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ABSTRACT
Acute cardiovascular diseases (CVD) are the main natural causes of death in industrialized coun-
tries — both at sea and on land. Seafarers face very specific job-related cardiac risk factors, such
as time pressure, long working hours, or high stress factors onboard [1, 2]. Taking into conside-
ration the healthy worker effect of seafarers, cardiac risk factors are shown to occur slightly more
frequently in seafarers than in the general population. Owing to the lack of health professionals
onboard and the limited treatment options of events at sea, effective cardiopulmonary resuscita-
tion is often delayed and the outcome of cardiac events may be worse compared to that in other
occupations ashore.
Seafarers’ medical surveillance examinations should be used more intensively as an opportunity
for education of crews in CVD risks and the possibilities to reduce them. Further, enhancement
of treatment options (e.g. by implementation of advanced therapy and diagnostics such as tele-
medicine or AED onboard) may contribute to improved CVD prognosis at sea.

INTRODUCTION
CVD is the cause of 45% of all deaths in industria-

lized countries and 25% of all deaths in developing
countries [3]. In modern maritime industry, CVD also
presents the most common cause of non-traumatic
sudden incapacity and death at sea. Some studies
focused on the mortality of seafarers aboard mer-
chant ships in the 80s and 90s. The proportion of
seamen deaths from British and Danish merchant
ships caused by CVD ranged between 55% and 71%
of all natural causes of seafarer mortality (Figure 1)
[4, 5]. A high proportion (75%) of CVD mortality was
also found in Polish shipping from 1985–1994 [6]
and in Swedish shipping from 1984–1988 (54%) [7].

By comparison, infectious and gastrointestinal
diseases were a minor cause of mortality among sea-
men in these studies (Figure 1).

At sea a medical layman usually holds the respon-
sibility for medical care, often far away from profes-

sional medical support, so diagnosis and treatment
at sea depend mainly on the experience of officers
trained in medical care and telemedical advice. Of-
ten, advanced therapy of severe cardiovascular di-
seases occurring at sea will only be available after
several hours or days when a ship reaches a port or
the patient is evacuated. The Maritime Labour Con-
vention 2006 recommends conducting medical re-
fresher courses every 5 years for the medically res-
ponsible officers in order to update and intensify their
knowledge and skills in the treatment of sick and
injured patients [8].

In recent decades, the prevalence of CVD ashore
has increased due to demographic changes and due
to increasing relevance of lifestyle-related cardiac risk
factors (more smoking, stress, high fat diet, and less
physical activity). All these factors contribute to an
overall higher cardiac risk for the general population
and surely also for seafarers who face these factors
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to at a least similar extent. Furthermore, the expec-
ted advancing average age of seafarers will raise the
CVD risk considerably. Whenever a shortage of skilled
maritime employees occurs — as is the case in Euro-
pe — the recent trend to hire older seamen will fur-
ther increase the likelihood of the occurrence of CVD
on ships.

CARDIOLOGICAL PROBLEMS
IN SEAFARING

CVD RISK FACTORS
The risk of CVD depends on many factors [9],

which can be categorized in the groups ‘non modifi-
able’ (genetic factors, family history, sex, age), ‘mo-
difiable but not directly related to conditions onboard’
(arterial hypertension, diabetes mellitus, smoking),
and ‘modifiable and probably related to conditions
aboard’ (stress, lack of exercise, high-fat diet). Par-
ticular attention should be paid to the latter. The diet
may be unbalanced and contain a high proportion
of fat leading to high cholesterol, high triglycerides,
and obesity [10].

The quality of food is influenced by the cook’s
style of cooking, the opportunity to purchase high
quality and fresh food in ports, and the budget com-
mitted to the nutrition of the seafarers.

The cooks responsible for the order of food should
consider the logistical problems in advance. As
healthy and tasty food is always an important topic
during a sea voyage, the shipping company should
be aware that job satisfaction onboard and subse-
quently the performance of the crew can be in-
creased by improvement of food. Considering the
different tastes of the multinational crews, it is not
possible to satisfy everybody onboard.

The seafarers often have limited opportunities to
change the diet onboard or to supplement the diet
by individual purchases. The common practice of
seafarers to use vitamin supplements probably is of
limited value concerning CVD risk reduction. Limi-
ted leisure time facilities onboard often lead to a lack
of exercise, which also favours overweight.

Owing to the unity of workplace and living with
limited leisure areas onboard — which may last for
months — seafarers are exposed to stress at a high
level [11]. Kivimäki et al. (2006) observed in their
broad meta-analysis of prospective cohort studies that
stress at work increased the risk of CVD by 50% on
average [12].

To determine the likelihood of stress factors for
coronary heart diseases, a German cross-sectional
study was recently conducted to assess the frequency
of coronary risk factors among seamen sailing un-

Figure 1.Figure 1.Figure 1.Figure 1.Figure 1. Causes of natural deaths of seafarers on English and Danish merchant ships
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der German flag [13]. In total, 161 exclusively male
seafarers were interviewed and medically examined.
In this study the cardiac risk factors high blood pres-
sure (49.7%), high triglycerides (41.6%), advanced
age (39.8%), and smoking (37.3%) predominated. As
seafarers are subject to periodic medical-fitness tests
for nautical service, a healthy worker effect should
be expected in this occupation.

In addition, other studies have confirmed a high
number of work-related cardiac risk factors among
seafarers [14–16]. Jaremin and Kotulak (2003) state
that about 20% of myocardial infarction patients are
attributable to additional work-related factors, such
as strain and excessive physical effort [16]. These
factors may also aggravate and influence the CVD
risk.

Concerning life-style risk factors, studies from
Germany, Lithuania, and Denmark revealed the sea-
farers’ cigarette consumption to be higher than in
the respective general population [13, 15, 17]. These
studies suggest that seafarers are not targeted or
reached by work-related or population-based health
promotion programs which aim to modify the risk of
CVD in the workforce.

CVD PROGNOSIS
Prognosis after a cardiac event was assessed in

the mortality study of Jaremin and Kotulak (2003)
based on a population of 11,325 Polish seafarers
and deep sea fishermen in the time period from 1985
to 1994 [16]. They showed that 106 out of the 149
documented fatalities at sea were caused by myo-
cardial infarction. The mortality rate of myocardial
infarction in Polish seafarers was lower than that in
the general male Polish population in the same de-
cade, probably due to the expected healthy worker
effect among seamen. Nevertheless, the survival af-
ter a coronary event at sea was shown to be lower
than that ashore since the early (first day) pre-hospi-
tal mortality of seafarers after a myocardial infarc-
tion at sea was 48% compared to 20–35% in the
general population [16]. Thus, it was concluded by
the authors that the prognosis after a myocardial
infarction at sea is worse than that ashore.

There are several reasons for the latter hypothe-
sis. The most important reasons probably are that
the team of rescuers onboard is often inexperien-
ced, the means of treatment are limited, the res-
cue/resuscitation action is frequently delayed, and
the evacuation ashore is often difficult or even im-
possible.

MEASURES TO DIMINISH CVD RISKS
IN SEAFARING

A. Surveillance examination and education
about CVD diseases

Compared with other occupations onshore, Tüch-
sen et al. (1996) assess seafaring as a high-risk oc-
cupation for ischaemic heart diseases [18]. To cope
with the problem of CVD in seafaring, the ‘medical
surveillance examination’ could be used more inten-
sively as an opportunity for risk reduction. The mini-
mal scope of examination for maritime fitness is ge-
nerally defined in the ILO/WHO guidelines 1997 [19]
and in national guidelines.

It was written that the performed medical sur-
veillance examinations were often insufficient to de-
tect seafarers with high cardiac risk [16]. A Polish
study showed that 58% of seafarers with myocardial
infarction at sea did not have preceding symptoms
before their cardiac event [16]. Furthermore, it was
assumed that some seafarers did not accurately
state their CVD symptoms during their fitness exa-
mination, being afraid of medical unfitness declara-
tion. Thus, the possibilities of identifying seafarers
with a higher CVD risk are still limited.

After an acute cardiac incident, the risk of re-
currence of that particular event is increased. Sub-
jects with a history of a severe myocardial infarction,
those with unstable ischaemic heart disease, and
those with hypertension of stage II–III are normally
unfit to work at sea [20].

However, if the preconditions in medical fitness
for work at sea are very high, many qualified seafa-
rers are at risk of losing their job and thus they may
have considerably personal, social, and economic
consequences for themselves and their families. In
order to estimate the future risk of seafarers with
prior cardiac events, several clinical test methods are
established, e.g. specific blood analysis of triglyce-
rides and cholesterol, ECG stress tests, and echocar-
diographic examination. Seamen with an observed
higher coronary risk should be advised and treated
according to the recommendations of the Interna-
tional Task Force for the Prevention of Coronary Heart
Disease [21].

The Maritime Labour Convention 2006 demands
measures of a preventive character, such as health
education programs [8]. An opportunity to communi-
cate health promotion messages to seafarers are
‘medical (refresher) courses’ for seafarers. The tea-
ching content of the medical refresher courses are
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determined in national schedules mainly focusing
on the diagnosis and treatment of ill or injured sea-
farers at sea. However, the prevention of diseases,
especially of CVD, is scarcely considered in the sched-
ules of these courses.

The effect of educational measures is difficult to
quantify. Due to the instability of the seafarer popu-
lation, clinical outcome variables cannot be used (e.g.
morbidity or mortality). However, some studies exist
that measured behavioural changes. For example,
a Polish study focused on the training of leaders in
maritime health promotion. Maritime students had
to take a 30-hour training program dealing with me-
dical and psychological issues. In this study, the ef-
fect of the training was measured by questionnaires,
individual interviews, and feedback programs [22].
The Finnish project “TrimMare” also aimed to pro-
mote safe behaviour on Finnish ships [23]. Some
seafarers were trained as coaches to support health
activation onboard. The activities encompassed dis-
tribution of information material on health promo-
tion (put out on information panels and in mess
rooms), cookery courses for stewards (focusing on
appetizing, low-calorie, and low-salt meals), and train-
ing for shipping companies in health promotion. By
means of interviews and questionnaires it was shown
that these measures were successful (e.g. the food
on board became lower in salt and calories, more
vegetables were available, and seafarers began or
continued various physical activities).

Recommendations:
• The medical surveillance examination should help

to not only identify persons with overt CVD but
also inform seafarers on personal risk and strate-
gies for risk reduction.

• Advanced clinical tests (e.g. specific blood analy-
sis, ECG stress tests, and echocardiographic exa-
mination) should be implemented in medical sur-
veillance examinations of those seafarers who
have already experienced a cardiac event. Ad-
vanced examinations during the nautical fitness
test demand additional time for the physicians
issuing health certificates, and generate costs. To
reduce the workload for these physicians some
duties can be assigned to the seafarers’ general
practitioner. He is, as the individual physician of
the seaman, in charge, e.g. to treat high blood
pressure or elevated blood glucose values and to
document the treatment process.

• The pre-employment examination should rely on
strong fitness criteria to reduce the risk of seafa-

rers with incipient health disorders from beco-
ming unfit for nautical service in the course of
time. In Germany, for example, the finding of glu-
cose urine during the pre-employment examina-
tion results in incapability for nautical service be-
cause of the higher likelihood of developing insu-
lin-dependent diabetes and CVD. This would lead
to nautical unfitness in older age when an occu-
pational redeployment is scarcely possible.

• Depending on a single case assessment, patients
with a history of a myocardial infarction and an
only slightly increased CVD risk in the course of
time must be restricted to accompanied working
or watch keeping and only to operations in near
coastal waters.

• During the medical refresher courses or during
other maritime courses more effort should be
made to train the officers in the treatment of CVD,
to raise the seafarers’ awareness about their in-
dividual risk of CVD, and to advise them on pre-
vention. Recommendations should be made about
lifestyle modifications of the seafarers as impor-
tant risk factors of CVD, such as smoking cessa-
tion, dietary control, and exercise to reduce car-
diac risk. Further studies are needed to measure
the effects of education measures among seafa-
rers.
In conclusion, it is a challenge for maritime health

experts to increase the compliance of seafarers in
the abandonment of a lifestyle that can be detrimental
to health. To reduce the CVD risk and to improve the
survival after cardiac events at sea, joint action is
necessary by the shipping company (e.g. by provi-
sion of suitable technical devices, telemedicine or
ECG, by a satisfactory offer of shipboard exercise
possibilities, a more balanced diet, and health infor-
mation campaigns), the ship masters (e.g. by active
motivation of the crew to use these offers), and the
seafarers themselves (e.g. by self-observation of
health and eating habits, and by taking responsibili-
ty for their health promotion).

B. Implementation of telemedicine onboard
In cases of unspecific thoracic symptoms, the

medical causes should be identified first. Due to the
often unclear genesis of symptoms (mainly cardiac,
pulmonary, or orthopaedic), a medical evaluation
considering all differential causes is required. In this
situation, seamen increasingly use telemedical ad-
vice by physicians at a telemedical centre ashore. To
improve reliability of diagnosis a telemedical ECG
transmission is a central piece of information, espe-
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cially in cases of potentially arrhythmic heart diseases.
The ECG is more likely to provide a correct diagnosis
via a telemedical doctor in patients with unspecific
thoracic symptoms as well as cardiac disorders. As
the ECG may be normal in the first hours after myo-
cardial infarction, continuous ECG monitoring (via
AED) of patients with angina pectoris at sea is re-
quired. Thus, the telemedical doctor is aware of the
ECG in the course of time until advanced medical
care is available onboard.

Nowadays, even most merchant vessels are
equipped with the basic equipment for the treatment
of myocardial infarction such as nitroglycerin, oxy-
gen, morphine, and aspirin. The appropriateness of
supplying worldwide operating vessels with advanced
treatment facilities, such as thrombolytics and auto-
matic external defibrillator (AED), requires further
consideration and evaluation.

The implementation of AEDs onboard passenger
liners with many passengers of older age (a higher-
-risk population for CVD) is currently medical stan-
dard. In the maritime medical community it is con-
troversially discussed whether these devices should
also be recommended on merchant ships with a re-
latively low likelihood that an acute cardiac event
occurs among the crew [16]. While some maritime
medical specialists evaluate the AEDs on merchant
ships as economically unjustified, others regard them
as useful for this type of ship, especially due to their
telemedical function (e.g. for diagnosis of heart
rhythm disorders) [24]. This discussion mainly re-
gards the cost-benefit analysis of AEDs as well as
ethical aspects in merchant shipping. A cost-benefit
analysis, however, is scarcely possible since AEDs on
merchant ships have different purposes (resuscita-
tion, analysis of heart rhythm, determination of death),
and the incidence of all these events at sea cannot
be reliably assessed on the basis of available mortal-
ity/morbidity studies in seafaring.

CONCLUSIONS
CVD is a common cause of sudden incapacity

and death at sea. Seafaring is associated with fac-
tors resulting in an increased risk of CVD and with
impaired outcome of events occurring at sea. Due to
several seafaring-related features, survival rates af-
ter an acute cardiac event at sea are reduced com-
pared to survival ashore. Therefore, the prevention
of CVD at sea is very important. In seafaring, howe-
ver, preventive measures are complex and difficult
to implement.

Several shipboard stress factors, which are as-
sumed to contribute to a higher CVD risk, can only
be reduced slightly (e.g. shift work, noise and vibra-
tion, occasional exposure to high temperature du-
ring physical effort). Thus, ships can be regarded as
a high-risk worksite for seafarers with CVD. It is im-
portant to detect high-risk subjects during their me-
dical fitness test and to continuously adapt and im-
prove strategies of prevention, diagnostics, and pre-
hospital medical care. Useful strategies might include:
• avoidance of risk situations onboard by impro-

ving the working and living conditions (e.g. to en-
sure sufficient sleeping and resting time for the
whole crew, to reduce extreme overtime hours,
and to offer a balanced diet);

• implementation of advanced diagnostics (e.g. ECG,
troponin test) as well as advanced drug treatment
for pre-hospital use onboard of ships (the benefit of
these measures at sea needs to be proven in trials);

• using opportunities for educative efforts for pri-
mary prevention of CVD during medical courses
for seafarers and medical fitness examinations
more intensively;

• intensified telemedical interaction with telemedi-
cal centres;

• advanced diagnostic and preventive measures
after a first event of CVD.
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