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Abstract
Purpose  The aim of this study was to investigate whether Swedish seafarers have increased mortality from cardiovascular 
disease compared with the general population.
Methods  Register-based longitudinal cohort study of 85,169 Swedish seafarers where all subjects with a minimum of 
30 days service registered in the Seafarers’ Register 1985–2013 were included. Mortality from coronary heart disease, cer-
ebrovascular disease and total mortality for comparison were analysed by calculating standardised mortality ratios (SMRs), 
with 95% confidence intervals (CIs). Mortality was further analysed by gender, duty on board, type of vessel, and over time.
Results  There was no increase in either mortality from cardiovascular disease or total mortality for seafarers, who had 
worked solely on passenger ferries. Mortality from coronary heart disease and cerebrovascular disease was increased for 
male seafarers < 46 years old who had worked on different types of vessels, SMR 1.48 (95% CI 1.06–2.01) and SMR 1.93 
(95% CI 1.16–3.02), respectively. Analysing the seafarers by duty showed significantly increased SMRs from coronary heart 
disease in males aged < 46 of the categories “deck crew” and “engine officer/crew (ever)”. The total mortality for seafarers 
who had worked on different types of vessels was increased; males SMR 1.05 (95% CI 1.02–1.09) and females SMR 1.17 
(95% CI 1.04–1.30), but decreased over time.
Conclusions  No increased mortality on passenger ferries but younger male seafarers on different types of vessels had 
increased mortality from cardiovascular disease. Reduction of hazardous occupational exposures onboard is important, such 
as shift work, stress and noise.
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Background

Previous studies have shown increased mortality and mor-
bidity in seafarers compared with individuals in land-based 
occupations (Brandt et al. 1994, Rafnsson & Gunnarsdottir 
1994; Jensen 1996; Mellbye & Carter 2017). There may be 
several reasons for this, such as lethal accidents (Oldenburg 
et al. 2016; Borch et al. 2012), cancer (Ugelvig Petersen 
et al. 2018), infectious diseases (Roberts & Carter 2016) 
and mental illness (Mellbye & Carter 2017). Cardiovascular 

disease (CVD) is another possible cause of both disease at 
sea (Alves et al. 2010) and sudden death among seafarers 
(Brandt et al. 1994; Oldenburg et al. 2016), and the chance 
of survival can be decreased due to long distance and pro-
longed time to advanced medical care (Jaremin & Kotulak 
2003).

According to international studies, seafarers have 
increased risk factors for CVD, such as smoking, obesity 
and lack of physical exercise (Pougnet et al. 2013; Olden-
burg 2014; Nittari et al. 2019). Other potential common risk 
factors at sea for CVD are shift work (Torquati et al. 2018), 
noise exposure (Skogstad et al. 2016; Forsell et al. 2017) and 
psychosocial stress (Theorell et al. 2016; Forsell et al. 2017). 
Moreover, Danish studies have found increased frequencies 
of hypertension and metabolic syndrome among seafarers 
(Tu & Jepsen 2016; Moller Pedersen & Jepsen 2013). The 
metabolic syndrome is likely linked, among other things, 
to lack of physical activity, as well as stress and shift work 
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(Watanabe et al. 2018), and is an established risk factor for 
CVD (O’Neill & O’Driscoll 2015).

However, it is not known whether seafarers have an 
increased incidence of or mortality from CVD; there are 
very few studies performed and the results are conflicting 
(Hammar et al. 1992; Jaremin & Kotulak 2003; Roberts & 
Jaremin 2010): in a Swedish register-based study on differ-
ent occupational groups, an increased incidence of myocar-
dial infarction among deck officers was reported (Hammar 
et al. 1992). In a retrospective Polish study, the pre-hospital 
and 1-month mortality due to myocardial infarction was 
higher among seafarers compared with the general popula-
tion (Jaremin & Kotulak 2003). A British study showed that 
mortality from CVD was generally lower among seafarers 
compared with the general population but an elevated risk 
of work-related CVD mortality was found among the crew 
members of North Sea offshore ships (Roberts & Jaremin 
2010).

Thus, the seafarer’s occupation may involve exposure to 
several risk factors for CVD and likely varies among dif-
ferent occupational categories and among different types 
of vessels, but it is not clear whether this group have an 
increased risk of mortality from CVD; the results of the 
scarce previous studies are inconclusive. The aim of this 
study was to investigate whether Swedish seafarers have an 
increased mortality from CVD compared with the general 
population and to also analyse potential differences in mor-
tality over time, between different types of work and differ-
ent vessels.

Methods

The study was a register-based longitudinal cohort study 
of Swedish seafarers. All Swedish merchant vessels with a 
gross tonnage of 20 or more are obliged to register the sea-
farers in their employ with the Seafarers’ Registry (SR) held 
by the Swedish Transport Agency. The start of the obser-
vation period corresponds to the start of the digitalization 
of the SR. In the register, sea services before 1985 have 
been entered retrospectively for seafarers who were active 
at this time. The subjects comprised all seafarers with a reg-
istered residency in Sweden who were registered with the 
SR as employed seafarers between 1 January 1985 and 31 
December 2013, in total 102,870. Subjects with records of a 
minimum of 30 days of work on a vessel during that period 
were included in the cohort (N = 94,954). Those who lacked 
a personal identity number, i.e. foreign workers (N = 9587), 
were excluded as were subjects born before 1920 (N = 198) 
because they were at the usual age of retirement when the 
observation period of the study started. In total, there were 
85,169 subjects after exclusions. Both men and women were 
included. The cohort will be used for other studies as well.

The study included record linkage between the national 
registers using the subjects’ personal identity number. The 
Swedish Transport Agency sent the SR data to Statistics 
Sweden for migration data and data on vital events. Sta-
tistics Sweden passed the data further to the National 
Board of Health and Welfare, who matched the cohort 
with the Swedish Cause of Death Register for the obser-
vation period 1985–2013 and anonymised the data before 
transferring them to us. Reference mortality data for the 
whole general population, stratified by gender, 5-year age 
groups, and 1-year calendar periods 1985–2013, were also 
retrieved from the National Board of Health and Welfare.

The information from the SR included dates of seafar-
ing work, type of vessel and occupational position (duty) 
for each seafarer and for each period of service. On the 
grounds that seafarers often work on different types of ves-
sels and in different types of positions during their work-
ing life, Table 1, the seafarers were categorised into differ-
ent groups in our analysis. For type of vessel, we divided 
the subjects into two categories, seafarers who had worked 
solely on passenger ferries and seafarers who had worked 
on different types of vessels, as 53,.5% of the seafarers only 
had worked on passenger ferries and the remaining part on 
several types of vessels and work on passenger ferries is 
also likely more regular, shorter in duration and includes 
less chemical exposure. Based on the results presented in 
Table 1, duty on board was divided into four categories: 
solely service means only having served in the service 
section of a vessel; deck officer (ever) means ever having 
worked as a deck officer; engine officer/crew (ever) means 
ever having worked in the engine room as officer or crew; 
and deck crew means having worked as deck crew and pos-
sibly also having served in the service section. The seafar-
ers were subdivided into groups based on time registered 
as a seafarer, < 1 year, 1–5 years, 5–10 years, 10–20 years, 
and > 20 years. Numbers of individuals in each subgroup 
are presented in Table 2. 

Outcomes studied were cardiovascular diagnoses from 
the Swedish Cause of Death Register and total mortal-
ity from Statistics Sweden. Outcomes were classified 
according to the diagnostic codes of the International 
Statistical Classification of Diseases and Related Health 
Problems, 8th–10th revisions (ICD-8 to ICD-10). Thus, 
coronary heart disease (CHD) was defined as ICD-8/9 
codes 410–414 and as ICD-10 codes I20–I25, myocardial 
infarction as ICD-8/9 410 and ICD-10 I21. Cerebrovas-
cular disease, including both ischaemic stroke and intrac-
erebral bleeding, was defined as ICD-8/9 430–438 and 
ICD-10 I60–I69. Ischaemic stroke was defined as ICD-8/9 
433–434 and ICD-10 I63–I64 and intracerebral bleeding 
as ICD-8/9 431 and ICD-10 I61. Total mortality was stud-
ied to compare it with mortality from CVD.
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Statistical methods

Age at first sea service, and seafarer years are presented as 
medians with first and third quartiles (Q1, Q3) (Table 2). 
The person-years at risk were calculated starting from 
first time of work at sea in the SR until first emigra-
tion, time of death or the end of follow-up, 31 December 
2013. The person-years were stratified by gender, 5-year 
age groups, and 1-year calendar periods. The expected 
number of deaths for these strata was calculated using 
the general Swedish population as a reference. Standard-
ised mortality ratios (SMRs) were calculated and 95% 
confidence intervals (CIs) determined with the assump-
tion of a Poisson distribution of the observed deaths. The 
SMR was calculated stratified for gender, type of ves-
sel, position held, and time registered as a seafarer. The 
SMR was also calculated for person-years in different 
age groups: < 46, 46–55, 56–65, and > 65 years. Further 
analyses were done on seafarers who started their sea ser-
vice before 1985 and after 1985, respectively, (when the 
digitalization was done and the follow-up period started) 
and by dividing the observation period into two periods, 
1985–1999 and 2000–2013. The analyses were performed 
using STATA SE release 14 (Stata Statistical Software, 
College Station, TX, USA) and SAS 9.4 (SAS Institute, 
Cary, NC, USA).

The study was approved by the Regional Ethical Board 
of Gothenburg (193-13).

Results

Seafarers having worked solely on passenger ferries

In seafarers who had only worked on passenger ferries, 
there was no increased total mortality or increased mortal-
ity from CHD or cerebrovascular disease, compared with 
the general population, for either males or females (Table 3). 
For solely service personnel on passenger ferries, the main 
type of duty on these vessels, SMR for CHD was 0.75 (95% 
CI 0.56–0.99) for males and 0.50 (95% CI 0.33–0.71) for 
females (data not shown).

Seafarers having worked on different types 
of vessels

When analysing all of the seafarers who had worked on dif-
ferent types of vessels as one group, there were no signifi-
cantly increased SMRs for CHD or cerebrovascular disease 
for males or females (Table 3). The SMR for total mortality 
was, however, slightly increased for both males and females 
(Table 3).

Analysing male seafarers by age showed that, in the 
age group < 46 years, the SMR for CHD was significantly 
increased, 1.48 (95% CI 1.06–2.01) (Table 3), as was the 
SMR for total mortality, 1.36 (95% CI 1.25–1.48) (Table 3). 
The results also differed according to number of years reg-
istered with the SR: for male seafarers who were < 46 years 

Table 1   The cohort of Swedish seafarers with sea service any time during 1985–2013, showing how common it was to have worked on different 
types of vessels and with different duties on board

a Type A—different kinds of tankers, type F—fishing vessels, type P—passenger ferries, type T—transportation vessels, type O—working ves-
sels and other vessels

If ever type what other 
types also,  % of N

Only one type% Sea service on different types of vesselsa N

Type A% Type F% Type O% Type P% Type T%

Ever type A 10.0 3.7 47.5 68.1 82.3 21,620
Ever type F 0.8 78.7 78.8 77.8 95.8 1023
Ever type O 10.5 58.4 4.6 70.9 76.8 17,581
Ever type P 65.3 21.1 1.1 17.9 30.0 69,848
Ever type T 16.6 55.5 3.1 42.2 65.5 32,047

If ever duty what other 
duties also,  % of N

Only one duty% Sea service with different duties N

Deck officer% Deck crew% Engine officer% Engine crew% Service%

Ever deck officer 14.9 79.6 5.9 8.0 18.9 10,212
Ever deck crew 48.5 26.2 5.9 13.8 20.9 31,003
Ever engine officer 15.1 9.2 27.8 76.4 17.2 6561
Ever engine crew 30.9 6.6 34.5 40.4 18.7 12,398
Service 84.2 3.8 12.6 2.2 4.5 51,203
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old and had been registered for 10–20 years, the SMR for 
CHD was 2.46 (95% CI 1.31–4.20) (Table 4). Moreover, 
when evaluating mortality according to the seafarers’ duty 
on board, it was the categories male deck crew and male 
engine officer/crew (ever) < 46 years that had significantly 
increased SMRs for CHD (Table 4). When we further ana-
lysed the seafarers according to start of sea service, we 
observed that, for male seafarers < 46 years who started 
before 1985, the SMR for CHD remained significantly 
increased (Table 4); for seafarers who started their sea ser-
vice after 1985, the SMR for CHD was similar, compared to 
the subjects who started before 1985 but no longer signifi-
cantly increased (Table 4).

Finally, dividing the observation period into two peri-
ods showed that total mortality for males and females and 
mortality from CVD for males < 46 years remained signifi-
cantly increased for the years 1985–1999. For the observa-
tion period 2000–2013, the SMRs for CVD decreased and 
became insignificant, even though there was a borderline 
increased mortality from CHD for men aged 56–65 years 
(Table 4). The total mortality for the seafarers having served 
on different types of vessels as one group decreased; how-
ever, it was significantly increased for male seafarers in the 
age groups 46–55 and 56–65 years (SMR 1.27 (95% CI 
1.13–1.42) and SMR 1.30 (95% CI 1.21–1.40), respectively) 
(not shown in the tables).

In addition, male seafarers < 46 years had a significantly 
increased mortality from cerebrovascular disease, SMR 1.93 
(95% CI 1.16–3.02). The mortality due to cerebral haemor-
rhage was also increased in this group, SMR 2.18 (95% CI 
1.00–4.13) (Table 3). When analysing according to years 
of register in the SR and type of duty, the mortality from 
cerebrovascular disease was insignificantly increased among 
them registered for 10–20 years, and mainly the duty deck 
crew (data not shown).

For women, the SMR for mortality due to CHD was 
1.22 (95% CI 0.87–1.65) with the highest but insignificant 
SMRs for the ages 56–65 years and > 65 years, with work 
as a seafarer 10–20 years and > 20 years among all duties 
except engine room were very few had worked (Table 3 and 
data not shown). SMR due to cerebrovascular disease for 
women was 1.14 (95% CI 0.72–1.71), mostly occurring in 
the age > 65 years and in the category solely service who had 
served > 10 years at sea (Table 3 and data not shown). The 
total mortality was increased for the ages 46–55, SMR 1.40 
(95% CI 1.07–1.81) (Table 3).

Discussion

Our study shows that there was an increased mortality from 
CHD and cerebrovascular disease in relatively younger 
male seafarers having worked on different types of vessels, 

especially those with several years of service. We could 
not clearly show any significantly increased mortality from 
CHD or cerebrovascular disease among women. Our results 
demonstrate that Swedish seafarers on different types of ves-
sels, both men and women, had a significantly but modestly 
increased total mortality. Our results corroborate earlier 
international studies regarding increased general mortality 
among seafarers (Brandt et al. 1994; Rafnsson & Gunnars-
dottir 1994; Jensen 1996).

We had no information regarding location of death. It is 
possible that the increased mortality from CVD could par-
tially be attributed to long distance to qualified health care 
if the illness occurs at sea. In a Polish study, pre-hospital 
mortality from myocardial infarction was higher, but the 
incidence was not increased, in seafarers compared with the 
general working population (Jaremin & Kotulak 2003). The 
authors concluded that work-related factors reduce survival 
at sea in the case of a myocardial infarction. However, the 
long distance is not likely to explain the entire increase as 
in our study the high mortality figures were also related to 
seafarer age, type of vessel, and length of registration as a 
seafarer.

The mortality from CHD was not significantly increased 
for seafarers who started their sea service after 1985, or for 
the observation period 2000–2013, but this may partly have 
been due to lack of power. The modest increase in total mor-
tality decreased over time. There could be several reasons for 
that; hopefully, the work environment has improved, smok-
ing has probably decreased especially among men, and the 
length of time as seafarer has overall decreased. In a Danish 
study analysing mortality in seafarers 1986–2009, the total 
mortality diminished over time; however, there was no clear 
decrease in mortality from heart diseases (Borch et al. 2012).

Seafarers often serve on several types of vessels during 
their professional career, and the occupational exposure is 
likely different on different types of vessels. Taking this into 
account, although it was not possible in this study to sepa-
rately analyse mortality for each type of vessel, we divided 
the seafarers into two groups; those who had worked on dif-
ferent types of vessels and those who had worked solely on 
passenger ferries. The seafarers who had worked on pas-
senger ferries only, had no increased mortality, but they had 
worked shorter time as seafarers and our study population 
had few seafarers who had both served before 1985 and 
worked solely on passenger ships, which may have affected 
the internal validity of this result. It should, however, be 
noted that the exposure patterns of passenger ferries and 
other types of vessels differ substantially, including more 
regular work, and less chemical exposure on passenger 
ferries. A Norwegian register study detected an increased 
overall mortality, but no significantly increased mortality 
from CVD, for seafarers working on tankers compared with 
seafarers working on other ships. The increased risk was 
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related to work as a mate; there was no increased risk for 
those working as captains (Moen et al. 1994).

In our study, mortality from CHD was increased among 
subjects who had worked 10–20 years at sea. After 20 years 
of registered seamanship, the mortality from CHD declined. 
This could have been due to a healthy worker effect and to 
the earlier increased mortality in the cohort causing dimin-
ished cohort mortality later in life. The earlier increase in 
mortality is likely also to have been caused by competing 
risks such as lethal accidents and cancer diseases, in addition 
to CVD. Competing risks and earlier increased mortality can 
also be applied to male seafarers > 65 years of age who had 
no increased mortality. In an Icelandic study analysing mor-
tality among seafarers, the mortality from ischaemic heart 
disease was the highest among seafarers who had worked 
for 8–10 years, SMR 1.56 (95% CI 1.14–2.7); but thereafter 
the mortality decreased (Rafnsson & Gunnarsdottir 1994).

In our study it was the categories younger male deck crew 
and male engine officer/crew (ever) that had significantly 
increased mortality from CHD. In a Danish retrospective 
cohort study on seafarers from 1970 to 1985, a significantly 
increased mortality rate from CHD was reported only for the 
engine crew, compared with the general population (Brandt 
et al. 1994). The occupational exposure is probably different 
among different positions at sea due to different work tasks 
in different locations with varying occupational hazards.

For the women in our study, there was an insignificant 
tendency towards increased mortality from CHD at a later 
age compared with the men. Women generally develop CHD 
later in life compared with men (Bello & Mosca 2004). The 
insignificant result for the females in our study may be due 
to lack of statistical power; there are fewer female seafarers 
and hence, there were fewer females in the cohort.

This study has several strengths, such as high validity, it 
being a large longitudinal cohort study with a long follow-
up time and including information on type of work and type 
of vessel for each service for each individual. Also, we had 
access to data on both total mortality and mortality from 
CVD from the Swedish national registers which have high 
coverage and good quality.

Our study has several limitations. It was not possible to 
obtain individual smoking data or other individual medical 
data regarding risk factors for CVD since this was a regis-
ter study. International studies have shown increased risk 
of obesity and the metabolic syndrome among seafarers 
(Moller Pedersen & Jepsen 2013; Nittari et al. 2019), but 
we do not know if this could be applied to Swedish seafarers. 
In 1977 in Sweden, 67% of male deck officers, 51% of male 
engine officers and 35% of male engine crew were smokers, 
compared with 44% of the general male population (Nilsson 
1998). The increased risk for CHD associated with ciga-
rette smoking, however, decreases relatively fast after smok-
ing cessation (Teo et al. 2006). In a Swedish questionnaire 

survey from 2014 answered by 1972 seafarers, 11% of the 
respondents were current daily smokers, with no marked 
difference between men and women. Among the service per-
sonnel, the proportion of smokers was higher, 23%. In the 
Swedish general population, 9% of men and 11% of women 
were daily smokers in 2015, according to the Public Health 
Agency of Sweden. One of our inclusion criteria, a mini-
mum of 30 days of work on a vessel, could be considered 
short and a limitation of the study.

Our results show an increased mortality from CVD at a 
relatively young age for male seafarers who had served on 
different types of vessels, particularly those who had served 
as seafarers for several years. Our results also show a dis-
parity in mortality between subjects working on passenger 
ferries and subjects working on other types of vessels, which 
indicates a difference in the work environment and calls for 
improvements such as optimization of the shift work sched-
ules and reducing noise, stress and chemical exposure.

The modestly increased mortality among Swedish seafar-
ers seems to have decreased over time, but further studies are 
needed on the specific causes of the increased total mortality 
among seafarers.
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