 ob-
servation period and age with 95% confidence intervals (95%
Cl). Follow-up 1953-2008. [ICD-7=International Classification
of Diseases, 71" revision]

Cancer site ICD-7 RR 95% Cl
All sites 140-204 1.16 1.08-1.24
Alcohol-related 141, 143-148, 158 1.12-2.22
cancers 2 150, 155, 161

Lung cancer 162 1.65 1.33-2.04
Non-melanoma skin cancer 191 1.20 0.88-1.63

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

review, 9 comprised US military personnel, who were
trained for offensive warfare around the world and prob-
ably subject to even more stringent selection. The magni-
tude of the “healthy soldier effect” is not only dependent
on the mortality in the cohort under study, but also on that
of the reference population. The less pronounced “healthy
soldier effect” in our Norwegian cohort could possibly be
caused by an egalitarian society with an evenly distributed
high standard of living and health services provided by
the State to all citizens.

Alcohol-related deaths and cancers

The results for alcohol-related deaths and diseases
indicate alcohol consumption similar to or lower than
that of Norwegian males in general, a finding which
is supported by results from surveys in the Norwegian
Navy (14). Furthermore, our observation is in line with
the results of Pukkala et al (10), where military men in
the Nordic countries showed a lower-than-expected mor-
tality from liver diseases (SMR 0.80) and an incidence
of alcohol cancers similar to that of non-military men.

The higher risk of alcohol-related diseases among
vessel crews compared to land-based personnel could
possibly be linked to post-military service in the mer-
chant fleet. An 84% excess of alcohol-related cancers
among Norwegian civilian seamen have been observed
(10). Our results do indeed contrast the excess alcohol-
related mortality reported in the British and Brazilian
navies, where a doubling of the risk of alcohol-related
death has been reported (2, 4). Interestingly, the rum
tradition was abolished in UK as late as 1970 (6, 15),
while the Norwegian tradition of distributing rations
of distilled spirits aboard navy vessels was abandoned
more than 80 years earlier (16).

Deaths from external causes

The death rates of external causes, including transport
accidents, other accidents and suicide, were very low. In
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Finland, the accident frequency for military work was
lower than for civilian work (17). In contrast, Darby et
al (2) found a SMR of accidents and violence of 1.32
(P<0.001) among British Royal Navy personnel com-
pared with the national rates, and Inskip (3) observed a
non-significant elevated SMR of accidents and violence
of 1.15 among British Royal Navy submariners, mainly
caused by transport accidents. Even in our data, we
found a difference between vessel crews and land-based
personnel. It is reasonable to speculate if this might be
due to a higher risk of accidents aboard a vessel com-
pared to land-based activity and the higher consumption
of alcohol. Bell et al (18) noted that alcohol use was
associated with a 10-fold increase in reckless behavior
among male US army soldiers on active duty. Similarly,
in a census-based study on mortality among occupa-
tional groups in Norway, Borgan (19) reported a higher
risk of death by external causes among Norwegian
seamen compared to land-based personnel. Anyway,
the low death rate from violent causes in our cohort is
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 outbalance the pos-
sible attraction of risk takers to military jobs.

Deaths from other causes

Navy personnel had a lower-than-expected mortality
from circulatory, respiratory, digestive, and infectious
diseases. Theoretically, this could have been caused by
differences in tobacco smoking, but judged by the lung
cancer incidence, it seems fair to assume that the histori-
cal smoking habits in the cohort have been compatible
with those of the general population. This may suggest
that factors other than smoking, such as selection by
employment, diet, physical activity, or occupational
exposures may have had a positive impact on the inci-
dence and prevalence of these diseases.

Differences across personnel groups explained by
tobacco smoking?

A proportion of the difference in mortality and cancer
incidence between vessel crews and land-based person-
nel is likely attributable to a higher prevalence of smok-
ing among vessel crews. An earlier study showed an
excess of mesotheliomas in the latter group (20). Based
on an estimated ratio of 0.7-1.0 between asbestos-
related lung cancer deaths and mesothelioma deaths,
suggested from UK data by Darnton et al (21), an esti-
mated 5-8% of the lung cancers among vessel crews
could be ascribed to asbestos exposure, leaving about
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16-18% to be explained by smoking as the predominant
factor. According to self-reported smoking data 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
[P<0.005 for this difference; data from Mageroy et al
(8)], in line with a possible historical difference in the
same direction. According to Ezzati & Lopez (22), the
leading causes of death from smoking in industrialized
regions in 2000 were cardiovascular diseases, lung can-
cer, and chronic obstructive pulmonary disease, and we
therefore assume that lower mortality from circulatory
and respiratory diseases observed among land-based
personnel compared to vessel crews, at least in part, can
be explained by less tobacco smoking.

Cancer incidence

Apparently, the modestly elevated incidence of all
cancers combined contrasts the low over-all mortality
and the general “healthy soldier effect”. In this connec-
tion, it is important to be aware that cancer incidence
is not only a result of exposures and risk factors, but
even influenced diagnostic pressure, such as screening
activities and improved medical diagnostics. The steep
increase in prostate cancer incidence seen in Norway
since 1990 has been attributed to the increasing use
of prostate-specific antigen (PSA) tests among asymp-
tomatic men (23, 24). A plausible explanation of our
finding of an elevated incidence of prostate cancer is a
difference in diagnostic intensity compared to the refer-
ence population, possibly taking place in regular health
examinations among active or retired personnel. In line
with this assumption, Zhu et al (25) regarded screening
as a likely explanation to the doubled incidence seen
among US military men. Interestingly, Darby et al (2)
found a 56% increased prostate mortality among Brit-
ish military personnel based on 29 deaths. Even in the
pre-PSA era, an increased diagnostic intensity in a group
under special surveillance might lead to a higher inci-
dence of prostate cancer and subsequently to a higher
number of deaths attributed to the disease, as suggested
by Feuer et al (26).

The increased risk of non-melanoma skin cancer
was somewhat more marked than that of malignant
melanoma. Our result for melanoma was in accordance
with that among military men in the Nordic countries,
while non-melanomas were not addressed (10). The
major causal factor involved in development of skin
cancer is exposure to ultraviolet (UV) radiation from
sunlight (27). The elevated risk of non-melanoma skin
cancer among vessel crews was also seen in the sub-
group of submariners. We find it reasonable to assume
that the excess is linked to intentional tanning although
some exposure may take place during work hours in
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land-based or surface activity. In the study by Pukkala
et al (10), elevated risk of melanoma and non-melanoma
skin cancers was seen among highly educated profes-
sions 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 suggesting that leisure-time exposure is
more important than occupational exposure.

There was sign of an increased risk of bladder cancer
among submariners. Exposure to diesel exhaust could
have occurred from diesel-powered engines, but the evi-
dence of a causal link to bladder cancer is even weaker
than that for lung cancer (28).

In conclusion, the present study gave no evidence
of any excess of occupational disease and death apart
from the asbestos-related risks found in a previous study,
although the paucity of exposure data obviously ham-
per the opportunity to identify such risks. Differences
between subgroups could partly be explained by differ-
ences in consumption of alcohol and tobacco.

Acknowledgements

This work was funded by the Royal Norwegian Navy,
through the research program Health, Safety and Work
Environment in the Royal Norwegian Navy, and by the
Cancer Registry of Norway. The authors would like
to thank Lieutenant Commander Thor Manum, Royal
Norwegian Navy, for providing information about navy
workplaces, and Valborg Baste at Section for Occupa-
tional Medicine, University of Bergen, for providing
data on tobacco smoking from surveys among navy
personnel.

References

1. McLaughlin R, Nielsen L, Waller M. An evaluation of the
effect of military service on mortality: quantifying the healthy
soldier effect. Ann Epidemiol. 2008 Dec;18(12):928-36.
doi:10.1016/j.annepidem.2008.09.002.

2. Darby SC, Muirhead CR, Doll R, Kendall GM, Thakrar
B. Mortality among United Kingdom servicemen who
served abroad in the 1950s and 1960s. Br J Ind Med. 1990
Dec;47(12):793-804.

3. Inskip H, Snee M, Styles L. The mortality of Royal
Naval submariners 1960-89. Occup Environ Med. 1997
Mar;54(3):209-15. doi:10.1136/0em.54.3.209.

4. Silva M, Santana VS. Occupation and mortality in the
Brazilian Navy. Rev Saude Publica. 2004 Oct;38(5):709—15.

5. Henderson A, Langston V, Greenberg N. Alcohol misuse in


http://dx.doi.org/10.1016/j.annepidem.2008.09.002
http://dx.doi.org/10.1136/oem.54.3.209

10.

11.

12.

13.

14.

15.

16.

17.

the Royal Navy. Occup Med (Lond). 2009 Jan;59(1):25-31.
doi:10.1093/occmed/kqn152.

Pack J. Nelson’s blood: the story of naval rum. Annapolis, MD:
Naval Institute Press; 1995.

Strand LA, Koefoed VF, Oraug TM, Grimsrud TK.
Establishment of the Royal Norwegian Navy personnel cohorts
for cancer incidence and mortality studies. Mil Med. 2008
Aug;173(8):785-91.

Mageroy N, Baste V, Bondevik K, Moen BE. En
sporreundersekelse om arbeid og helse blant militert ansatte
i Sjoforsvaret [A survey on work and health among military
personnel in the Norwegian Royal Navy]. Bergen: University
of Bergen, Section for occupational medicine; 2005.

Larsen IK, Smastuen M, Johannesen TB, Langmark F, Parkin
DM, Bray F, et al. Data quality at the Cancer Registry of
Norway: an overview of comparability, completeness, validity
and timeliness. Eur J Cancer. 2009 May;45(7):1218-31.
doi:10.1016/j.€jca.2008.10.037.

Pukkala E, Martinsen JI, Lynge E, Gunnarsdottir HK, Sparen
P, Tryggvadottir L, et al. Occupation and cancer - follow-up
of 15 million people in five Nordic countries. Acta Oncol.
2009;48(5):646-790. doi:10.1080/02841860902913546.

Kjaerheim K, Andersen A. Incidence of cancer among male
waiters and cooks: two Norwegian cohorts. Cancer Causes
Control. 1993 Sep;4(5):419-26. doi:10.1007/BF00050860.

Kjaerheim K, Andersen A. Cancer incidence among waitresses
in Norway. Cancer Causes Control. 1994 Jan;5(1):31-7.
doi:10.1007/BF01830724.

Statistics Norway. Dedsédrsaker 2007. Stadig flere der i
utlandet [Causes of death 2007. Increasing number of deaths
abroad] [cited 10 March 2010]. Available from: http://www.
ssb.no/emner/03/01/10/dodsarsak/arkiv/.

Baste V, Riise T, Magerey N, Bondevik K, Moen BE. En
sporreundersekelse om helse og fruktbarhet blant tidligere
(1950-2002) militert ansatte i Sjeforsvaret [A survey on
health and fertility among former (1950-2002) military
personnel in the Norwegian Royal Navy]. Bergen: University
of Bergen, Section for occupational medicine; 2006.

Dunbar-Miller RA. Alcohol and the fighting man--an historical
review. J R Army Med Corps. 1984 Jun;130(2):117-21.
Olafsen TK. Alkoholforbruk i marinen i gamle dager

[Consumption of alcohol in the Navy in the old days]. Norsk
Tidsskrift for Sjevesen. 1973;88:397-403.

Lehtomaki K, Paakkonen R, Kalliomaki V, Rantanen J. Risk
of accidents and occupational diseases among the Finnish
Defence Forces. Mil Med. 2005 Sep;170(9):756-9.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Strand et al

Bell NS, Amoroso PJ, Yore MM, Senier L, Williams JO, Smith
GS, et al. Alcohol and other risk factors for drowning among
male active duty U.S. army soldiers. Aviat Space Environ Med.
2001 Dec;72(12):1086-95.

Borgan JK. Yrke og dedelighet 1960-2000 [Occupation and
mortality 1960-2000]. Oslo: Statistics Norway; 2009.

Strand LA, Martinsen JI, Koefoed VF, Sommerfelt-Pettersen J,
Grimsrud TK. Asbestos-related cancers among 28,300 military
servicemen in the Royal Norwegian Navy. Am J Ind Med.
2010 Jan;53(1):64-71.

Darnton AJ, McElvenny DM, Hodgson JT. Estimating the
number of asbestos-related lung cancer deaths in Great Britain
from 1980 to 2000. Ann Occup Hyg. 2006 Jan;50(1):29-38.
doi:10.1093/annhyg/mei038.

Ezzati M, Lopez AD. Regional, disease specific patterns of
smoking-attributable mortality in 2000. Tob Control. 2004
Dec;13(4):388-95. doi:10.1136/tc.2003.005215.

Kvale R, Auvinen A, Adami HO, Klint A, Hernes E, Moller
B, et al. Interpreting trends in prostate cancer incidence and
mortality in the five Nordic countries. J Natl Cancer Inst. 2007
Dec 19;99(24):1881-7. doi:10.1093/jnci/djm249.

Hernes E, Kyrdalen A, Kvale R, Hem E, Klepp O, Axcrona
K, et al. Initial management of prostate cancer: first year
experience with the Norwegian National Prostate Cancer
Registry. BJU Int 2010 Mar;105(6):805-11. doi:10.1111/
j-1464-410X.2009.08834 x.

Zhu K, Devesa SS, Wu H, Zahm SH, Jatoi I, Anderson
WF, et al. Cancer incidence in the U.S. military population:
comparison with rates from the SEER program. Cancer
Epidemiol Biomarkers Prev 2009 Jun;18(6):1740-5.
doi:10.1158/1055-9965.EP1-09-0041.

Feuer EJ, Merrill RM, Hankey BF. Cancer surveillance series:
interpreting trends in prostate cancer--part II: Cause of death
misclassification and the recent rise and fall in prostate cancer
mortality. J Natl Cancer Inst. 1999 Jun 16;91(12):1025-32.
doi:10.1093/jnci/91.12.1025.

International Agency for Research on Cancer (IARC). Solar
and ultraviolet radiation. Monographs on the evaluation of
carcinogenic risk to humans, vol 55. Lyon: IARC; 1992.

International Agency for Research on Cancer (IARC).
Diesel and gasoline engine exhausts and some nitroarenes.
Monographs on the evaluation of carcinogenic risk to humans,
vol 46. Lyon: IARC; 1989.

Received for publication: 7 June 2010

315

Scand J Work Environ Health 2011, vol 37, no 4


http://dx.doi.org/10.1093/occmed/kqn152
http://www.ncbi.nlm.nih.gov/pubmed/18751598
http://www.ncbi.nlm.nih.gov/pubmed/18751598
http://dx.doi.org/10.1016/j.ejca.2008.10.037
http://dx.doi.org/10.1080/02841860902913546
http://dx.doi.org/10.1007/BF00050860
http://dx.doi.org/10.1007/BF01830724
http://www.ssb.no/emner/03/01/10/dodsarsak/arkiv/
http://www.ssb.no/emner/03/01/10/dodsarsak/arkiv/
http://www.ncbi.nlm.nih.gov/pubmed/19921706
http://www.ncbi.nlm.nih.gov/pubmed/19921706
http://dx.doi.org/10.1093/annhyg/mei038
http://dx.doi.org/10.1136/tc.2003.005215
http://dx.doi.org/10.1093/jnci/djm249
http://dx.doi.org/10.1111/j.1464-410X.2009.08834.x
http://dx.doi.org/10.1111/j.1464-410X.2009.08834.x
http://dx.doi.org/10.1158/1055-9965.EPI-09-0041
http://dx.doi.org/10.1093/jnci/91.12.1025

