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Key messages

What is already known about this subject?
►► Several studies have shown that military 
personnel exhibit a ‘healthy soldier effect’ (HSE) 
in terms of lowered mortality when compared 
with the general population, but there is little 
information on how long this effect lasts. The 
longest lasting HSE described in the literature 
was still apparent after 30 years of follow-up.

What are the new findings?
►► We followed a cohort of Royal Norwegian Navy 
servicemen for mortality over seven successive 
follow-up periods covering more than 60 years 
after the first recorded day of Naval service

►► The HSE eroded gradually over time but was 
still present at 60 years of follow-up for all-
cause mortality. The effect was strongest and 
most long-lived for non-neoplastic diseases, for 
which the HSE still persisted after 60 years. The 
HSE lasted up to 40 years for external causes, 
but was relatively short for cancers.

►► Land-based Navy personnel showed stronger 
and longer-lasting HSE than vessel crews.

How might this impact on policy or clinical 
practice in the foreseeable future?

►► The HSE can probably be attributed to the 
medical selection that takes place before and 
during military service and a demand to stay 
physically fit during service. However, some 
effort should be made to further investigate 
the observed difference between land-based 
personnel and vessel crews, as both lifestyle 
factors and occupational exposures inside and 
outside the Navy might play a role.

Abstract
Objectives  To investigate temporal trends in the 
’healthy soldier effect’ (HSE) among 28 300 Royal 
Norwegian Navy servicemen who served during 
1950–2004.
Methods  Standardised mortality ratios (SMRs) for all 
causes, diseases and external causes were calculated 
from national rates for the entire study period (1951–
2017), and for seven successive follow-up periods after 
the first recorded day of Naval service, for the overall 
cohort and for two subgroups: land-based personnel and 
vessel crews. Poisson regression, expressed as rate ratios, 
was used to compare all-cause mortality between the 
subgroups.
Results  In the overall cohort, SMRs for all-cause 
mortality increased steadily during the first six 10-year 
follow-up periods, from 0.52 to 0.94, which was still 
lower than national rates. After 60 years, the lower 
mortality compared with national rates was no longer 
statistically significant (SMR=0.93). Low non-neoplastic 
disease mortality contributed most to the longevity of the 
HSE. For neoplastic diseases, there was a mortality deficit 
only for the first and third 10-year follow-up periods. 
External-cause mortality rose to national rates after 40 
years. An HSE was present among vessel crews, but their 
total mortality rate was 24% higher than that among 
land-based personnel, who also showed a longer-lasting 
HSE.
Conclusions  The HSE eroded gradually over time but 
was still present at 60 years of follow-up for all-cause 
mortality. The effect was strongest and most long-lived 
for non-neoplastic disease, lasted up to 40 years for 
external causes, and was relatively short for cancers. 
Land-based personnel showed stronger and longer-
lasting HSE than vessel crews.

Introduction
Working populations often show lower mortality 
rates when compared with general populations. 
This is mainly due to selection in employment 
based on good health. This effect is known as the 
‘healthy worker effect’, a term that was first used 
by McMichael et al.1 The military equivalent of this 
phenomenon, the ‘healthy soldier effect’ (HSE), has 
frequently been observed in cohorts of deployed 
and non-deployed soldiers.2–10 The HSE can prob-
ably be attributed to the medical selection that takes 
place before and during military service, a demand 
to stay physically fit during service, and, in some 

countries, better access to medical services during 
and after service.2

The question of interest is how long the HSE 
lasts. Several studies have indicated that such effects 
decline over time. Fox and Collier calculated all-
cause mortality in successive 5-year periods since 
the first day of employment among British industry 
workers. They observed a mortality rate as low as 
37% of the expected rates in the first 5-year period, 
but the effect almost disappeared after 15 years of 
follow-up.11 A systematic review which aimed to 
quantify the HSE showed that the military cohort 
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Table 1  Main characteristics of the cohort of Royal Norwegian Navy 
servicemen
Characteristics All

n=28 349 
(100%)

Land-based 
personnel, n=12 
943 (100%)

Vessel crews, 
n=15 406
(100%)Cohort

 � Died during follow-up 6191 (21.8) 2494 (19.3) 3697 (24.0)

 � Emigrated during follow-up 940 (3.3) 428 (3.3) 512 (3.3)

Year of birth, range 1883–1985 1883–1985 1893–1985

Year of birth, median (IQR) 1953 (26) 1954 (25) 1952 (26)

Year of start of service  �   �   �

 � <1951 2033 (7.2) 874 (6.8) 1 159 (7.5)

 � 1951–1959 4274 (15.1) 1646 (12.7) 2628 (17.1)

 � 1960–1969 6455 (22.8) 3018 (23.3) 3437 (22.3)

 � 1970–1979 4767 (16.8) 2327 (18.0) 2440 (15.8)

 � 1980–1989 5470 (19.3) 2607 (20.1) 2863 (18.6)

 � 1990–1999 4285 (15.1) 2070 (16.0) 2215 (14.4)

 � 2000–2004 1065 (3.8) 401 (3.1) 664 (4.3)

Years of Navy employment, average 6.2 4.4 7.8 (3.0*)

Age at start of follow-up, range 15–69 15–69 15–58

Age at start of follow-up, median (IQR) 20.0 (2.2) 20.0 (2.3) 20.1 (2.1)

Age at end of follow-up, range 19–101 20–99 19–101

Age at end of follow-up, median (IQR) 60.8 (24.1) 60.7 (24.4) 60.9 (23.8)

*Service aboard.

with the largest mortality reduction had the shortest follow-up 
period (2.4 years).3 4 A group of US Army veterans from the 
Second World War followed from 1947 showed an HSE that 
was still present after 20 years of follow-up. The authors noted 
that the HSE varied by the cause of death; it was absent for 
external-cause mortality and was present only during the first 
5 years for neoplasms.12 The same pattern was observed in a 
cohort of Norwegian peacekeepers deployed to Lebanon during 
1978–1998,13 while HSE for non-neoplastic diseases was 
present after 15 years of follow-up (unpublished data). Waller 
and McGuire followed cohorts of Australian war veterans for 
successive 10-year intervals up to 30+ years (Vietnam War 
veterans) and 40+ years (Korean War veterans) from their return 
from deployment. Temporal patterns of HSE varied by study 
cohort and by cause of death. For all-cause mortality, the HSE 
was absent among Korean War veterans and among Vietnam 
War regular Army veterans, but it lasted up to 30 years among 
Vietnam War national service Army veterans. In a comparison 
cohort consisting of Army servicemen who completed their 
service in Australia only, the HSE was still present after 30 years 
of follow-up. As the majority of the members of this cohort were 
under 56 years of age at the end of follow-up, the authors stated 
that further follow-up may be necessary to observe the point at 
which the HSE is no longer present.5

The first author of our study previously reported on cause-
specific mortality and cancer incidence in a cohort of 28 300 
Royal Norwegian Navy servicemen who served after the Second 
World War. The study found an HSE for mortality from all 
causes, external causes, and non-neoplastic diseases such as 
diseases of the circulatory system, respiratory system and diges-
tive system, but not for cancer, during the overall follow-up 
(1951–2007). However, when the cohort was divided into two 
subgroups according to duty station (land-based personnel and 
vessel crews), the HSE was present but at a statistically signifi-
cant, lower rate in vessel crews than in their land-based peers.6 
We have extended the follow-up of this cohort by 10 years in 
an attempt to investigate temporal trends in HSE over seven 
successive time periods during the up to 67-year follow-up in 
the overall cohort and in the two duty station subgroups. Studies 
that follow military personnel into old age are important in order 
to provide a more comprehensive picture of how military people 
manage through life after service. The results may aid to point 
at risk factors that manifest many years after service, and may 
tell if military personnel are more or less susceptible to risks that 
usually occurs in old age compared with the general population.

Material and methods
Study population
This study cohort was established from the military personnel 
database and paper service history files, as described in Strand et 
al,14 and consists of 28 349 servicemen—commissioned officers 
(42%), non-commissioned officers and petty officers (33%), and 
enlisted personnel (25%)—who served in the Royal Norwegian 
Navy at some time between 1950 and 2004. Servicemen were 
divided into two subgroups according to duty station: personnel 
who never served aboard a vessel (land-based personnel) and 
personnel who ever served aboard a vessel (vessel crews). 
The subgroups consisted of 12 943 (46%) and 15 406 (54%) 
servicemen, respectively (table 1).

Follow-up for incident deaths
Information on date and underlying cause of death was retrieved 
by linkage to the Norwegian Cause of Death Registry, which is 

regarded as complete for the entire Norwegian population since 
1 January 1951. Information on vital status, emigration and date 
of death and emigration was provided by the National Registry. 
The linkage was based on the 11-digit unique personal identifi-
cation number given to all citizens of Norway alive in 1960 or 
born thereafter. Those who died between 1951 and 1960 were 
identified by name and date of birth. Deaths in the register were 
recorded according to the International Classification of Diseases 
(ICD), 6th (through 1957), 7th (1958–1968), 8th (1969–1985), 
9th (1986–1995) and 10th (1996–2017) revisions, and grouped 
according to the European Shortlist for causes of death (65 key 
causes).15 16 The shortlist codes were designed for comparison 
over time and between regions.17 18 In the current study, all 
deaths are expressed as ICD-10 codes.

All servicemen were followed from their first day of recorded 
service in the Navy, but no earlier than 1 January 1951, until 
emigration, death or end of follow-up (31 December 2017). 
Median age of the cohort members was 20.0 years (IQR 2.2) at 
start of follow-up.

Statistical analysis
Standardised mortality ratios (SMRs) were calculated as ratios 
of observed and expected numbers. Because mortality rates 
vary by age, by sex and over time, the expected annual number 
of deaths among servicemen was derived by multiplying the 
5 years age-specific person-years for servicemen by the corre-
sponding Norwegian national pooled mortality rates for men. 
We calculated SMRs for all causes combined, for neoplastic and 
non-neoplastic diseases separately and for external causes for 
the entire follow-up period and for seven successive follow-up 
periods for each serviceman (0–9, 10–19, 20–29, 30–39, 40–49, 
50–59 and ≥60 years). This was performed for the overall cohort 
and for the duty station subgroups of land-based personnel and 
vessel crews separately. Poisson regression analysis was used to 
compare all-cause mortality rates between the two subgroups, 
with observation period and age included in the models. Relative 
risks, expressed as rate ratios (RRs), were calculated for vessel 
crews, using land-based personnel as the reference category. A 
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Figure 1  Standardised mortality ratios (SMRs) with 95% confidence intervals (CIs) for the overall cohort (n=28 349, 1 121 849 person-years) and for 
subgroups of land-based personnel (n=12 943, 507 561 person-years) and vessel crews (n=15 406, 614 287 person-years) separately. Follow-up 1951–
2017.

two-sided p<0.05 indicated statistical significance, and 95% CIs 
were computed based on the assumption of a Poisson distribu-
tion of the observed deaths. Stata V.15 (StataCorp) was used for 
statistical analyses and to create the figures. Of the total deaths, 
428 were from unknown causes, including 172 with entries of 
ill defined and unknown causes of mortality (ICD-10 codes 
R96-R99). The remaining 256 cases were categorised as being 
from unknown causes due to lack of information. According 
to the Cause of Death Registry of Norway, half of such deaths 
occurred abroad.19 The 428 deaths from unknown causes 
constituted 6.9% of all deaths in the cohort (6.8% in land-based 
personnel and 7.0% in vessel crews) and were included in all-
cause mortality analyses but excluded from the disease-cause and 
external-cause SMRs.

Results
A total of 1 121 849 person-years and 6191 deaths were accu-
mulated during the entire, 67 years follow-up period (1951–
2017). Half of the deaths—3064—were from non-neoplastic 
diseases, 2168 from neoplastic diseases and 530 from external 
causes. Two hundred and twenty-five servicemen were followed 
throughout the entire period, and average follow-up was 39.6 
years.

Overall cohort
When the entire follow-up period was considered, all-cause 
mortality was 16% lower than expected (SMR=0.84, 95% CI 
0.82 to 0.86). Low mortality from external causes (SMR=0.65, 
95% CI 0.60 to 0.71) and from non-neoplastic diseases 
(SMR=0.76, 95% CI 0.73 to 0.79) contributed to the low all-
cause mortality, while cancer mortality was close to national 
rates (SMR=0.98, 95% CI 0.93 to 1.02) (figure  1 and online 
supplementary table). The 428 deaths from unknown causes 
showed elevated mortality rates in the total cohort (SMR=1.54, 
95% CI 1.40 to 1.70), in land-based personnel (SMR=1.34) and 
in vessel crews (SMR=1.71).

The all-cause mortality deficit fell during follow-up in a near 
linear manner. A statistically significant deficit was observed for 
all but the last follow-up period (≥60 years, SMR=0.93, 95% CI 
0.86 to 1.01) (figure  2 and online supplementary table). Low 
mortality from non-neoplastic diseases contributed the most to 
the longevity of the overall HSE. The mortality for this category 
increased rather steeply from one-third (SMR=0.38, 95% CI 
0.27 to 0.51) to two-thirds (SMR=0.69, 95% CI 0.58 to 0.81) 
of national rates during the first two 10-year follow-up periods. 
Thereafter they increased gradually, but statistically significant 
mortality reduction was still present after 60 years (SMR=0.87, 
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Figure 2  Standardised mortality ratios (SMRs) by follow-up period with 95% confidence intervals (CIs) for the overall cohort. Follow-up 1951–2017.

95% CI 0.79 to 0.97). For neoplastic diseases, the temporal 
change in relative mortality was less linear: there was a statisti-
cally significant mortality deficit only for the first (SMR=0.67, 
95% CI 0.45 to 0.97) and third (SMR=0.83, 95% CI 0.70 to 
0.96) 10-year follow-up periods. In the subsequent follow-up 
periods, neoplastic mortality rates were similar to national 
rates. External-cause mortality ratios rose gradually, starting 
at half that of national rates during the first 10-year follow-up 
period and reaching the population average after 40 years. After 
60 years of follow-up, the SMR dropped back to a statistically 
significant mortality reduction.

Mortality by duty station subgroup
Compared with national rates, land-based personnel showed 
mortality reductions for all causes, neoplastic diseases, non-
neoplastic diseases and external causes during the entire follow-up 
period (figure 1 and online supplementary table). Among vessel 
crews, we observed general mortality reductions for all causes, 
non-neoplastic diseases and external causes, while neoplastic-
disease mortality was significantly elevated (SMR=1.10 95% CI 
1.04 to 1.16). Poisson regression showed that vessel crews had 
a statistically significant, higher total mortality risk than land-
based personnel (RR 1.24, 95% CI 1.18 to 1.30).

The temporal mortality pattern in the two duty station 
subgroups was quite similar to that of the overall cohort, but 

the HSE was stronger and lasted longer among land-based 
personnel than in vessel crews. While a mortality reduction for 
all causes was still present after 60 years of follow-up in land-
based personnel, it only lasted up to 50 years among vessel 
crews (figure 3 and online supplementary table). For cancer, we 
saw a mortality reduction in land-based personnel in the first 
10-year follow-up period (SMR=0.44), no reduction in the 
second 10-year follow-up period (SMR=0.93), and thereafter it 
shifted between reduction and unity. Among vessel crews on the 
other hand, cancer mortality rates were on a par with national 
rates during the first 50 years, followed by an excess in cancer 
mortality. In both duty station subgroups, we saw mortality 
reduction for non-neoplasms throughout all follow-up periods. 
The mortality reduction for external causes lasted up to 40 years 
in both duty station subgroups.

Discussion
To our knowledge, ours is the first study to follow a military 
cohort through successive follow-up periods for more than 60 
years, where the last interval covered the years 60–67 since start 
of follow-up. Our cohort members entered the cohort at a rela-
tively young age during a period of more than half a century. The 
analyses might have been subjected to a ‘cohort effect’, that is, 
the variation in the risk of a health outcome according to the year 
of birth, which might coincide with variation in the population 
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Figure 3  Standardised mortality ratios (SMRs) by follow-up period with 95% confidence intervals (CIs) for the duty station subgroups of land-based 
personnel and vessel crews separately. Follow-up 1951–2017.

exposure to risk factors over time.20 In our analyses, the cohort 
was followed up dynamically during time, multiplying person-
year at risk stratified in 5-year age and 1-year period categories, 
with the corresponding age-specific and period-specific mortality 
rates. This ensures that the effect of period is incorporated in the 
SMRs and the cohort effect should be minimised.

In addition to the length of follow-up, the strengths of this 
study include a military cohort that is virtually complete. More-
over, positive identification of cohort members in high-quality 
cause-of-death and national population registries should secure 
reliable and unbiased estimates. We had no lost to follow-up, 
except from emigration at specified dates, and at end of the 
study period, we knew who had died and who had emigrated. 
Study weaknesses include lack of information on factors that 
may influence cohort members’ longevity, such as hazardous 
occupational exposures inside and outside the Navy, and data on 
lifestyle factors such as tobacco smoking, alcohol consumption 
and physical activity. Such data could help explain the observed 
difference in mortality between our two duty station subgroups, 
as the land-based group showed stronger and longer-lasting HSE 
than did vessel crews.

We chose to look at broad categories of causes of death to 
ensure statistical power for calculation of SMRs across two 
subgroups over seven successive time intervals. The broad cate-
gorisation and the use of shortlist codes should minimise the 

problem with changes in classification of deaths over time. No 
deaths were moved between the categories of neoplasms and 
non-neoplasms in the course of the follow-up.16 However, from 
2003, acute intoxication deaths in substance abusers were moved 
from the ICD-10 chapter ‘Mental and behavioural disorders’ to 
the category for accidental poisoning.16 21 22 Six cohort deaths 
from intoxication after 2003 which would previously have been 
ascribed to non-neoplasms have now been moved to the cate-
gory external causes. As those deaths constitute only 0.1% of 
all deaths in our cohort, the change is considered as having no 
significant effect on the results.

The exclusion of individuals with an unknown cause of death 
from cause-specific mortality estimates might have biased our 
results as the SMR in the overall cohort was reduced from 0.84 
to 0.82. However, we believe this reduction is too small to 
induce shifts in statistical significance in the disease-cause and 
external-cause SMRs and is judged to be of minor importance 
for our results.

As the median age at start of follow-up was 20 years, the cohort 
members were aged 80 years or older during the last follow-up 
period. This is indicative of the effectiveness of the HSE among 
older populations, and is probably due to the maintenance of a 
healthy lifestyle that involves physical activity. Indeed, one study 
found that, compared with individuals who were not active 
at age 40 years, those who were active were twice as likely to 
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remain active at older ages,23 which is probably applicable to our 
cohort members. Several studies have shown a positive associa-
tion between physical activity and reduced all-cause mortality in 
elderly people.23–27 Paganini-Hill et al found significant reduc-
tion in mortality among men aged 70–74, 75–79 and ≥80 years 
who participated in less physically demanding activities as well 
as traditional physical activities involving moderate exertion.23 
Physical activity prevents mortality by reducing the incidence of 
cardiovascular risk factors, such as type 2 diabetes and hyperten-
sion, by weight reduction, and by prevention of falls, osteopo-
rosis and mobility disability.27–30

Low mortality from non-neoplastic diseases in our cohort is 
in accordance with studies comprising veterans from the Second 
World War (calculated from data in Seltzer and Jablon)12 and 
peacekeepers deployed to Lebanon during 1978–1998.13 Indeed, 
overall fitness is evaluated by the draft board before compulsory 
military service, and persons with chronic illnesses are excluded. 
The demand to stay physically fit during service probably reduces 
the risk of mortality from cardiovascular diseases, respiratory 
diseases and diseases of the digestive system, a reduction shown 
in the previous study on our cohort members (SMR=0.86, 0.74 
and 0.81, respectively, follow-up 1951–2007).6 The relatively 
short duration of HSE from cancer mortality in our study is also 
in line with the above-mentioned studies on veterans from war 
and peacekeeping service. As cancers might be caused by random 
mutations,31 and factors that predict eventual death from cancer 
are less likely to be present at 20 years of age than factors that 
may predict deaths from other causes,32 the short-lived HSE in 
our study is probably due to a demand to be cancer-free at start 
of service.

When we looked at mortality by duty station subgroup, the 
HSE was present among vessel crews for all causes, external causes 
and diseases (except from cancer mortality, which was elevated), 
but the rates were not as low as in land-based personnel. As both 
personnel groups had to pass a medical screening for military 
service, the difference might be due to the work environment 
on seafaring vessels, which may be more hazardous with respect 
of harmful chemical exposure and accidents than that of land-
based installations. For instance, asbestos was used aboard Navy 
vessels for insulation and fireproofing in a manner that could 
potentially put the entire crew at risk of exposure before the 
compound was removed during the mid-1980s. Using excess 
malignant mesothelioma as an indicator of asbestos exposure, 
the risk was found to be confined to marine engine crews only.33 
We also assume that self-selection and lifestyle plays a role, as 
conscripts as well as military careerists, can choose between mili-
tary branches and duty stations. The previous study on this same 
cohort showed that vessel crews had a higher risk of lung cancer 
and alcohol-related cancers, and higher mortality from diseases 
of the circulatory system and non-neoplastic alcohol diseases 
than land-based personnel and concluded that the differences 
could be partly due to differences in the consumption of alcohol 
and tobacco.6

Conclusion
Our study showed that the HSE eroded gradually over time but 
was still present at 60 years of follow-up in the overall cohort 
and in the land-based duty station subgroup, which means that 
HSE persists in older age groups. The effect was strongest and 
most long-lived for non-neoplastic disease, lasted up to 40 years 
for external causes, and was relatively short for cancers. Land-
based personnel showed stronger and longer-lasting HSE than 
vessel crews.
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