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Working environment and fatigue among fishers 
in the north Atlantic: a field study

Annbjørg Selma Abrahamsen1, 2 , Ása Johannesen3 , Fróði Debes1 ,  
Wessel M.A. van Leeuwen4 , Pál Weihe1, 2  
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ABSTRACT
Background:� This study investigates how Faroese deep-sea fishers’ exposure to work-related stressors 
affects their sleep, sleepiness, and levels of fatigue. Being constantly exposed to the unpredictable and har-
sh North Atlantic Ocean, having long work hours and split sleep for up to 40 days consecutively, they will 
arguably suffer from fatigue. 
Materials and methods:� One hundred and fifty seven fishers participated in this study, and data was 
gathered throughout 202 days at sea. Subjective data was collected at the start and end of trips via qu-
estionnaires, sleep and sleepiness diaries and supplemented by objective sleep data through actigraphs. 
Ship movements were logged with a gyroscope connected to a laptop. A noise metre measured each 
work station and resting area, and noise exposure profiles were calculated based on each participant’s 
activity and location. Linear mixed-effect models investigated the effects of work exposure variables on 
sleep efficiency, and cumulative link mixed models measured effects on the Karolinska Sleepiness Scale 
and physical fatigue scale. 
Results:� Time of day followed by ship movement were the exposure variables with the highest impact on 
the outcome variables of sleep efficiency, sleepiness and physical fatigue. The number of days at sea 
revealed correlations to outcome variables either by itself or interacting with the sleep periods per day. 
Crew size, shift system or noise did not impact outcome variables when in the model with other variables. 
Larger catches improved sleep efficiency but did not affect sleepiness and physical fatigue ratings.
Conclusions:� The findings indicate a chronically fatigued fisher population, and recommends urgent atten-
tion being paid to improving the structure of vessels and installing stabilators for greater stability at sea; 
work schedules being evaluated for protection of health; and work environments being designed that fulfill 
human physiological requirements in order to ensure the wellbeing and safety of those at sea.

(Int Marit Health 2023; 74, 1: 1–14)

Key words:� fishers, work environment, roll, noise, fatigue, Multidimensional Fatigue Inventory-20 (MFI-20), 
Pittsburgh Sleep Quality Index (PSQI), Karolinska Sleepiness Scale (KSS), sleep, sleepiness, shiftwork

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

INTRODUCTION
The Faroe Islands is an archipelago situated in the North 

Atlantic Ocean with a population of around 54,000 people. 

The fishing and salmon farming industry are the backbone 
of the country’s economy, with fish products making up 95% 
of total exports. Faroese fishers who participated in this 
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study work in deep waters where challenging and unpre-
dictable weather patterns often call for constant alertness 
in the areas of safety and balance. Despite declining acci-
dent rates in Scandinavian countries over the past decade 
[1–3], the accident rate amongst Faroese fishing crews 
is four times higher than that of land workers [1]. Studies 
have shown that fatigue is a problem amongst this group; 
and according to Wadsworth et al. [4], cognitive fatigue is 
the largest single factor contributing to the accidents (14%). 

Occupational fatigue is proving to be a major problem 
in workplaces, with studies revealing its consequences as 
being especially damaging in the sectors of economy. Fa-
tigue-induced work-related accidents in the United Kingdom 
alone are estimated to cost around £240 million a year [5] 
and costing 136.4 billion USD in lost productivity and health-
care costs [6]. The causes of fisher fatigue are the same as 
those observed amongst land-based workers, particularly 
when it comes to shift work. The most significant difference 
observed, however, is that those in the maritime sector are 
exposed to extra fatigue-inducing variables that are exclu-
sive to sea-based operations in that their work takes place 
on constantly moving surfaces and in isolation from family, 
friends and familiar social activities. Furthermore, while 
usual work periods are limited to a single shift per day for 
work on land, split sleep (owing to multiple shifts per day) 
most often occurs at sea.

Within the realm of maritime operations too there are 
differences that impact the wellbeing of crews. During our 
data collection period, Faroese fishers were less protected 
against excessive working hours than workers on merchant 
fleets. Crews on merchant fleets were covered by the Mar-
itime Labour Convention (MLC) legal obligations to get at 
least ten hours of rest per day divided into no more than 
two sleep periods, with a minimum of 77 hours of rest per 
week and a maximum of 14 hours of work per day. Crews 
on Faroese fishing vessel were not protected by the legal 
obligations of MCL, and were only entitled to 8 hours of rest 
per day. The usual working week of the fishers in this study 
was 84 hours or more, which often involved multiple shifts 
and sleep allocations that were usually broken into two or 
more periods a day. In a way, fishers might be better off than 
the maritime industry where it concerns the time being away 
from land [7], while factors, like the amount of fish defining 
working hours make the fishers worse off than the mari-
time industry, regarding this matter. It is important to note, 
however, that subsequent to our data collection, the laws 
pertaining to the rest hours for Faroese fishers changed as 
of 2021, bringing them under the protection of the MLC. 

Crews on fishing vessels are more controlled by the catch 
than the clock, i.e., if the catch is good and they cannot load 
and store it within their stipulated work hours, they continue 
working until those on the next shift take over. This usually 

happened without fishers being granted compensatory rest 
periods. Thus, the fishers’ work week gets longer and their 
rest periods more fragmented than that of their counterparts 
on merchant fleets. Additionally, the workload is typically 
high in ports and lower while at sea for crews on merchant 
ships [8], whereas the fishers’ workload is more or less con-
stant from the beginning to the end of trips with occasional 
extended hours expected of them if situations like vessel 
and equipment repairs or good catches call for it. Despite 
the decrease in working hours over the decades, the fish-
ers’ working day and week are still longer than for workers 
onshore. Additionally, manual handling of the fish, fishing 
methods and the quantity of the catch further influence 
the workload they carry [9]. 

The International Maritime Organization (IMO) defines 
fatigue as “a reduction in physical and/or mental capability 
as the result of physical, mental or emotional exertion which 
may impair nearly all physical abilities including strength; 
speed; reaction time; coordination; decision making; or 
balance.” Work at sea might cause more fatigue than many 
other sectors ashore since working hours take place around 
the clock [10, 11]. 

Harsh weather conditions have adverse effects on 
the work environment at sea. Studies have shown that 
working on a moving vessel causes higher energy expendi-
ture [12, 13]. Nevertheless, when studying the percentage 
of scores of seven or more on the Karolinska Sleepiness 
Scale (KSS) and the similar scale of physical fatigue (where 
ship movement was grouped into the three approximately 
same-sized groups of low, medium and high), roll and pitch 
seemed to have an instant preventive effect on the sub-
jective feeling of sleepiness and physical fatigue. Fishers 
reported the lowest percentages of scores higher than seven 
— which is the marker for the risk of dozing off [14] — with 
middle roll and pitch, and often scored highest with low roll 
and pitch [15]. This in no way implies that roll and pitch do 
not cause fatigue but rather that higher ship movement 
forces fishers to be alert, and lower movement enables 
them to lapse into a state of relaxation. Åkerstedt et al. 
[16] support this explanation and point to the importance 
of the context, with participants reporting lower scores after 
activity and higher scores following rest periods.

Sleep disturbance due to noise has been rated as 
the major causal factor among 6-hour shift workers oper-
ating in the North Sea [17]. The World Health Organization 
(WHO) [18] states that disturbed sleep is the most frequently 
expressed complaint by noise-exposed populations, result-
ing in daytime sleepiness and lower functioning levels. 

Shift work has been defined as work completed outside 
the usual 9:00 to 17:00 schedule from Monday to Fri-
day [19]. Shift work disrupts the circadian rhythm, thereby 
causing sleep problems for many workers [20, 21]. A high 
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work-to-rest ratio tends to cause poor circadian alignment 
and shorter sleep [15, 22]. The impact of shift work on 
sleep, sleepiness and performance seems to be mediated 
by: (i) circadian effect or time-of-day; (ii) hours at work (as 
against the opportunity for sleep); and (iii) the consistency 
of start and finish time [23]. Moreover, 81% of fishers claim 
that their sleep problems are limited to times at sea [17]. 
Given the choice, most would opt out of shiftwork [24]. 

The aim of this study is to investigate whether ship 
movement, noise, workload, work and rest schedules, ship 
variables and the number of days at sea over the preceding 
12 months could be associated with fisher fatigue. 

We hypothesised “sleep efficiency,” measured by 
the ActiGraph, as being positively impacted by: 1a) ship var-
iables such as vessel size and engine power; 2a) crew size; 
3a) size of catch per day;  and 4a) number of days at sea; 
and being negatively impacted by 5a) the weather (causing 
ship movement, pitch and roll); and 6a) noise during work 
and rest time. We also surmised that 7a) that different shift 
systems have different effects on sleep efficiency. Similarly, 
we hypothesised that sleepiness as measured by the KSS 
and fatigue measured by a Physical Fatigue Scale (PFS) 
will be positively impacted by: 1b) ship variables such as 
vessel size and engine power; and 2b) crew size, which will 
have a protective effect on the KSS and physical effect, with 
ratings decreasing as vessel and crew size grew larger. We 
surmised  KSS and PFS scores being adversely impacted 
by: 3b) the weather (causing ship movement, pitch and roll); 
4b) noise during work and rest time; 5b) number of days at 
sea; 6b) size of catch per day; and 7b) different shift systems 
will have different effect on KSS and PFS.

MATERIALS AND METHODS
DESCRIPTIVE STATISTICS

Data were collected onboard four vessel groups in the Far-
oese deep sea fishing fleet from May 2017 to July 2018 off 
fresh fish longliners, freezer longliners, small trawlers and net-
ting vessels. The details of these vessels are given in Table 1. 

Of the 176 fishers who were invited to participate 
in the study, 89.2% (comprising 156 men and one woman) 
agreed to do so. When responding to the question about 
overall health, 91.8% stated that they were in excellent, very 
good or good health, thus implying that they were generally 
healthy. Their mean age was 42.2 (standard deviation [SD] 
16.3) years. Data collection took place mainly onboard 
the vessels from the time they left harbour to the last day 
of fishing before they returned. The fishers also completed 
sleep and sleepiness registrations in diaries throughout 
the entire trip. Data and observations onboard the vessels 
were collected by the first author. A questionnaire collecting 
demographic data about their work, work history and various 
psychometric questionnaires were used. 

SHIP MOVEMENT
Ship movements were logged throughout the entire 

trip using a gyroscope (30 × 30 × 20 cm) with two inbuilt 
sonar sensors (Taeko scl-30a1, Foruna Industries, Esb-
jerg). It was positioned in the wheelhouses near the cen-
tre of the ship. The gyroscope was connected to a laptop 
and registered ship movement on two planes: rolls from side 
to side and pitch from fore to aft. PicoLog, Pico Technology, 
provided the computer software (PicoLog data acquisition 
software/data logging software, n.d.).

Table 1. Details of the vessel groups in this study

Vessel details Longliner  
fresh fish

Longliner freezer Netting vessels Trawler All

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Number of vessels* 6 1 3 5 15

Number of trips per vessel group* 8 1 3 5 17

Mean age of vessels 55.38 (5.18) 29 44.67 (8.96) 18.5 (9.65) 40.71 (18.4)

Building material Steel Steel Steel Steel Steel

Gross tonnage 391.38 (32.98) 703 347.33 (58.18) 125.38 (6.04) 323 (158.1)

Breadth [m] 7.47 (0.06) 9 7.66 (0.82) 6.31 (0.46) 7.2 (0.9)

Depth [m] 6.17 (0.11) 4.4 5.26 (1.11) 3.3 (0.83) 5.1 (1.3)

Length overall 39.91 (2.90) 42 37.41 (1.47) 21.4 (1.68) 43.2 (8.8)

Engine power [kW] 487 (112.93) 745 618 (302.58) 344 (24.10) 484 (174.7)

Crew size 14 (1.30) 14 10 (0) 4 (0) 10.1 (4.3)

*The number of vessels and the number of trips do not add up because three trips were done onboard the same vessel, under different conditions. The first trip took pla-
ce in summer when the fishing was good and the recommended work hours were exceeded. The second was conducted in another fishing area where the routines were 
different and the workload was lower; and the third happened closer to land with a small catch and many inexperienced deckhands, which required the implementation 
of another shift system (8 on, 8 off, 8 on, 4 off), leaving less time for rest; SD — standard deviation
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NOISE LEVELS
Noise levels were typically measured during a whole 

shift per working station while the periods of measurement 
were sometimes shorter for resting areas. We used a Casel-
la SEL-633 Environmental and Occupational Noise Meter 
for measurement (www.casellameasurement.com). Noise 
exposure profiles in decibel level dB(A) were calculated per 
person based on knowledge about their individual duties, 
rotational systems and the decibel levels measured in each 
station. Details of noise per vessel are listed in Table 2 to-
gether with environmental exposures.

SLEEP MEASURES BY ACTIGRAPHY
Wrist-worn actigraphs (ActiGraph GT9X link; Pensacola, 

FL, USA) were used as an objective measure of sleep and ac-
tivity. Various sleep variables were obtained from the Acti-
Graphs: total number of sleep periods, mean number of sleep 
periods per day, mean sleep durations per day and sleep 
efficiency (defined as the percentage of time spent sleeping 
in bed). The Cole-Kripke algorithm was used to estimate 
the sleep parameters [25]. Further information on the results 
concerning sleep is referred to in our earlier work [15].

SLEEPINESS MEASURES AND  
PHYSICAL FATIGUE SCALE

The KSS [26], ranging from 1 (very alert) to 9 (extremely 
sleepy) was used to measure sleepiness during the trip. 
A similar physical fatigue scale, also ranging from 1 to 9, 
with 1 (very rested) and 9 (extremely physically fatigued) was 
also present in the diary. Fishers were instructed to register 
their sleepiness and physical fatigue in diaries provided to 
them at least every two hours while at work.

SLEEP QUALITY
The Pittsburgh Sleep Quality Index (PSQI) is a question-

naire which measures long-term sleep quality [27]. The PSQI 
score was used as a subjective measure of a more general 
level of sleep quality; and the Multidimensional Fatigue 
Inventory-20 (MFI-20) exploring five factors: general fatigue, 
physical fatigue, mental fatigue, reduced activity and re-
duced motivation with a 5-point Likert scale (1–5) was used 
to measure the fishers’ level of fatigue at the beginning 
of the trip [28]. 

WORK EXPOSURE VARIABLES
Variables regarding the fishers’ work exposure included 

the catch in tons per person per day, shift system, crew size, 
length of the trip and days at sea per year. The fishers were 
identified by ID numbers, and variables measured were 
subjective ratings of sleepiness, physical fatigue, objective 
sleep variables measured by the actigraphy, time of day 
of sleep, length of sleep and sleep efficiency. 

VESSEL VARIABLES
Variables concerning the ship were: vessel type, age 

of vessel, building material, size in gross tons, length, 
breadth and engine power in kilowatts (kW). 

ANALYTICAL METHODS
Analyses were conducted using RStudio 4.2.1 (RStu-

dio Team, 2020). RStudio: Integrated Development for 
R.  RStudio, PBC, Boston, MA (URL http://www.rstudio.
com/), with the packages tidyverse [29], readxl [30], hms 
[31], lme4 [32], lmerTest [33], clmm [34], nlme [35] for data 
manipulation and analysis, and colourspace [36] and gri-
dextra [37] for creating figures.  

Mean and standard deviation from the PSQI and MFI-20 
were explored using SPSS 25, after which a linear mixed 
model analysis was run on sleep efficiency against ship 
movement variables, noise, work exposures and various 
ship variables. 

The linear mixed effects model was defined using crew 
ID nested within vessel type as random intercepts to inves-
tigate sleep efficiency and how it was affected by environ-
mental variables. Sleep efficiency was the outcome variable 
in the model. Additive predictor variables were pitch, roll, 
catch per person per day in tonnes, engine power, as well as 
a dummy variable designating a time of day when the crew 
went to bed which was constructed using the following time 
points: morning (06:30 to 12:30), day (12:30 to 18:30), 
evening (18:30 to 00:30) and night (00:30 to 06:30). An 
interaction term with the number of days at sea crossed 
with the mean number of periods of sleep per day prior to 
the observation was also included. 

Cumulative link mixed models were used to investigate 
the effects on the ordinal variables KSS and physical fatigue. 
Models were constructed in a similar way to the investigation 
on sleep efficiency.

The KSS and the PFS were reported every second hour 
during the trip. The frequent recordings made them an 
excellent measure of the fishers’ subjective fatigue level 
per day (acute fatigue), and suitable for uncovering the re-
lationship between environmental variables (that vary daily) 
and fatigue. Because KSS and the PFS are ordinal variables, 
cumulative link mixed models were used to investigate 
how these measures were affected by the same predictor 
variables tested in the linear mixed effects model. 

Several measured variables were excluded as they did 
not affect sleep efficiency, KSS and PFS, or were too relat-
ed to other terms, thus making them difficult to interpret. 
Therefore, the models in Tables 5 and 6 are the smallest 
adequate models to describe the effects on the outcome 
variables. 

The impact of noise on the three outcome variables, 
sleep efficiency, KSS, and PFS was investigated separately 
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with a linear mixed model for sleep efficiency and by using 
a cumulative link mixed model for the analysis of the other 
two outcome variables: KSS and PFS.

We defined a linear mixed effects model using vessel 
as random intercept. Noise during work, time off, and all 
day (24-hours) in interaction with the use of earmuffs were 
included as fixed effect variables on sleep efficiency. This 
process was repeated with the KSS and the PFS run sep-
arately but using a cumulative link mixed model ANOVA 
to examine the differences between the vessel types on 
the time-of-day variable.

RESULTS
DESCRIPTIVE STATISTICS

Table 2 gives an overview of the composition of the crews 
in the four vessel types. Furthermore, age, body mass index, 
years in fishing occupation and days at sea during the last 
year are reported groupwise. 

Table 3 summarises the recorded results regarding noise 
exposure, ship movements, weather conditions and catches 
in the four vessel categories together and separately. 

FATIGUE MEASURED AT THE BEGINNING 
OF THE TRIP

The MFI-20 revealed that the fishers experienced 
high fatigue on all five MFI-20 factors. The overall means 

were: 12 (SD 2.3) for general fatigue, 9.5 (SD 2.1) 
for physical fatigue, 9.2 (SD 2.1) for mental fatigue, 
9.2 (SD 3.1) for reduced activity, and 7.7 (SD 2.6) on 
reduced motivation. See Table 4 for scores of the spe-
cific vessel groups.

LONG-TERM SLEEP QUALITY
Long-term sleep quality explored with the PSQI revealed 

that the current fishers have poor sleep quality, with an over-
all score of 9.36 (SD 3.48), where a score > 5 indicates poor 
sleep. This score varied between the vessel groups, with 
fishers on netting vessels (n = 29) being the only crews that 
slept only at night and who also worked the longest consec-
utive hours having the lowest mean score, 8.01 (SD 3.43). 
The fishers on the freezer longliner (n = 14), who rotat-
ed 8-on, 8-off, working every second night from 20:30 to 
04:30 had the highest mean of 10.37 (SD. 3.15). The other 
two groups scored 9.88 (3.70) and 8.51 (1.55) for longliner 
fresh fish and trawler boats respectively. 

WORKING ENVIRONMENTAL IMPACT  
ON SLEEP EFFICIENCY

The preliminary analysis showed that after dealing with 
collinearity and lack of variance and adding all factors into 
the same model, engine power was the only ship variable 
to add explanatory value to the model. 

Table 2. Descriptive statistics of the crews divided into vessel groups

Longliner  
fresh fish

Longliner  
freezer

Netting  
vessel

Trawler Overall

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Number of participants 90 14 29 19 152

Captain 7 1 3 5 16

Mate 9 1 3 5 17

Engineman 8 1 3 4 16

Cook 8 1 3 2 14

Deckhand 51 8 17 3 79

Holdman* 7 2 9

Minutes slept per sleep 149.3 (48.1) 220.6 (56.2) 198.9 (63.7) 117.7 (50.0) 161.9 (60.4)

Minutes slept per day 278.8 (76.3) 332.5 (40.8) 250.3 (94.9) 233.4 (80.2) 272.3 (81.8)

Body mass index 26.3 (5.6) 27.9 (6.1) 25.7 (4.8) 29.0 (4.4) 26.7 (5.3)

Age 42.4 (1.7) 36.3 (15.4) 41.5 (15.4) 46.4 (15.2) 42.1 (16.1)

Work years as a fisher 25.1 (14.1) 17.7 (18.2) 17.6 (16.2) 27.8 (15.2) 19.5 (16.3)

Mean workdays a year: 199 189 187 204 196

Minimum days 15 39 50 100 15

Maximum days 320 340 300 340 340

*On netting vessels, the mate takes care of getting the fish down to the hold, while on trawlers it is a deckhand who undertakes the task; SD — standard deviation
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After taking out non-significant and highly correlated varia-
bles, the results from the linear mixed model displayed in Ta-
ble 5 for sleep efficiency is the minimal model to describe which 
variables have the highest influence on the fishers’ sleep. 

From this model, we see that roll, catch per person per 
day and the time of day the person sleeps having the high-
est impacts on sleep efficiency, with sleep during the day 
shift and night shift offering higher sleep efficiency than 
sleeping during the morning (06:30 to 12:30). The interac-
tion between the number of sleep periods and the length 
of the trip shows a negative effect. Figure 1 demonstrates 
just how these two variables interact. 

When not controlling for other confounding variables, 
the mean sleep efficiency throughout the trip is highest 
among freezer longliners (M = 71.7, SD = 15.8) and lowest 

for fresh fish longliners (M = 62.8, SD = 23.3). For trawlers 
and netting vessels, the sleep efficiency was 67.1 (SD = 23.8), 
and 68.7 (SD = 20), respectively. When examining sleep effi-
ciency, we see a more complex picture when simultaneously 
controlling for the length of trip and the number of sleep 
periods per day. Periods of sleep in a day and number of days 
at sea interacted such that crew with many periods of sleep 
within a day had a decreasing sleep efficiency over time 
compared to workers who had fewer sleep periods in a day 
(F1,2205.8 = 7.449, p = 0.006, Fig. 1). 

WORKING ENVIRONMENTAL IMPACT  
ON SLEEPINESS

As for the cumulative link mixed models, the first one 
reveals that the KSS has only one significant relation-

Table 3. The environmental exposures of the fishers in mean and standard deviation (SD)

Environmental  
variables

Longliner 
fresh fish

Longliner  
freezer

Netting  
vessel

Trawler 
boat

Overall

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

dB(A) work 87.70 (9.52) 85.5 (7.80) 83.64 (6.90) 85.79 (8.80) 86.79 (6.62)

dB(A) time-off 66.47 (5.05) 71.07 (2.46) 73.03 (3.30) 69.26 (4.68) 67.37 (6.29)

dB(A) for 24 h day 84.84 (8.77) 83.3  (6.92) 82.06 (6.46) 83.16 (8.03) 82.65 (8.66)

dB (A) differences between  
work and time off

21.23 (11.47) 14.43 (7.41) 10.61 (6.78) 16.53 (10.73) 16.79 (10.8)

Mean roll 3.9 (0.59) 3.9 (0.0) 3.3 (1.19) 3.3 (0.87) 3.8 (0.87)

Max roll 59.10 (8.6 ) 33.6 (0.0) 39.8 (9.8) 59.1 (9.8) 59.1 (11.2)

Mean pitch 2.6 (1.54) 1.8 (0.0) 4.2 (1.99) 4.1 (3.31) 3.1 (2.0)

Max pitch 43.6 (9.8) 29.8 (0.0) 39.0 (10.2) 56.2 (10.7) 56.2 (9.8)

Mean wind [m/s] 10.11 (2.31) 11.47 (3.75) 10.34 (4.04) 9.31 (0.54) 10.23 (2.66)

Frequency (%) of days with  
winds ≥ 15 m/s

23.45 (16.03) 25 (0.00) 15.18 (14.42) 19.43 (10.24) 21.39 (14.84)

Mean catch in kilos per man  
per day

340.0 (305.4) 540.0 (182.6) 277.86 (135.4) 989.6 (503.8) 430.3 (339.8)

dB(A) work — decibel during work; dB(A) time off — decibel during time off; dB(A) for 24h day — mean decibel throughout the day; roll — ship movement from side to side, 
pitch — ship movement from fore to aft

Table 4. The fishers’ scores in mean and standard deviation (SD) on the Multidimensional Fatigue Inventory-20 (MFI-20)

MFI-20 factors Longliner  
fresh fish

Longliner 
freezer

Netting vessel Trawler Overall

Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

General fatigue 12.1 (2.4) 13.0 (2.2) 11.8 (2.3) 11.2 (2.1) 12 (2.3)

Physical fatigue 9.9 (2.0) 9.4 (2.7) 9.1 (1.9) 8.7 (2.1) 9.5 (2.1)

Mental fatigue 9.4 (2.1) 8.6 (2.1) 9.4 (1.9) 8.8 (2.6) 9.2 (2.1)

Reduced activity 9.4 (3.2) 8.2 (2.7) 8.9 (3.3) 10.4 (3.1) 9.2 (3.1)

Reduced motivation 8.1 (2.7) 6.6 (2.3) 7.6 (2.5) 6.8 (2.1) 7.7 (2.6)
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Table 5. Effect of environmental variables on sleep efficiency 

Effect Estimate SE P-value

Intercept* 62.31 45.65 < 0.001

Roll –3.45 0.006 < 0.001

Pitch –0.82 –0.26 < 0.001

Engine power of ship [kW] 0.026 0.006 < 0.001

Catch-per-person-per-day [T] 3.65 1.43 0.01

Time of day (06:30–12:30 functioned as the reference variable

12:30–18:30 3.48 1.31 0.007

18:30–00:30 0.10 1.1 0.93

00:30–06:30 4.16 1.27 0.001

Sleep periods per day 1.41 1.48 0.34

Days at sea 0.69 0.30 0.02

Interaction: Sleep periods per day and days at sea –0.46 0.19 0.02
aIntercept — baseline of sleep efficiency; Sleep efficiency — outcome variable. Exposure variables are: Roll, pitch, catch per person per day in tonnes, engine power, 
and the dummy variable designating a time of day when the crew went to bed, using the time points: morning (06:30 to 12:30, day (1230 to 18:30, evening (18:30 to 
00:30 and night (00:30 to 06:30 as additive predictor variables. The interaction consists of the number of days at sea crossed with the mean number of periods of sleep 
per day prior to the observation. The estimate shows the effect of the exposure variables on the output variable (sleep efficiency. The standard deviation of an estimate is 
called the standard error (SE. The standard error of the coefficient measures how precisely the model estimates the coefficient’s unknown value.

Figure 1. Sleep efficiency over days at sea. Colours signify mean 
periods of sleep per day: few — up to and including one sleep 
period per day, middle — more than one, up to and including two 
sleep periods per day, many — more than two sleep periods per 
day. Dots indicate observations, lines are lines of best fit with 
95% confidence interval shaded
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ship to the independent variables — the length of the trip 
(p = 0.045), with an increase on the KSS scale of 0.007 for 
every additional day at sea. 

WORKING ENVIRONMENTAL IMPACT 
ON PHYSICAL FATIGUE 

Physical Fatigue Scale, on the contrary, demonstrated 
a few more relationships to the predictor variables with 
the time of day and, in particular, the morning and day shift 
displaying significantly lower fatigue ratings than night shifts 
(Table 6, Fig. 2).

TIME OF DAY AND SLEEPINESS
Since the time of day showed the strongest effect on 

sleep efficiency and physical fatigue (Tables 5 and 6), a cu-
mulative link mixed model was run between KSS and time 
of day, with ID nested within vessel type to view the relation-
ship between these two variables when not controlling for 
other factors. It was found that sleepiness was highly asso-
ciated with the time of day, with lower registrations of sleep-
iness between 06:30 and 12:30, z = –8.27, p < 0.001, 
12:30 to 18:30, z = –9.21, p < 0.001, and 18:30 to 00:30, 
z = –2.81, p = 0.005 respectively, in comparison to the hours 
between 00:30 to 06:30.

VESSEL TYPE DIFFERENCES REGARDING 
PHYSICAL FATIGUE AND SLEEPINESS

Lastly, the mean score on the KSS and the PFS also 
varied across vessel types, ANOVA = (F(3,29.5) = 102.89, 
p < 0.001) and (F(3, 50.43) = 152.21, p < 0.001), respective-
ly. For the difference between the vessel groups measured 
with the Bonferroni post hoc test (Table 7).
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NOISE AND SLEEP EFFICIENCY
Noise during time off had a positive relationship to 

sleep efficiency (F1, 145.5 = 12.30, p < 0.001, confidence 
interval [CI] = 0.33 to 1.21), with efficiency increasing by 
0.78 points per increase in dB(A). No relationship was found 
between sleepiness and noise during time off, although 
a trend was observed that showed that dB(A) had a negative 
relationship to sleepiness (estimate = 0.04, standard error 
[SE] = 0.22, df = 80.09, t = 1.495, p = 0.055, CI = –0.09 to 
0.01). Similarly, physical fatigue did not show any relation-
ships to noise during work although the trend between 
noise and physical fatigue were close (estimate = 0.02, 
SE = 0.013, df = 108.87, t = 1.90, p = 0.06, CI = –0.002 to 
0.050).

DISCUSSION
Data regarding the fishers’ working environment were 

collected for this study from four types of fishing vessels 
to elucidate how the work environment influenced their 
fatigue while at sea by investigating their sleep (quantity 

and quality), sleepiness, physical fatigue, ship movement 
and noise levels; as well as by examining the effect of crew 
size, weight of catch in tons, vessel type, shift system, hours 
worked per day, time of day and length of trip.

For the 15 months of data collection, the catch was 
generally poor. Only one trip during this entire period had 
frequent, extended shifts for fishers. Insufficient catches 
created stress owing to the low income that would be gen-
erated from them, and overshadowed entire trips especially 
in the case of longliners. In one instance, the trip was called 
off halfway because the amount of fish caught did not cover 
the expenses incurred. The catch on trawlers was moderate, 
leaving more time for rest than work although rest was 
split into multiple rest periods. However, there was one 
particular season when the catch on trawlers was so good 
that workers filled up their vessels in 24 to 36 hours. During 
this period, a loaded trawler ran aground on the way back 
to land. It was not possible for the first author to personally 
observe these trips because there was no room on the ves-
sels owing to the load. Overall, the data collection period 
saw relatively low workloads, thus the results reflected are 
realistic or milder than most periods.

Hypothesis 1 about ship variables showed that only 
the ship’s engine power — seen as a good overall rep-
resentation of the ship size (length, breadth, depth) — cor-
related positively with sleep efficiency thus accepted the hy-
pothesis 1a, but did not reveal any effect on KSS or physical 
fatigue scores, thereby rejecting this hypothesis 1b. Hy-
pothesis 2 was also confirmed with higher ship movement 
increasing physical fatigue and decreasing sleep efficiency. 
Hypothesis 3 regarding the effect of noise was rejected as 
noise during time off correlated positively with sleep effi-
ciency. Contrary to expectation, hypothesis 4, which was 
about the effect of shift systems, was also rejected since 
no significant impact was revealed between shift systems 
and the outcome variables, sleep efficiency, sleepiness 

Table 6. Impact of environmental variables on ratings on the Physical Fatigue Scale (PFS, 1–9) from the cumulative link mixed model

Effect Estimate SE P-value

Mean roll 0.05 0.02 0.02

Mean pitch 0.05 0.02 0.007

Time of day (00:30–06:30 functioned as the reference variable)

06:30–12:30 –0.44 0.07 < 0.001

12:30–18:30 –0.042 0.07 < 0.001

18:30–00:30 0.06 0.07 0.42

Days at sea –0.02 0.004 < 0.001
Physical Fatigue Scale (PFS) — outcome variable. Exposure variables with significant effects on outcome variable are: roll, pitch, the dummy variable designating a time 
of day using the time points: morning (06:30 to 12:30), day (12:30 to 18:30) and evening (18:30 to 00:30) as additive predictor variables, as against night (00:30 to 
06:30) used as reference variable and the number of days at sea. The estimate shows the effect of the exposure variables on the output variable (sleep efficiency). 
The standard deviation of an estimate is called the standard error (SE). The standard error of the coefficient measures how precisely the model estimates the coefficient’s 
unknown value.
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Figure 2. Mean level of sleepiness (Karolinska Sleepiness Scale 
[KSS]) and physical fatigue (Physical Fatigue Scale [PFS]) regi-
stered over the day, divided into four time points: night (00:30 
to 06:30), morning (06:30 to 12:30), day (12:30 to 18:30) 
and evening (18:30 to 00:30)
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or physical fatigue. Hypothesis 5 was rejected with no re-
lationship observed between crew size and the outcome 
variables. Hypothesis 6a and 6b were also dismissed as it re-
vealed a pattern opposite to what was predicted, with catch-
per-person-per-day showing a strong positive relationship 
with sleep efficiency, and no relationship to KSS and PFS. 
Lastly, the hypotheses 7a and 7b about the number of days 
at sea revealed a positive impact on sleep efficiency but 
a negative impact on PFS, thus rejecting hypothesis 7a 
regarding sleep efficiency but confirming hypothesis 7b 
about physical fatigue.

Fatigue and low sleep quality were problems for fishers 
as observed by the scores of the MFI-20 and the PSQI. This 
was expected as the fishers either had split sleep with up 
to 3 to 4 sleep periods a day, or long working hours of up 
to 18 hours a day. When comparing the current fishers’ 
scores on the MFI-20 to a study of Danish fishers [38], 
the Faroese fishers scored significantly higher on all scales 
of the MFI-20 as well as when compared to the Danish 
population in two cross-sectional studies [39, 40]. There are 
a few factors that could explain these differences, the most 
apparent one being that the trip lengths of Danish fishers 
are lower overall, with 48.1% of the trips lasting only a day, 
34.9% lasting between 1 and 7 days, and only 17.1% spend-

ing more than 7 days at sea in comparison to the Faroese 
fishers with a mean of 10.7 (SD 8.8) days. Since the largest 
category of Danish fishing trips last only a day, sailors most 
probably fish in calmer seas closer to land unlike Faroese 
fishers who sail into the North Atlantic Ocean for extended 
periods of time.

The results from the PSQI further reveal that the fishers 
generally had poor sleep quality, with a mean score of 9.4, 
which is significantly higher than the cut-off for poor sleep 
(> 5). In comparison, when considering a study conducted 
on 147 healthy participants, the mean score of the group 
with insomnia (46.3%) was 10.65 ± 2.79 when compared 
with 2.63 ± 1.29 for the non-insomnia group [41]. Although 
the crews of the freezer longliners reported the worst sleep 
quality according to the PSQI, they reported the lowest level 
of sleepiness on KSS during trips, and had the highest sleep 
efficiency. Possibly the low score on the PSQI is because 
the rhythm is longer than the approximate 24 hours of the bi-
ological clock, which is in line with the findings of Short et 
al. [23], who point to the mediating effect of the time of day 
and the consistency of start and finish times. However, this 
rhythm ensured that they got a long night’s sleep every 
second night, making the connection between the fishers 
and their shifts less dependent on chronotype. 

Table 7. Scorings on the Karolinska Sleepiness Scale (KSS) and Physical Fatigue Scale (PFS) as a function of vessel type analysed by 
ANOVA and Bonferroni post hoc test

Scores on KSS and PFS vs vessels Measurements (N) Mean SD P-value

KSS score across vessel types

Netting vessel vs. 558 5.00 2.12

Longliner fresh fish 3639 4.27 1.92 < 0.001

Trawler 439 4.22 2.03 < 0.001

Longliner freezer 1998 4.17 1.63 < 0.001

All vessels 6634 4.30 1.88 < 0.001

PFS across vessel types

Netting vessel vs. 558 4.92 2.03

Longliner fresh fish 2839 4.03 1.79 < 0.001

Trawler 439 3.74 2.07 < 0.001

Freezer longliner 1999 4.05 1.47 0.96

Longliner fresh fish vs. 2839 4.03 1.79

Trawler 439 3.74 2.07 0.006

Freezer longliner 1999 4.05 1.47 0.96

Trawler vs. 439 3.74 2.07

Freezer longliner 1999 4.05 1.47 0.003

All vessels 5833 4.10 1.76 < 0.001
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In the larger model used for testing the effect on sleep 
efficiency (Table 5), the time of day the fishers slept had 
the highest impact. Fishers slept worst in the morning 
(06:30 to 12:30) and best during the night (00:30 to 06:30). 
Roll and pitch had the second largest influence on the de-
crease in fishers’ sleep efficiency, with substantial reduc-
tions observed with increased ship movement. 

Of the individual ship variables, the size of the ship’s 
engine showed a positive relationship to sleep efficiency. 
We see the engine as a usable proxy for the overall size 
of the ship rather than separate measures of length, depth 
and breadth. This finding is consistent with studies con-
firming that weather influences smaller vessels more than 
larger vessels [9]. 

Catch in tons per person per day showed a substantial 
impact on improving sleep. A larger catch meant more work 
for the fishers which required more use of energy thereby 
enhancing sleep, presumably by increased sleep pressure. 
Furthermore, substantial harvests of fish generally resulted 
in mental satisfaction since fishers know that they bring 
in better wages, thus relieving them of stress and uncertain-
ty and consequently increasing sleep efficiency. These too 
are possible reasons for greater sleep efficiency in workers 
at sea. 

Lastly, several studies have pointed to the adverse ef-
fects of splitting sleep into smaller amounts of time [15, 42, 
43]. Our study confirms this through an interaction effect, 
with the number of sleep periods per day and the trip length 
showing a negative relationship with sleep efficiency. Get-
ting more extended uninterrupted periods of sleep per day 
seemed to enhance sleep efficiency which increased with 
every additional day at sea. This interaction demonstrates 
the level of complexity to be considered in order to com-
prehend the potential factors from work environments that 
contribute to the build-up of fatigue among these fishers. On 
the other hand, the increase in sleep efficiency could also 
indicate increasing levels of fatigue as the trip progressed, 
which also results in higher sleep efficiency. Most likely, 
the answer is  a combination of the two. Netting vessel crews 
are the only ones who get one continuous sleep period, who 
sleep only during the night and also have a higher work-rest 
ratio of 16-hours/8-hours respectively when compared with 
the other vessel groups. Thus, the steep increase in sleep 
efficiency may partly be due to excessive fatigue since this 
vessel group has the highest work-rest ratio. Taking all these 
factors into consideration, caution should be exercised 
in interpretations of the difference between the groupings 
when it comes to “sleeping once a day or less,” and “sleep-
ing more than once a day but no more than twice a day.” 

In the model with sleepiness as the outcome variable, 
the only relationship was with the number of days at sea, 
with sleepiness increasing as the trip grew longer. Our study 

supports the findings of the diurnal pattern of sleepiness 
being U-shaped, with higher KSS values in the early morning 
and late evening [44]. 

When considering physical fatigue scale as an outcome 
variable but otherwise including the same exposure varia-
bles, the cumulative link mixed model results supported 
the finding of Short et al. [23], with fisher’s reporting highest 
on fatigue during the circadian nadir. A strong circadian 
variation has been found in sleepiness, with sleepiness 
peaking at night [22, 45, 46]. Our study confirmed these 
findings as well. The time of day was the strongest indica-
tor of self-reported sleepiness and physical fatigue, with 
the highest number being reported during the evening 
and night shifts. This confirms many other research studies 
found in circadian literature about shift workers [23, 47, 48].

Roll and pitch also impacted physical fatigue ratings with 
more ship movement leading to higher ratings, confirming 
studies which indicate that ship movement leads to higher 
metabolic rate and exhaustion; thus, likely having a second-
ary effect on sleep efficiency as well [12, 13].

Findings from studies about noise frequency conclude 
that noise has a negative effect on sleep [17, 49, 50]. 
However, only a few studies have used objective measures 
of noise onboard vessels [51, 52]. In the current study, 
noise exposure was not found to impact the fishers’ sleep, 
sleepiness or fatigue levels when analysed together with 
the other main variables that added significant explanations 
to the model. When analysed as single variables, the rela-
tionship between sleep efficiency and noise was positive. 
Most fishers in the current study used earmuffs for hearing 
protection during work which reduced the noise level by at 
least 20 dB(A), but did not use them during their time off. 
Therefore, the noise level during work cannot be expect-
ed to reflect their actual exposure as fishers were more 
likely to use earmuffs in locations with the highest noise. 
Our questionnaires only required them to indicate whether 
they had used them during the trip or not. Furthermore, 
the finding that sleep efficiency increased as the noise 
increased could be explained by their cumulated fatigue 
— partly due to noise exposure during the day — which 
made them sleep better. We only used average noise levels 
in dB(A) in our analysis and did not include peak exposures 
and frequencies of the sound. Although the levels recorded 
in the current study are high, they are relatively constant. 
Atkinson and Hilgard (1983) [53] claim that “people are 
much more able to ‘tune out’ chronic background noise, 
even if it is quite loud, than to work under circumstances 
with unexpected intrusions of noise.” The reason why we 
only found significant relationships during time off but not 
during work may be because the range from the lowest score 
to the highest score was higher during time off than at work. 
Thus, the variance is too limited in the noise levels at work 
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to produce significant results. Despite their insignificance, 
the trends between physical fatigue and noise at work, 
and between sleepiness and noise during time off went 
in predicted directions when analysed as single variables.

It was somewhat surprising that of all the ship’s varia-
bles (i.e., ship age, length, breadth, depth, gross tonnage, 
and engine power), only engine power was associated with 
sleep efficiency in the combined model (Fig. 5). The variance 
in the engine power of the ships was higher than the vari-
ance in the other ship variables, and could be one reason 
for the findings. 

The Cardiff Research Programme of Seafarers’ Fatigue 
[43] states that it is the combination of risk factors that 
exposes the greatest fatigue, and that the effect of addi-
tional risk factors increases fatigue in a cumulative manner. 
The fishers in the current study were repeatedly exposed to 
adverse risk factors such as disturbed sleep, low sleep qual-
ity, split sleep, unfavourable and long working hours/shift 
schedules, ship movement and varying weather conditions, 
high noise and vibrations, constant need for alertness, 
health related behaviours such as smoking, exercise be-
low prescribed levels for maintenance of healthy hearts 
and bodies (although the physical work is demanding), 
adverse health outcomes from somatic and muscular pain, 
and varying lengths of trips. According to Smith et al. [43] 
if the combination of the risk factors was six or higher, 
the odds ratio for fatigue was 8.85 at work and 9.07 dur-
ing the rest period. Most participants in the study were 
exposed to 6+ risk factors throughout the trip, making us 
conclude that the risk of accidents constantly overshadows 
these workers, suggesting a significantly greater negative 
effect of fatigue than any of these factors taken in isola-
tion. Furthermore, recent work conducted with workers 
in the offshore oil industry also reveals similar findings 
regarding health outcomes, showing the combined effects 
of fatigue indicators having a cumulative negative impact 
on the health and wellbeing of workers more than any other 
factor [54]. 

CONCLUSIONS
In this study, sleep efficiency scores from actigraphy 

ratings on the KSS and PFS were used as outcome varia-
bles to examine the association with the work environment. 
Hypothesis 1 was confirmed in that engine power correlated 
positively with sleep efficiency, but was rejected regarding 
sleepiness and physical fatigue as no relationship was 
found between the two. Hypothesis 2 was rejected, with 
no relationship between crew size and the outcome varia-
bles. Hypothesis 3 was confirmed, with more ship movement 
increasing physical fatigue and decreasing sleep efficiency 
but showing no relationship with KSS. Hypothesis 4 regard-
ing the effect of noise was rejected as noise during time 

off positively correlated with sleep efficiency and shared 
no relationship to sleepiness or physical fatigue. Hypothe-
sis 5 about the effect of shift systems was also rejected as 
no significant impact was revealed between the shift sys-
tem and any of the outcome variables. Hypothesis 6a was 
confirmed, with catch-per-person-per-day showing a strong 
positive relationship with sleep efficiency, while hypothesis 
6b was rejected, with no relationship between catch-per-
person-per-day and KSS or PFS. Hypotheses 7a and 7b 
were confirmed, with days at sea having a positive impact 
on sleep efficiency and an adverse impact on KSS and PFS, 
thereby confirming our hypotheses.

We found that the time of day followed by ship move-
ment were the most consistent exposure variables with 
the highest impact on the outcome variables. It is also 
noteworthy that the trip length was the only variable that 
revealed a relationship with all the outcome variables, either 
as a stand-alone or interacting with the number of sleep 
periods per day. 

Ship variables were found to play a smaller role than 
expected in the current study. Nevertheless, we will not 
conclude that these variables don’t matter as the variance 
between the size of fishing vessels within the same group 
was rather small, which could account for our findings. Only 
engine power was strong enough to show a relationship 
to sleep efficiency and seems to function as a reasonable 
estimate of the ship’s size. Crew size did not reveal a sig-
nificant effect. Again, possibly the same applies since there 
was minimal variation in crew size within the vessel groups 
and this could be the reason for it. 

The trip length in days was a better measure of fatigue 
than days at sea per year most likely because the number 
of days per year variable is influenced by more external 
variables such as the variance in social and work obliga-
tions between trips. Neither the shift system nor the num-
ber of hours worked per day seemed to have a significant 
impact on the outcome variables. This finding was unex-
pected but we believe that it should be included in future 
studies. Possibly these findings were due 1) to having too 
small a sample and, 2) the different shift systems most 
often appearing together (with changes from one vessel 
type to the other) which, in reality, produce a lot of con-
founders. When comparing the mean scores on the KSS 
and physical fatigue, however, we found that the netting 
vessel crew that worked the longest hours were the ones 
who scored the highest on the KSS, followed by longliner 
fresh fish crews who worked the 6-6 system, which has 
been rated as the worst. The crews on netting vessels 
also scored highest on the physical fatigue scale; thus, it 
cannot be rejected that work hours and shift system do 
contribute to these scores. The time of day had the great-
est impact on both their physical fatigue ratings and sleep 
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efficiency, with the highest sleep efficiency being between 
00:30 and 06:30. 

The catch in tons per day was revealed to have a posi-
tive effect on sleep efficiency while large hauls did not im-
pact the participants’ sleepiness scores or physical fatigue. 
We expect the reason behind this to be the psychological 
processes because their paychecks depend on the catch. 
Thus, the more there was to do, the happier the fishers 
were; and their elevated psychological state combined 
with the hunting culture (where adrenaline increases when 
the hunt is good) most likely made them unaware of their 
tiredness. For these fishers, spending more energy and hav-
ing peace of mind from knowing that the trip would pay well 
resulted in better sleep. Higher rankings on the fishers’ 
physical fatigue scale were associated with greater sleep 
efficiency, unlike higher levels of sleepiness which did not 
seem to significantly impact it. Only with ship movement do 
these two outcome variables move in different directions 
owing to the impact that rolling has on sleep. Even though 
we did not get significant results from all our exposure var-
iables, we believe that most of them should be included if 
conducting related studies in the future. 

RECOMMENDATION FOR FUTURE STUDIES
Future studies to determine the influence of noise 

should focus on control groups and individually worn noise 
metres rather than merely relying on measuring stations. In 
the current study, we only found significant effects when 
analysing it as a single variable against the outcome varia-
bles despite the high noise exposures. It was also observed 
that fishers used earmuffs in the noisiest workstations. Inter-
preting the result and concluding that noise is not a problem 
would be a mistake, and most likely a type II error as the high 
dB(A) noise levels during work and time off exceeded rec-
ommendations by the Danish Maritime Authority’s technical 
regulations which state that the daily personal noise expo-
sure during 12 hours of work should not exceed 83 dB(A). 
Maximum exposure in rest areas is set to be 60 dB(A) for 
bedrooms, 65 dB(A) for leisure rooms and 65 dB(A) for 
dining rooms and living spaces. We believe that the expla-
nation for the minimal effects observed is found in the lack 
of variance as all vessels scored high on noise. In view 
of this, we recommend that researchers in noise-exposed 
and loud working environments use dosimeters and make 
comparisons with groups in low noise-exposed working envi-
ronments. They should also include a variable that takes into 
account the wearing of earmuffs and other noise protection 
gear, and whether or not they are used. We are inclined to 
believe that the subjective ratings of noise disturbance are 
reliable, as found by other authors, e.g. Hansen and Holmen 
(2011) [17]. The lack of effect found in this study is likely 
due to the limited variance in noise levels measured by 

the objective method and the inability to assess and monitor 
the use of protective aids like earmuffs.

Work environments should be designed to meet human 
physiological requirements and compensate for its limita-
tions in order to ensure the wellbeing and safety of those 
who work at sea. Our study points to several factors that 
could be taken into consideration to help move toward 
this goal. One of the best investments would be to design 
and construct fishing vessels that would have reduced ship 
movement. Making a buffer for the increased risk of the cir-
cadian nadir by adding an extra person on the bridge during 
the early morning hours (when the risk of falling asleep is 
greatest) could improve the safety of crew and vessel. Ad-
ditionally, if respite from duties for fishers is possible, we 
recommend that this be done preferably between the hours 
of 02:00 to 06:00 in order to reduce the risk of fatigue 
and sleepiness which inevitably increase the risk of acci-
dents and other eventualities onboard vessels. 

We hope that through this research we succeed in alert-
ing the relevant personnel to further recognise and acknowl-
edge the urgent need to address the health and safety 
issues that fatigue causes in fishers. Our sincere desire is 
that this study encourages dialogue on how it is influenced 
by individual factors and organisational practices. This, 
we believe, could result in finding more constructive ways 
to evaluate, manage, prevent or minimise fatigue and its 
effects amongst workers in this vital industry. 
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ABSTRACT
Background:� Medical emergencies and on-going medical conditions on board may seriously impair seafa-
rers’ health and safety, and also negatively impact on future work prospects for seafarers. When a seafarer 
gets ill or injured on a ship, medical treatment often relies on the competences on his colleagues on board. 
The aim of this project was to establish a consensus-based minimum standard for medical education for 
seafarers, in order to ensure competency for adequate management of ill-health on board. 
Materials and methods:� International Maritime Health Foundation (IMHF) conducted a workshop on medical 
training of seafarers. A research-based approach to gain consensus on core learning outcomes/competen-
ces developed by the Tuning Project, has been used. This method was used by Tuning (Medicine) to gain 
consensus on core learning outcomes for primary medical degrees (Master of Medicine) across Europe.
Results:� The result of the project is a set of learning outcomes/competences in medical training for mer-
chant seafarers.
Conclusions:� The project resulted in a set of learning outcomes/competences on medical training of the 
seafarers that will be submitted to the relevant bodies of International Maritime Organization (IMO) in the 
process of the development of model courses 1.13, 1.14 and 1.15.

(Int Marit Health 2023; 74, 1: 15–23)
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INTRODUCTION
Established in June 2018 as a non-profit scientific foun-

dation with scientific objectives and international activi-
ties, the International Maritime Health Foundation (IMHF) 
has the responsibility for the maintenance of the scientific 
journal ‘International Maritime Health’. Its objective is to 
pursue the development of science, to increase and dis-
seminate knowledge of maritime medicine and adjacent 

fields. It also initiates and supports scientific and research 
activity, contribution to improvement of safety, hygiene at 
work and health of seafarers and other persons who work 
at sea worldwide [1, 2]. IMHF’s intention is to assemble 
scientific and academic expertise, to continually monitor 
and address relevant health issues and developments, 
in order to help solve or ameliorate problems in the maritime 
environment [3]. IMHF considers that consensus documents 
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that are the result of the work of expert panels from differ-
ent countries or several organizations, will be of significant 
benefit to maritime industry. Such consensus documents 
summarise current knowledge and guidelines on topics, 
and draft operative protocols and recommendations iden-
tifying current gaps and providing next steps. Appropriately, 
International Maritime Health Foundation’s Expert Panel 
(IMHF EP) is a group of medical professionals concerned 
with all aspects of seafarers’ health, including prevention 
and treatment of medical conditions on board. 

Medical emergencies and various medical conditions 
on board may seriously impair seafarers’ safety and health, 
as well as future work aspects [4–12]. Therefore, IMHF EP 
intends to participate in the development or revision of Inter-
national Maritime Organization (IMO) model courses 1.13, 
1.14 and 1.15 in accordance with the provisions of the Re-
vised Guidelines for the development, review, and validation 
of model courses (MSC-MEPC.2/Circ.15) [13, 14].

The quality of medical help on board depends on 
the competence of the onsite responder, established struc-
tures and procedures, medical manuals used, medical 
equipment on board and the quality of available tele-med-
ical assistance service (TMAS), including e-health appli-
cations; medical training being the core element of such 
a system of medical help [15–18]. All those elements 
must be completely coordinated and interoperative [19]. 
Synergy within the rescue chain including rescue services, 
other medical assistance services and ashore medical 
facilities, is needed. Between all agencies, there must be 
a mutual understanding and this must be reflected not 
only in training, but also in equipment (Ship’s medicine 
chest) and procedures established (Medical Guide for 
Ships) [20–25]. All aspects of medical support form links 
in a chain of survival, and deficiency in any link may have 
a profoundly negative effect on the present care and future 
health of a seafarer [26].

The IMHF EP holds that although a model course should 
not go beyond what is required in the The International Conven-
tion of Standards of Trainig Certification and Watchkeeping for 
Seafares (STCW), it should address the common best practice 
and state-of-the-art technology and, in this case, treatment 
guidelines. Present-day medical state of the art provides an 
array of options, even for first aiders, that were not available, 
when the present IMO model courses were developed [27].

Rapid scientific advances constantly require adaptation 
in the training and education of professional as well as 
non-professional first aiders [28]. Medical guidelines usually 
require continuous review in order to reflect the scientific 
advances made encompassing new procedures and new 
equipment [29–33]. Changes to medical guidelines inevi-
tably should mandate changes to the curriculum of medical 
training too [34]. In order to comply with the Maritime Labour 

Convention (MLO), 2006, as amended, title 4 requirements, 
IMHF EP deems it mandatory to include new procedures 
into the model courses. Finally, and most importantly, new 
and more continuous learning methods, should be con-
sidered.

SUCCESSFUL MODELS FOR CREATING GLOBALLY 
TUNED EDUCATION PROGRAMMES AND THEIR 
APPLICATION IN MODEL COURSES

Until recently, the main obstacle to creating universally 
acceptable training programmes in national medical educa-
tion were the differences in training programmes and meth-
ods of education [35]. Modern globalisation and advances 
in educational sciences now are enabling different learning 
traditions and systems to be coordinated and to provide 
the same results [36, 37].

Outcome-oriented learning is such a system where var-
ious parties with different teaching traditions agree not on 
the training programmes but on the learning outcomes, 
so all students come out of the education process with 
the same competences, regardless of the program they 
undergo [38]. The European Union funded projects MEDI-
NE 1 and MEDINE 2 were projects where such a process 
was applied to European medical education, enabling free 
movement of doctors through Europe [39, 40]. Several 
methods for defining the learning outcomes were used 
in those projects including a tuning process where out-
comes are tuned by all stakeholders, providing an agreeable 
and most realistic outcome [41, 42].

A research-based approach to gain consensus on 
core learning outcomes/competences was developed by 
the Tuning Project, and used by Tuning (Medicine) to gain 
consensus on core learning outcomes for primary medical 
degrees (Master of Medicine) across Europe [43, 44]. That 
work was undertaken as part of the MEDINE Thematic 
Network for Medical Education in Europe, 2004–2007, 
and supported by funding from the Life Long Learning Pro-
gramme of the European Commission [45]. The results 
have been widely accepted and influential. For example, 
the ‘Outcomes’ section of the third version of Tomorrow’s 
Doctors from the UK General Medical Council (GMC), draws 
heavily on the Tuning (Medicine) outcomes, which are also 
referenced in that document [46]. 

IMHF EP proposes that before the existing curricula on 
medical training of seafarers are revised, such a system 
should be applied in the revision of the existing learning 
competences first. Learning outcomes based on agreed 
competences and achieved through a tuning process that 
will include all stakeholders, will enable not only an ade-
quate training programme curriculum for model courses 
but also globally tuned results of seafarers’ health training 
and their competences in maritime health. 
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Creating/revising learning outcomes/competences first, 
will also enable standardised approach in providing TMAS 
globally as it will define expected competences on both 
sides of the TMAS (providers and receivers) and, finally, 
the creation of adequate medical manual and medical 
chest. Defining those learning outcomes will enable each 
country to design its own training programmes or textbooks 
that will have the same training outcomes as IMO model 
courses. Similarly medical guides and medical chests will 
be for the first time designed based on globally agreed el-
ements.

MATERIALS AND METHODS
The aim of this project was to develop learning out-

comes based on agreed competences and achieved through 
a tuning process that will include all stakeholders. IMHF EP 
created a medical working group/expert panel on learning 
outcomes/competences and from 18–19 March 2022, 
in Bergen, Norway, held the 2nd IMHF Workshop on Maritime 
Health on Board — Medical Training of Seafarers. Academic 
experts, with experience in establishing teaching policies 
for maritime students and maritime authorities’ represent-
atives, were also invited to this meeting.

2ND IMHF EP WORKSHOP ON MARITIME HEALTH 
ON BOARD — MEDICAL TRAINING OF SEAFARERS

The 2nd IMHF EP Workshop on Maritime Health on Board 
— Medical Training of Seafarers was held from 18–19 March 
2022, in Bergen, Norway in cooperation with The Norwegian 
Centre for Maritime Medicine and Diving Medicine. In total, 
ten expert participants from international maritime medi-
cine institutes, universities, legislative bodies and industry, 
actively participated in the workshop, namely: Dr. Haga Jon 
Magnus (NCMDM), Dr. Tülsner Jens (MMS), Capt. Årland 
Per Otto (NMA), Dr. Lund-Kordahl Inger (NCMDM), Dr. Si-
molin Pernilla Cecilia (NCMDM), Dr. Horneland Alf Magne 
(NCMDM), Capt. Kavanagh Bill (NMCI), Dr. Seidenstucker 
Klaus (IMHF), Dr. Briggs Spike (NHS/MSOS), and Dr. Nebojša 
Nikolić (MCOHR).

The aim of the workshop was to evaluate the Learn-
ing Outcomes/Competences for Undergraduate Medical 
Education in Europe in the context of medical training for 
the designated medical personnel on board of merchant 
ships. In the light of this evaluation, the next aim was to 
reach consensus on the learning outcomes/competences 
for medical training of designated officers and crew on-
board merchant ships [47].

Altogether ten expert participants from international 
maritime medicine institutes, universities, legislative bodies 
and industry actively participated in the workshop. Eight 
participants were allocated to four task-teams (TT in further 
text); each TT discussed, evaluated and tuned four groups 

of 12 major “Level 1” learning outcomes/competences as 
defined by the Tuning (Medicine) Project — MEDINE Themat-
ic Network for Medical Education in Europe, and validated 
by an Expert Panel of the European Commission. Two partic-
ipants participated in the workshop with the presentations 
on previously determined topics and actively participated 
in the work of the TTs and tuning sessions.

The first part of the workshop (Day One: 0930-1115): 
was dedicated to introductions and six presentations on 
previously planned topics. The second part of the work-
shop (Day One: 1145-1445) comprised four TT presentation 
sessions. All four TT simultaneously worked on the same 
allocated topic and one team then presented allocated 
topic to other teams. Each session comprised 10 minutes 
of working on the topic, 10 minutes of discussion among 
the team members and finally 10 minutes for presenta-
tion on the TT allocated topic — one presenter discussing 
the allocated learning outcomes from their TT point of view. 
Each of the sessions were closed with brief comments on 
the topic by the other workshop participants.

After all four TT presentations were complete, each 
TT had 1.5 hour to design their position paper. The rest 
of the non-allocated participants cooperated as required 
with each TT, whether by invitation or by their free interest 
and expertise in the topic.

Fourth part of the workshop (Day One: 1600-1900) 
comprised six parallel workgroup sessions where each TT 
presented their position paper to other task teams. After 
each TT presented their position paper, all teams tuned 
their position papers in combined sessions.

The fifth part of the workshop (Day Two) was organized 
in the format of a plenary session where all task group posi-
tion papers were included in the final position paper, and sub-
sequently discussed and tuned. There were several topics 
considered of essential importance to medical care on board, 
that were considered to require a more detailed outcome 
than could be achieved in the timeframe of the workshop. 
Several participants undertook to prepare a paper on each 
of these areas for evaluation by all participants subsequent 
to closure of the workshop. One team was committed to 
draft a supplement to the agreed list of learning outcomes 
referring to experiential learning and explaining the reasoning 
of the Level 5 in the Likert scale (Does in real practice) not 
used in the agreed list of competences.

CONSENSUS PROCESS
The resulting draft position paper results from the work-

shop was submitted for wider evaluation in the format 
of the online survey among stakeholders who assessed it 
online (Qualtrics) for validity, feasibility and clarity, using 
a 1–9 Likert scale. The on-line questionnaire was structured 
with 14 questions according to the main Level 1 learning 
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outcomes from the questionnaire used in the workshop. 
A higher score indicated a recommendation being more 
valid, feasible or clear. Recommendations with an average 
score < 4 were discarded, recommendations with a score 
≥ 7 were retained, and recommendations with a score in-be-
tween were revised in the second round of tuning among 
the members of the workgroup. In addition, the online as-
sessment offered participants the opportunity to provide 
open comments about each recommendation, which were 
considered during the revision process. Results of the survey 
reviled an overall mean score of 7.12 for validity, 6.75 for 
feasibility and 7.31 for clarity. Five questions had the mean 
score ≥ 7, none had the score < 4 and 9 questions had 
a score between 4 and 6. Of those 9 questions, 3 had that 
score in all three assessment categories, 3 had that score 
in two categories and 3 had that score in one category. 
Following the survey, after two rounds of tuning, 12 recom-
mendations that received a score between 4 and 6 in at 
least one of the assessment categories, were amended 
and validated. These revisions of the workshop’s results 
were finally approved by all the authors. 

After competition of the survey, final tuning of the results 
has been made by panellists of the IMHF EP who formally 
adopted it as a consensus paper.

RESULTS 
The result of the workshop and further tuning process is 

a set of learning outcomes/competences in medical training 
for merchant seafarers, presented below. 

QUESTIONNAIRE DESIGN AND LEARNING 
OUTCOMES/COMPETENCES AS AGREED  
AT THE 2ND IMHF EP WORKSHOP 

For each of the learning outcomes/competences 
arising from the Tuning (Medicine) Project, participants 
of the workshop were asked: “to rate the following learn-
ing outcomes/competences on the extent to which they 
think they should have been achieved by a designated 
provider/crew on board who has successfully completed 
the training in medical help on board” on the following 
Likert scale, which is based on “Miller’s triangle” [48, 49]:

	— Not learned — allocated “1” on Likert scale;
	— Knows (about it) — allocated “2” on Likert scale;
	— Knows how (to do it) — allocated “3” on Likert scale;
	— Shows how (in simulation) — allocated “4” on Likert scale;
	— Does (in real practice) — allocated “5” on Likert scale.

After the training in medical help on board, designated 
provider on board/crew who has successfully completed 
the training will have the ability to:

Outcomes Designated  
provider

All personnel

Carry out a consultation with a patient

Take a history 4 2

Carry out physical examination 4 2

Make judgements and decisions 2 1

Provide explanation and advice 3 1

Provide reassurance and support 3 3

Assess the patient’s mental state 3 2

Assess clinical presentations, order investigations, make differential diagnoses, and negotiate a management plan

Recognise and assess the severity of clinical presentations (concept of triage — presentations  
that can be handled independently and those requiring outside assistance, e.g., TMAS)

4 2

Order appropriate investigations and interpret the results 2 1

Make differential diagnoses 2 1

Negotiate an appropriate management plan with patients and TMAS  
(use of ATMIST, AVPU or similar form of reporting)

4 1

Provide care of the dying and their families 2 2

Manage chronic illness 2 1

Provide immediate care of medical emergencies, including first aid and resuscitation

Recognise and assess acute medical emergencies (prioritising actions) 4 4

Treat acute medical emergencies (burns, choking, bleeding management,  
drowning and near drawing)

4 2

Provide basic first aid 4 4

Int Marit Health 2023; 74, 1:  15–23

www.intmarhealth.pl18



Provide basic life support and cardio-pulmonary resuscitation according to current guidelines 4 4

Use of automatic defibrillator (D-CPR) 4 4

Provide trauma care according to current guidelines 4 2

Prescribe drugs

Prescribe clearly and accurately to selected medical emergencies 3 1

Match appropriate drugs and other therapies to the clinical context 2 1

Review the appropriateness of drug and other therapies and evaluate  
potential benefits and risks

2 1

Treat pain and distress 2 2

Carry out practical procedures

Measure blood pressure (automatic BP machine) and temperature 4 2

Cannulation of veins and intraosseous cannulation 4 1

Administer IV therapy and use infusion devices 4 1

Intramuscular injection/Use of local anaesthetic agents 4 1

Administer oxygen 4 4

Move and handle patients (evacuation stretchers, log-roll) 4 4

Wound management/suturing (stapling, skin glue, skin adhesive strips) 4 1

Bladder catheterisation 4 1

Point of care testing (urine, glucose, pregnancy testing) 4 1

Splints/bandages including cervical and spinal immobilisation 4 2

Otoscopy 4 1

Pulse oximetry 4 1

Communicate effectively in a medical context 4 2

Ability to apply ethical and legal principles in medical practice

Maintain confidentiality 3 4

Concept of “Acting in the patients’ best interest” 3 4

Obtain and record informed consent 4 2

Assess psychological and social aspects of a patient’s illness

Assess psychological factors in presentations and impact of illness 3 2

Assess social factors in presentations and impact of illness 3 2

Detect stress in relation to illness 3 2

Detect alcohol and substance abuse, dependency 4 4

Apply the principles, skills and knowledge of evidence-based medicine

Keep accurate and complete clinical records 4 2

Use information and information technology effectively in a medical context  
(medical guide, electronic databases, drug formularies)

4 1

Promote health, engage with population health issues and work effectively in a health care system

Provide patient care which minimises the risk of harm to patients 3 1

Apply measures to prevent the spread of infection (hygiene, sterility, disinfection,  
procedures of illness prevention and prophylaxis)

4 4

Recognise own health needs and ensure own health does not interfere with  
professional responsibilities

3 4

Conform with professional regulation and certification to practise 3 1

Engage in health promotion 3 2
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After the training in medical help on board, designat-
ed medical provider on board/crew who has successful-

ly completed the training should be able to demonstrate 
knowledge of:

Outcomes in medical professionalism Designated  
provider

All personnel

Professional working

Ability to recognise limits and ask for help 4 4

Communicate port health authorities regarding IHR-requirements 4 1

Ability to communicate with shore-based TMAS and SAR services 4 1

Capacity and ability to organize and plan medical support and rescue  
(in water, helicopter, lifeboat) 

4 1

The medical provider as expert

Capacity to learn (including lifelong self-directed learning) 4 1

Capacity for applying knowledge in practice 4 4

Ability to lead and teach others 4 1

Dealing with multiculturality — global medical provider

Appreciation of diversity and multiculturality in perception of disease 3 3

Knowledge of medical terminology in English 4 4

Commitment to maintain skill competency and knowledge 4 4

Knowledge outcomes Designated  
provider

All personnel

Basic sciences

Normal function (physiology) 3 2

Normal structure (anatomy) 3 2

Clinical sciences

Abnormal structure and mechanisms of disease (pathology) 2 1

Infection (microbiology) 3 2

Drugs and prescribing

Use of antibiotics and antibiotic resistance 3 1

Principles of prescribing 3 1

Drug side-effects 3 2

Drug interactions 2 1

Individual drugs 3 1

Public health

Disease prevention (esp. infectious diseases) 4 3

Lifestyle, diet and nutrition 2 2

Health promotion 2 1

Screening for disease and disease surveillance 2 1

Gender issues relevant to health care 2 2

Cultural and ethnic influences on health care 2 1

Ethical and legal principles in medical practice

Rights of patients 2 2

Role of the designated medical person on board in health care systems

Laws relevant to medicine on ships 3 1

Systems for health care delivery on ships 3 1
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After the training in medical help on board, designated 
provider on board/crew who has successfully completed 
the training should be able to:

EXPERIENTIAL LEARNING
Training according to STCW competence requirements 

usually includes experiential learning to reach a certain level 
of competence and get a maritime certificate. 

In the area of medical care it is difficult to organize such 
training, as: 

	— relevant medical care situations on board a merchant 
ship do not happen more than 2–4 times a year 
— too infrequent to assess whether Likert scale lev-
el 5 is reached;

	— there is no medical superior on board to carry out an ap-
praisal;

	— it may prove difficult for seafarers to get such training 
and appraisal in hospitals.
The highest level on the Likert scale that can be achieved 

during a course is Likert scale level 4. The students are, 
however, on completion of the course, supposed to car-
ry out the procedures in real life, corresponding to Likert 
level 5. This emphasizes the importance of combining tra-
ditional coursework with continuous education and training 
in medical care on board ships and that there is a low thresh-
old for the designated person on board to seek assistance 
from TMAS services ashore. 

Infrequency of real medical situations on board and cor-
responding lack of experience may be mitigated through 
a mandatory system of continuous learning. 

We recommend the following: 
	— a mandatory basic course covering identified learn-

ing outcomes;
	— a mandatory refresher course every 5 years;
	— a mandatory system of continuous learning, consisting 

of exercises and drills to be carried out on a regular 
basis, at least 4 times a year: 
•	 drills under the supervision of the master;
•	 exercises in connection with a TMAS training cen-

tre ashore;
•	 a log of completed drills/exercises should be pro-

vided together with a refresher course diploma to 
get an extension of their competence, alternatively 

General care Designated  
provider

Crew

Care of acutely medically ill pa-
tients including mental first aid

4 1

Care of trauma patients 4 1

Care for the dying 3 1

Care for mentally ill patients 3 1

the person should attend the basic course once 
more, instead of a refresher course.

LIMITATIONS OF THE STUDY 
Learning outcomes used in this study are the core 

learning outcomes Level 1/2 used by Tuning (Medicine) 
to gain consensus on core learning outcomes for primary 
medical degrees (Master of Medicine) across Europe [43, 
44]. Although recognizing that there are additional are-
as of the study of interest for seafarers onboard, authors 
agreed to keep the consistency of the paper by not adding 
the new learning outcomes, foreseeing that further changes 
will be necessary, based on gathered experience of course 
developers and feedback from the users. In updating the list, 
the same method should be used. 

CONCLUSIONS
The result of the project is a set of learning out-

comes/competences in medical training for merchant 
seafarers that will be submitted to the relevant bodies 
of IMO in the process of the review of model courses 
1.13, 1.14 and 1.15 [13].
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ABSTRACT
�This study aims to analyse safety management in the shipping industry and suggest further research. Safety 
management is a critical component in preventing accidents within the shipping industry. Unfortunately, 
ship accidents are relatively common. To improve safety management in the shipping industry, it is ne-
cessary to identify various problems and solutions from previous studies. This study uses comprehensive 
mapping, utilising bibliometric and systematic reviews, to analyse 669 articles within the Scopus database. 
The findings indicate an increase in the number of publications, while the number of citations is decre-
asing. China is identified as the most influential country in terms of publication numbers and international 
collaborations. Co-authorship analysis reveals that only 24 out of 1,773 authors collaborated with other 
authors. Based on the systematic review, this study concludes that the human factor plays a crucial role 
in the effectiveness of safety management. Therefore, further research focusing on support systems that 
can reduce human error in safety management is important. Additionally, research on the relationship 
between cultural and structural aspects in safety management is necessary to reduce friction between 
the two aspects. This research contributes to the mapping of previous research and can be used to deter-
mine the topic of further research. 

(Int Marit Health 2023; 74, 1: 24–35)
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INTRODUCTION
The shipping industry has an important role, both for 

economy and national defence. In the economic field, 
the shipping industry is a means of transportation used by 
various countries, including in international trade. Based 
on data, 90% of goods shipments use ships as a means 
of transportation. On the other hand, various countries 
use ships as a means of transportation and state mili-
tary defence [1, 2]. Especially for archipelagic countries, 
the presence of ships and other equipment with various 
specifications is vital to detect exploitation by other par-
ties. However, the data show that the number of accidents 
in ship transportation is high. For example, Marine Accident 
and Incident Reports show that there were 20 accidents 

in 2018–2019. This data is only accident data reported 
by the Japan Transport Safety Board and does not include 
accidents in other countries. Based on the Transportation 
Safety Board of Canada, there were 520 maritime accidents 
during 2014–2021 [3]. Especially in Indonesia, National 
Transportation Safety Committee (2021) shows that during 
2018–2021 there were 483 ship accidents or 120 acci-
dents per year. Thus, safety management in the shipping 
industry is crucial.

Looking at the above phenomenon, research in the field 
of safety management is fundamental in finding new solu-
tions to improving safety management. Thus, it is necessary 
to map the research potential using bibliometric and system-
atic review to develop the important aspect on the safety 
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management. Previous research has been conducted by 
Gil et al. [4], who conducted bibliometric and systematic 
literature reviews with a focus on policy systems in prevent-
ing accidents on ships and linking them to the Technology 
of Readiness Level, and Fu et al. [5], who conducted a bib-
liometric and systematic literature review with a focus on 
risk management in maritime accidents. However, previous 
studies analysed the literature on particular topics. Thus, 
a broader literature analysis is needed.

This study analyses the safety management litera-
ture in the shipping industry using bibliometric methods 
and a systematic literature review. Bibliometric Literature 
Review is used to analyse literature regarding research 
trends, authors with the most publications, most influen-
tial countries, the collaboration of authors, journals with 
the most publications, and frequently used keywords. A sys-
tematic Literature Review analyses comprehensive infor-
mation on what can be developed in safety management 
in the shipping industry. The data is sourced from Scopus 
by entering various keywords. This study sets a limitation 
year from 2000–2022 to present relevant literature on 
current conditions. Finally, to conduct a systematic literature 
review, this study ranks all publications and groups them 
into several topics for in-depth analysis.

RESEARCH METHOD
BIBLIOMETRIC LITERATURE ANALYSIS

This study uses a qualitative approach with a bibliometric 
literature review to analyse the development of research 
in the safety management in the shipping industry. This 
method has been used by previous studies such as Del Giu-
dice et al. [6] to evaluate the literature on digital technology 
for the sustainability of the shipping business, Gil et al. [4] to 
evaluate onboard disaster prevention policy systems, and Mu-
nim et al. [7] to evaluate big data in the maritime industry.

The data used were sourced from the Scopus by search-
ing for the keywords “ship” AND “safety management”, 
“shipping” AND “safety management”, “ship” AND “safe-
ty security”, “shipping” AND “safety security”, “ship” AND 
“safety system”, “shipping” AND “safety system”, “ship” 
AND “safety law”, “shipping” AND “safety law”, “ship” AND 
“risk”, “ship” AND “accident”, and “ship” AND “accident” 
AND “management.” The Scopus was chosen with the con-
sideration that (1) the Scopus index is an index for repu-
table international journals, and (2) various universities 
and other institutions use it as an indicator in performance 
appraisal. In total, there were 2,243 publications with these 
keywords. Then, the authors conducted various screening 
processes (Fig. 1).

After the screening process, 669 data from Scopus 
databuse will be analysed further. This research used Vos 
Viewer software and Microsoft Excel to map the data. Vos 
Viewer was used to visualise the network, while Microsoft 
Excel was used to tabulate data. Thus, the data analysis 
included the language used, the number of publications 
and citations per year, research trend, the most influ-
ential country, the most influential author, the journal 
with the highest number of publications, and frequently 
used keywords.

SYSTEMATIC LITERATURE REVIEW
This study also used a systematic literature review, 

which refers to Gil et al. [4]. This study determined the rank-
ing of published articles based on the most frequent ci-
tations. Finally, this research analysed 5% of the articles 
with the most frequent citations. The article was selected 
in systematic literature review will be analysed to gather 
comprehensive information on the safety management 
in shipping industry and the implications offered to relat-
ed stakeholders.

Database collection with  
keywords (2,243 data)

Document (article) type  
limitation (764 data)

Duplicate data removal 
(1793 data)

Identification and deletion 
of articles published in dis-
continued Scopus journals 

(95 data deleted)

Year limitation (2000–2022) 
(1608 data)

Final data (669 data)

Figure 1. Data selection process. Source: Data processing result, compiled by author
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RESULTS AND DISCUSSION
BIBLIOMETRIC REVIEW ANALYSIS

This study analysed the literature on safety manage-
ment in the shipping industry from the Scopus database. 
Considering the sharpness and quality of the literature, 
this research only analyses “article” type with a total 
of 669 publications after screening processes, as shown 
in Figure 1. The articles were mainly written in English, as 
shown in Table 1. This condition shows that researchers 
publish more articles in international languages so that 
they can be read easily. Furthermore, Chinese became 
the second language used.

Research on safety management in the shipping industry 
started in the 1980s. However, the researcher limits the lit-
erature analysis from 2000–2022 to get relevant research. 

Based on the number of publications, the trend shows an 
increase in publications every year, with 2021 being the year 
of most publications. However, when compared to the total 
citations, the most numerous citations were in 2013, whereas 
at that time, there were only 20 articles (Table 2). 

This condition indicates that although there is an in-
creasing trend in the number of published articles, this 
condition differs from the total citation, which shows a de-
creasing trend. This is an opportunity and challenge for 
researchers to develop research by paying attention to 
the relevance and quality of research articles with current 
and future conditions (Fig. 2). 

China has the highest number of articles with 156 pub-
lications, followed by the United States and the United King-
dom with 71 and 61 publications. There are several reasons 
China and the United States have the highest publicity. 
First, China and the United States are countries with strong 
militaries [1]. The shipping industry in China and the United 
States is not only related to economic purposes but also for 
military and national defence interests. Thus, it is a must to 
have a high level of safety and good management in ship-
ping industry. Therefore, many things can be researched 
to produce the highest number of publications (Table 3).

However, the United Kingdom became the country with 
the most citations. This result can occur because the United 
Kingdom is one of the countries that has a leading security 
regime in the offshore sector [8], and also marine is one 
of the economic assets in the United Kingdom; thus, safety 
management is important aspect [9]. There is an asymme-
try in the number of articles and citations. Thus, further 
researchers need to improve the quality and relevance 
of the topics to increase the number of citations.

Table 1. Use of language in article publication

Language Total publication Percentage (%)

Chinese 32 0.048

English 624 0.931

French 4 0.006

German 4 0.006

Italian 2 0.003

Portuguese 1 0.001

Russian 1 0.001

Serbian 1 0.001

Croatian 2 0.003

Total 669 100

Source: Data processing result, compiled by author

Table 2. Number of publications and citations per year

Year TP TC Year TP TC TAP TAC

2000 11 295 2012 24 327 669 12135

2001 5 88 2013 20 1051

2002 13 194 2014 36 1048

2003 11 69 2015 25 667

2004 8 57 2016 32 652

2005 9 143 2017 35 624

2006 16 576 2018 41 681

2007 23 671 2019 51 794

2008 19 498 2020 72 566

2009 24 920 2021 79 405

2010 26 1029 2022 65 74

2011 24 706

Source: Data processing result, compiled by author; TP — total publications; TC — total citations; TAP — total all publications; TAC — total all citations
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Based on network analysis, researchers from China most 
collaborated with researchers in other countries, followed 
by the United States, the United Kingdom, and Norway. 
This condition shows that researchers need to collaborate 
with researchers in other countries. This aims to increase 
insight in article writing and as collaboration in strengthen-
ing the urgency of research to be built. In addition, research 
on safety management in the shipping sector needs to 
get references from management from other countries to 
strengthen research (Fig. 3). 

This study analyses the number of publications by 
each author with a minimum of 5 publications. The data 
shows that Pentti Kujala has the highest number of publi-
cations. Moreover, only 24 of 1.773 authors have 5 publi-
cations, while other authors only have 1 or 2 publications 

in the field of safety management in the shipping industry. 
This condition shows that there are still limited authors 
who have a focus on safety management in the shipping 
industry (Table 4).

This condition is also reflected by the limited collabora-
tion between authors which shows that no network connects 
all the existing authors (Fig. 4). In addition, many authors 
publish their articles as a single author. Thus, collaboration 
between authors is needed to produce articles with better 
quality, because of the different points of view between au-
thors.

Safety Science is the journal that publishes the highest 
number of articles, with a total of 51 publications, followed 
by International Maritime Health, Ocean Engineering, Jour-
nal of Marine Science and Engineering, and Reliability 
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Figure 2. Publication and citation trends per year. Source: Data processing result, compiled by author

Table 3. Countries with the highest number of publications

Countries TP TC TP/TC

China 156 1416 9

United States 71 1032 15

United Kingdom 61 1746 29

Norway 50 1310 26

Turkey 45 1218 27

Finlandia 32 1186 37

Italia 26 664 26

Canada 25 548 22

South Korea 25 162 6

Greece 23 323 14

Source: Data processing result, compiled by author; TP — total publications; TC — total citations
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Figure 3. Author collaboration based on country analysis. Source: Data processing result, compiled by author

Table 4. Five authors with the highest number of publications

Author Affiliation Countries TP TC H-index

Pentti Kujala Aalto University Finlandia 16 829 41

Floris Goerlandft Dalhousie University Canada 15 703 35

Metin Celik Istanbul Teknik University Turkey 13 771 24

Jin Wang Liverpool John Moores University United Kingdom 10 533 56

Shanshan Fu Shanghai Maritime University China 9 83 9

Source: Data processing result, compiled by author; TP — total publications; TC — total citations

Figure 4. Co-authorship network by number of publications. Source: Data processing result, compiled by author
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Engineering and System Safety. This journal is indexed by 
Scopus Q1–Q3, which shows that the journal publishes 
quality articles and focuses on research and scientific de-
velopment about safety research in the shipping industry 
(Table 5).

Based on the publication with the most frequent citations, 
7 out of 10 publications discuss human factors in the safety 
management as shown by Hetherington et al. [12], Chauvin 
et al. [10], Harati-Mokhtari et al. [13], Celik and Cebi [11], 
Akhtar and Utne [14], Martins and Maturana [16], and Lu 
and Yang [17]. This result is reasonable because 80–85% 
of ship accidents are caused by human error [13]. The article 
entitled “Safety in shipping: The human element” by Heth-
erington et al. [12] is the article with the highest number 

of citations. It analysed the literature on safety in three areas: 
common themes of accidents, the influence of human error, 
and interventions to make shipping safer. The author empha-
sizes the importance of monitoring and modifying human 
factors in improving maritime safety performance. In this 
regard, the question arises about how effective monitoring 
of human factors can improve safety management. Thus, 
future research focusing on these topics can be developed. 
On the other hand, Chauvin et al. [10] emphasize the impor-
tance of Bridge Resource Management and human reliability 
in dealing with critical situations on board. Harati-Mokhtari et 
al. [13] argue that automatic identification system (AIS) has 
the potential to reduce human errors and improve safety 
management (Table 6) [10–19].

Table 5. Journals with the highest number of publications

Journal TP TC Publisher Rank SJR

Safety Science 51 2183 Elsevier Q1 in “Safety Research”, “Safety, Risk, Reliability and Quality”,  
“Public Health, Environmental and Occupational Health”,  
and “Building and Construction”

1.438

International Maritime 
Health

31 119 Via Medica Q3 in “General Medicine” 0.245

Ocean Engineering 23 440 Elsevier Q1 in “Ocean Engineering” and “Environmental Engineering” 1.381

Journal of Marine Science 
and Engineering

21 82 MDPI Q2 in “Ocean Engineering” and “Civil and Structural Engineering”, 
and Q3 in “Water Science and Technology”

0.542

Reliability Engineering 
and System Safety

17 671 Elsevier Q1 in “Safety, Risk, Reliability and Quality”, “Industrial  
and Manufacturing Engineering”

1.842

Source: Data processing result, compiled by author; TP — total publications; TC — total citations; MDPI — Multidisciplinary Digital Publishing Institute

Table 6. Publications with the highest number of citations

Authors Title Source title Total  
citation

Hetherington et al. [12] Safety in shipping: The human element Journal of Safety Research 427

Chauvin et al. [10] Human and organizational factors in maritime accidents: 
Analysis of collisions at sea using the HFACS

Accident Analysis 
and Prevention

310

Harati-Mokhtari et al. [13] AIS: Data reliability and human error implications Journal of Navigation 241

Celik and Cebi [11] Analytical HFACS for investigating human errors  
in shipping accidents

Accident Analysis 
and Prevention

211

Akhtar and Utne [14] Human fatigue’s effect on the risk of maritime groundings: 
A Bayesian network modelling approach

Safety Science 156

Xiao et al. [15] Comparison study on AIS data of ship traffic behaviour Ocean Engineering 133

Martins and Maturana [16] Application of Bayesian belief networks to the human  
reliability analysis of an oil tanker operation focusing  
on collision accidents

Reliability Engineering 
and System Safety

131

Lu and Yang [17] Safety leadership and safety behaviour in container  
terminal operations

Safety Science 130

Celik et al. [18] A risk-based modelling approach to enhance shipping  
accident investigation

Safety Science 128

Hänninen [19] Bayesian networks for maritime traffic accident prevention: 
Benefits and challenges

Accident Analysis 
and Prevention

125

Source: Data processing result, compiled by author; AIS — automatic identification system; HFACS — Human Factors Analysis and Classification System
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This study identified the journals that publish the high-
est number of articles with a minimum of 5 publications. It 
has been noted that there are 25 journals with a mini-
mum of 5 publications and are divided into 6 network clus-
ters. Based on the Table 6, Safety Science is the journal 
with the highest number of publications (Fig. 5).

Based on the keywords used, this study analysed key-
words based on “author keywords” and “index keywords”. 
This was to show the keywords provided by the author 
in the original article and keywords from the automatic algo-
rithm that is read from the article’s title cited in a paper. This 
study analysed keywords with a minimum of 5 publications 
by each author (Tables 7, 8).

The keyword “maritime safety” is often associated with 
“safety management”, “ism code”, “risk management”, 
“risk analysis”, “human factors”, “safety culture” and other 
topics as shown in Figure 6. Meanwhile, based on the “in-
dex keywords”, there are differences in keywords that are 
often used. The keyword “ships” is often used, which is 
then followed by “article”, “human”, “risk assessment”, 
and “ship”.

Safety management also concerns the safety culture 
that already exists and will be built after various evalua-
tions. Meanwhile, based on the “index keywords”, research 
in the field of “safety management” in the shipping sector 
focuses not only on how to manage safety ideally but also 

Figure 5. Publication network based on journal analysis. Source: Data processing result, compiled by author

Table 7. Frequently used keywords based on author keyword

Author keyword Frequency

Maritime safety 33

Safety 29

Safety management 27

Risk assessment 24

Risk management 22

ISM code 21

Human factor 19

Risk analysis 15

Seafarers 15

Safety culture 14

Source: Data processing result, compiled by author

Table 8. Frequently used keywords based on keyword index

Index keyword Frequency

Ships 280

Article 180

Human 153

Risk assessment 150

Ship 128

Accidents 122

Humans 121

Safety 115

Accident prevention 110

Risk management 88

Source: Data processing result, compiled by author
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on how to involve “humans” in the management process 
and their impact on “humans”.

SYSTEMATIC LITERATURE REVIEW ANALYSIS
Apart from using bibliometric analysis for literature map-

ping, this study also used a systematic review to analyse 
research findings and what lessons can be taken for fur-
ther development. This study assigned a ranking based on 
the number of citations to filter articles to be analysed more 
comprehensively, as shown in Table 9 [10–34].

Table 9 categorizes the articles into five categories: 
human factors, accident information systems, accident, 
risk analysis, and culture. Human factor and risk anal-
ysis are the categories with the highest number of arti-
cles. The human factor is crucial in building and improving 
safety management to prevent accidents. Although research 
on humans in the shipping industry has been carried out 
a lot, the researcher argues there are still things that can 
be developed in further research. Table 6 can also explain 
the importance of research on human factors, where 7 out 
of 10 widely cited publications are research on human 
factors in safety management performance. The existence 
of risk analysis manifests this condition to detect various 
factors, standards, strategies, and evaluation models to 
improve safety in ship transportation.

However, an interesting thing is shown in the culture 
category, where there is only 1 article with the highest num-
ber of citations. Based on keywords, the category “culture” 
is also not included in frequently used keywords. Based on 
Antonsen [34], it can be learned that the need for synchroni-

sation between management and culture to improve safety 
on ships. Each country has its own culture in adjusting 
the implemented safety system. Researchers argue that 
the existence of this culture has the potential to become 
a reference for every country in improving safety manage-
ment. Future research that analyses safety management 
in various countries with an emphasis on culture is import-
ant to study.

FURTHER DEVELOPMENT OF SAFETY 
MANAGEMENT IN INDONESIA

Research on safety management in Indonesia still needs 
to be more extensive. Indonesia is the second country with 
the longest coastline in the world, and 62% of Indonesia’s 
area is oceans. Therefore, safety management research is 
a topic that is needed by the community. As an archipelagic 
country, Indonesia only has three documents discussing 
safety management in the shipping industry in the Sco-
pus database. The number of publications needs to be in-
creased, considering the facts in Indonesia. First, ships are 
a primary means of transportation that play a strategic role 
in connecting inter-island trade in growing the Indonesian 
economy. Second, in addition to economic interests, ships 
are one of the tools of national defence interests. Third, 
data from the National Transportation Safety Committee 
(2021) shows that during 2018–2021 there were 483 ship 
accidents or 120 accidents per year. The research results 
to become one of the input references for stakeholders, 
both the government and the shipping industry, in improving 
safety management in shipping. However, this condition is 

Figure 6. Network visualisation based on the keyword “author keyword”. Source: Data processing result, compiled by author

www.intmarhealth.pl 31

Dwi Yudha Rinaldy, Bibliometric and systematic literature review on safety management in the shipping industry and further development…



Table 9. Systematic review for articles with the most citation

Category Author Finding What can be learned

Human factor Chauvin et al. [10] Most crashes are caused by mistakes in decision 
making

The importance of bridge human resources 
for pilot navigation situations in confined 
waters

Celik and Cebi [11] This study builds the HFAS mechanism to identify 
human error factors in ship accidents

Human error is a contributing factor at  
various levels of the organization

Hetherington 
et al. [12]

Accidents on ships caused by individual or 
organizational behaviour can be moderated 
and reduced to improve safety

The importance of proper management to 
address the various human factors that 
affect safety

Harati-Mokhtari  
et al. [13]

The information in AIS is not fully valid because 
there is manual input which can result 
in inaccurate information being presented

The need for strict supervision of all infor-
mation contained in AIS

Akhtar and Utne [14] The strongest fatigues associated with top 
management were ship certification, crew 
resources, and quality control

Fatigue is a major risk factor

Martins and Maturana 
[16]

Methodology based on Bayesian network for 
analysing human factors on the risk of accidents 
by collision

The importance of methods to reduce 
the risk of ship accidents caused by  
human error

Schröder et al. [20] Ship traceability investigators will not examine 
organizational-sourced factors if the guidelines 
in the IMO are complied with

The importance of complying with 
applicable standards and guidelines

Zhang et al. [21] Origin-to-destination pairs and navigation routes 
in Singapore’s port waters have remained stable 
over time

The importance of knowing the various 
factors that cause accidents that occur 
in all water conditions

Lu and Yang [17] Safety motivation and concern for safety 
positively influence safety behaviour

Improve safety in container terminal 
operations

AIS Harati-Mokhtari  
et al. [13]

The information in AIS is not fully valid because 
there is manual input which can result 
in inaccurate information being presented

The need for strict supervision of all 
information contained in AIS

Xiao et al. [15] There are similarities and differences 
in the characteristics of AIS analysis in the Dutch 
Case and Chinese Case that affect ship traffic 
behaviour

This study only examines direct 
information, without indirect information 
on AIS

Zhang et al. [21] Origin-to-destination pairs and navigation routes 
in Singapore’s port waters have remained stable 
over time

The importance of knowing the various 
factors that cause accidents that occur 
in all water conditions

Kao et al. [22] Precise prediction of collision time and position 
can be achieved using the GIS spatial analysis 
module

The importance of predicting the right 
information to avoid accidents

Accident Hassel et al. [23] 50% of accidents go unreported Users of ship accident statistics must apply 
certain standards to analyse inadequate 
reporting, as well as to produce appropriate 
analysis

Lu and Tsai [24] The dimensions of work safety have the most 
important influence on ship accidents

There are many factors to consider 
in safety management

Kirby and Law [25] Risk, impact and mitigation in accidents at sea The importance of an impact assessment 
and monitoring program after an accident

Psarros et al. [26] There are incomplete reports of accidents It is important to fully report accident data

Akyuz [27] Accident analysis model with HFACS with ANP 
integration

The importance of various models 
in accident analysis

Hänninen [19] Bayesian network is a fairly precise tool for 
maritime safety management and decision making

The importance of standards or models 
in safety management
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Category Author Finding What can be learned

Risk analysis Akhtar and Utne [14] The strongest fatigues associated with top 
management were ship certification, crew 
resources, and quality control

Fatigue is a major risk factor

Celik et al. [18] Integration of FFTA into SAI to ensure database 
consistency for accident analysis and prevention 
efforts in the maritime industry

It is important to investigate the occurrence 
of accidents on ships as a precautionary 
measure

Zhang et al. [21] Origin-to-destination pairs and navigation routes 
in Singapore’s port waters have remained stable 
over time

The importance of knowing the various 
factors that cause accidents that occur 
in all water conditions

Goerlandt et al. [28] Development of fundamental issues on 
the concept of risk in the Collision Alert System

The importance of analysing risks 
in the shipping industry

Bonvicini and Spadoni 
[29]

New methodology for selecting the best route for 
transportation based on risk analysis

The importance of determining ship 
transportation traffic routes to prevent 
collisions

Khan and Khan [30] Building an object-oriented Bayesian network 
model for accident prevention in icy waters

The importance of developing a maritime 
traffic strategy especially in extreme climates

Banda et al. [31] Navigation in icy waters is more complex and is 
the type of navigation with the highest reported 
accidents

The importance of analysing risks 
especially in extreme climates

Kirby and Law [25] Risk, impact and mitigation in accidents at sea The importance of an impact assessment 
and monitoring programme after an accident

Cicek and Celik [32] Adaptation of marine technology that is integrated 
with operational aspects to prevent ship explosion 
failures

The importance of innovation in improving 
machine system reliability and operational 
safety

Lu and Yang [33] The dimensions of work safety have the most 
important influence on ship accidents

It is important to improve the safety of ship 
operations

Culture Antonsen [34] A lot of friction between the cultural aspect 
and the structural aspect

Need synchronisation between manage-
ment and culture to improve safety on ships

Source: Data processing result, compiled by author; AIS — Automatic Identification System; ANP — Analytical Network Process; HFACS — Human Factors Analysis and Clas-
sification System; FFTA — Fuzzy Extended Fault Tree Analysis; GIS — Geographic Information System; SAI — Shipping Accident Investigation; IMO — International Maritime 
Organization

a potential for researchers to develop research in the field 
of safety management in Indonesia. Based on the author’s 
identification using advanced data from the Scopus data-
base totalling 160 data with the keywords “ship” and “mar-
itime” processed through the Vos Viewer, it was shown that 
Indonesian researchers are more interested in discussing 
“automatic identification systems (AIS)”, “computation fluid 
dynamics”, and “illegal fishing” rather than safety manage-
ment. Activation of AIS on ships is also one of the safety 
standards in the Safety of Life at Sea (SOLAS) so that traffic 
in the ocean is not disturbed. AIS activation in Indonesia is 
essential because of the many cases of illegal ships entering 
Indonesian waters. However, safety management does not 
only cover AIS but also includes other factors such as human 
error [9–11]. Thus, the development of research in the field 
of safety management in Indonesia is important.

RESEARCH IMPLICATION
This research has theoretical and practical implica-

tions. Theoretically, using a bibliometric review, this study 

analyses the extent to which the literature on safety man-
agement and topics that researchers widely discuss include 
keywords that researchers often use. This mapping makes 
it easier for future researchers to fill the research gap. 
The results of this study indicate that there are several 
publications in the field of safety management. Howev-
er, the number of publications is separate from the trend 
in the number of citations. Thus, researchers must focus 
on the published articles’ quality and quantity.

In addition, this study also uses a systematic review 
method to provide recommendations for further research 
from the results of a systematic analysis of articles with 
the highest number of citations. The existence of an anal-
ysis related to the lessons taken from the article makes it 
easier for stakeholders, both government and practitioners 
in the shipping industry, to make decisions to improve 
the effectiveness of safety management, in the shipping 
industry, including the shipping industry in Indonesia. 
The proposals for the following research topic can be 
seen in Table 10.

Table 9. (cont.) Systematic review for articles with the most citation
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CONCLUSIONS
This study used a bibliometric method to analyse 

the development of “safety management” in the shipping 
industry by reviewing articles published in Scopus-indexed 
journals. This study provided information related to the lan-
guage used, the number of publications and citations each 
year, the trend of publications and citations, the country 
with the highest number of publications, the author with 
the highest number of publications, the journal with the high-
est number of publications, and frequently used keywords 
based on the “author keyword” and “index keywords”.

Research on safety management has become an exciting 
topic, especially the developments in the shipping industry 
carried out by governments in various countries. Trend anal-
ysis shows an increase in the number of articles published 
annually, with 2021 being the year with the highest number 
of publications. However, this condition is inversely propor-
tional to the number of citations, which shows a decreasing 
trend. China has the most significant number of publications 
with many collaborations. On the other hand, the analysis 
of co-authorship shows that only 24 out of 1,773 collaborat-
ed with other authors, while others were single authors. This 
condition shows the importance of collaboration between 
researchers in developing research. In addition, we con-
clude that human factors are the most important factor 
in increasing safety management in the shipping industry.

The novelty of this research lies in the broader use 
of safety management topics. In contrast, previous research 
has focused more on specific topics, namely maritime acci-
dents and the level of technological readiness in preventing 
accidents on ships. In addition, to identify the most cited 
topics, this study uses a systematic literature review method 
to identify findings and lessons that stakeholders can draw. 
Based on the systematic review, further research can focus 

on each country’s “culture” of safety management by ana-
lysing the relationship between culture and human factors 
and risk analysis. In developing research in Indonesia, this 
research emphasizes the importance of research on safety 
management, especially in human factors and risk analysis.

This study has limitations. First, this research only analy-
ses data from the Scopus database with the type of “article” 
document and does not analyse the type of book, proceed-
ing, and so on. Therefore, further research can develop re-
search by multiplying the databases used, such as the Web 
of Sciences, Sinta Index, and other indexations, to increase 
the amount of data to be analysed. Second, this research 
also focuses on further development in Indonesia so that 
further research can use a bibliometric and systematic 
review by focusing on safety management in each country.
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ABSTRACT
Background:� Scientific underwater exploration could benefit from professional diving facilities. This could 
allow marine research for durations far exceeding anything currently possible. The closed-circuit rebreather 
expansion provides new perspectives by unleashing divers and their diving bell. “Under the Pole Expeditions” 
developed an innovative compact underwater habitat for this purpose. 
Materials and methods:� The habitat’s depth was fixed at 20 m. Saturation lasted 3 days and was followed 
by a 245 min long decompression procedure with mandatory in-water phase. Isolation and environmental 
constraints will require specific medical and safety procedures. “In situ” medical concerns were considered, 
and a specific evacuation plan was established. This report describes the medical management of this 
atypical project and the systematic clinical follow-up mostly targeted on the cardiovascular system, fatigue 
and psychological tolerance. 
Results:� Seventeen individual saturation exposures were performed. All selected divers were professional. 
Neither severe illness nor decompression sickness was observed. These short-term saturation exposures 
appeared to be well tolerated. There was a relatively low bubble grade after decompression. Psychological 
tolerance appeared good. However, a transient moderate orthostatic hypotension suggested cardiovascular 
deconditioning after dive. 
Conclusions:� This first experiment demonstrates the interest and feasibility of a shallow revisited satura-
tion dive with rebreather use. This isolation requires medical accompaniment and rigorous preparation. 
Medical and physiological risks assessment is essential in this context and must be consolidated by 
new experiences. 

(Int Marit Health 2023; 74, 1: 36–44)
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INTRODUCTION
In the second half of 20th century, we saw birth of un-

dersea habitats and accordingly saturation diving expan-
sion. The first ‘serious’ undersea habitats were conducted 
by Edwin Link and Jacques-Yves Cousteau in 1963 with 
the “Man in Sea” and “Precontinent I” programmes, respec-
tively. Their projects have paved the way to deeper and lon-
ger undersea exploration. However, budgetary constraints 
have restricted the undersea habitat’s democratisation. 

In contrast, with bounce dives, staying at pressure for 
a long time will lead to saturation diving. Divers live in dry 
hyperbaric complex chambers. They work in water linked to 
their pressurised diving bell. Their whole body is saturated at 
equilibrium with partial pressure of inspired gases. The de-
compression time for a given depth is at a maximum and will 
not increase with additional time at depth. The objectives are 
to decrease physiological stresses and increase work efficien-
cy index [1]. The French company COMEXSA, in collaboration 
with the French navy, has been a pioneer in the development 
of saturation diving. Their research topics were focused on 
different gas mixtures with current records in open seawater 
at 534 msw and in simulated dry chamber at 701 msw [2]. 
Currently, saturation diving is considered safe and effective. 
Responses to stressful conditions have been documented 
using various physiological, biochemical, and psychological 
measures [1]. The complexity and cost of these facilities 
restrict use for industrial purpose. Other fields, like marine 
biology, could benefit from these technological advances.

A French underwater exploration programme “Under 
the Pole Expeditions” combines scientific research, innovation 
and awareness to better knowledge and ocean preservation. 
This team carried out this original saturation project during 
its third expedition (2017–2021) in an ambitious marine bio
logy coral-reef programme. They developed a small portable 
underwater “Capsule” to perform research for durations far 
exceeding anything currently possible. Divers will be able to live 
several days underwater and to move freely around with SCUBA 
gear while commercial divers are restricted by their umbilical. 

This paper describes the “Capsule” programme with 
technical and diving procedural aspects followed by 
the medical management and perspectives. 

MATERIALS AND METHODS
In preventive consideration and the need to early de-

tected any adverse effect, a rigorous large clinical medical 
examination of each diver seemed imperative [3]. This was 
performed in accordance with usual clinical practices in div-
ing medicine by the medical team. All divers were informed 
about the potential risks and discomforts associated with 
this programme and gave their consent prior to beginning. 
All medical data were collected and analysed to follow-up 
health status in accordance with the Helsinki Declaration [4]. 

TECHNICAL SPECIFICATIONS AND OPERATIONAL 
MANAGEMENT

The habitat needed to be simple, light, compact, safe 
and relatively autonomous. Under the Pole and its engi-
neering office designed and made this “Capsule” and its 
specific electronic system (Fig. 1). It is about 5-times more 
confined than professional complexes. A Wi-Fi floating buoy 
was linked to the capsule. Direct video, audio transmission 
and monitoring data were sent continuously to an onshore 
control centre, which is located at 2.2 km. This programme 
took place in October 2019 in Moorea Island, French Polyne-
sia. Ambient temperature inside the Capsule was 29°C with 
hygrometry at 90%. Water temperature was 27°C. Divers 
used JJ-CCR rebreathers DiveCAN® (JJ-CCR ApS, Presto, 
Denmark) for their excursion dives. In water, divers wore 
neoprene 5 mm wet suit with a hood.

Single decompression procedure after multiple excursions 
is the main interest in such a saturation programme. Under 
the Pole, in conjunction with decompression specialists, cre-
ated specific diving procedures. The purpose was to achieve 
multi-day stay under pressure allowing for continuous marine 
life research. In operation, the ‘Capsule’ cannot be mobilised 
and there is no wet bell. Therefore, in-water decompression 
was mandatory. A 20 msw depth was determined with a maxi-

Figure 1. Technical drawing of the submarine habitat “Capsule” 
designed by Under the Pole Expeditions. The “Capsule” is a cy-
linder of 4.5 m3 fitted with two domes and a below access lock. 
Continuous gas monitoring allows electronic fine adjustment 
of oxygen partial pressure. Metabolic production of carbon dioxide 
is removed by soda lime and other gaseous contaminants by 
activated charcoal
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mum length of 3 days at depth. The breathing atmosphere was 
composed by a helium-oxygen gas mixture. The environmental 
PpO2 was maintained at level of 40 kPa as it occurs in com-
mercial diving [1]. Rebreather with usual setpoint at 130 kPa 
was used for excursion and decompression [5]. Excursion dives 
were allowed between 15 and 36 msw without decompression 
requirement to reach the habitat. 

The “final decompression procedure” is shown 
in Figure 2. This decompression protocol was used during 
the whole saturation programme. It resulted in a total time 
decompression of 4 hours. If dry pre-oxygenation could not 
be done (e.g. major technical trouble, unbreathable atmo-
sphere…), an “emergency procedure” provided a 5-hour 
in-water decompression in five one-hour stops (Fig. 3). 

FiO2 21–24%

PpO2 60 kPa

PpO2 130 kPa

Inside
Capsule CCR

Capsule
-20 msw

-15 msw

-12 msw

-9 msw

-6 msw

-3 msw

Depth [m]
Surface

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 hours

In-water CCR

Dry Hyperbaric Complex

Figure 2. Final decompression procedure. It began by a 2-h pre-oxygenation in the “Capsule” followed by linear in-water decompression 
(solid blue line). The dotted grey line represents final decompression procedure for helium-oxygen saturation by table of French Ministry 
of Labour (1992); CCR — closed circuit rebreather

PpO2 130 kPa 
(or 190 kPa in case of DCS)

Capsule
-20 msw

-15 msw

-12 msw

-9 msw

-6 msw

-3 msw

Depth [m]
Surface

0 1 2 3 4 5 6 hours

In-water CCR or OC

Figure 3. Final emergency decompression procedure. The solid line represents the final emergency decompression procedure. The do-
tted line represents an optional first one-hour stop at 18 msw in case of severe decompression sickness (DCS); CCR — closed circuit 
rebreather; OC — open circuit (safety tanks)
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Each diver had a little scuba tank inside the capsule for 
an emergency evacuation. Three safety lines fitted open 
scuba cylinders with optimal gas mixture were located near 
the “Capsule”. This allowed final decompression in case 
rebreathers were not useable.

MEDICAL AND SAFETY CONSIDERATIONS
A medical team was associated with this project for 

safety procedure management. In expedition medicine, 
prevention represents one of the keystones to minimise 
risk [3]. Nevertheless, risk reduction could not exclude all 
dangers and illnesses from arising. Access to definitive 
medical care involves prolonged evacuation over many 
hours due to mandatory decompression. 

Barotrauma and decompression sickness (DCS) appear 
to be the most common bounce diving related injuries [6]. 
However, staying in closed, wet and helium hyperbaric en-
vironment for a long time would expose to inherent health 
problems, such as fluid balance and haemodynamic dysreg-
ulation, infectious risk, hypothermia, nutritional aspect or 
psychological intolerance [1]. Traumatic injuries or acciden-
tal toxic exposure also had to be envisaged. Specific risks 
with autonomous rebreathers may occur like biochemical 
accident or loss of saturated diver who does not reach 
the habitat [5, 7].

Diver selection
All divers were recruited by the expedition’s leader. They 

were trained rebreather scientific deep-divers. None had ex-
perienced saturation dives before. None had chronic illness 
or took medication and they were medically fitted to dive. 

Safety and medical management 
For excursions, divers were accompanied by bounce 

divers and visibility was always clear which limits the risk 
of getting lost. Rebreathers were refurbished (gas and soda 
lime) and tested every day by the surface team. In dive, par-
ticular attention was paid to fluid intake with unrestricted 
access to drinking water. Moreover, fatigue and diet may 
have a significant impact in saturation tolerance [8, 9]. 
Rest periods were mandatory and three individual retract-
able bench seats were available. The caloric intake was 
increased. Divers could seek medical advice at any time. 

At saturation, decompression is a compulsory phase 
resulting in poor health outcomes if not completed. Consid-
ering this, the medical team had to be able to manage any 
medical incidents inside the “Capsule” for the primary care 
and stabilisation before through-water evacuation. A first 
care pharmacy with usual oral drugs (analgesics, antiemetic, 
anti-vertigo, antiseptic, bandage…) was inside and could 
be used with medical advice. Furthermore, an intensivist 
and hyperbaric physician was in the safety divers’ team. 

Various submersible medical kits and supplies were avail-
able, depending situation (intravenous access and fluid, 
second-line medications, urinary catheter or chest tube…). 
Due to limitations in acute care capabilities, we focused on 
the most likely and severe conditions [3].

Decompression sickness becomes a rare occurrence 
in saturation dives. However, acute muscular and joint pains 
or, less likely, vestibular manifestations have been shown 
[1, 10]. Depth at 20 msw allowed accessibility for logistics 
and rescue. If symptoms appeared, the “Capsule” would 
have been firstly used for hyperbaric oxygen therapy with re-
breather (to reduce atmosphere contamination) to maintain 
manually PpO2 near 280 kPa as in therapeutics with pure 
oxygen breathing. The therapeutic processes depending on 
circumstances of occurrence are available in Supplementary 
Appendix (see journal website). After a few hours of inside 
care and medical evaluation, in-water decompression is 
envisaged. This is based on an “emergency procedure” for 
5-to-6-hour durations with an elevated PpO2 of 190 kPa 
considering the therapeutic approach [11, 12]. Rebreather 
use with mouthpiece head-strap was preferred but open-cir-
cuits SCUBA with facial mask or regulators were available 
on the safety line.

For this atypical in-water primary care request and ex-
tended timeline, a specific emergency evacuation plan was 
provided upstream to local health authorities. Medical care 
facility including hyperbaric chamber was available less than 
1 hour after surfacing with helicopter evacuation. All medical 
evacuation procedures were simulated and practised. Inside 
oxygen administration with rebreather was tested for several 
hours, without significant change in the composition of at-
mosphere. The “emergency decompression procedures” 
with a five-hour in-water decompression were also tested. 

Methods for medical assessment
For the medical team, the purpose was to assess 

the health condition of divers during this specific pro-
gramme. The medical assessment was performed prior 
to diving, 1 hour after surfacing and at 24 hours after 
surfacing. Based on the expected health implications, 
this thorough medical check-up mostly targeted the car-
diovascular system, fatigue and psychological tolerance 
[1, 8, 13]. 

To ensure haemodynamic tolerance, non-invasive ar-
terial blood pressure (ABP) and heart rate were measured 
at rest in supine position with multi-parametric monitor 
Datex-Ohmeda S/5 (GE Healthcare, Vélizy Villacoublay, 
France). To test orthostatic tolerance, heart rate and blood 
pressure were measured with divers in the supine position 
after 10 min rest and then upright at 5 and 15 min after 
rapid standing up. This test was performed for the last 
8 expositions following a standing-up severe hypotension 
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associated with syncope arising in one diver. Considering 
that body fluid balance can be evaluated by body mass 
loss, body weight was measured with an electronic bal-
ance [14].

To detect any sign of emotional distress, a self-report-
ed mood survey was administered daily to each diver. 
The Positive and Negative Affect Schedule (PANAS) form 
was developed to provide brief measures of positive (PA) 
and negative affect (NA). A 5-point scale is used for scoring 
items and reveals the importance of each affect. Low level 
of NA indicates a state of calm and serenity, whereas high 
level of NA is a characteristic of anxiety [15]. Furthermore, 
medical interview allowed to report psychological or physical 
well-being or any other complaints. They were not quantified 
and will be anonymously summarised. 

Divers could self-measure their decompression toler-
ance in bubble monitoring by a commercial connected 
ultrasonic sensor O’dive system (Azoth Systems, Ollioules, 
France) on bilateral subclavian vein at rest in the sitting 
position at 30, 50 and 100 min after surfacing [16]. Venous 
gas emboli (VGE) detected by this device are often quantified 
as a marker of decompression stress. VGE were graded 
from 0 to 4, according to Spencer scale and considering 
the peak value [17].

STATISTICAL ANALYSIS
Statistical analysis was performed with GraphPad 

Prism v9.0.2 (GraphPad Software Inc., San Diego, CA, 
USA). All data are presented as median (1st and 3rd quar-
tile). Normality of distribution is assessed by Shapiro-Wilk 
test. ANOVA for repeated measures is used to analyse 
more than two related groups followed by multiple com-
parison Tukey’s post-hoc test. Statistical significance was 
set at p < 0.05.

RESULTS
Eleven males and one female successfully completed 

saturation dives in groups of two or three divers. On average 
two excursions of 30 min each per day, with a maximum 
depth of 35 msw, were performed. Five divers did two stays 
with a minimal 15 days interval between each saturation. 
This represents 17 individual expositions. Table 1 presents 
demographic data. 

There was no acute illness except in one diver who 
suffered headache after the first night linked with inad-
equate fluid intake. Favourable outcome was observed 
after hydration and oral analgesia allowing the continuation 
of the saturation dive. 

None of the divers developed any symptoms of DCS 
during or after dives. After surfacing, all divers performed 
bubbles monitoring. The bubble grades did not exceed grade 
2 except one diver who presented a transient grade 3 (Fig. 4). 

Systolic ABP showed a tendency to decrease after the dive 
which did not reach statistical significance (p = 0.05). No 
change was found in diastolic or mean ABP. Orthostatic tests 
showed a significant difference in systolic ABP (p = 0.03). 
In post hoc analyse, ABP measured at 5 min of upright 
position was lower than initial measurement with –9 [–7; 
–21] mmHg (Fig. 5). This orthostatic decreasing ABP was 
neither shown before dive nor at 24 h post-dive. A significant 
body mass loss with –1.4 [0.6; 2.3] % of total body weight 
was shown just after surfacing (p < 0.0001) with a baseline 
return at 24 h (p = 0.6) (Fig. 6).

The PANAS indicated no change in PA (p = 0.1) but 
a significant decrease in NA (p = 0.0001). From the second 
diving day, NA score was lower than baseline in post-hoc 
analyse and remained after surfacing (Fig. 7). Apart from one 
diver describing a brief migraine after his two stays, no other 
complaints were reported during medical review. Confined 
living space and workload caused a certain “self-reported” 
level of fatigue that divers considered compatible with their 
mission. There were no reports of sleep disorders or ther-
mal discomfort except during the long in-water “emergency 
decompression procedures” test. 

Table 1. Demographic data of the participating divers (n = 11)

Median [Q1;Q3] Min–Max

Age [years] 37 [29–39] 26–61

Height [cm] 182 [176–86] 168–200

Weight [kg] 73 [67–77] 56–92

BMI [kg/m2] 21.5 [20.9–24.8] 19.4–28.1
BMI — body mass index; Min–Max — minimum–maximum
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Figure 4. Maximal vascular gas emboli after surfacing according 
to Spencer’s grades. Post dive bubble self-monitoring with peak 
value on bilateral subclavian vein (n = 17)
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DISCUSSION
This innovative scientific diving programme was success-

ful. All marine biology projects were led without any major 
technical or medical incident during multi-day underwater 
stays. Fortunately, no evacuation from the capsule was nec-
essary. From medical point of view, this first report shows 
the feasibility and relevance of this type of habitat, but we 

cannot conclude extensive outcomes to general population 
and other habitat’s configuration (location, depths or dive 
time). Medical follow-up was reassuring without significant 
symptoms of poor tolerance. 

Absence of any signs of DCS and the medical follow-up 
appear to show a good clinical tolerance of the decompres-
sion. All divers had a low bubble grade except one with 
grade 3 without clinical symptom. Although the physiopatho-
logical mechanisms of DCS are still debated, VGE and DCS 
occurrences are associated with positive correlation [18, 19]. 
Most studies indicate this correlation is also true in satura-
tion diving but DCS cases not accompanied by VGE seems 
to be higher than for bounce diving [10]. The O’dive is a new 
self-measurement device. It allows a simple and fast testing 
procedure. It makes divers immediately aware of the poten-
tial consequences of decompression. However, considering 
that the correlation between this device and the VGE score 
in two-dimensional-echocardiography is not clear, we ac-
knowledge that this system was not the preferred method 
to assess saturation stress [16, 20]. This would require addi-
tional precordial measures and a greater number of subjects 
to validate the “decompression procedures” used during 
this programme. Helium is usually used to dive deeper than 
50 msw. It is more diffusible and had low solubility. The use 
of oxygen-helium mixture despite the shallow depth allowed 
a manoeuvrable decompression and faster than with ni-
trogen. The “decompression procedures” considered that 
speed rate is determined by the oxygen concentration [21]. 
However, oxygen may be toxic with acute neurological tox-
icity and long-term effects on lungs [22]. This model driven 
by oxygen appear effective as previously suggested by Kot 
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et al. [23] in Nitrox saturation dives or Blatteau et al. [24] 
without VGE detection and non-significant spirometric al-
teration. Procedures were based on the COMEX database 
which allowed the development of regulatory procedures 
in professional diving in France and the REPEX oxygen toxicity 
threshold [22, 25]. However, the cumulative oxygen limits 
could be exceeded for deeper or prolonged dives with spe-
cial consideration for pulmonary toxicity. In the therapeutic 
approach at 20 msw, pure oxygen breathing is close to what 
is used therapeutically with a low risk of hyperoxic seizure. 
Electro-galvanic oxygen sensor capacity is exceeded at this 
PpO2 and manual oxygen adjustment without monitoring 
would be impractical for a deeper habitat. 

Examination after the dives suggested cardiovascu-
lar deconditioning like it is described in microgravity. This 
cardiovascular deconditioning is demonstrated by haemo-
dynamic changes and reduced exercise capacity [26]. Car-
diovascular homeostasis involves autonomous nervous 
and neuro-endocrine systems. Orthostatic hypotension is 
defined as a reduction of systolic ABP > 20 mmHg or dia-
stolic ABP > 10 mmHg after standing up [27]. Thus, after 
surfacing our divers had moderate delayed non neurogenic 
orthostatic hypotension with abnormal heart rate accelera-
tion. The exposure in saturation dive at 46 and 37 ATA had 
already shown reduced plasma volume and evidence of this 
orthostatic intolerance [13]. Considering that dehydration 
plays a role in decompression stress, hydration was fa-
voured to limit these effects [28]. The body mass loss just af-
ter surfacing suggests a moderate negative hydric balance. 
Divers lived in a very confined space without possibility to 
stand upright inducing a ‘bed rest’ effect [29]. The transient 

cardiovascular deconditioning in this shallow programme 
will be considered for prolonged or deeper mission.

Divers seemed enthusiastic about their experience 
according to PANAS psychometric testing, a widely used 
clinical measure [15]. Our results did not show any sign 
of anxiety during this short-confined exposition. All divers 
were selected and actively engaged in this programme. Con-
versely, many studies report a negative impact on emotional 
stability during long saturation dives and shift-work. Data 
show substantial increase in fatigue and hostility with an ac-
companying decline in perceived well-being [1]. A 7-day shal-
low nitrox saturation dive has shown reduction in total sleep 
time and efficiency. Authors suggest that these changes 
were related to long stays in a confined environment and not 
by environmental pressure [30]. Sleep disorders could also 
be a trigger of headaches reported by divers. These aspects 
will demand special attention for longer stays in this very 
confined habitat or if a wider non selected population have 
to stay (e.g. scientists or other professionals).  

In this specific tropical environment, divers did not ex-
perience thermal discomfort except during the “emergency 
decompression” test. In case of DCS, prolonged in-water 
decompression would have required adequate thermal 
protection in dry-suits with a heating system which could 
be brought to the “Capsule”. These data are reassuring 
but could not be transposed into more temperate waters 
in the absence of a specific protection system for divers 
and the habitat. Thermal protection would be an important 
challenge in another environment. 

Finally, physiological short and long-term evaluations 
would be necessary to fully assess this new approach of div-
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ing procedures. The main limitation of our report is the small 
sample of selected professional and fit divers. The excur-
sions carried out had very conservative and short duration. 
This could be explained by spontaneous limitation to stay 
in safe areas of procedures because that was the first sat-
uration experience for divers.

CONCLUSIONS
This innovative habitat allows performing research for 

durations far exceeding anything currently possible. Under 
the Pole demonstrates the interest and feasibility of satura-
tion dive methods using rebreather. Medical consideration is 
essential in this context of in-water interventions which does 
not allow an immediate return to the surface in case of emer-
gency. That requires medical accompaniment and rigorous 
preparation. A medical plan with an ability to operate di-
rectly underwater must be absolutely considered because 
of the high level of isolation. Other saturation experiments 
with divers monitoring seem necessary to validate these 
procedures and the field of exploration offered by this new 
type of scientific dive concept. 
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ABSTRACT
Background:� Seafarers, whether on cargo, fishery, or naval ships, may be exposed to unique and unusual 
psychological demands related to the often isolated, confined, and extreme environments associated with 
ocean-going vessels. This necessitates optimal psychological adaptation to maintain individual well-being 
during the mission and afterwards. This study set out to explore whether psychometric measures could 
predict psychological adaptation of seafarers, specifically navy sailors, during and after maritime operations. 
It used emotional regulation as marker of adaptation, and examined the role of psychometric measures 
of dispositional resilience and emotional regulation to predict psychological adaptation at subsequent 
time-points. 
Materials and methods:� A total of 168 sailors completed the Brief Sailor Resiliency Scale, Dispositional 
Resilience Scale 15, and Mental Toughness Questionnaire 18 prior to departing for sea, as well as the Bru-
nel Mood Scale at 5 time points over a 12-month operational cycle.
Results:� Higher resilience scores were consistently associated with more adaptive emotional regulation. 
Multiple linear regressions indicated that the Brief Sailor Resiliency Scale predicted emotional regulation 
over the shorter term, while the Mental Toughness Questionnaire 18 predicted emotional regulation over 
the longer term. Further, mid-mission emotional regulation also predicted emotional regulation at the end 
of deployments.
Conclusions:� The findings support several practical applications. Firstly, formal organizational initiatives to 
promote resilience could be useful to enhance adaptation during and after missions. Secondly, measuring 
seafarers’ dispositional resilience could allow the streaming of vulnerable individuals towards appropriate 
mental health support services. Thirdly, past indicators of adaptation could be useful to enhance deci-
sion-making regarding subsequent utilisation. This may be applicable to seafarers in both naval services 
and commercial shipping, and to personnel in remote weather stations or other isolated and inaccessible 
research facilities.

(Int Marit Health 2023; 74, 1: 45–53)
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INTRODUCTION
Maritime operations can be demanding, and maintain-

ing optimal psychological adaptation is necessary for both 

the success of the mission and the well-being of individual 
seafarers during the mission and afterwards. This study set 
out to explore whether dispositional resilience — measured 
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through various scales — could predict psychological adap-
tation of seafarers, specifically navy sailors, during and after 
maritime operations. 

It has previously been suggested that personal dispo-
sition may influence the psychological adaptation of indi-
viduals working in unusual environments. For example, 
specific personality configurations have been shown to 
support the adjustment of individuals in so-called iso-
lated, confined, and extreme (ICE) environments [1, 2], 
and recent research suggested that a brief dispositional 
resiliency scale could predict adjustment during naval 
deployments [3].

DISPOSITIONAL RESILIENCE IN MILITARY 
AND ICE ENVIRONMENTS

Isolated, confined, and extreme environments refer to 
settings that are characterised by isolation and confine-
ment, often due to hostile external conditions, and are 
associated with a range of context-specific physical, mental, 
and social stressors [4].

Dispositional resilience refers to that personal quality 
that allows people to overcome hardships and even thrive 
in the face of it [5, 6]. It is usually considered an internal 
trait, which allows an individual to constructively work 
though life’s adversities, and is further considered a pre-
dictor of adaptation to stress/trauma, as well as mental 
health [7, 8]. Such resilience constructs, which includes 
for example hardiness, mental toughness, and sense of co-
herence, are thought of as dispositional, in that they are 
approaches or orientations towards life that individuals 
develop over time.  

Hardiness is a psychological orientation associated with 
people who remain healthy and continue to perform well 
in a range of stressful conditions [9, 10]. Hardiness is a psy-
chological construct with three facets, namely commitment, 
control, and challenge [11]. Hardiness has been shown to 
influence outcomes among soldiers in training, combat 
duty and peacekeeping, across various national contexts 
[12–16]. There is evidence that hardier soldiers are less 
likely to develop posttraumatic stress disorder and other 
mental health conditions after exposure to combat [13, 
17–20] and may adapt better both during and after opera-
tional deployments [21].

Mental toughness is a psychological orientation partic-
ularly associated with perseverance [22, 23]. It is partially 
derived from the theoretical foundations of hardiness, with 
a fourth facet included, namely confidence [24]. Mental 
toughness is associated with both mental health and cop-
ing strategies [25–30], as well as performance in military 
contexts [31–33]. Mental toughness has recently been 
associated with good adaptation during military diving 
and submarine operations [34].

PSYCHOLOGICAL ADAPTATION
Psychological adaptation generally refers to “an indi-

vidual’s ability to adjust to changes in their environment, 
to optimise personal functioning” (The technical defini-
tion refers to the “ongoing process, anchored in the emo-
tions and intellect, by which humans sustain a balance 
in their mental and emotional states of being and in their 
interactions with their social and cultural environments”. 
Miller-Keane Encyclopaedia and Dictionary of Medicine, 
Nursing, and Allied Health, 7th ed. Saunders, Elsevier, Inc. 
2003). Within the so-called ICE environments (including 
naval ships at sea), three broad domain markers are often 
used to indicate adaptation, namely quality of work output, 
quality of interpersonal interaction, and emotional regula-
tion [1, 35–37].

Emotional regulation (ER) refers to a “set of automatic 
and controlled processes involved in the initiation, mainte-
nance, and modification (i.e., ‘regulation’) of the occurrence, 
intensity, and duration of feeling states” [38–41]. Emo-
tional regulation underpins personal performance across 
many aspects of daily life, including family, work, and sport 
[39]. As such it can be used to operationalise psychologi-
cal adaptation [4], in that individuals with more adaptive 
ER would be expected to effectively manage their person-
al performance across work output, social interactions, 
and affective states, especially under the psychologically 
rigorous demands found in ICE environments. In contrast, 
individuals with less adaptive ER could be expected to have 
difficulty managing their personal performance across these 
three indicators.

One way of describing ER would be through using 
Brunel Mood State Scale profiles (BRUMS; described 
in detail later). The BRUMS is sensitive to changes in af-
fective states and could indicate compromised emotional 
regulation. Scale profiles and/or changes in specific 
contexts may therefore reflect either good or poor psy-
chological adjustment to that context [4]. Psychological 
adaptation in ICE environments can be predicted by 
a number of situational factors [2, 42], which raises 
the question of the extent to which dispositional factors 
[1] may also influence this. 

PSYCHOLOGICAL DEMANDS ON OCEAN GOING 
SEAFARERS 

Ocean going vessels (e.g., cargo, fishery, military) may be 
examples of ICE environments: Once at sea, crewmembers 
may be isolated from the outside world, for example through 
limited communication with home for prolonged periods 
of time. They face confinement inside the hull or superstruc-
ture, particularly in ships with citadel designs, where they 
have to contend with the overlap of workspace and living 
quarters, and the associated social stress of high-density 
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living spaces, lack of privacy, and social monotony (i.e., con-
finement with the same set of individuals for an extended 
period). They also have to endure the effects of extreme 
weather conditions (e.g., during rough seas) on their person-
al wellbeing and ability to maintain task performance. In this 
regard there has been a remarkable consistency in the re-
ported psychological demands and stress across seagoing 
contexts [43–49]. Additionally, naval ships, and their crews, 
are exposed to often unique, and at times dangerous, oper-
ational demands, also deploy for extended periods of time, 
and face a high risk for adverse experiences associated 
with the operational nature of their mission (e.g., injuries 
during maritime interdiction operations). All of this reflects 
both specific demands on ocean going vessels as ICE envi-
ronments, as well as the requirement to adapt effectively 
to this environment in order to maintain quality work output 
and complete the mission.

AIMS AND OBJECTIVES 
As discussed earlier, psychological adaptation in ICE 

environments is often conceptualised across three domains, 
namely work-ability, sociability, and emotional regulation. 
This paper focuses on one indicator of psychological adap-
tation, namely ER. This study’s primary aim was to explore 
the role of dispositional resilience scales in predicting ER 
at four different time points during and after naval deploy-
ments. This secondary aim was to explore the utility of any 
time-point measure of ER to predict ER at subsequent time-
points during and after operational deployments.  

MATERIALS AND METHODS
OVERVIEW OF STUDY

South African Navy (SAN) sailors completed psychologi-
cal measures at five different time-points during a 12-month 
cycle of operational deployments. Figure 1 offers a graphic 
representation. This was done as part of the SAN occu-
pational health surveillance programme administered 
by the Institute for Maritime Medicine in Simon’s Town, 
South Africa. File data were available for sailors on a na-
val vessel that completed two 4-month deployments over 
their 12-month deployment cycle, and was accessed 
for this study by means of a retrospective file review. 
The study was conducted according the principles set out 
in the Declaration of Helsinki (2013), and Institutional 
Review Board approval was obtained for the use of psy-
chological data. 

PARTICIPANTS
A total of 168 sailors consented to their information 

being included in this study. The sample had a mean age 
of 31.3 years (standard deviation [SD]: 6.4, range 21–59), 
and 22.9% were women. Occupational specialities are 
presented in Table 1; categories comprising less than 
2% of the total sample were collapsed into an ‘Other’ 
category. The sample reflected the general population 
of sea-going SAN personnel. Not all sailors completed all 
the measures at each administration, and cases were in-
cluded if more than one dispositional and one ER measure 
were completed.

0.615 0.611

0.511 0.699

BRUMS BRUMS BRUMS BRUMS BRUMS

Middle of first 
deployment 

(week 8)

End of first 
deployment 

(week 16)

6 weeks post 
deployment 

(week 22)

Start second 
deploment 
(week 31)

0.354
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0.408
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Start of operational 
cycle (week 0)

End of operational cycle
(end of second deployment)
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Figure 1. Significant beta coefficients predicting psychological adaptation across the deployment cycle. Numbers refer to standardi-
sed beta values; BRUMS — Brunel Mood Scale; BSRS — Brief Sailor Resiliency Scale; DRS-15 — Dispositional Resilience Scale 15;  
MTQ-18 — Mental Toughness Questionnaire 18
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MEASURES AND VARIABLES
Socio-demographic data (namely age, gender, naval 

speciality) was available, and used to describe the sam-
ple profile.

Emotional regulation was measured at five time points, 
namely immediately prior to the first deployment (week 0), 
mid-way through the first deployment (week 8), at the end 
of the first deployment (week 16), and 6 weeks after returning 
from the first deployment (week 22). A further measurement 
was done at the end of the second deployment (week 48).  

Emotional regulation was measured using the Brunel 
Mood State Scale (BRUMS). The BRUMS is a 24-item self-re-
port inventory that measures six transient affective mood 
states [50]. It has been used extensively, and a substantial 
body of literature exists on its use in many domains — from 
sport performance [51] to sleeping patterns [52] to academ-
ic achievement [53], as well as a marker of mental health 
[54]. Pertinent to naval seafarers, the BRUMS has report-
edly been able to predict post-traumatic stress symptoms 
after maritime interdiction operations [55]. Good concurrent 
and criterion validity has been reported [50]. A total mood 
state score (range: 16 to 80) can be calculated and was 
used for this study. While lower total scores typically rep-
resent more adaptive ER, certain score profiles, and/or 
large changes in scores, could be indicative of risk for poor 
psychological adaptation. The BRUMS total score reflects 
the outcome of ER (not the process of ER), and as such was 
used here as indicator of psychological adaptation. 

The dispositional variables were measured by three 
instruments, who all purport to assess aspects of personal 
resilience. By definition they were assumed to be stable 
constructs that would not change substantially over the pe-
riod of about 12 months. For all three instruments, higher 
scores represent greater psychological resilience. All dis-
positional data was collected immediately prior to the start 
of the first deployment.

The Brief Sailor Resiliency Scale (BSRS) has been vali-
dated previously in South African military settings [3, 56], 
and measures dispositional resiliency across four domains, 
namely mental, physical, social, and spiritual. A compre-
hensive sailor resiliency score can also be calculated, 
ranging from 0 to 60, and which was used in the analysis 
below. A Cronbach alpha of 0.86 was calculated for the cur-
rent sample.

The Dispositional Resilience Scale 15 (DRS-15) [57], 
has been extensively used to measure hardiness in military 
and non-military samples [21]. Good psychometric proper-
ties and criterion-related validity across multiple interna-
tional samples have been reported [13, 58–61]. A previous 
South African study found acceptable internal reliability, but 
could not replicate the original factor structure [62]. Scores 
range from 0 to 45, with a Cronbach alpha of 0.74 calcu-
lated for the current sample.

Mental toughness is an extension of the hardiness con-
struct, and is aggregated over six dimensions [24]. The Men-
tal Toughness Questionnaire 18 (MTQ-18) provides an over-
all score for mental toughness [24]. A previous South African 
study found high internal reliability [62]. Scores range from 
18 to 90, with a Cronbach alpha of 0.77 calculated for 
the current sample.

DATA MANAGEMENT AND STATISTICAL ANALYSES
The scales were administered in their standard format, 

and the respective total scores were calculated according to 
standard procedures. Only total scale scores were used in this 
study. The data were first analysed using Pearson’s correla-
tion coefficients, with significance set at p < 0.05. The asso-
ciation of dispositional factors and time-point ER measures 
were explored through calculating correlation coefficients for 
the BSRS, DRS-15, MTQ-18 and five BRUMS administrations. 

Thereafter multiple linear regressions were conduct-
ed for each outcome variable, namely ER at 8, 16, 22, 

Table 1. Descriptive data for the sample and dispositional scales

Mustering Per cent Scale N Mean SD Range α

Admin 7.0 BSRS 160 39.07 6.2 26–54 0.857

Catering 7.9 DRS-15 168 34.49 5.5 18–45 0.738

Combat officers 14.9 MTQ-18 168 68.96 8.2 45–90 0.774

Communications 5.3 BRUMS (week 0) 137 –8.85 6.0 –16, 14

Engineering/technical 22.3 BRUMS (week 8) 100 –5.75 9.7 –16, 50

Weapons operators 10.5 BRUMS (week 16) 112 –5.62 8.1 –16, 25

Radar operators 3.0 BRUSM (week 22) 71 –8.93 7.2 –16, 24

Other 15.0 BRUMS (week 48) 168 –3.43 10.0 –16, 31 0.799
BRUMS — Brunel Mood State Scale; BSRS — Brief Sailor Resiliency Scale; DRS-15 — Dispositional Resilience Scale 15; MTQ-18 — Mental Toughness Questionnaire 18; 
SD — standard deviation
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and 48 weeks. The role of dispositional factors in predict-
ing ER was examined through entering BSRS, DRS-15, 
and MTQ-18 scores as predictors for each of the four ER 
time points. Similarly, the utility of using earlier time-point 
measures of ER to predict ER at subsequent time points 
during and after deployment was examined through entering 
all BRUMS scores from earlier time-points as predictors for 
each of the four outcome variables. All statistical analyses 
were conducted using SPSS-27.

RESULTS
Descriptive data for the dispositional scales can be 

found in Table 1. Mean scores, as well as Cronbach alphas, 
closely followed available normative data for local samples.

The correlations between the three dispositional 
scales and ER measured at five time points are present-
ed in Table  2. Of the measures, the DRS-15 and BSRS 

were significantly correlated to ER at three time points, 
and the MTQ-18 at all five time points. Higher scores on 
these measures of dispositional resilience were associated 
with more adaptive ER. Further, each time-point measure 
of ER was significantly correlated to ER at each subsequent 
time point during and after the deployments. 

Multiple linear regression analyses were performed to 
assess the ability of dispositional resilience measures, as 
well as earlier measurements of ER, to predict ER at the four 
subsequent time points. The predictor variables were en-
tered stepwise, backward, and forward, and the results 
were the same across the three methods. The results are 
shown in Table 3 and graphically represented in Figure 1.

Pre-deployment ER scores predicted ER during mid-mis-
sion (week 8) and during the maintenance cycle (week 
22), while mid-mission ER (week 8) predicted ER at end 
of 1st and 2nd deployments (weeks 16 and 48). The BSRS 

Table 2. Correlations between dispositional resilience scales and psychological adaptation at five time points

Psychological adaptation Scale N r P

BRUMS (week 0) BSRS 136 –0.391 < 0.001**

DRS-15 87 –0.256 0.017*

MTQ-18 87 –0.273 0.010*

BRUMS (week 8) BSRS 94 –0.356 < 0.001**

DRS-15 62 –0.167 0.196

MTQ-18 62 –0.274 0.031*

ER (week 0) 81 0.511 < 0.001**

BRUMS (week 16) BSRS 101 –0.250 0.012*

DRS-15 71 –0.305 0.010*

MTQ-18 71 –0.297 0.012*

ER (week 0) 86 0.385 < 0.001**

ER (week 8) 87 0.641 < 0.001**

BRUMS (week 22) BSRS 66 –0.287 0.019*

DRS-15 54 –0.414 0.002**

MTQ-18 54 –0.403 0.003**

ER (week 0) 54 0.488 < 0.001**

ER (week 8) 53 0.382 0.005**

ER (week 16) 59 0.289 0.026*

BRUMS (week 48) BSRS 106 –0.129 0.186

DRS-15 168 –0.322 < 0.001**

MTQ-18 168 –0.389 < 0.001**

ER (week 0) 87 0.279 0.009**

ER (week 8) 62 0.391 0.002**

ER (week 16) 71 0.432 < 0.001**

ER (week 22) 54 0.374 0.005**
*p < 0.05, **p < 0.01; BRUMS — Brunel Mood State Scale; BSRS — Brief Sailor Resiliency Scale; DRS-15 — Dispositional Resilience Scale 15; ER – emotional regulation; 
MTQ-18 — Mental Toughness Questionnaire 18

www.intmarhealth.pl 49

Charles H. Van Wijk, Dispositional resilience predicts psychological adaptation



predicted ER over the shorter term (8 to 16 weeks), while 
the MTQ-18 predicted ER over the longer term (22 to 
48 weeks). The DRS-15 did not meaningfully add to any 
predictive model.

DISCUSSION
This study aimed, firstly, to explore the role of disposi-

tional resilience scales in predicting ER during and after 
naval deployments, and some of the measures did appear 
useful in predicting ER across time. The study aimed, sec-
ondly, to explore the utility of earlier measurements of ER 
to predict ER at subsequent time-points, and again some 
of the ER time-point measurements appeared useful in pre-
dicting subsequent ER in the same context.

PREDICTION OF EMOTIONAL REGULATION
Two of the dispositional resilience scales showed prom-

ise in predicting ER during and after naval deployments, 
with the BSRS predicting adaptation over the shorter term, 
and the MTQ-18 predicting adaptation over the longer term. 
The BSRS has previously been associated with adjustment 
during short-duration maritime deployments [3]. However, 
its failure to predict longer term ER scores in the present 
study may suggest a temporal limit on the utility of such mea-
sures. The BSRS was first administered about 11 months 
before the final ER measure, and the passing of time may 
have resulted in the original BSRS score no longer reflecting 
sailors’ current life situation. Once-off measurements of psy-
chological characteristics may have a limited ‘shelf-life’, 
and for it to be used to dynamically predict performance 
in ICE environments (or elsewhere) may require repeated 
measurements across longer periods of time. 

In contrast to the BSRS, the MTQ-18 scores offered 
strong predictions over longer time periods, and the consis-
tency of the MTQ-18’s correlations with ER across all time 
points mark it as a useful scale to explore in future research. 
Mental toughness has been associated with behavioural 

perseverance [22, 23], also in military contexts [31–33], 
as well as with greater emotional stability during stressful 
events [63]. Such a personal strength would therefore be 
a benefit in ICE environments when adverse conditions are 
encountered, as it would facilitate an individual’s ability to 
handle pressure and remain focussed in stressful situations 
[64], which would in turn be visible in the maintenance 
of adaptive emotional regulation. Additionally, mental tough-
ness has also been associated with more problem-solving 
coping and less avoidant coping [27, 30], which may be 
considered as generally desirable approaches in ICE en-
vironments. 

The failure of DRS-15 to predict ER — despite previ-
ously being associated with adaptation during and after 
military operations [21] — may point to poor scale validity 
in the South African context, consistent with what was 
previously reported [62]. Of practical relevance, the mari-
time industry includes people from all races and cultures, 
and caution would be necessary when using internationally 
available scales that have not yet been validated for local 
cultural-linguistic groups. Psychological measures are only 
suitable for use if context-appropriate validation has been 
confirmed. 

In spite of significant correlations, not all time-point 
measurements of ER predicted subsequent ER scores in this 
ICE context. Of particular interest was the observation that 
mid-mission scores predicted end-of-mission scores (for 
both deployments), suggesting that measurements rep-
resenting similar contexts of situational adaptation (i.e., 
while immersed in ICE environment) may be particularly 
useful in predicting subsequent adaptation. The theory 
of behavioural consistency posits that past behaviour is 
the best predictor of future behaviour [65–67]. The consis-
tency of the ER scores across time emphasises the value 
of considering past adaptation when making decisions on 
future utilisation of personnel, particularly where circum-
stances are comparable. This may be particular pertinent 

Table 3. Results for linear regression analysis for four time-point measures of emotional regulation

Outcome Adjusted R2 ANOVA Predictor Standardised β P

Week 48 34.5% F = 13.310 BRUMS week 8 0.611 0.002

MTQ-18 0.429 < 0.001

Week 22 35.9% F = 20.079 BRUMS week 0 0.615 < 0.001

MTQ-18 0.425 0.002

Week 16 45.5% F = 57.461 BRUMS week 8 0.679 < 0.001

BSRS 0.408 0.001

Week 8 25.2% F = 27.901 BRUMS week 0 0.511 < 0.001

BSRS 0.354 0.006
BRUMS — Brunel Mood State Scale; BSRS — Brief Sailor Resiliency Scale; MTQ-18 — Mental Toughness Questionnaire 18
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in the context of maintaining a high operational tempo 
through repeated deployments.  

PRACTICAL APPLICATION
The application of these findings may be three-fold. 

Firstly, if it is possible to predict psychological adaptation, 
then it is also possible to promote psychological adaptation. 
If better resilience predicts better psychological adaptation, 
then enhancing resilience as a formal objective of military 
preparation needs to be emphasised. This can be done 
through facilitating formal developmental experiences 
(military training courses; graded exposure to operational 
demands), and/or through specific deployment preparation 
programmes for ships’ companies.  

Secondly, if better resilience predicts better psychologi-
cal adaptation, there may be value in measuring resilience, 
with the aim of identifying potentially vulnerable individuals, 
in order to stream them towards support services (e.g., 
social work services, chaplaincy) that could assist them 
in developing greater resilience for subsequent deploy-
ments. In this regard the BSRS was reportedly sensitive to 
the development of resiliency through either specific life 
experiences or formal interventions [3], and may remain 
useful to guide the development of resilience in preparation 
of shorter-term missions.

Thirdly, if psychological adaptation during and after 
deployments can be predicted by previous measures of psy-
chological adaptation in similar contexts, then the inclusion 
of available measures of psychological adaptation in any 
decision-making processes for subsequent deployments 
needs to be emphasised. However, for this to be practically 
useful, more inclusive measures of psychological adaptation 
may need to be developed, to more closely reflect the com-
ponents of the original Antarctic Triarchy, in particular, mea-
sures of work-ability and sociability.

The above initiatives, namely 1) formal organisational 
intervention to promote resilience, 2) screening to identify 
the need for further individual intervention to develop re-
silience, and 3) using existing data on adaptation to guide 
future utilisation — could possibly be implemented not only 
in the naval context, but in other ICE environments too, from 
commercial shipping (whether cargo or fisheries), remote 
weather stations or polar outposts, to other isolated and in-
accessible research facilities.

LIMITATIONS AND FUTURE DIRECTIONS
This study used a small sample in a very specific set-

ting. The findings may thus be context bound, and possibly 
only applicable to psychological adaptation in similar or at 
least comparable settings. Further research is required to 
replicate the findings in the expanded settings of other ICE 
environments, for example commercial ocean-going vessels 

or remote weather or research outposts. As psychologi-
cal demands across ICE environments appear remarkable 
consistent, the need for a resilient disposition to maintain 
and enhance psychological adaptation might be consid-
ered similar across industries. Additional research will be 
required to determine the effects of different situational 
factors, such as varying lengths of tours of duty, or envi-
ronmental demands, or workload, on the role of resilience. 

Further, all the significant predictors only explained 
a relatively small proportion of variance (see low Adjusted 
R2 in Table 3). ER offers a single representation of psy-
chological adaptation, and as mentioned, a wider range 
of markers would be necessary to confirm the principle that 
dispositional resilience truly predicts psychological adapta-
tion — across quality of work output, interpersonal interac-
tion, and emotional regulation — in ICE contexts. It would 
remain important to ensure that participants are exposed 
to the same or at least similar stressors, to demonstrate 
that differences between individuals reflect their resilience 
rather than their exposure to stressors.

Although the resilience concepts used in this study 
were constructed as dispositional, true personality traits 
not were measured. Some resilience constructs appear to 
be associated with, for example, the Big Five factors [28, 
63, 68], as are ER [69], which leaves the possibility that any 
association between resilience and ER may be mediated 
by personality traits. For example, personality traits like 
negative affectivity have been reported to influence the ap-
praisal of situations and subsequent emotional regulatory 
responses [27, 70]. Future research may need to include 
measures of personality to clarify the relationship between 
resilience and ER. And finally, it may be particularly produc-
tive for future studies to use the subscales of the BRUMS, 
not just the total score, when considering the association 
of dispositional reliance and psychological adaptation.

CONCLUSIONS
Measures of dispositional resilience, in particular 

the BSRS and MTQ-18, appeared useful in predicted psy-
chological adaptation during and after maritime deploy-
ments. Similarly, measures of ER predicted subsequent 
measurements of ER, providing evidence of psychological 
consistency that could be constructively used in support-
ing seafarers to enhance their personal adaptation during 
and after maritime operations.
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ABSTRACT
Background:� Psychosocial risk factors play an important role in the lives of seafarers on board. Not only 
physical but also mental health influences the performance of seafarers. This study aims to investigate 
the psychosocial aspects of life on board among southern Italian seafarers. 
Materials and methods:� Semi-structured interviews were conducted between January and April 2021 with 
a sample of 20 seafarers using the snowball method. Griffith and Gonzales’ (2000) guidelines for conducting 
face-to-face interviews were used. Interview topics were analysed using paper and pencil. 
Results:� The majority (90%) of seafarers were married or living in a romantic relationship. The seafarers worked 
more than 10 hours per day without a day of rest during their time on board. The main stressor for participants 
was the lack of family (16/20), followed by conflicts between work and rest (12/20), pressure from crew 
members (9/20) and feeling lonely (8/20). Seafarers were generally involved in traumatic events such as fatal 
accidents (5/20), injuries at work (4/20) and pirate attacks (4/20). The most important personal resources are 
the opportunity to travel (12/20), followed by passion for this type of work (9/20). The most common suggestion 
for a better quality of life on board concerns improving the quality of training (6/20). 
Conclusions:� The results of this study are alarming for the working and living conditions of seafarers. Shipping 
companies should implement social policies to prevent an increase in psychosocial risks on board. Future 
studies could include the administration of a questionnaire to examine psychosocial stressors, seafarers’ 
protective factors, and well-being and discomfort outcomes at work.

(Int Marit Health 2023; 74, 1: 54–61)
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INTRODUCTION
The ever-changing labour market, globalisation and techno-

logical advances are changing the quality of life on board a ship 
every day, highlighting a growing need for training on stress 
management for seafarers [1]. A recent study looking at fatal 
accidents at sea from 1972 to 2019 shows that accidents often 
start when alertness is low, between 7 pm and 7 am [2]. Most 
studies in the literature focus on workplace safety and the phys-
ical health of professionals [3], neglecting all the psychological 
factors that affect crew members’ lives on the ship.

In Italy, the profession of seafarer is not considered 
a physically demanding profession, but there are general 
risks that affect the health of the worker and are recognised 

as a cause of physical and psychological disorders [4–8]. 
These diseases are examined by a doctor every 2 years, but 
there is a lack of interest in assessing the psychosocial risks.

The analysis of psychosocial risks in seafarers is increasing 
in the international literature [9, 10], but there is no treatise 
on psychosocial factors at work on Italian seafarers. Seafar-
ers need to work in a safe environment and should comply 
with safety regulations [11], but international research reports 
psychosocial risks related to excessive bureaucracy on board, 
lack of professionalism, leadership management [12], mental 
health disorder [1], piracy and harassment on board [13], lack 
of rest [14], automation of machinery, long working hours, 
workplace fatigue [15] and multiculturalism [3, 16].
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The aim of this study is to investigate the psychosocial 
risks in a sample of southern Italian seafarers through 
qualitative research.

The occupational activities of seafarers are comprehen-
sively regulated by conventions and codes, some of which 
focus on the regulation of seafarers’ training, leisure 
and working time, as well as provisions on watchkeeping on 
board ships, such as the Standards of Training, Certification 
and Watchkeeping for Seafarers (STCW) [17] or Maritime 
Labour Convention (MLC) [11].

Health, well-being and safety at work are some of the ob-
jectives set by organizations concerned with the protection 
of seafarers, such as the International Labour Organization 
(ILO) and the World Health Organization (WHO) [18]. On 
board, seafarers live in the same confined space in which 
they work. This factor affects the quality of recreation, lei-
sure, interpersonal relationships and psychophysical health, 
which in turn affects performance [12].

Psychosocial stress for merchant fleet officers is caused 
by high levels of responsibility, bureaucracy, lack of crew qual-
ifications, conflicts between safety and profitability, and ship 
management in port areas [3, 19]. In addition, work-related 
stress is typical for seafarers because there is no separation 
between work and rest time, which means constant acces-
sibility, fatigue and insomnia due to night work and change-
able weather [9, 14, 19]. Catecholamine levels of seafarers, 
especially pilots, are significantly elevated after duty [20].

The automation of technology on ships has led to 
a change in the perception of officers, who were once seen 
as operators and now monitor equipment and machinery 
[21] and develop other specific technical and management 
skills. The length of the voyage and the time spent in port 
affect crew safety [22]. In addition, seafarers are subject 
to overload from work that has nothing to do with watch-
keeping or cargo handling, which affects fatigue levels, 
such as excessive bureaucracy [9, 23]. There is a positive 
correlation between the increase in working hours due to 
the reduction of crew members and the lack of social rela-
tions due to worker fatigue. The constant rotation of crew 
prevents the development of friendly bonds within the ship, 
which affects mental health and increases perceived stress 
levels and the possibility of suicide on board [7]. In addition 
to fatigue, loneliness, lack of home, multinationalism, sleep 
disturbance and limited leisure activities are also perceived 
as possible psychosocial stresses for seafarers [9, 24].

MATERIALS AND METHODS
PARTICIPANT

The sample included in this study consisted of 20 sea-
farers with the following characteristics: all male, age 
42.89 (16.11), registered in the “seaman’s book” for more 
than 1 year. The daily working time reported by the sam-

ple, including overtime, is 10.2 hours and all respondents 
reported working all days of the week during their time on 
board (Table 1).

A city in southern Italy was chosen because of the large 
number of people working in the shipping industry there 
(2500 seafarers out of a population of less than 17000 peo-
ple). Snowball sampling was used for two main reasons: 
privacy and convenience of the respondents. In Italy it is not 
possible to see the seafarers’ book [25] and the snowball 
system allows to establish a relationship of trust between 
interviewer and respondent.

PROCEDURE
From January to April 2021, 20 semi-structured 

face-to-face interviews were conducted. Initial contact 
was made with a phone call to enquire about the sea-
man’s availability and to arrange a time for the inter-
view. A suitable setting was created for the interview to 
ensure the privacy and safety of the interviewee. Rules 
were followed during the interview to prevent the spread 
of the COVID-19 virus. It was explained how the data 
would be used and written consent was requested to 
record the audio of the interview.

Each interview consisted of two main topics: 1) ocean-
ographic and navigational data; 2) analysis of the job’s 
themes extrapolated through the psychosocial risk analysis 
scoring grid [26].

Table 1. Sample description and hours worked per day

Crew status Number

Chief officers 16

Deck department 6

Engine department 10

Deck rating 1

Captains 2

Cook 1

Crew status Mean hours worked 
per day

Cook chief 11.5 

Chief engineer 13.2 

Third engine engineer 9.75 

Cadet engineer 8.5 

Master 11 

Third deck officer 10 

Second deck officer 11 

First deck officer 9 

Cadet deck officer 8.5 

Sailor 12 
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DATA ANALYSIS
The research was conducted following the grounded 

theory methodology [27]. This is an approach that provides 
an inductive approach to the culture being interviewed. 
The researcher was expected to discover the theory during 
the interviews, ignoring previous experiences and knowl-
edge on the same topics. The transcription was done with 
Microsoft Word.

RESULTS
After transcribing the interviews, the arguments that 

emerged were grouped together (Table 2). Each interview 
citation listed in the results included the seafarers’ age 
and status on board.

CREW ACTIVITIES
The activities carried out by seamen can be categorised 

according to both the status of the crew and the department 
to which they belong (engine or deck).

The deck officer carries out the maintenance work 
of the deck department on the basis of the activities 
assigned to him by the planned maintenance system 
and communicated by an officer or the boatswain. 
The deck officer, together with the master, takes care 
of navigation, the management of inspections on board 
and the management of the crew. In addition, interviews 
have revealed that records of crew members’ rest periods 
(which are checked at port state control) are deliberate-
ly falsified. Since the 1980s, shipowners have reduced 
their staff due to the increasing automation of ships. This 
situation makes it impossible to distribute a correct work-
load among crew members. Deck officer trainees carry 
out the safety drills on board, observe and help with all 
the work carried out by the deck officers. The captain takes 
care of the management of the leadership on board. During 
navigation, a situational style of leadership is usually used, 

but during manoeuvres or emergencies it becomes author-
itarian. The activities of the cook relate to the preparation 
of canteens for the seafarers. The activities of the ma-
chinery engineers relate to the maintenance of the ma-
chinery department and the determination of activities for 
the ship’s operation. The maintenance of the machinery is 
not in the job description of the machinery engineers but 
is entrusted to the machinists. However, due to the short-
age of personnel, it is necessary for the engineer to assist 
the machinery officer.

Engineer trainees assist the engineer officers, carry out 
inspections and take part in exercises. 

Chief engine officers look after the management 
of the ship’s operations, plan the activities of the engine 
crew, report consumption to the company and help the staff 
when the ship is in dry dock.

PSYCHO-SOCIAL RISK FACTORS ASSOCIATED 
WITH WORK STRESS

On the psychosocial risk aspects causing stress on 
board, the interview results show that lack of family at-
tention is the most common theme (16/20), respondents 
said phrases like: “not being able to see my children grow 
up”, “fear of not being there for the family”, “being away 
from home”, “thoughts of home”, “missing all the events 
of private life”.

The concept of work-recovery conflict (12/20) included 
all statements highlighting the difficulty of resting on board, 
such as: “being on call 24 hours a day”, “never sleeping” 
(25, third deck officer), “not having time to rest”, “no time 
for leisure”, “no way to take time off from work”, “...you do 
not go home in the evening” (24, third deck officer), “...you 
cannot tell day from night...” (25, engine cadet), “the rules 
for rest time were not respected”, “sleep interruption”, “no 
rest time”, “...you live in a world where you can never switch 
off...” (55, chief engineer) and “sleeping badly”. 

Table 2. Description of the topic’s groups

Group number Subjects

1 Crew status; Age; Company flag; Travel routes; Nationality of the crew; Gender of the crew; Department of the seafarer; 
Hour of watchkeeping; Typology of ship; Sentimental situation; Overwork hours; Presence of alcohol and drugs on board

2 Checklist of the activities of the seafarer during his routine

3 Affirmations related to the quality of rest and relaxation on board

4 Psycho-social risk factors associated with an experience of work stress

5 Traumatic events

6 Effects of the traumatic events to the job performance

7 Work resources

8 Suggestions that seafarers expressed to improving the quality of life on board

9 Checklist of psychosocial risks that there is in the Carter’s paper [24]
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Pressure from crew members (9/20) included endorse-
ments related to: “pressure from crew members”, “compe-
tition”, “working fast”, “no mistakes possible” or “working 
under pressure”.

Feelings of loneliness and isolation are common on 
board (8/20). Seafarers said about them “...you live in bub-
bles...” (54, captain), “it’s a floating prison” (25, third deck 
officer), “four months a hermit on a ship” (65, cook), “I felt 
worse than a prisoner” (61, chief engineer), “I did not feel 
welcome the first week” (21, engine cadet).

Bad weather and working hours were mentioned 8 times 
in the interviews as a cause of stress. All the seafarers 
interviewed stated that they worked every day of the week, 
without a day of rest, and some seafarers stated that they 
were “on shift 12 hours a day” (61, sailor). The constant 
criticism and reprimands of the crew (7/20) included state-
ments such as, “...always guns at the ready...” (55, chief 
machinist), “...toxic crew” (27, third deck officer), “...con-
stantly criticising each other...” (24, deck cadet), “...if you 
made mistakes, you are condemned...” (61, chief engineer), 
“there is only criticism” (44, engine director). Other aspects 
perceived as a cause of stress were lack of professionalism, 
a negative work environment, the typology of the work con-
tract and the mob of the organization (5/20). The negative 
work environment included statements such as “...third 
Reich environment” (24, third engineer), “...it only takes 
one crew member to ruin the environment” (61, chief en-
gineer). Issues like monotony, bureaucracy, scrutiny/port 
state control, prejudice/envy, high pressure/vibration/noise 
are mentioned 4 times. Low quality of food, unsatisfactory 
retribution, time on board, activities of other colleagues, 
dealing with cultural diversity on board, internet prices/mis-
representation, length of routes, time at home, lack of union 
protection are also issues that are perceived as causing 
stress (3/20).

The last aspect mentions, authoritarian hierarchy, time 
change, lack of protection from pirate attacks, accidents, 
living with crew members, new safety norms, mobbing, lack 
of social recognition, high temperature, design of the hub, 
artificial light exposure, and stun effect (Fig. 1).

TRAUMATIC EVENTS
Now the number of seafarers who had traumatic expe-

riences on board or witnessed them is reported.
Two of the interviewees experienced war scenar-

ios during their time on board, namely the war be-
tween Iraq and Iran in the 1980s, the second Gulf War 
in 2003 and the bombings in Libya in 2011. One inter-
viewee reported hiding the bodies of people who were 
likely victims of human trafficking in the Mediterranean 
by moving them further away from the reach of the rig. 
The bodies were tied together with rope and put into black 

bags normally used for garbage. Three interviewees re-
ported that the migrant rescue was a particularly stressful 
event because of the difficulty of managing multicultural 
crowds on a cargo ship. The term ‘atypical behaviour’ was 
used to describe all those atypical manifestations that can 
be claimed as psychopathologies of adulthood, quoting 
the interviews: “...the electrician looked like a crazy per-
son” (25, third deck officer); “...I saw people playing with 
his head [....] we had to lock him in the cabin” (53, captain); 
“at the first embarkation the captain was paranoid” (53, 
captain); “...there was a bit of a strange situation, they 
see him every now and then, he goes away, he goes out, 
so you know, you keep an eye on him, you never know, it 
could be that he jumps in [...] or if it’s people who might 
have alcohol in the cabin, it could happen that they get 
drunk and go...” (30, third engineer). Accidents on board 
are common (4/20) and had the following consequences: 
Second degree burns to the foot, stab wounds, amputation 
of the ring finger and coccyx fractures. Three out of 20 crew 
members were victims of abuse of authority by military per-
sonnel during inspections on board and victims of bullying 
by other crew members. There were also reports of crew 
members being kidnapped and ships being seized, i.e. 1 re-
spondent was kidnapped by pirates for 33 days, another 
reported that the ship he was on was seized off Nigeria for 
a week and a final seafarer reported that he was on board 
the ship for 7 months during the COVID-19 pandemic with 
a broken boiler without touching land. Five different people 
reported assisting in fatal accidents and being victims 
of pirate attacks. Two seafarers faced fire on board during 
their careers, while another survived a hull explosion on 
his first route.

WORK RESOURCES
Different personal and organizational labour resourc-

es are mentioned in the interviews, as you can see in 
Table 3.

For the last statement of Table 3, it is important to de-
scribe that this sample used to need support from the Mer-
chant Marine Fund, which can provide money for time spent 
recovering at home. This situation, as they expressed, is 
due to the lack of retribution during the time at home. 
Statements were made in relation to work resources such 
as: “I have experienced some negative events [he was ab-
ducted in the forests of Guinea Gulf], and I realised that... 
yes, it is true that I complain, but it is also true that I really 
miss it... by now I have arrived in the maritime culture” (50, 
first deck officer); “you eat there on the topside, in the brief-
ing room, you stand there, we cook and spend the whole 
evening there, maybe stop in port and eat, and these are 
the little things that make you say: OK, I am in a familiar 
environment, a calm environment, I’ll be back!” (27, third 
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deck officer); “now I can live [referring to the long routes 
that now leave him more time for himself]” (53, captain); 
“the change to let off steam after work [hitting a punching 
bag]” (25, engine cadet).

PSYCHOPHYSICAL EFFECTS OF LIFE ON BOARD
Regarding the psychophysical effects of life on board, 

the seamen interviewed expressed symptoms such as 
dissatisfaction, nostalgia, deterioration of eyesight, sleep 
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Figure 1. Psychosocial risk factors associated with an experience of work stress
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disorders, headaches, cardiac arrhythmia, burns, broken 
bones, physical fatigue, mental exhaustion, nervous exhaus-
tion, ulcers, colitis, anxiety, hearing loss, psychophysical 
well-being after reaching destinations, seasickness, general 
malaise, leg complaints, nervousness, anxiety and gastritis 
(Fig. 2). They expressed: “the stress we accumulated on 
the routes is cumulative” (50, first deck officer); “we had 
a cabin below sea level” (45, second deck officer); “I cannot 
take it anymore, I want to go home [...] you start talking to 
yourself [...] it’s like the captain is another person” (25, 
third deck officer).

SUGGESTIONS FOR A BETTER QUALITY OF LIFE 
ON BOARD

The suggestions expressed by seafarers during the inter-
views to improve the quality of life in the maritime sector are 
to improve the quality of training (6/20), increase the num-
ber of crew members and reduce the cost of internet for 
better connection with the rest of the world (5/20), shorter 
time on board (4/20), psychological care ashore or at sea 

and more consideration for employees by the company 
(3/20), use of offshore contracts, more recreational space 
on the ships, social recognition of the seafaring profession 
as strenuous work, granting a basic salary during time at 
home, better work organization (2/20).

DISCUSSION
There are alarming findings in the literature about 

the working and living conditions of seafarers [9, 24]. 
The main objective of this study is to investigate the psy-
chosocial risks in a sample of southern Italian seafarers 
through some semi-structured interviews.

The activities of the sample crew are always controlled by 
the planned maintenance system and reported by the cap-
tain, but the excessive workload due to the lack of crew 
members could have an impact not only on the falsification 
of the logbook but also on the safety of the ship.

The findings show that there is no weekly rest day 
and the daily working hours exceed 8 hours, which could af-
fect the quality of sleep and attention during work and jeop-
ardise the safety of the entire crew and cargo. However, lack 
of sleep and attention are not the main causes of stress 
reported by seafarers. The absence of family members 
and the inability to contact or be with them is the most 
common cause of stress among crew members. The ab-
sence of family members could have an impact on work-life 
balance, work-family conflict or work-family spill over.

The seafarers in this sample typically assist with or 
are involved in traumatic events, but not all of them were 
supported by the company in coping with the experience. 

Work resources show that discovering the world and pas-
sion for the type of work are the most common personal 
resources for this sample. Instead, high salary is the most 
common organisational resource, followed by efforts to 
create a positive work environment.

The results on the psychophysical impact of life on 
board show that there are a significant number of common 
symptoms related to quality of life on board for seafarers.

All the suggestions in the sample can be seen as 
needs of the seafarers. It is interesting to see that there 
is a link between the psychosocial stressor they expressed 
and the most frequently mentioned suggestion. Instead, 
the first suggestion was to improve the quality of training, 
followed by a way to overcome the distance to the rest 
of the world and to reduce the cost of internet on board.

LIMITATIONS OF THE STUDY
The sample used in this study is gender limited as 

the seafarers interviewed were all men. The data cannot 
be standardised, and the sample is not representative 
of seafarers in southern Italy. This study focused on a sin-
gle city in southern Italy. It is not possible to understand 

Table 3. Work resources

Work resources Times

Personal resources

Opportunity travel 12/20

The passion for the type of work 9/20

To know new people 7/20

To learn from the experience at work 4/20

To know how to manage stressful experience 3/20

To coming back home or the communication  
that soon you will go home

2/20

Self-knowledge 2/20

The pleasure to see the sea 2/20

To speak different languages 1/20

To help the others 1/20

Organizational resources

High salary 11/20

Positive work environment 5/20

Recognition from the colleagues 5/20

Duration of the rest at home 4/20

The ability on board to keep up with  
technological innovation

3/20

To have an own space on board 3/20

Constant retribution 3/20

To have responsibility 1/20

The possibility to make a career 1/20

The advantages of easily gaining from  
the fund for merchant marine during leave

1/20
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whether the company flag or company management is 
related to the well-being of the seafarers in the sample. 
The narratives of the sample could be influenced by false 
memories, as the reported experiences are not always 
related to the last embarkation.

CONCLUSIONS
The work stressors reported by the sample, particularly 

the lack of family and the conflict between work and rest, 
may play an important role in seafarers’ quality of life. 
These findings are only a preliminary investigation to serve 
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as a basis for a future study analysing the role of psycho-
social risks among Italian seafarers. From the interviews, 
it can be concluded that the sample perceived a low level 
of well-being at work, which can be attributed to the lack 
of attention paid by shipowners to the application of MLC 
[11] and STCW [17].

Conflict of interest: None declared

REFERENCES
1.	 Rozanov V. Mental health problems and suicide in the younger 

generation — implications for prevention in the Navy and mer-
chant fleet. Int Marit Health. 2020; 71(1): 34–41, doi: 10.5603/
imh.2020.0009.

2.	 DeLoughery E. Characteristics of fatal marine accidents. Int Marit 
Health. 2022; 73(3): 115–116, doi: 10.5603/imh.2022.0022.

3.	 Jensen HJ, Oldenburg M. Training seafarers to deal with multicultural 
crew members and stress on board. Int Marit Health. 2020; 71(3): 
174–180, doi: 10.5603/imh.2020.0031.

4.	 Forsell K, Eriksson H, Järvholm B, et al. Work environment and safety 
climate in the Swedish merchant fleet. Int Arch Occup Environ Health. 
2016; 90(2): 161–168, doi: 10.1007/s00420-016-1180-0.

5.	 Calhoun SR. Human Factors in Ship Design: Preventing and Reducing 
Shipboard Operator Fatigue, 2006.

6.	 Paschold H, Sergeev A. Whole-body vibration knowledge survey 
of U.S. occupational safety and health professionals. J Safety Res. 
2009; 40(3): 171–176, doi: 10.1016/j.jsr.2009.02.008.

7.	 Dobie TG. Critical Significance of Human Factors in Ship Design, 
2003.

8.	 Main L, Chambers T. Factors affecting maritime pilots’ health 
and well-being: a systematic review. Int Marit Health. 2015; 66(4): 
220–232, doi: 10.5603/imh.2015.0043.

9.	 Carotenuto A, Molino I, Fasanaro AM. Psychological stress in seafar-
ers: a review. Int Marit Health. 2012; 63(4): 188–194.

10.	 McVeigh J, MacLachlan M, Cox H, et al. Effects of an on-board 
psychosocial programme on stress, resilience, and job satisfaction 
amongst a sample of merchant seafarers. Int Marit Health. 2021; 
72(4): 268–282, doi: 10.5603/imh.2021.0051.

11.	 ILO. Original MLC Convention Annexes.
12.	 De La Campa Portela MR, Pérez MEG. Psychosocial risks of the sea-

farers. In: Psychosocial risks of the seafarers. Seafarers: an inter-
national labour market perspective. Editorial Gomylex; 2016: 41.

13.	 Anele K. A study of the role of seafarers in combating piracy off 
the coast of Nigeria. WMU J Marit Affairs. 2016; 16(3): 313–349, 
doi: 10.1007/s13437-016-0111-y.

14.	 Hystad S, Eid J. Sleep and fatigue among seafarers: the role 
of environmental stressors, duration at sea and psychological 
capital. Safety Health Work. 2016; 7(4): 363–371, doi: 10.1016/j.
shaw.2016.05.006.

15.	 Yancheshmeh FA, Mousavizadegan S, Amini A, et al. Poor sleep 
quality, long working hours and fatigue in coastal areas: a dan-
gerous combination of silent risk factors for deck officers on oil 
tankers. Int Marit Health. 2020; 71(4): 237–248, doi: 10.5603/
imh.2020.0042.

16.	 Little A. Driving Safety Culture: Identification of Leadership Qual-
ities for Effective Safety Management Final Report to Maritime 
and Coastguard Agency. 2004; 44.

17.	 International Maritime Organization, International Conference on 
Training of Seafarers. C. STCW 1978: International Convention on 
Standards of Training, Certification, and Watchkeeping for Seafarers, 
1978: with resolutions adopted by the International Conference on 
Training and Certification of Seafarers, 1978. Published online 1993.

18.	 Joint ILO/WHO Committee on Occupational Health. PSYCHOSOCIAL 
FACTORS AT WORK: Recognition and control, 1986.

19.	 Andresen M, Domsch M, Cascorbi A. Working unusual hours and its rela-
tionship to job satisfaction: a study of European maritime pilots. J Labor 
Res. 2007; 28(4): 714–734, doi: 10.1007/s12122-007-9010-5.

20.	 Zorn EW, Harrington JM, Goethe H. Ischemic heart disease and work 
stress in West German sea pilots. J Occup Med. 1977; 19(11): 
762–765.

21.	 Schager B. When technology leads us astray: a broadened view 
of human error. J Navig. 2007; 61(1): 63–70, doi: 10.1017/
s0373463307004493.

22.	 Gregory D, Shanahan P. The Human Element a guide to human 
behaviour in the shipping industry. The Stationery Office 2010.

23.	 The United Kingdom Mutual Steam Ship Assurance Association 
(Bermuda) Limited. DIRECTORS’ REPORT & FINANCIAL STATE-
MENTS, 2006.

24.	 Carter T. Working at sea and psychosocial health problems. Report 
of an International Maritime Health Association. Travel Med Infect 
Dis. 2005; 3(2): 61–65, doi: 10.1016/j.tmaid.2004.09.005.

25.	 Giunta P. Gazzetta Ufficiale. 2009; 2003: 2004–2006.
26.	 Cox T, Griffiths A, Rial-González E. Research on work-related stress, 

2000.
27.	 Glaser BG, Strauss AL. The discovery of grounded theory: strategies 

for qualitative research. Aldine Publishing 1967.

www.intmarhealth.pl 61

Francesco Buscema et al., How can the seafarers do it?

http://dx.doi.org/10.5603/imh.2020.0009
http://dx.doi.org/10.5603/imh.2020.0009
http://dx.doi.org/10.5603/imh.2022.0022
http://dx.doi.org/10.5603/imh.2020.0031
http://dx.doi.org/10.1007/s00420-016-1180-0
http://dx.doi.org/10.1016/j.jsr.2009.02.008
http://dx.doi.org/10.5603/imh.2015.0043
http://dx.doi.org/10.5603/imh.2021.0051
http://dx.doi.org/10.1007/s13437-016-0111-y
http://dx.doi.org/10.1016/j.shaw.2016.05.006
http://dx.doi.org/10.1016/j.shaw.2016.05.006
http://dx.doi.org/10.5603/imh.2020.0042
http://dx.doi.org/10.5603/imh.2020.0042
http://dx.doi.org/10.1007/s12122-007-9010-5
http://dx.doi.org/10.1017/s0373463307004493
http://dx.doi.org/10.1017/s0373463307004493
http://dx.doi.org/10.1016/j.tmaid.2004.09.005


www.intmarhealth.pl

Dr. David Lucas, Service de Santé des Gens de Mer (SSGM) de Brest, 3 Rue Jules Michelet, 29200 Brest, France, e-mail: david1.lucas@developpement-durable.gouv.fr 

Received: 16.02.2023	 Accepted: 15.03.2023

Assessment of mental health and psychosocial 
factors in French merchant officer cadets

David Lucas1, 2, 3, Nolwenn Coadic1, Dominique Jégaden2

1Seafarers Health Unit, Brest, France 
2French Society of Maritime Medicine, Brest, France 

3ORPHY Laboratory, University Brest, France

ABSTRACT
Background: �Several studies have demonstrated the existence of psychological pathologies and psycho-
social risks among seafarers, particularly merchant navy officers. To date, there is no study of merchant 
navy officer cadets. First aims are to assess anxiety and depression disorders, framework, work strain 
and social support in this population.
Materials and methods: �A questionnaire including demographic and sailing data to which we added the 
Hospital Anxiety and Depression Scale (HAD) and Karasek questionnaire was developed. All students were 
approached and completed the questionnaire anonymously by electronic means.
Results: �One hundred and seventy questionnaires could be included. The population was predominantly 
male (76.4%), and the average age of the students was 21.7 years. The means of the HAD anxiety and HAD 
depression were 6.9 and 5.37, respectively. According to Karasek classification, we noted that the “acti-
ve” class was the most represented with 29.4% of students, followed by the “high strain” and “low strain” 
classes with 27.6%. The “passive” class was the least represented with 15.3%.
Conclusions: �We found a predominance of anxiety disorders but few signs of depression. Signs of “high 
strain” according to Karasek were found in 27.6% of the population of these young officers. Job demand 
was linked to mean of anxiety and depression disorders declared in HAD questionnaire. Being a woman 
was associated with anxiety but not depression symptoms. Prevention programme to decrease the level 
of job demand and increase decision latitude and social support seems relevant for mental health disor-
ders in merchant officers.

(Int Marit Health 2023; 74, 1: 62–69)
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INTRODUCTION
In recent decades, studies increased knowledge on occu-

pational physical and psychological stressors exposure in sea-
farers [1]. Some, like fatigue, boredom and social isolation are 
linked to social and technology modifications. Global economic 
growth is coupled with shipping trade and maritime technology 
has to respond to globalisation signals. Globalisation encour-
aged transactions of goods and service “just in time” in smaller 
packets. Maritime transport, shipping but also fishing is now 
directly impacted by worldwide globalisation.

Oldenburg and Jensen [2] recently published an article 
on stress and strain among seafarers considering their 
jobs on board. With a sample of 323 seafarers employed 
on 22 container ships, they conducted an interview-based 
study with a questionnaire addressing stressors among 
seafarers validated in a previous study [2]. Specific job-re-
lated factors such as sailing route, trip duration at sea, 
physical stressors (e.g. noise and seasickness) and psy-
chosocial stressors (e.g. shift to new ship and social prob-
lems due to migration) were assessed. Nautical officers 
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more frequently felt mentally stressed than the ratings, 
which the authors attributed to their higher maximum 
working hours and higher work-related demands. They 
also found that watchkeepers had significantly shorter 
sleeping periods than daytime workers (i.e. 5.5 h vs. 5.8 h) 
and significantly lower scores for effectiveness of sleep, 
the overall average of which was 69.6% (odds ratio 0.48; 
95% confidence interval 0.26 to 0.88). In view of those 
findings, the authors proposed a possible relationship 
between chronic fatigue and human error during maritime 
disasters. By job type, officers complained more often 
than non-officers about high stress levels due to time 
constraints and administrative tasks [2].

Fatigue is considered as an important maritime safety 
and mental health problem [3]. The youngest are more 
burdened by stress, especially because of the lack of good 
social relationships, physical fatigue and lack of control [4]. 
A French survey with 74 seafarers on oceanographic vessels 
studied stress using the Karasek demand-control-model. Of 
all respondents, 17% were at the low end of the decision 
level in the model of Karasek and regarded as an expression 
of high stress risk, which is believed to be associated with 
a high risk of stress. There were 33% with mental stress 
in the overall health tests [5].

As coronavirus disease 2019 (COVID-19) continues to 
adversely impact seafarers, an estimated 400,000 of whom 
are stranded on vessels around the world; many working 
within the maritime industry have become increasingly con-
cerned about the damaging effects of extended time on 
board, as well as complications with repatriation and the fi-
nancial problems resulting from unexpected unemployment. 
The well-being of seafarers during on-board COVID-19 out-
breaks was evaluated with the General Health Question-
naire-12, where 60% of the sample had mean Likert-scores 
below 15 (i.e. “No problems”), whereas 40% had scores from 
15 to 23 (i.e. initial problems). In response to other items, 
half of the seafarers did not feel safe performing their jobs 
and 60% did not think that every precaution had been taken 
to ensure their health at work due to the pandemic. Another 
30% suffered from insomnia to the extent of becoming con-
cerned, while 26% reported being unhappy and depressed 
during their latest tour of duty [6].

In 2010, Beaucher et al. [7] analysed qualitatively first 
embarkment reports of French merchant officer train-
ees. Major stress sources described were vessels opera-
tions, piracy, damages and meteorological conditions. At 
the end, most of them concluded that this first onboard 
experience confirms their professional choice [7].

In another French study involving younger students 
from marine college and using the GHQ12 questionnaire, 
we found 43.2% of students with psychological distress 
(unpublished).

Linked to these, we think that it could be interesting 
and relevant to perform a study on French Merchant Offi-
cer trainees.

First aims are to assess anxiety and depression disor-
ders, framework, work strain and social support in this pop-
ulation.

MATERIALS AND METHODS
We conducted an observational study of self-evalu-

ation using an anonymised questionnaire. The first part 
of the questionnaire focused on demographic and profes-
sional data (gender, age, year of training, type and duration 
of internships) and then participants were asked to answer 
two internationally validated questionnaires: the Hospital 
Anxiety and Depression Scale (HAD) and Karasek question-
naires [8, 9].

A hyperlink, created via the Sphinx Online software, 
to the questionnaire was sent to the students in their stu-
dent mailboxes.

An e-mail was sent on 02/02/2022; a reminder was sent 
on 03/03/2022. The link was deactivated on 15/03/2022.

The entire population was composed of 637 students 
distributed as follows: 162 in the first year of a Bachelor’s 
degree, 155 in the second year of a Bachelor’s degree, 
122 in the third year of a Bachelor’s degree, 109 in the first 
year of a Master’s degree and 89 in the second year 
of a Master’s degree.

INFORMED CONSENT
All information on the survey was included in the first 

page of the questionnaire and detailed in the email send 
with the link. 

TESTS
The Karasek questionnaire or Job Content Questionnaire 

(JCQ) was developed for a self-assessment of the psycho-
social environment constraints at work. In this test, a work 
situation is characterised by the combination of psychologi-
cal demand (workload or job demand) and decision latitude. 
By crossing these characteristics, four work situations can 
be defined, including low strain, passive, active and high 
job strain [10].

It then introduces another dimension, which is social 
support at work (colleagues or superiors).

The HAD is a questionnaire for the detection of anxiety 
and depressive symptoms [8].

STATISTICS
The questionnaire was carried out using the “Sphinx” 

software. The data were extracted and coded on the Sphinx 
software and then the statistical analysis was carried out 
with the XL Stat software (Addinsoft 2022). The data were 
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anonymised and stored on a secure server in the hospital 
department with a password.

For the HAD, we followed the recommendations of these 
authors for coding. If the sum was greater than or equal to 
11, we considered that there was a proven symptomatol-
ogy [8].

For the Karasek model questionnaire, we assigned 
a value of –2, –1, +1, +2 to each response. The sum was 
made in each of the three categories: job demand, decision 
latitude and social support. When the sum was less than 0, 
we considered the job demand to be low, and when it was 
greater than 0, we considered it to be high. When the sum 
was less than 0, we considered decision latitude to be low 
and when it was higher, we considered it to be high. Finally, 
when the sum was less than 0, we considered social support 
to be low and when it was greater than 0, we considered 
it to be high. When the sum was equal to 0, we excluded 
the students from the analysis.

The statistical analysis of the data was carried out using 
XL Stat software (Addinsoft 2021). It includes a descriptive 
phase of the data expressed in numbers and percentages, 
Then, a comparison by work situations according to Karasek 
model was carried out by Chi-square test when the statisti-
cal conditions allowed it or by Yates corrected Chi-square. 
The means of the anxiety and depression scores were com-
pared between the different categories of the Karasek score 
using the Z test for comparison of means. For all statistical 
tests, the p significance level was set at 0.05.

We also performed a linear regression analysis between 
the anxiety and depression values of the HAD questionnaire 
with the explanatory variables: age, gender, decision lati-
tude, social support and job demand as independent vari-
ables.

Next, a Pearson correlation test and linear regression 
were performed for the anxiety and depression values 
of the HAD test.

RESULTS
The questionnaire was sent to 637 students and 178 re-

sponded. The response rate was therefore 27.9%.
We chose to remove from the analysis the 8 people 

who had obtained the sum of 0 on the Karasek score for 
work constraints or for decision latitude. This would not 
have allowed us to classify them in one of the four Karasek 
categories. The rest of the results would therefore be pre-
sented with a student population of 170, except for the stu-
dent characteristics.

The population was predominantly male (76.4%). The av-
erage age of the students was 21.67 years. 23.6% had not 
carried out any training. Of the 76.4% who had completed at 
least one placement, a majority had completed more than 
60 days at sea (84.6%).

We found that 19.1% of the students’ report having 
experienced one or more traumatic events during their 
onboard training.

The main characteristics of the included population 
and those of the embarkations are described in Table 1.

The average scores of HAD anxiety and HAD depression 
were 6.871 ± 3.8 and 5.371 ± 3.3, respectively.

Of the 170 students, 31 showed symptoms of anxiety, 
representing 18%. Fewer of them showed depressive symp-
toms, 13 or 7.6% (Table 2).

Table 1. Demographic characteristics of included students

Features Per cent Workforce

Response rate 100%

Gender:

Male 76.4% 136

Woman 23.6% 42

Age [years]:

< 20 24.2% 43

20–24 63.5% 113

25–29 9.6% 17

30–34 1.7% 3

35–39 0.6% 1

> 40 0.6% 1

Average 21.67

Year of training:

L1 21.3% 38

L2 28.1% 50

L3 24.2% 43

M1 14% 25

M2 12.4% 22

Number of on-board courses:

0 23.6% 42

1 10.7% 19

2 19.1% 34

3 23.6% 42

4 7.3% 13

5 4.5% 8

> 5 11.2% 20

Average duration of internships 
[weeks], Average

8.98
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The profile of the students was very diversified; we found 
mainly three classes which were almost equal in terms 
of numbers. The “active” class was the most represented 
with 29.4% of the students, followed equally by the “tense” 
and “relaxed” classes with 27.6%. The “passive” class was 
the least represented with 15.3%.

Description of different variables for each Karasek class 
are presented in Table 3 with same frequencies of gender 
in different classes. 

The comparison of the means of the HAD question-
naire according to the category of the Karasek question-
naire showed a significant increase in the level of anxiety 
in the high strain (also named “tense”) group compared to 
the active, passive and, especially, low strain group. The de-
pression score was also significantly worse in the tense 
group compared to the low strain and passive group, as 
shown in Table 4.

When performing analysis of correlation using Pearson 
test, we found that for anxiety and depression rated by 
the HAD questionnaire, there was a significant and positive 
relationship with job demand and a negative one for deci-
sion latitude and social support (Table 5).

Interestingly, Table 6 shows the results of the lin-
ear regression. It shows that age had no influence on 
the different HAD scores. But gender, especially female, 
was significantly related to depression scores but not to 
anxiety. The data from the Karasek model had a strong 
impact on the variance of overall health, anxiety and de-
pression. When it was added to the equation, the variance 
increased by almost 30% for both entities (anxiety and de-
pression). More specifically, work constraints and social 
support had an impact on anxiety and depression. Deci-
sion latitude, on the other hand, had no significant effect.

DISCUSSION
In this study, we were able to assess the psychological 

health of French merchant navy cadets using internationally 
validated tests. Anxiety-type pathologies were detected 
thanks to the HAD test, but only few depressive syndromes 
were observed. Interestingly, the analysis of the Karasek 
questionnaire showed that more than a quarter of the stu-
dents were included in the high strain “tense” class. The main 
factors influencing depressive symptoms were female gen-
der and job strain with a protective effect of social support. 
For anxiety symptoms, the influence of gender was not 
found, but the influence of stress and social support was 
similar to that of depression.

A study published in 2014 among French seafarers eval-
uated, by means of the HAD questionnaire, a score of anx-
iety and depression respectively > 11 in 17.9% and 7.7% 
of officers and 20.5% and 7.7% for other crew members 
[11]. These figures are very close to ours for officers, de-

Features Per cent Workforce

Maximum duration of traine-
eships [weeks], Average

11.79

Total number of course days [J]:

< 10 0.7% 1

10–20 0.7% 1

21–30 2.2% 3

31–40 0.7% 1

41–50 7.4% 10

51–60 3.7% 5

> 60 84.6% 115

Type of vessel:

Passenger ship 67.6% 92

Freight ship 50% 68

Raw material transport vessel 30.9% 42

Special ships 28.7% 39

Port vessels 7.4% 10

Other 11.8% 16

Nationality of the shipping 
company:

French 99.3% 135

Foreign 13.2% 18

Language spoken on board:

French 19.9% 27

English 8.8% 12

French + English 71.3% 97

Traumatic events:

Yes 19.1% 26

No 80.9% 110

Table 2. Results of the HAD questionnaire in classes

No. of 
stu-
dents

Question-
naire re-
sults

Number Frequen-
cy (%)

HAD  
anxiety

170 > or equal 11 31 18.2

< 11 139 81.7

HAD  
depression

170 > or equal 11 13 7.6

< 11 157 92.3

HAD — Hospital Anxiety and Depression Scale

Table 1 (cont.). Demographic characteristics of included  
students
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spite differences in the population in terms of average age 
and the exclusive presence of men in the study by Jégaden 
et al. [11]. Interestingly, the authors did not find any sig-
nificant difference in the average anxiety and depression 
scores between seafarers and sedentary controls, nor be-
tween seafarers and operational staff. Concerning the use 
of medication, 2.5% of the officers were taking anxiolytic or 
antidepressant treatments compared to 10.3% and 5% for 
the other seafarers [11]. In this study, the authors evaluated 
the disposition to boredom by questionnaire. They highlight-
ed the existence of this state of boredom predominantly 
among the operational staff and that it would be linked to 
less external stimulation (monotony, loss of meaning at 
work, different relationship to time).

As for anxiety and depression, it seems that French 
cadets have the same health assessment as their el-
ders. The GHQ12 questionnaire was recently used in a study 

Table 3. Description of variables for each Karasek class in number and frequencies

Karasek class

Active Low strain Passive High strain

Gender Woman 12 (24%) 12 (25.5%) 7 (26.9%) 10 (21.3%)

Male 38 (76%) 35 (74.4%) 19 (73.1%) 37 (78.7%)

Year of training L1 13 (26 %) 10 (21.2%) 5 (19.2%) 9 (19.1%)

L2 9 (18%) 13 (27.6%) 11 (42.3%) 15 (31.9%)

L3 13 (26%) 10 (21.2%) 5 (19.2%) 12 (25.5%)

M1 8 (16%) 9 (19.1%) 2 (7.7%) 6 (12.7%)

M2 7 (14%) 5 (10.6%) 3 (11.5%) 5 (10.6%)

HAD anxiety 11 and over 9 (18%) 5 (10.6%) 3 (11.5%) 14 (29.8%)

< 11 41 (82%) 42 (89.3%) 23 (88.5%) 33 (70.2%)

HAD depression 11 and over 4 (8%) 2 (4.2%) 2 (7.692%) 5 (10.6%)

< 11 46 (92%) 45 (95.7%) 24 (92.3%) 42 (89.4%)

Table 4. Comparison of results (by Chi-square) of the HAD 
questionnaire according to the type of position according to 
the Karasek classification, p-values

HAD anxiety

Active 1

Low strain 0.005 1

Passive 0.366 0.101 1

High strain 0.043 < 0.0001 0.010 1

HAD depression

Active 1

Low strain 0.045 1

Passive 0.152 0.860 1

High strain 0.353 0.005 0.036 1

HAD — Hospital Anxiety and Depression Scale

Table 5. Correlation test (Pearson) between HAD questionnaire anxiety, depression scores and job type according to Karasek classification

Anxiety HAD Job demand Decision latitude Social support

HAD anxiety 1

Job demand 0.394*** 1

Decision latitude –0.305*** –0.212** 1

Social support –0.457*** –0.340*** 0.388*** 1

Depression HAD Job demand Decision latitude Social support

HAD depression 1

Job demand 0.379*** 1

Decision latitude –0.174** –0.212** 1

Social support –0.428*** –0.340*** 0.388*** 1

*p < 0.05;**p < 0.005;***p < 0.0001; HAD — Hospital Anxiety and Depression Scale
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including 72 seafarers sailing in the Adriatic Sea, the av-
erage score was 13.9, very similar to our study. A high 
proportion, 30%, suffered from insomnia and 26% said they 
were depressed or sad when they last sailed [6].

In our study, we find a high percentage of students 
classified as tense (24.6%) according to the Karasek mod-
el and therefore more at risk of developing psychologi-
cal and cardiovascular pathologies linked to stress. This 
percentage is higher than those of French studies from 
2008 (10%) and 2010 (13.5%). The two population sam-
ples are different, with an exclusively male population over 
40 years old and including the entire crew (officers and op-
erational staff) for Loddé et al. [5].

The difference in results can be explained by the young 
age of the students, who are entering working life. Being 
students, on placement they have less decision latitude 
than an officer but strong demands because they are ap-
prentices.

In recent publications on the mental health of seafarers, 
several factors causing occupational stress have been high-
lighted, such as remoteness, long working hours, loneliness on 
board, multi-ethnicity, limited recreational activities and sleep 
deprivation. Interestingly, almost 20% of the students report-
ed having experienced a traumatic situation during boarding. 
We do not have more precise data on these events. How-
ever, in their study on the psychological impact of the first 
embarkation, Beaucher et al. [7] described the main stress 
factors reported by the students as including 32% related 
to the operation of the ship, 14% related to damage, 14% 
related to piracy and then weather conditions. Stress prior 
to embarkation was reported by 23%.  

Similarly, seafarers are commonly exposed to situations 
at risk of post-traumatic stress disorder as noted for 35.9% 
of the 323 German seafarers interviewed: maritime disas-
ters, threats or major maritime accidents, including piracy 
on board (17.0%) and stowaways (39%) [12].

Another possible source of discomfort was the atmosphere 
on board with possible difficulty in integrating and language 
barriers. In Beaucher et al. [7] study 23% described a more 
difficult integration, but the overall feeling was positive.

Some difficulties were described with the language bar-
rier with some crew members speaking little English. In our 
study, in 71% of cases French and English were spoken on 
board, rarely one language. We did not ask if there were 
other languages spoken.

The period of the COVID-19 pandemic may have in-
fluenced these results, as students are faced with uncer-
tainty about their future and worries about what to ex-
pect from internships or their future work. A meta-analysis 
of 176 studies published in December 2021 found a prev-
alence rate of 30.6% for depression and a prevalence rate 
of 28.2% for anxiety among post-secondary students during 
the COVID-19 pandemic, worldwide [13]. It should be noted 
that these studies were conducted in different countries 
and among students from different fields. However, it is 
clear that anxiety and depressive symptoms can be very 
high among students.

COVID-19 also influenced the maritime field, as 
shown in a recent article which, comparing papers before 
and during the COVID-19 period, found that the pandem-
ic contributed to significantly higher levels of depression 
and anxiety among seafarers. They found a significant dif-
ference for both depression and anxiety, indicating a signifi-
cantly higher average for depression and anxiety symptoms 
during the pandemic than before [14]. Another study from 
2021 conducted during the COVID-19 period found a prev-
alence of depression, anxiety, stress, self-reported anxiety 
general psychiatric disorders and poor perceived health 
of 12.3%, 11.6%, 5.9%, 2.1%, 42.6%, and 4.3%, respec-
tively [15]. In addition, non-officer seafarers experienced 
significantly less psychosocial distress, such as anxiety 
and stress, than officers [14].

Table 6. Linear regression between the anxiety and depression values of the HAD questionnaire with explanatory variables

HAD anxiety HAD depression

t R2 t R2

Demographic: 0.01 0.05

Age –0.02 0,01

Gender 0.39 1.7**

Karasek models: 9*** 0.29 6.55*** 0.27

Job demand 1.27*** 1.1***

Decision latitude –0.9 0.08

Social support –1.66*** –1.4***

*p < 0.05;**p < 0.005;***p < 0.0001; HAD — Hospital Anxiety and Depression Scale
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We can ask ourselves whether the period of the 
COVID-19 pandemic still influences the psychological health 
of seafarers or not.

In a Swedish case-control study including more than 
700 engine officers and 300 British engineers working 
ashore, the authors showed no significant differences be-
tween the two populations for perceived job strain, impact 
of family-work and work-family conflict and global health as-
sessment via the GHQ12. However, they noted a higher level 
of perceived stress and role conflict among seafarers. This 
perceived stress and impact on mental health was more 
significantly related to the conflict dimension than to role 
ambiguity [16]. As in our study, the factor in the job-demand 
model influencing stress was job strain. Contrary to our re-
sults, social support had no impact on the analysis models.

Further analysis in the population of 731 Swedish engineer 
officers revealed that age had no impact on the occurrence 
of mental illnesses or on the deterioration of work stress. On 
the other hand, age had a significant impact on perceived 
stress and the interaction between age and work stress had an 
impact on the stress level and mental health of seafarers. Thus, 
the authors concluded that the impact of job strain on stress 
and mental health was greater in older officers [17].

This is in line with the data from the study of French sea-
farers, which found the same proportion of ‘tense’ among 
officers as among operational staff, but a majority of officers 
classified as active (30%) and passive (53.8%) among other 
crew members. With age, the officers went from passive 
to active and the operational staff increased their passive 
character [18].

The high proportion of officer cadets classified in our 
study as tense raises questions about their future psycho-
logical stability and the risk of developing psychological pa-
thologies.

Sickness reports of 22,763 American seafarers were an-
alysed in the 1980s to determine the relationship between 
work-related stressors and the occurrence of eight stress-re-
lated diseases (cardiovascular disease, hypertension, myocar-
dial infarction, psychoneurosis, suicide, peptic ulcer disease, 
gastritis, arthritis and asthma). Hierarchical position was found 
to be the main determinant of the rate of disease occurrence. 
Deck and engine officers had a significantly higher percentage 
of stress-related illnesses. By job category, licensed deck per-
sonnel showed higher rates of cardiovascular disease, suicide 
and asthma, and engine engineers of myocardial infarction 
and asthma. The explanatory factors expressed by the authors 
were the high level of responsibility, adaptation to technological 
and situational changes and the general ageing of the mer-
chant marine workforce [19].

It emerges that, within the corporation of merchant navy 
officers, the psychosocial factors with the greatest impact 
on the overall and mental health of seafarers are work con-

straints and, more particularly, conflicts, contradictory de-
mands and their resolution. This is in line with the latest work 
on German ships which found a higher level of stress among 
officers, which the authors linked to a regularly increasing ad-
ministrative workload and sleep deprivation [2]. The intensifica-
tion of rotations between the various ports, the administrative 
constraints of customs but also of health and the increase 
in profitability within maritime transport are very likely sources 
of this. Within our population of cadets, social support has an 
important protective role which can be explained by the ap-
prenticeship period and the status of being an overcrowded 
cadet within the crew with special attention from the tutor. It 
would compensate for the high levels of stress.

Despite the good participation in our study, a selection 
bias with an over-representation of students aware of health 
and its prevention is likely. Similarly, we can assume that 
some students were not able to respond to the study because 
they were on a work placement. The length of the study’s 
inclusion period and the reminders helped to limit this bias.

The maritime sector is essentially male. However, 23% 
of the respondents were women, which is not a negligible fig-
ure. We can assume that the officer community is becoming 
more feminine. According to the website of officers cadets 
school (https://www.supmartine.fr), the class of engineers 
who entered Marseille in 2020 was 23% female. According 
to national insurance figures for 2018, out of 38,956 active 
seafarers there were 3,072 active women, i.e. 7.9% for all 
sectors. In the trade sector there were 11.3% women.

LIMITATIONS OF THE STUDY
We did not ask in our questionnaire whether the re-

spondents were taking medication such as anxiolytics or 
antidepressants, nor whether they were being followed up 
by a doctor or psychologist for these anxiety or depressive 
symptoms. These data would have been interesting to esti-
mate the intensity and the impact on daily and professional 
life of these symptoms.

Officer cadets have short embarkations with potential-
ly less impact on mental health and less representative 
of the overall merchant navy officer population.

CONCLUSIONS
The assessment of anxiety, depressive disorders 

and psychosocial factors in this population of French offi-
cer cadets shows the preponderance of anxiety disorders. It 
also highlights factors influencing their occurrence, such as 
female gender, high work demands and protective factors 
such as better decision latitude and social support. These 
data open up the prospects of prevention programme that 
take into account the reduction of the impact of these psy-
chosocial factors or the development of protective factors 
in this specific population of workers.
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Worldwide, in 2019 there were approximately 463 mil-
lion adults (20–79 years) with type 2 diabetes mellitus  
(T2DM), by 2045 this number will have increased to 700 mil-
lion adults. In addition, 374 million people have precursors 
to T2DM, prediabetes.

For seafarers and fishermen, there is great social ineq-
uity in relation to health, with an increased risk of obesity, 
metabolic syndrome, T2DM, and hypertension. There is 
therefore a great need for early and accurate diagnosis as 
part of prevention and retention in work.

Like several other occupational groups (including lorry 
drivers), seafarers and fishermen must undergo mandatory 
health examinations every or every second year by maritime 
doctors who are general practitioners authorized to carry 
out these examinations. While around 1.5 million seafarers 
there are millions of fishermen with medical examinations 
annual or biannual. 

It is a major health problem that significant medical 
errors occur in these studies in the form of underestima-
tion of the prevalence of T2DM with up to 80% false neg-
atives due to the use of the current method with urine 

sticks. The prediabetes remains unknown, and an import-
ant prevention potential is thus not utilised. Ignorance 
of the prevalence of prediabetes and T2DM is a serious 
obstacle to establishing relevant prevention [1–3]. 

The focus on early diagnosis and prevention of T2DM 
is based on scientific evidence that preliminary stages 
of T2DM, prediabetes, are reversible and can be normalised 
with non-pharmacological measures and, moreover, are 
assessed to be cost–effective. The international guidelines 
for the diagnosis of T2DM should use laboratory analyses 
for long-term blood glucose (glycated haemoglobin [HbA1c]) 
or fasting blood glucose [4]. However, this does not happen 
in several European and other countries as seen in a ran-
dom selection from several countries of copies of the forms 
used to report the results of the maritime medical examina-
tions. Almost all of them use urine dipsticks instead of blood 
tests with long-term blood glucose or fasting blood glucose 
as recommended by the American Diabetes Association 
(ADA) [4].

The overall goal, seen from a medical and scientific 
perspective, is to establish an early and accurate diagnosis 
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of T2DM during the medical examinations as a background 
for establishing an effective prevention in collaboration with 
the maritime doctors, the Maritime Authorities, the shipping 
companies, and other relevant organizations. Probably as 
the only country, Spain introduced testing of fasting blood 
glucose for all seafarers many years ago followed up by 
a HbA1c test where the fasting glucose is abnormal. Ini-
tiatives are currently underway to revise the International 
Labour Organization/International Maritime Organization 
(ILO/IMO) guidelines for medical examinations in this area.

In conclusion, there is a need for upgrading the routine 
“fit for duty” medical examinations also for other trans-
port workers including, truck-, taxi- and locomotive drivers, 
and airline pilots to replace glucose strip test by either 
HbA1c or fasting blood glucose test (fasting plasma glucose) 
for diagnosis of T2DM. 

This is hereby a call to the National Boards of Health 
to revise the national guidelines for the medical doctors 
on using fasting blood glucose or long-term blood glu-
cose at the medical examinations for precise diagnostics 
of T2DM. Finally, the medical doctors should report all 
laboratory results with the key variables to the national 

occupational/maritime health research centres for anal-
ysis on the standard Excel file for use in the research 
and prevention [5].
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We would like to evaluate the article “Monkeypox virus 
among seafarers is not to be neglected” in which Ogunkola 
et al. [1] discussed the new problem of emerging monkeypox 
disease in seafarers. In general, monkeypox infection poses 
a significant risk and the virus causing the disease can eas-
ily spread between people in a suitable environment. This 
fact is well explained in the article as well as the fact that 
seafarers are more prone to the infection. The distinction 
between infectious disease outbreaks and emerging infec-
tious diseases is fundamental with respect to biomedicine 
and public health. The infection suffered by seafarers fol-
lows the basic biomedical principles of infectious disease. 
To control the situation, it is necessary to understand the dis-
ease epidemiology and pathophysiology. In a nutshell, if an 
unknown but potentially infectious condition emerges, it 
must be confirmed. This basic strategy is based on the epi-
demiological theory. First and foremost, any potential inter-
actions between the host (patient), agent, and the environ-
ment must be evaluated. If the criteria for epidemiological 
triad are fulfilled, the infection problem can be confirmed. 
What matters most from the epidemiological perspective 
is the fact of identifying the problem. After confirming that 
an infection exists, the next stage is to provide information 
about the infectious agent, path of disease transmission, 
susceptible host, and the extent of infection. This applies 
to all populations and all environments? Seafaring, like 
other activities, carries the risk of contracting an infectious 
disease; therefore, it is prudent to learn the fundamental 
concepts of the medical epidemiology, pathophysiology, 
and pathobiological processes of infection.

The epidemiological triad can provide a good explana-
tion for the spread of infections among seafarers. The most 
important component of the epidemiological triad remains 
the agent, i.e. the pathogen. Pathogens may be present 
on board the ship as they could be easily transferred from 
land onto a ship. The pathogens could be introduced into 

the ship by a human, animal, or insect vector. The patho-
gen can easily circulate throughout the entire ship as well 
as within the confined spaces of the vessel. The patho-
genic microorganisms can also be found in seawater [2]. 
In the ship’s environment, the virus can initiate disease 
pathogenesis. The host is primarily the sailor. Seamen are 
generally strong men, which may indicate that they have 
a healthy immune system. However, if a pathogen is par-
ticularly virulent, it will be able to replicate itself regardless 
of the health condition of the host. As previously stated, be-
cause of limited space on board a ship it easy for pathogens 
and hosts to interact. In addition, a maritime journey typical-
ly lasts long enough to allow for the spread and development 
of infections. Limited space and poor sanitation increase 
the risk of contamination, and the limitations in waste dis-
posal may promote pathogen growth. As a result, sanitation 
management on board is critical [3]. It is possible that 
the introduction of the ship disinfection procedure will be 
necessary. Bacteria, viruses, fungi, and parasites excreted 
by animals can infect surfaces and are protected by organic 
materials [3]. Cleaning is an important step in the sanitizing 
process, and if done correctly, it can remove up to 90% 
of pathogens [3]. 

Emerging infectious diseases are defined as novel in-
fectious diseases that have recently appeared in a commu-
nity or infections which existed in the past but are rapidly 
expanding in frequency or geographic reach. An infectious 
disease that is either newly emerging or re-emerging is 
considered to be an emerging infection. Monkeypox is an 
illustration of a re-emerging infection, while coronavirus 
disease 2019 (COVID-19) is a good example of an emerging 
infectious illness. In 2022, monkeypox became a worldwide 
health issue. A patient infected with monkeypox typically 
presents with a fever and disseminated vesicular skin le-
sions. There are currently no reports available of monkeypox 
outbreaks on a ship. However, the COVID-19 lesson has 
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drawn the attention of maritime medical teams to disease 
prevention measures are. A thorough screening before 
boarding the ship is a must.

With regard to maritime activity specifically, there is cur-
rently a lack of information on the monkeypox host, agent, 
and environment. It may not always be easy to diagnose 
the condition. It is possible that skin lesions will be found 
in uncommon locations or that the clinical picture will be 
atypical, or both [4]. A molecular diagnostic test, which 
is rarely done on board, is typically needed for the cor-
rect diagnosis. Additionally, maintaining good sanitation 
is a crucial component of disease prevention. However, 
it can be difficult to maintain appropriate sanitation on 
board [5]. Further research on various clinical presentations 
of monkeypox in seafarers, the progression of the disease 
and the metabolism of seafarers under maritime condi-
tions, as well as various treatment approaches that are 
employed to manage the disease are all of interest in this 
respect. In general, seamen are as susceptible to infection 
as any population. In this regard, we must all continue our 
research into the various clinical issues and illness presen-
tations in seafarers, as well as their progression, responses 

of the seafarers’ metabolism to the environment of the sea 
and the ship, and available therapeutic options.
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We would like to share ideas on the publication “Hae-
matological changes in sailors who had COVID-19” [1]. 
Ignatyev et al. [1] set out to investigate how frequently 
sailors with an acute coronavirus infection experienced hae-
matopoietic alterations. Relative or absolute leukopenia is 
the most frequent laboratory change in the white blood cell 
(WBC) count in patients with the prior coronavirus disease 
2019 (COVID-19), according to Ignatyev et al. [1]. According 
to Ignatyev et al. [1], persistent changes in WBC count should 
be evaluated by a complex of typical alterations because 
they are not necessarily beyond the reference range for 
absolute values. Ignatyev et al. [1] came to the conclusion 
that a patient with a history of COVID-19 warrants a thorough 
investigation for the post-COVID-19 syndrome if there are 
any typical alterations in WBC count. We both believe that 
a thorough examination into the causes of the haematolog-
ical anomalies is necessary. The COVID-19 may or may not 
have anything to do with the observed change in the current 

report. There could be conflicting problems. To begin with, 
it’s important to rule out any concomitant infections. As an 
illustration, dengue is a potential co-infection that may have 
an impact on the haematological parameter [2]. Second, 
underlying haematological conditions may potentially have 
an impact. It is important to rule out a variety of nutritional 
issues such iron and folate deficient illnesses as well as 
hereditary diseases like haemoglobinopathies.
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Dear Colleagues, 

with this issue the International Maritime Health Foundation (IMHF), owner and publisher of this journal, wishes to introduce 
to you a new section named ‘Magazine’.

Among the statutory objectives of the IMHF the most prominent is to provide a platform for the dissemination of knowl-
edge into the maritime health community: the journal you are reading right now!

Despite a long history, the International Maritime Health journal has for a long time struggled to overcome financial 
challenges. Its editorial staff has gone to extremes to collect, review and publish four issues per year, striving for scientific 
accomplishment (impact factor!) and recognition by its readers. In October 2021 the IMHF organized an expert workshop 
aiming to define ways into a sustainable future of the journal and of the foundation in general. A report resulted in numerous 
recommendations that laid base for the IMHF’s strategy plan. You will hear more about that in this journal.

Among the recommendations was the idea to add to the scientific part of the journal a magazine section to foster its 
impact in the maritime medical practitioner community. 

Today this “new kid on the block” enters the stage. We want to provide you with information ranging from announce-
ments of professional events, to chronicles/obituaries, book reviews, educational articles (CME), ongoing research and 
development projects and many more. 

We would also like to encourage our readers to come forward with own info or feedback. We are looking forward to 
engage in a hopefully vivid communication with you, our readers!

Nebojsa Nicolic
President Management Board

International Maritime Health Foundation

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download 
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

The ‘Magazine’ section of this journal is supported by the Seafarers’ Charity  
(www.theseafarerscharity.org).
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EVENTS
The Seafarers’ Charity is one of the organizations supporting the International Maritime Health Foundation — owner and 

publisher of this journal — through a grant for the 2022–2024 period. 
Therefore, it is our pleasure to make our readers aware of the two fundraising events planned for 2023: 

	— Seafarers’ Charity has a limited number tickets to join the team ‘Seafarers KGFS’ at LONDON MARATHON; 23rd April, 2023; 
	— Seafarers’ Charity organizes the ‘24 PEAKS CHALLENGE 2023’; 1st to 2nd July, 2023.

For more information and application see: www.theseafarscharity.org

The International Maritime Health Foundation (IMHF) is delighted to announce a conference and workshop dedicated 
to addressing Seafarer Mental Health Challenges.

Conference: The purpose of the conference is to actively address facilitators and challenges in relation to the mental 
health of seafarers. Conference themes include wellbeing, suicide awareness and prevention, public health management, 
bullying and harassment, and organisational justice, from a policy, legal, and human rights/social justice perspective. 

Who should attend? The IMHF welcomes all who seek to make a positive impact on seafarer mental health challenges.  
Workshop: The final session of the day will feature an industry consensus workshop to facilitate active knowledge ex-

change between attendees and to capture input on how to translate recommendations into policy. All conference attendees 
are invited to contribute to the consensus workshop.

Register here: https://www.eventbrite.ie/e/seafarer-mental-health-workshop-tickets-544643241597

Announcements or Events

SEAFARER MENTAL HEALTH CONFERENCE AND WORKSHOP

Friday 28th April 2023 (9.00am–5.45pm) 
National Maritime College of Ireland,  

Munster Technological University, Cork, Ireland

conference and workshop dedicated to addressing Seafarer Mental Health 

Challenges.

Conference: The purpose of the conference is to actively address facilitators and 

challenges in relation to the mental health of seafarers. Conference themes include 

wellbeing, suicide awareness and prevention, public health management, bullying and 

harassment, and organisational justice, from a policy, legal, and human rights/social 

justice perspective. 

Who should attend? The IMHF welcomes all who seek to make a positive impact 

on seafarer mental health challenges.  

Workshop: The final session of the day will feature an industry consensus workshop to 

facilitate active knowledge exchange between attendees and to capture input on how to 

translate recommendations into policy. All conference attendees are invited to contribute 

to the consensus workshop.

Register here: https://www.eventbrite.ie/e/seafarer-mental-health-workshop-tickets-

544643241597

1983–2023, 40th Anniversary of French Medical Assistance at Sea

On October 12th and 13th, 2023, the French telemedical assistance service will organize a 

meeting in Toulouse to take stock of its activity and to consider its future.

This event, entitled: “40 years of Medical Assistance at Sea, a common history” will bring 

together all the actors involved in this activity. Sailors, shipyards, maritime prefectures, 

MRCC, French Navy, .... 

You are all invited to come and celebrate this anniversary during the meeting.

You can receive the detailed program during the second quarter.
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On October 12th and 13th, 2023, the French telemedical assistance service will organize a meeting in Toulouse to take 
stock of its activity and to consider its future.

This event, entitled: 
“40 years of Medical Assistance at Sea, a common history” 

will bring together all the actors involved in this activity. Sailors, shipyards, maritime prefectures, MRCC, French Navy, .... 
You are all invited to come and celebrate this anniversary during the meeting.
You can receive the detailed program during the second quarter.
Further information and registration at: ccmm.secretariat@chu-toulouse.fr

Joint Action Group recommendations to mitigate impacts of health recommendations on transport key workers: 
The Joint UN/industry sector Action Group (JAG) was established by the UN Secretary General in December 2021 to 

review the impact of the COVID-19 pandemic on the world’s transport workers and the global supply chain (TSC). The follow-
ing organizations cooperate within the JAG-TSC: ILO, WHO, IMO, ICAO, ICS, ITF, IATA, IRU. Since the JAG-TSC has published 
recommendations. The most recent ones dated January 27, 2023, can be accessed using the following link: https://www.
ilo.org/global/about-the-ilo/newsroom/news/WCMS_866326/lang--en/index.htm

Another recent publication on the issue is the WHO’s “Statement on the fourteenth meeting of the International Health 
Regulations (2005) Emergency Committee regarding the coronavirus disease (COVID-19) pandemic”, dated January 30, 
2023. This document can be accessed using the following link: who.int/news/item/30-01-2023-statement-on-the-four-
teenth-meeting-of-the-international-health-regulations-%282005%29-emergency-committee-regarding-the-coronavirus-
disease-%28covid-19%29-pandemic 

For more actual information you can register with the WHO webinars at: https://www.who.int/teams/epi-win/epi-win-we-
binars

1983–2023, 40TH ANNIVERSARY OF FRENCH 
MEDICAL ASSISTANCE AT SEA

News from the International Organizations

MARITIME HEALTH INFORMATION
Nebojsa Nicolic, Klaus Seidenstuecker
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TEXTBOOK OF MARITIME HEALTH — A GATEWAY TO UPDATED KNOWLEDGE
By Jon Magnus Haga and Alf Magne Horneland

Third edition of Textbook of Maritime Health was recently published. It provides you with a comprehensive overview 
of the field of maritime health. 

Maritime health is a multidisciplinary field, concerned with all aspects of health of people at sea. Health professionals in-
volved in people at sea, face a context that differs to health work on shore. Seafarers may have limited training in health-re-
lated matters, even if they are officers in charge of medical care aboard. Maritime health needs to integrate the medical 
knowledge with the maritime context. 

As a medical field, maritime health is diverse. It encompasses most medical disciplines on shore, including public health, 
occupational medicine and clinical medicine. 

The scope of the book is to provide an updated and comprehensive textbook targeted at all those involved in providing 
health at sea, covering as many aspects of maritime medicine as possible.
The context of health service provision at sea

People are at sea for a variety of reasons. Some are at sea for work, others for leisure. Some are boarding ships, boats, 
oilrigs or fish farms. Others swim or dive into the sea. Some people travel long distances, others stayed where they are. The 
maritime domain is diverse. So is maritime health.

A ship is a 24 hours society. Seafarers work, eat, sleep and spend their free time aboard. Thus, maritime health is not 
only individual-oriented health care, but also health promotion, disease prevention and planning of good healthcare services 
aboard. Moreover, as health at sea is not only a personal matter, but rather intimately connected with safety and risk of 
others, maritime health builds on a larger picture of health and maritime safety.
The history of the textbook

The predecessor of the current textbook of maritime health, the Textbook of Maritime Medicine, was first published online 
in 2009. The textbook contained contributions from a number of authors and was edited by Aksel Schreiner. The textbook 
was well received, and gained a broad readership in Norway and abroad. Following its success, it was later extensively 
revised and edited by Tim Carter and republished as a second edition in 2013.

Since 2017 preparation of the third edition has been ongoing. Again, the content was extensively revised and amended. 
Furthermore, the scope of the textbook was extended to include more topics on the health and welfare of seafarers and 
the challenges of the maritime industries in general. In the third edition, less focus has been placed on the management of 
a number of clinical conditions as in previous editions, as these topics have now been covered in the new online Mariners 
Medico Guide (www.medicoguide.com) developed in parallel with the textbook.

More than 60 international experts were invited to contribute as authors in the third edition These were experts from across 
the sector and across the world. The texts were edited by a team of clinicians experienced in maritime medicine at the Norwe-
gian Centre for Maritime and Diving Medicine, including Sue Stannard, Tim Carter, Alf Magne Horneland and Jon Magnus Haga. 

In order to ensure quality and direction throughout the project, an international advisory board chaired by Alf Magne 
Horneland has supervised the work with all three editions of the textbook. The editorial board included Luisa Canals (Spain), 
Tim Carter (United Kingdom), Lisa Loloma Froholdt (Denmark), Henrik Hansen (Denmark), Klaus Seidenstücker (Germany), 
Suzanne Stannard (United Kingdom), Arne Johan Ulven (Norway) and Rob Verbist (Belgium).
A dynamic publication

The aim of this textbook is to provide information on health services to people at sea, as well as the contextual specifics 
to health service providers that aims at working with people at sea — thus promoting health at sea. Although it is compre-
hensive, the textbook is by no means final or complete. The field of maritime health is large and ever growing. Thus, the 
textbook remains a dynamic publication, subject to improvement and amendment as the field develops and suggestions 
for change or additional topics are brought to the attention of the editors.

Health builds on knowledge. Knowledge is to be shared. The textbook is provided online and free of charge. All those 
interested in maritime health are invited to read and to share — and to contribute with their expertise to future amendments. 

Link to the full textbook: https://textbook.maritimemedicine.com/

Book Review
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The National Maritime College of Ireland (NMCI) is a constituent college of Munster Technological University (MTU) and 
is located in the port of Cork. The NMCI is part of a Public Private Partnership in association with the Irish Naval Service 
and Focus Education. The college provides education and training for those who wish to embark on a maritime career and 
also provides continuous professional development for practicing seafarers. Most of the courses provided are aligned with 
the requirements for professional qualifications according to the Standards of Training and Certification of Watchkeepers 
(STCW) but uniquely, are also aligned with academic qualifications, presently up to Bachelors’ honours degree standard 
(National Framework of Qualifications at Level 8).

The college provides various entry levels from secondary school leavers to those who work at sea on deck and also 
personnel who work in shore-based industry. There are four main areas of study; Nautical Science, Marine Engineering, 
Marine Electrotechnology and Supply Chain/Logistics, all of which are coordinated by the Department of Maritime Stud-
ies. Successful students gain qualifications up to Master (Unlimited), Chief Engineer, and Chief Electrotechnology Officer. 
A related department, NMCI Services, provides a range of courses for professional qualification updating, bespoke courses 
for the maritime industry such as specific ship simulation, and short courses for the offshore industry.

Mandatory STCW short courses in Elementary First Aid, Medical First Aid and Medical Care are provided. Also, before 
going to sea, all students/cadets are given lectures on how to adapt to shipboard life in terms of working in a multicultural 
environment, living away from home and shipboard stress. The college has a full-time student counsellor who meets regularly 
with students and addresses common mental health issues. The counselling service provides one-to-one meetings for both 
shore-based and sea-based students. The college was the first third-level college to work with the International Seafarers’ 
Welfare and Assistance Network (ISWAN). Senior students complete a module on the human element, and this enables 
them to implement management decisions for crew welfare and to enhance safe ship operations.

NMCI, in association with the professional organisations, the Nautical Institute (NI) and the Irish Institute of Master 
Mariners (IIMM), held a successful conference in Autumn 2022 on Seafarer Wellness. In the Spring of 2023 (27th/28th 
April), international workshops and a conference on Seafarer Mental Health will be held in the college with the objective of 
addressing maritime policy for the benefit of seafarers worldwide.

Presentation of InstitutesPRESENTATION OF INSTITUTES

The National Maritime College of Ireland (NMCI) is a constituent college of Munster 

Technological University (MTU) and is located in the port of Cork. The college provides 

education and training for those who wish to embark on a maritime career and also provides 

continuous professional development for practicing seafarers. Most of the courses provided 

are aligned with the requirements for professional qualifications according to the Standards of 

Training and Certification of Watchkeepers (STCW) but uniquely, are also aligned with 

academic qualifications, presently up to Bachelors’ honours degree standard (National 

Framework of Qualifications at Level 8).

The college provides various entry levels from secondary school leavers to those who 

work at sea on deck and also personnel who work in shore-based industry. There are four 

main areas of study; Nautical Science, Marine Engineering, Marine Electrotechnology and 

Supply Chain/Logistics, all of which are coordinated by the Department of Maritime Studies. 

Successful students gain qualifications up to Master (Unlimited), Chief Engineer, and Chief 

Electrotechnology Officer. A related department, NMCI Services, provides a range of courses 

for professional qualification updating, bespoke courses for the maritime industry such as 

specific ship simulation, and short courses for the offshore industry.

Mandatory STCW short courses in Elementary First Aid, Medical First Aid and 

Medical Care are provided. Also, before going to sea, all students/cadets are given lectures on 

how to adapt to shipboard life in terms of working in a multicultural environment, living away 

from home and shipboard stress. The college has a full-time student counsellor who meets 

regularly with students and addresses common mental health issues. The counselling service 

provides one-to-one meetings for both shore-based and sea-based students. The college was 

the first third-level college to work with the International Seafarers’ Welfare and Assistance 

Network (ISWAN). Senior students complete a module on the human element, and this 

enables them to implement management decisions for crew welfare and to enhance safe ship 

operations.

The National Maritime College of Ireland/Munster Technological University
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