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Abstract

Background: Evidence on workplace health promotion interventions at sea is scattered and includes different
methodological approaches. The continued focus on lifestyle and health promotion on land-based industries makes
it pertinent to evaluate available data from maritime settings to gain systematic knowledge on the field.

Methods: In this systematic review, we systematically searched PubMed and NLM Gateway (for MEDLINE), Institute
of Scientific Information/Web of Science (ISI/WOS), and SCOPUS up to January 2019 using standard keywords
including lifestyle interventions in the maritime setting. Two independent reviewers assessed papers and extracted
the data. The quality of included studies was assessed using the Cochrane Risk of Bias tool. Due to significant
heterogeneity between studies, the effectiveness of interventions was presented as a qualitative synthesis.

Results: After the initial search and refinement based on a total of 4432 records, ten articles met eligibility criteria
and were included in the final review. Six studies originated from US maritime settings, 3 studies were conducted
on Danish seafarers and one study came from Finland. The main focus of 6 studies was educational interventions
including stress management, healthy eating, anti-smoking and anti-drinking sessions, sexual behavior program,
and advice about preventive strategies. Four studies described the implementation of interventions, including
micro-nutrient supplementation, physical activity, and pharmacotherapy. Follow-up assessments occurred over a
time period ranging from 80 days to 2 years. Three studies found a positive though limited effect of structural and/
or education interventions in maritime settings. The quality of all included studies was modest.

Conclusion: Results of this systematic review show that a limited number of studies of lifestyle interventions in the
maritime setting exist and that the quality of them is generally modest. Also, most of the interventions identified
have failed to demonstrate substantial health benefits for seafarers.
Systematic review registration number in PROSPERO: CRD42019134533
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Background
Cardiovascular disease (CVD) is the leading cause of death
in seafarers [1]. A study conducted among Danish sea-
farers revealed that cardiovascular risk factors such as
obesity, high blood pressure, and increased levels of tri-
glycerides are highly prevalent [2]. Likewise, a study
among Iranian seafarers showed that the prevalence of
metabolic syndrome and excess weight was 15% and 51%,
respectively [3]. Moreover, the prevalence of behavioral
risk factors like smoking and physical inactivity in sea-
farers is high [2–4]. Ship-specific stress situations, lack of
sufficient and appropriate exercise, and malnutrition have
been described as the main risk factors for CVD in the
maritime setting [1]. An unhealthy lifestyle may have dif-
ferent consequences such as ill-health, absence due to
sickness and loss of productivity [5]. Worksites—even in
land-based occupations—represent a major venue for in-
fluencing the overall health of workers [6]. Since seafarers
often for several months have a second home on board
ships, unhealthy lifestyle together with specific working
conditions may in such a microcosmos form a hazardous

environment not only affecting the health and wellbeing
of the seafarer but also potentially affecting the economy
and safety of the ship. So, it is important to target the
health behavior of seafarers on board as a method for fu-
ture prevention programs.
The present paper summarizes and evaluates existing

interventions targeting the health and wellbeing of sea-
farers. It is expected that this study will provide relevant
input for health policymakers in this maritime popula-
tion to develop health promotion strategies and can in-
spire other researchers to fill the gap of the presently
limited quality research in the field of health promotion
at sea.

Methods
Identification of relevant studies
This systematic review was carried out to identify and as-
sess all evidence on the lifestyle interventions in seafarers.
The PRISMA-P guideline was used to develop the current
systematic review (Fig. 1) [7], the items for meta-analysis
were not applicable for this review. All the documents are

Fig. 1 PRISMA 2009 flow diagram
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based on the details of the study protocol. The registration
number of our study in the International Prospective
Register of Systematic Reviews (PROSPERO) is
CRD42019134533.
The search terms developed concentrating on two main

roots of “seafarers” and “health interventions”. There was
no limitation for language and time of papers. All studies
carried out until the end of January 2019 were considered
in this systematic review. For documents other than Eng-
lish, the necessary arrangements were taken for their
translation. To assess the optimal sensitivity of searching
for documents, we simultaneously searched the most
comprehensive related databases of PubMed and NLM
Gateway (for MEDLINE), Institute of Scientific Informa-
tion, Web of Science (ISI/WOS), and SCOPUS as the
main international electronic data sources (Appendix 1).
Moreover, some reference lists of included studies or rele-
vant reviews through the search were scanned to identify
potentially eligible studies.

Inclusion and exclusion criteria
To obtain a comprehensive overview of the works that
have been done so far, we focused on all studies pub-
lished up to January 2019—on the lifestyle changes in-
cluding type and quality of food, vitamin/mineral
supplementation, physical activity, and educational pro-
grams, etc. Studies with outcomes such as smoking,
stress level, physical activity, alcohol consumption, body
mass index, behavior change, and other outcomes com-
plying with the objective of the study in the target group
were included. Also, we included all observational stud-
ies. All relevant results were extracted from randomized
control trials, quasi-experimental studies, and non-
randomizes studies. There was no limitation for the tar-
get groups in terms of age and gender and language of
published studies. Duplicate citations and non-peer-
reviewed publications were excluded. Book chapters and
available conference proceedings were also considered.

Quality assessment and data extraction
All systematic processes of literature searches, quality as-
sessment, and data extraction of eligible papers were
conducted by two independent research experts and any
discrepancy between them was resolved through referen-
cing a third expert opinion.
We investigated the quality of the included randomized

controlled trials (RCTs) using the Cochrane Back Review
Risk of Bias criteria [8]. The criteria list consists of 11-
items evaluating internal validity. We also used The Jo-
anna Briggs Institute Critical Appraisal tool for Quasi-
Experimental Studies (non-randomized experimental
studies) to assess the quality of quasi-experimental (be-
fore–after) studies [9]. This checklist has 9 items and the

total score was the number of positive items (range 0–9
scores).
Two independent investigators scored items as positive

when they met the criteria, negative if they did not, or as
inconclusive if there was insufficient information.
The extracted data included: author and year of publi-

cation, population characteristics (mean age/age range
and subjects), methodological characteristics (study de-
sign, period of the study, sample size, type of ship or
shipping sector, type of interventions, outcomes and
outcome measurement).
Data synthesis was the main strategy. The number of

included studies was more than 4 studies but the hetero-
geneity of them in terms of the type of interventions,
follow-up period, randomization, etc. hampered the pos-
sibility of a meta-analysis.

Statistical analysis
Due to heterogeneity between studies in terms of study
design, type of intervention, study duration, and different
outcome measurements, the results were presented as a
qualitative synthesis.

Results
Study selection process
A total of 4432 studies were identified following the ini-
tial search. After the removal of 200 duplicates, 4232 re-
cords remained. A total of 4190 articles did not meet
selection criteria, so they were excluded after screening
titles and abstracts. Of the remaining 42 studies re-
trieved, 32 were excluded after the full-text review be-
cause the outcomes did not comply with the objectives
of the current study (Fig. 1). Finally, 10 articles met the
inclusion criteria in the review [10–19].

Study characteristics
A summary of all included studies is shown in Table 1.
Four studies were RCTs, three were non-randomized
studies and three were quasi-experimental. The studies
were done in three countries. Six studies were done in
the US maritime setting, three were conducted among
Danish seafarers, and one in Finland.
Main focus of 6 studies was educational interventions

including stress management [13], healthy eating [14],
anti-smoking and anti-drinking sessions [10, 11], sexual
behavior program [15], and advice about preventive
strategies [16]. Of these 6 studies, four were conducted
on multi-component interventions [10, 11, 15, 16]. Prac-
tical interventions including micro-nutrient supplemen-
tation [17, 18], exercise test [19], and pharmacotherapy
[12] were implemented in the four studies.
Only one study done on seafarers with metabolic syn-

drome (MetS) was basically a treatment intervention
[16]. The content of all the other 9 studies was based on
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prevention. Follow-up assessments occurred over a time
period ranging from 80 days to 2 years with different
time intervals. Three studies included more than one
intervention. There were 2 studies including vitamin D
supplementation to submariners [17, 18]. One study was
a web-based educational program [13].

Qualitative synthesis

– Dietary habits and factors

Five studies assessed multi- or single-component inter-
ventions to improve diet: preparing healthier food [11],
avoiding overeating and high-sugar product intake [10],
eating behavior on board [14], and maintenance of vita-
min D status [17, 18].
After training for ship cooks in preparing healthier

meals, the meals at the 1-year follow-up got healthier
compared with baseline [11]. A significant decline was
observed in the intake of high-sugar products, but no
significant change was found in overeating habits 1 year
after delivering healthy cooking courses for ship cooks
[10]. In another 1-year follow-up study, a training inter-
vention for ship cooks made a significant change in the
self-reported eating behavior on board [14]. Two studies
examined the effect of vitamin D supplementation on
the maintenance of 25(OH)D serum levels in submari-
ners [17, 18]. A 400-IU/day vitamin D supplementation
was insufficient in maintaining serum vitamin D levels
in underway submariners [18]. A significant benefit for
the submariners supplemented with 1000 or 2000 IU/
day vitamin D over the non-supplemented ones was not
observed following a 3-month patrol, even though the
submariners who were supplemented with 2000 IU/day
of vitamin D3 did experience the largest positive change
in mean serum 25(OH)D levels [17].

– Physical activity

Three studies addressed physical activity outcomes
measured as physical exercise level [10, 11], physical fit-
ness score [10], and maximal oxygen consumption
(VO2max) [19].
Mild [10] to moderate [11] improvement in exercise

level and a significant increase in physical fitness scores
[10] were noted after implementing both structural and
education interventions at the maritime workplace. Fol-
lowing physical training and deconditioning, VO2max
remained constant in the intervention group but had de-
clined, though statistically insignificant, by 7% in the
control group [19].

– Cardio-metabolic risk factor

Five interventional studies addressed changes in
cardio-metabolic risk factors including MetS, body mass
index (BMI), waist circumference (WC) [10, 16], and
weight and body fat (BF) as an outcome [19]. After the
delivery of a multicomponent intervention, a significant
decrease in the percentage of seafarers with MetS was
measured [10]. In contrast, another study including gen-
eral and specific advice regarding treatment or prevent-
ive strategies for MetS showed an increase in all
outcomes such as BMI, WC, and the prevalence of MetS
in the studied group at follow-up [16].

– Smoking and alcohol habits

Five studies examined the effect of interventions on smok-
ing [10–12, 16] or alcohol drinking habits [11, 15, 16].
In one of three studies that implemented only advice-

based anti-smoking interventions, a reduction in the
number of smokers was reported following a 1-year
period [10, 11, 16]. In a RCT, where three various phar-
macotherapies for smoking cessations were compared
with a control group, no significant differences in smok-
ing habits were detected between groups. In all four
groups, nearly 70% of the smokers were still smoking at
6 and 12 months [12].
Among three studies that assessed change in alcohol

drinking habits following educational intervention, two
studies found no significant change [15, 16], whereas the
third reported a reduction, but did neither provide any
quantitative information about the decline nor any sta-
tistics [11].

– Stress and work satisfaction

Two studies examined interventions aimed at reducing
stress levels and both reported a positive outcome of the
intervention [11, 13]. In the study that implemented a
web-enhanced behavioral self-management program
against stress, this reduction was statistically significant
[13]. In another interventional study aimed at work sat-
isfaction, an increment in this outcome after providing
health education for the seafarers was observed [11].

– Risky sexual behaviors

An intervention study showed few positive changes in
the sexual behavior of the mariners after delivering a
STD/HIV intervention program course [15].

Quality assessment
The results of the quality assessment are presented in
Table 1. One out of four RCTs (25%) fulfilled six or
more of the quality items; the scores ranged from 3/11
to 7/11, a moderate risk of bias. Lack of intervention
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allocation, concealment, and intention-to-treat analysis
were identified in all RCTs. For six non-randomized
studies, the quality scores ranged from 3/9 to 5/9; none
of them met six or more of the quality items.

Discussion
Our review included ten intervention studies focused on
changing lifestyle behaviors and health outcomes through
structural and/or educational interventions in seafarers.
Assessed outcomes were classified into six categories in-
cluding dietary habits and factors, physical activity, cardio-
metabolic risk factors, smoking and alcohol habits, stress
and work satisfaction, and risky sexual behaviors. Some of
the included studies reported a significant positive effect
of implemented interventions, although the positive
changes were limited.
Overall, the results of this systematic review showed

that most of the intervention studies conducted on life-
style behaviors and health outcomes at the maritime
workplace were methodologically weak and were not
well designed and conducted. However, as an overall as-
sessment, the evidence tends to suggest that lifestyle in-
terventions are feasible and may have the potential to
improve health behaviors in this high-risk group of sea-
farers. For comparison, the first review on the behavioral
lifestyle interventions for nurses also reported that all in-
cluded studies had limitations and high risk of bias, but
later found benefits for the outcomes including smoking
habits, fat mass and physical fitness [20].
In this review, three studies found beneficial effects

following educational and/or structural interventions fo-
cusing on the seafarers’ dietary behavior [10, 11, 14].
Two studies found multi-component physical activity in-
terventions to be effective in increasing seafarers’ phys-
ical activity and/or fitness [10, 11]. Most interventions
were non-effective regarding weight-related indicators. A
review of 15 systematic reviews on land-based workplace
interventions targeting diet and/or physical activity re-
ported that almost all interventions made small but sig-
nificant changes in physical activity, fitness, dietary
behavior or weight, and found that intervention involv-
ing multi-component programs tended to be more suc-
cessful [21].
A healthy diet during working time is less available at

sea due to restricted space for storage and lack of proper
equipment, high prices for fresh fruit and vegetables,
and low frequency of supply options on board of the
ships [14]. In other occupational settings, fruit and vege-
table interventions are generally successful. For example,
a worksite study conducted in Denmark resulted in an
average increase of 1 serving of fruit and vegetables per
day for each person [22]. A review study with the aim of
identifying efforts to improve fruit and vegetable intake
at workplace revealed that organizational support,

workers participation, targeting multiple health behav-
iors are some factors which play a significant role in the
success of such a program [23] which researchers should
consider in order to enhance the effectiveness of inter-
ventions in maritime settings.
Seafarers are often sedentary on board; space and phys-

ical capacities on board are confined for the exercise dur-
ing leisure time. Besides, technological advancements in
modern vessels have removed much physical labor and
caused more physical inactivity among seafarers [10].
Seafarers are frequently characterized in the literature as

heavy smokers and drinkers [24]. In our systematic review,
two out of 4 studies reported a small reduction in tobacco
consumption [11, 12]. Results from a Cochrane review of
interventions for smoking cessation at various workplaces
provided strong evidence that group therapy programs, in-
dividual and group counseling, multiple intervention pro-
grams aimed mainly or solely at smoking cessation, and
pharmacotherapies significantly increased the likelihood
of quitting smoking [25]. However, in the case of the on-
board setting, the physical environment, operational de-
mands, and psychosocial issues may provide obstacles for
a successful tobacco cessation program [12]. Therefore, a
more specifically tailored approach is probably required,
which takes into account specific conditions in the mari-
time settings.
Submariners experience a reduction in their serum

vitamin D [25(OH)D] levels due to sunlight deprivation
and may take advantage of vitamin D supplementation
to maintain vitamin D status [17]. However, the results
of two placebo-controlled studies failed to provide any
robust support to the efficacy of daily vitamin D supple-
mentation on the maintenance of serum vitamin D
[25(OH)D] levels during a submarine patrol [17, 18].
Some potential confounders, such as subject compliance
and insufficient prescribed dose of vitamin D may, how-
ever, have affected the findings.
One out of two intervention studies aimed at prevent-

ing or treating MetS detected a significant decrease in
the percentage of seafarers with MetS [10]. Multi-
dimension lifestyle interventions that target all risk fac-
tors for MetS should be implemented appropriately at
the maritime settings to reduce the incidence as well as
prevalence of MetS [10, 16].
A significant reduction is observed for stress levels after

delivering a web-enhanced behavioral self-management
program in a military setting [13]. In two other studies,
the computer-based intervention was compared with in-
person intervention for reducing stress in workers. One of
them reported that stress levels were significantly lower in
the in-person group after intervention in comparison to
the computer-based intervention group [26]. In the other
study, no significant difference between the two groups
was observed [27]. The researchers suggest that further
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studies need to be done to compare the effect of equiva-
lent computer-based program and in-person ones [28].
Despite the opposing findings, the computer-based inter-
ventions through specific features can be delivered to a
large number of individuals at distance and in a cost-
efficient manner [13] and might be a good approach for
implementing interventions in maritime settings.

Limitations, challenges, and strengths
The included studies had multiple limitations including
small sample size, short-term follow-up, lack of proper
control groups or use of inappropriate control groups,
inappropriate/insufficient interventions, high drop-out
rates, partial implementation failure, and insufficient
outcome measures.
Researchers face specific practical challenges related to

the maritime workplace setting; it is hard to have a con-
trol group technically due to the “moving nature” of
work at the maritime setting [10]. Crew members shift
between ships regularly, thus making a fixed assignment
of crews/ships to an intervention or control condition
not feasible. Assignment of a whole area in the shipping
industry instead of crews/ships to a study group should
be considered.
High numbers of “lost to follow-up” is another serious

challenge encountered by intervention studies that can
result in selection bias; probably as a result of the “mov-
ing nature” of the maritime workplace and a higher
between-ship mobility among seafarers [10, 12].
To the best of our knowledge, the current study was

the first systematic review conducted on this topic,
which can provide sufficient evidence for further health
promotion studies in this setting.

Suggestions
Making successful lifestyle changes to promote health in
a high-risk group such as seafarers seems to require
multi-component interventions that well address the
working and living conditions on board like psychosocial
issues. Moreover, using health promotion theory or
models which are fitted to this maritime setting would
be useful to enhance the effectiveness and sustainability
of the interventions.
And very importantly, it is a necessary factor in imple-

menting the interventions on board ships that the ship-
ping companies actively participate in and support the
interventions. The costs paid by companies for the
health interventions need to be related to the expected
improved health and working capacity of the seafarers
and a reduced risk of human errors on board ship.

Conclusion
Most available studies of the feasibility and effectiveness
of educational and/or structural interventions in the

maritime workplace have failed to demonstrate substan-
tial health benefits for seafarers. At present, it is not
clear whether the apparently limited success of the inter-
ventions is a valid observation caused by insufficient
statistical power or because the methodological quality
of most interventions is generally poor. Both explana-
tions are probably, at least in part, due to the fact that
implementing interventions in the maritime workplace
can be difficult and it is a challenging area for research.
Studies with more rigorous designs are still needed
which takes into account the specific restrictions inher-
ent in the maritime workplace and find effective lifestyle
interventions and quantify their effect on health and
wellbeing and their sustainability on board.

Appendix 1: Search strategy

PubMed

(((Sailor[Title/Abstract]) OR seaman[Title/Abstract]) OR seafarer[Title/
Abstract]) OR mariner[Title/Abstract]) OR sailer[Title/Abstract]) OR
shipper[Title/Abstract]) OR seagoing[Title/Abstract]) OR navigator[Title/
Abstract])))

Scopus

(( ( TITLE-ABS-KEY ( Se ) OR TITLE-ABS-KEY ( "Se" ) ) AND ( ( TITLE-
ABS-KEY ( "Metabolic Syndrome" ) OR TITLE-ABS-
KEY ( cardiometabolic ) OR TITLE-ABS-KEY ( " Cardiovascular
Syndromes" OR TITLE-ABS-KEY ( "Diabetes Mellitus" ) OR TITLE-ABS-
KEY ( "Type 2 Diabetes" ) OR TITLE-ABS-KEY ( cardiovascu-
lar ) OR TITLE-ABS-KEY ( "Syndrome X" ) OR TITLE-ABS-KEY ( "Insulin
Resistance " ) OR ( TITLE-ABS-KEY ( "glucose homeostasis" ) OR TITLE-
ABS-KEY ( "Homeostasis of Glucose" ) OR TITLE-ABS-KEY ( "Lipid profile
" ) OR TITLE-ABS-KEY ( "lipid panel" ) OR TITLE-ABS-KEY ( "Lipid_pro-
file" ) OR TITLE-ABS-KEY ( "Oxidative Stress" ) OR TITLE-ABS-KEY ( " infla-
mantion " ) OR TITLE-ABS-KEY ( " inflamantory factors " ) OR TITLE-
ABS-KEY ( " antioxidant ) ))
( ( TITLE-ABS-KEY ( sailor ) OR TITLE-ABS-KEY ( seaman ) OR TITLE-ABS-
KEY ( seafarer ) OR TITLE-ABS-KEY ( mariner ) OR TITLE-ABS-
KEY ( sailer ) OR TITLE-ABS-KEY ( shipper ) OR TITLE-ABS-
KEY ( seagoing ) OR TITLE-ABS-KEY ( navigator ) ) ) AND ( ( TITLE-ABS-
KEY ( nutrition ) OR TITLE-ABS-KEY ( diet* ) OR TITLE-ABS-
KEY ( salt ) OR TITLE-ABS-KEY ( sugar ) OR TITLE-ABS-
KEY ( fiber ) OR TITLE-ABS-KEY ( fruit ) OR TITLE-ABS-
KEY ( seagoing ) OR TITLE-ABS-KEY ( beverage ) OR TITLE-ABS-
KEY ( sweet ) OR TITLE-ABS-KEY ( alcohol ) OR TITLE-ABS-
KEY ( smok* ) OR TITLE-ABS-KEY ( tubaco ) OR TITLE-ABS-
KEY ( "physical activity" ) OR TITLE-ABS-KEY ( exercise ) OR TITLE-ABS-
KEY ( sedantry ) OR TITLE-ABS-KEY ( stress ) OR TITLE-ABS-
KEY ( mental ) ) )

ISI/WOS

TOPIC: (Sailor) OR TOPIC: (seaman) OR TOPIC: (seafarer) OR TOPIC:
(mariner) OR TOPIC: (sailer) OR TOPIC: (shipper) OR TOPIC: (seagoing)
OR TOPIC: (navigator)
( TOPIC: (nutrition) OR TOPIC: (diet) OR TOPIC: (salt )OR TOPIC:
(sugar) OR TOPIC: (fiber)
OR TOPIC: (fruit)OR TOPIC: (beverage )OR TOPIC: (sweet )OR TOPIC:
(alcohol)OR TOPIC: (smok) OR TOPIC: (tubaco) OR TOPIC: ("physical
activity" ) OR TOPIC: (exercise) OR TOPIC: (sedantry) OR TOPIC: (stress )
OR TOPIC: (mental)
Timespan=All years AND
Indexes=SCI-EXPANDED, SSCI, CPCI-S, CPCI-SSH Timespan=All years
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