
1Sagaro GG, et al. BMJ Open 2021;11:e044633. doi:10.1136/bmjopen-2020-044633

Open access 

Incidence of occupational injuries and 
diseases among seafarers: a descriptive 
epidemiological study based on contacts 
from onboard ships to the Italian 
Telemedical Maritime Assistance 
Service in Rome, Italy

Getu Gamo Sagaro    ,1 Marzio Dicanio    ,2 Gopi Battineni    ,1 
Marc Abdul Samad,3 Francesco Amenta    1,2

To cite: Sagaro GG, Dicanio M, 
Battineni G, et al.  Incidence 
of occupational injuries and 
diseases among seafarers: a 
descriptive epidemiological 
study based on contacts 
from onboard ships to 
the Italian Telemedical 
Maritime Assistance Service 
in Rome, Italy. BMJ Open 
2021;11:e044633. doi:10.1136/
bmjopen-2020-044633

 ► Prepublication history for 
this paper is available online. 
To view these files, please visit 
the journal online (http:// dx. doi. 
org/ 10. 1136/ bmjopen- 2020- 
044633).

Received 08 September 2020
Revised 17 February 2021
Accepted 18 February 2021

For numbered affiliations see 
end of article.

Correspondence to
Dr Getu Gamo Sagaro;  
 getugamo. sagaro@ unicam. it

Original research

© Author(s) (or their 
employer(s)) 2021. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Objectives Workers at sea have high mortality, injuries and 
illnesses and work in a hazardous environment compared to 
ashore workers. The present study was designed to measure 
the incidence of occupational injuries and diseases among 
seafarers and quantify the contribution of differences in rank 
and job onboard on seafarers’ diseases and injuries rates.
Design Descriptive epidemiological study.
Setting and participants This study’s data were based 
on contacts (n=423) for medical requests from Compagnie 
Maritime d'Affrètement/Compagnie Générale Maritime (CMA- 
CGM) container ships to the Italian Telemedical Maritime 
Assistance Service in Rome from 2016 to 2019, supplemented 
by data on the estimated total at- risk seafarer population on 
container ships (n=13 475) over the study period.
Outcome measures Distribution of injuries by anatomic 
location and types of diseases across seafarers’ ranks and 
worksites. We determined the incidence rate and incidence 
rate ratio (IRR) with a 95% CI.
Results The total disease rate was 25 per 1000 seafarer- 
years, and the overall injury rate was 6.31 per 1000 seafarer- 
years over the 4 years study period. Non- officers were more 
likely than officers to have reported gastrointestinal (IRR 2.12, 
95% CI 1.13 to 4.26), dermatological (IRR 3.66, 95% CI 1.27 
to 14.42) and musculoskeletal (IRR 2.25, 95% CI 1.11 to 5.05) 
disorders onboard container ships. Deck workers were more 
likely than engine workers to be injured in the wrist and hand 
(IRR 3.25, 95% CI 1.19 to 10.23).
Conclusions Rates of reported injury and disease were 
significantly higher among non- officers than officers; thus, 
this study suggests the need for rank- specific preventative 
measures. Future studies should consider risk factors for 
injury and disease among seafarers in order to propose 
further preventive measures.

INTRODUCTION
In 2015, more than 1.6 million seafarers served 
worldwide, of which 774 000 and 873 500 were 
officers and ratings, respectively.1 It is esti-
mated that nearly 65 000 deep- sea merchant 

ships operate worldwide, carrying more than 
1.6 million sailing seafarers.1 2

In general, work onboard ships are broadly 
grouped by working areas, including the 
deck, engine and galley.3 Shipping is one of 
the most widespread transportation systems, 
and more than 88% of the world’s trade use 
it.4 5 Workers at sea have high mortality, inju-
ries and diseases rate compared with ashore 
workers.5 Sailing seafarers have a one in eleven 
chance of being injured on duty on board,6 
and sometimes physical injuries can be acute 
and a primary cause of disability. Different 
studies have reported higher mortality and 
morbidity rates onboard merchant ships 
when compared with the land occupation. 
For instance, a study conducted on the 
British merchant fleet reported that between 
2003 and 2012, the fatal accident rate in ship-
ping was 21 times higher than that in the 
general British workforce, 4.7 times higher 
than that in the construction industry and 13 
times higher than in manufacturing.7 Fatal 
occupational accidents in Danish seafarers 
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onboard ships were 11.5 times higher than Danish male 
workers ashore.8 Moreover, seafarers working on board 
of British merchant ships had 23.9 times higher risk of 
mortality due to accidents at work than all workers in 
Great Britain.9 The risk of death is 25 times higher for 
maritime transport than for air transport, according to 
the death accounts for every 100 km.10

Identifying the potential area of incidents and assessing 
the probability of the occurrence of occupational medical 
events may assure the availability of treatment and the 
development of prevention strategies to reduce the rate of 
diseases and/or injuries among seafarers and to improve 
health outcomes.11–13 Unfortunately, due to the scarcity 
of evidence- based information on the incidence of occu-
pational diseases and injuries onboard ships, preventive 
measures in the maritime environment received less 
attention than other working activities.14 On the other 
hand, determinants of onboard merchant ship illnesses, 
injuries, disability and fatalities, remain not adequately 
studied due to the not easy access of seafarer’s medical 
data.3 13 15 Previous studies have reported that non- officers 
have a higher risk for diseases and injuries compared with 
officers,3 15–18 but most of these studies considered only 
occupational groups.

The exposure to the work- related risk of officers and 
non- officers working in different ship areas such as deck, 
engine and galley is not similar because they attend 
different duties in different working hours.19 For instance, 
workers in the engine room are exposed to work- related 
risks such as noise, vibration and heat or pollutants during 
their working hours.19 20 In contrast, people working in 
the deck, as well as in the galley, are potentially exposed 
to different work- related risks.19 Because of the different 
areas of activity and associated burdens, the likelihood of 
illnesses and the occurrence of injuries can differ. Hence, 
the study on the incidence rates (IR) of injury and disease 
by rank and worksite of seafarers would provide informa-
tion for prevention strategies such as resource allocation, 
prioritising training areas, improving the medicine chests 
on board, and access to telemedicine consultation to 
reduce injury and disease at the workplace.

The present study aimed to analyse the IR of reported 
occupational diseases and injuries among seafarers by 
worksite and rank groups. This work provides factual 
information on the rate of diseases and injuries between 
the worksite group as well as the rank. The results 
obtained can be used to prioritise occupational health 
risks and guide the development of preventative measures 
onboard container ships.

MATERIALS AND METHODS
Study design, data source and collection procedure
We employed a descriptive epidemiological study and 
received data from the Centro Internazionale Radio 
Medico (International Radio Medical Centre, C.I.R.M.) 
database. C.I.R.M. is the Italian Telemedical Maritime 
Assistance Service (TMAS) and represents one of the 

oldest and best known TMAS worldwide. C.I.R.M. oper-
ates since 1935 and has assisted more than 100 000 
seafarers onboard ships.21 Compagnie Maritime d'Af-
frètement/Compagnie Générale Maritime (CMA- CGM) 
is a French container transport and shipping company. It 
is a leading shipping group globally, using 200 shipping 
routes between 420 ports in 150 different countries. In 
this particular study, the data source we used was reported 
diseases and injuries from onboard CMA CGM container 
ships to TMAS, in Rome. CMA- CGM made a contractual 
agreement with C.I.R.M. Spin- off CIRM SERVIZI. In view 
of this agreement, data provided for medical assistance on 
the company’s board ships are more detailed and, there-
fore, can be used for a basic epidemiological analysis.

Work- related diseases are diseases predominantly due to 
physical, chemical, and biological factors associated with 
merchant seafaring occupations, and they are recorded 
in the C.I.R.M. database according to the WHO Interna-
tional Classification of Disease 10th revised version (ICD 
10). An occupational injury is defined as a sudden, unex-
pected and unwanted forceful event due to an external 
cause’s onboard ships. In the C.I.R.M. database, injuries 
also are recorded according to the WHO ICD 10th revised 
version (chapter XIX, S00- S99 and T00- T98).

The classification of both diseases and occupational 
injuries was made according to the prompt diagnosis 
and recorded medical datasets in the C.I.R.M. database. 
The injury and disease rates measured were based on 
the contacts from onboard container ships to the Italian 
TMAS in Rome. Any contact for medical requests from 
ships to the C.I.R.M. with injuries or cases of illness with 
important patient data, including age, sex, job, rank, 
the nationality of the patient, ship flag, ship name, date 
of medical event that occurred, anatomic location of 
the injury, diagnosis, treatment provided, the patient 
follow- up schedule and other relevant information are 
registered in the database. Hence, we got access to occu-
pational injuries and diseases with seafarers' rank and job 
from the TMAS database for this particular study.

An estimated total number of at- risk seafarer popula-
tion was calculated by multiplying the number of vessels 
during the study period by the average number of crew 
members per vessel. As a result, large ships, including 
general cargo, tankers and bulk carriers, have an average 
size of 20 crew members per ship.3 The CMA CGM 
shipping company handles only container ships, with 
an average of 25 crew members per ship. Regarding 
rank distribution per ship, nine officers and sixteen 
non- officers serve onboard. In respect of worksite, 10 
deck workers, thirteen engine workers and two galleys 
(catering) workers are in service per vessel. The average 
number of the crew size, their rank as well as worksite 
distribution per large vessel based on the knowledge of 
industry norm were calculated.

The number of CMA CGM container ships contracted 
over 4 years, from January 2016 to 31 December 2019, 
was 539. In other words, 539 vessels represented the 
total number of active ships onboard in 4 years (January 
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2016 to 31 December 2019), and due to this, we deter-
mined the cumulative IR. An estimated number of the 
total at- risk seafarer population for worksite and rank was 
determined by multiplying the total number of vessels 
over 4 years by occupation and rank distribution per ship. 
The total number of seafarers at risk was adjusted propor-
tionally to the number of seafarers in the dataset for 
whom information on occupation and rank was available.

Statistical analysis
Descriptive statistics such as mean and SD of age, 
frequency and percentage of injuries by anatomic loca-
tion and types of diseases were done to evaluate the distri-
bution of reported occupational injuries and diseases in 
seafarers with injuries and diseases. Rank was stratified 
by officers (deck and engine officers) and non- officers 
(deck and engine ratings, and galley). The worksite was 
also categorised into three groups, including the deck, 
engine and galley. Then, worksite and rank- specific IR 
were calculated by dividing the number of cases by the 
total at- risk seafarer population for each worksite and rank 
over 4 years. IR ratio (IRR) and 95% CI were calculated 
to compare the injuries and diseases rates by seafarer’s 
rank and worksite. The outcome of rates was expressed 
as per 1000 seafarer- years. Seafarer- year is defined as the 
number of crew members per ship multiplied by the 
number of vessels each year. The χ2 or Fisher’s exact test 

was used to determine distributional differences in rank 
and worksite groups. A two- tailed p<0.05 was considered 
statistically significant. The STATA software V.15 was used 
for data analysis.

Patient and public involvement
Patients and public were not involved in the study.

RESULTS
Overall, 423 patients were assisted by the C.I.R.M. aboard 
container ships during the 4- year study period. Of these, 
338 (80%) and 85 (20%) were diseases and injuries, respec-
tively. However, 11% (37) of the total number of patients 
with the disease and 8% (7) of the injured patients were 
unknown as to rank and worksite. The mean age (SD) of 
seafarers with diseases and injuries was 40.37+12.52 years 
and 38.39+12.88 years, respectively. Non- officers were 
more likely than officers to be injured (IRR=1.75) and to 
have reported the disease (IRR=1.45). Deck workers are 
almost two times more likely than engine workers to be 
injured (p<0.004) (table 1).

The most frequent causes of illnesses onboard ships 
were gastrointestinal disorders (n=71, 21%), followed by 
musculoskeletal (n=52, 15%) and cardiovascular diseases 
(n=51, 15%) (figure 1). In general, out of the 85 injuries, 
29% were wrist and hand injuries, 21% were knee/lower 

Table 1 Number of cases, seafarer- years, incidence rates and incidence rate ratios (IRR) of injury and disease by rank and 
worksite of seafarers from 2016 to 2019

Variable Injury (n=78) Seafarer- years
Injury incidence rate
(95% CI)

IRR*
(95% CI) P value

Total 78 12 365 6.31 (4.98 to 7.86) N/A

Rank

  Officer 19 4451 4.27 (2.57 to 6.66) 1

  Non- officer 59 7914 7.45 (5.68 to 9.61) 1.75 (1.02 to 3.10) 0.029

Worksite

  Deck 43 4946 8.69 (6.29 to 11.69) 1.99 (1.21 to 3.34) 0.004

  Engine 28 6430 4.35 (2.89 to 6.29) 1

  Galley 7 989 7.07 (2.85 to 14.53)

  Disease (n=301) Seafarer- years Disease incidence rate 
(95% CI)

IRR*
(95% CI)

Total 301 12 000 25.00 (22.36 to 28.04) N/A

Rank

  Officer 84 4320 19.44 (15.54 to 24.02) 1

  Non- officer 217 7680 28.25 (24.66 to 32.21) 1.45 (1.12 to 1.89) 0.003

Worksite

  Deck 171 4800 35.63 (30.56 to 41.26) 2.12 (1.65 to 2.72) 0.001

  Engine 105 6240 16.83 (13.78 to 20.33) 1

  Galley 25 960 26.00 (16.92 to 38.20)

*IRR only reported the result with a significant comparison at p<0.05 for non- officer versus officer, deck versus engine, deck versus galley and 
engine versus galley.
N/A, not applicable.
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leg injuries, 13% were head/eye injuries, 12% were lower 
back/lumbar spine injuries, 8% were thorax/neck inju-
ries (figure 2).

Rank-specific IR of occupational injuries and diseases
Gastrointestinal diseases were the most common disorders 
for officers (IR=3.07 per 1000 seafarer- years) and non- 
officers (IR=6.51 per 1000 seafarer- years), as presented 
in table 2. The most common injuries for non- officer 
was wrist/hand (1.93 per 1000 seafarer- years) and knee/
lower leg (1.84 per 1000 seafarer- years). The IRR for non- 
officers’ versus officers was determined and reported in 
table 2. As a result, non- officers were more likely than offi-
cers to have gastrointestinal (IRR=2.12), musculoskeletal 
(IRR=2.25), and dermatological (IRR=3.66) disorders. 
Concerning injuries, non- officers were more likely than 
officers to be injured in the knee or lower leg (IRR=4.21) 
(table 2).

Worksite-specific IR of diseases and occupational injuries
Table 3 summarises the rates of diseases and injuries per 
seafarer worksite groups. Consequently, gastrointestinal 
(IR=7.01), cardiovascular (IR=6.06) and musculoskeletal 
(IR=5.40) diseases were the most common disorders for 
deck workers. Musculoskeletal disorders (IR=2.52) were 
the second most common diseases for engine workers. 
Wrist/hand injuries (IR=2.89) were the most common 
injury for both deck and galley workers, while knee/lower 
leg injuries (IR=1.06) were for engine workers (table 3).

The IRRs for deck workers vs engine workers', deck 
workers vs galley workers', and engine workers versus 
galley workers were calculated and presented in table 4. 
As a result, deck workers were more likely than engine 
workers to have reported gastrointestinal (IRR=1.86), 
cardiovascular (IRR=3.26), dermatological (IRR=4.35), 
respiratory (IRR=2.62) and musculoskeletal (IRR=2.14) 
disorders. Also, deck workers were more likely than 
engine workers to be injured in the wrist and hand 
(IRR=3.25)(table 4).

DISCUSSION
This descriptive epidemiological study was mainly designed 
to quantify the IR of reported injuries and diseases among 
seafarers by worksite and rank groups. We have found 
that the rates of overall reported diseases were four times 
higher than the corresponding total reported injuries 
rates across all worksites. A similar finding was reported 
from a study conducted in the USA,15 which reported 2–3 
times total illnesses higher in the worksites than overall 
injuries. The overall reported disease rate was 25 per 1000 
seafarer- year during the study period. The disease rate for 
non- officers and officers were significantly differed (IRR 
1.45, 95% CI 1.12 to 1.89). This study reported that the 
most common causes of illnesses on board were gastro-
intestinal (21%), musculoskeletal (15%) and cardiovas-
cular disorders (15%). Similar findings were reported in 
a Japanese study,22 which has shown that gastrointestinal 
(35.5%), musculoskeletal (19.6%) and cardiovascular 
diseases (11.6%) were the diseases more often occurring 
onboard ships. Our findings are not consistent with the 
study conducted in the USA,3 which reported that dental 
(26%), respiratory (19%), and dermatological (14%) 
disorders were in the order the illnesses occurring most 
often among sailing seafarers.

The majority of gastrointestinal (63%) cases were 
gastro- oesophageal reflux, oesophagitis, ulcers, gastritis, 
hernia and appendicitis. Our work has demonstrated 
that non- officers were more likely than officers to have 
gastrointestinal (IRR=2.12), musculoskeletal (IRR=2.25) 
and dermatological (IRR=3.66) disorders. This study 
also revealed that deck workers were more likely than 
engine workers to have gastrointestinal (IRR=1.86), 
dermatological (IRR=4.35), respiratory (IRR=2.62) and 
musculoskeletal (IRR=2.14) disorders. These might be 
due to work- related stress because maritime officers, 
including the captain, have high- level responsibilities 

Figure 1 Diagnosis of seafarers according to WHO ICD 10th 
category from 2016 to 2019 (n=338). ICD-10, International 
Classification of Disease 10th revised version.

Figure 2 Distribution of injured body parts of seafarers with 
injuries from 2016 to 2019 (n=85).
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such as navigation, planning, organisation of loading and 
unloading operations and ship controls.19 23 Non- officers 
are involved in other tasks occurring during a voyage and 
their work is physically more demanding and stressful 
than officers. In general, seafarers have high work- related 
stressors when compared with ashore workers20 because 
their work is characterised by long working hours, often 
time- pressure, prolonged isolation from family and hectic 
activity. Various studies have reported that work- related 
stress has long been considered a contributing factor 
in the development of musculoskeletal problems24 and 
gastrointestinal disorders.25 Similarly, as for dermato-
logical disorders, it might result in skin exposure to risk 
factors in the workplace. Seafaring is a risky activity char-
acterised by exposure to different skin risk factors such as 
seawater, humidity, solar radiation and others.26 27 Deck 
crews are frequently engaged in maintenance, repair, 
loading, painting activities and exposure to chemicals, 
UV radiation and other skin risk factors.28 29 This study 
also reported the same rate of dermatological disorders 
for the deck (IR=3.96) and galley (IR=3.96) workers. 
However, this could be due to the small number of cases 

among galley workers, and even the estimated non- cases 
of galley workers are not comparable in number to deck 
workers’ non- cases. Consequently, 95% of the CI was 
wider for the case rate among the galley workers. The IRR 
results in the comparison made between the workers on 
deck and in the galley were also not statistically significant 
(p=1.044) on this matter. Further studies are needed to 
measure the effect of differences in the workplace of deck 
and galley workers on dermatological disease rates.

Angina pectoris (39% of all CVD diagnoses) was the 
most frequently reported cardiovascular disorders in this 
study. As for cardiovascular disorders, it could be related 
to lifestyle, especially a high- fat diet, drinking, smoking 
and physical inactivity. A study conducted on the board 
of Italian flagship (2019) reported that more than 40% 
and 10% of seafarers were overweight and obese, respec-
tively.30 This finding suggests that in seafarer’s CVD risk 
factors are higher compared with ashore workers. We 
found that cardiovascular (IR=6.06) disorders were the 
second most common diseases for deck workers and deck 
workers were also more likely than engine worker to have 
reported cardiovascular diseases (IRR=3.26). This might 

Table 2 Incidence rate of diseases and occupational injuries by the seafarer rank from 2016 to 2019 (n=379)

Medical events

Officer Non- officer

IRR* 95% CI P valueNo Rate 95% CI No Rate 95% CI

Disease types

  Gastrointestinal 13 3.07 1.64 to 5.24 49 6.51 4.82 to 8.59 2.12 1.13 to 4.26 0.011†

  Musculoskeletal 10 2.14 1.03 to 3.94 40 4.82 3.45 to 6.56 2.25 1.11 to 5.05 0.016†

  Cardiovascular 10 2.69 1.29 to 4.95 29 4.39 2.95 to 6.31 1.63 0.77 to 3.75 0.179

  Non- specific 12 2.86 1.47 to 4.99 20 2.68 1.64 to 4.14 0.94 0.44 to 2.10 0.849

  Respiratory 11 2.59 1.29 to 4.63 17 2.25 1.31 to 3.60 0.87 0.38 to 2.05 0.711

  Dermatological 4 0.88 0.24 to 2.25 26 3.22 2.10 to 4.71 3.66 1.27 to 14.42 0.007†

  Genitourinary 10 2.06 0.99 to 3.78 11 1.27 0.64 to 2.28 0.62 0.24 to 1.63 0.280

  Eye/adnexa 6 1.31 0.48 to 2.86 10 1.23 0.59 to 2.27 0.94 0.31 to 3.14 0.887

  Infectious and parasitic 5 1.26 0.40 to 2.94 4 0.57 0.15 to 1.45 0.45 0.09 to 2.09 0.250

  Ear/Mastoid 2 0.41 0.05 to 1.49 4 0.46 0.13 to 1.19 1.13 0.16 to 12.44 0.927

  Neurological‡ — — — 4 0.46 0.13 to 1.19 — — N/A

  Mental/behavioural 1 0.21 0.005 to 1.14 3 0.35 0.07 to 1.02 1.69 0.14 to 88.59 0.713

Injury location

  Wrist/hand 8 1.72 0.74 to 3.38 16 1.93 1.11 to 3.14 1.13 0.45 to 3.03 0.801

  Knee/lower leg 2 0.44 0.05 to 1.57 15 1.84 1.03 to 3.03 4.20 1.01 to 38.01 0.032†

  Head/eye 3 0.76 0.16 to 2.21 6 0.85 0.31 to 1.85 1.13 0.24 to 6.95 0.898

  Lower back/lumbar spine 3 0.77 0.16 to 2.25 5 0.73 0.24 to 1.69 0.94 0.18 to 6.07 0.911

  Thorax/neck 1 0.21 0.005 to 1.14 6 0.69 0.25 to 1.51 3.37 0.41 to 155 0.261

  Skin burns 1 0.21 0.005 to 1.14 5 0.58 0.19 to 1.35 2.81 0.31 to 133 0.369

  Upper arm/shoulder 1 0.27 0.006 to 1.53 3 0.46 0.09 to 1.35 1.69 0.14 to 88.6 0.710

  Elbow/forearm‡ — — — 4 0.46 0.13 to 1.18 — — N/A

*IRR calculated as the rate of non- officer/rate of officer.
†Significant at *p<0.05.
‡Dashes indicate no case or the rate or the comparison that was not performed.
IRR, incidence rate ratio; N/A, not applicable.
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be due to work- related stress because deck workers have 
high work- related stress due to sleep interruption, high 
job demands, night shift work and intense activity than 
engine workers. A study reported that work related stress 
was a risk factor for cardiovascular diseases.31 Long working 
hours are contributing factors to work- related stress, and 
it is logical to expect an association between long hours 
and cardiovascular disorders.32 33 Studies have also shown 
that night shift work had adverse effects on health and 
risk factors for the development of chronic diseases such 
as cardiovascular diseases.19 34 35 The relationship between 
stress and coronary heart disease are considered to be 
linked to multiple and protracted increases in heart rate 
and blood pressure resulting from neuroendocrine acti-
vation.36–39 Other studies have reported that work- related 
stress can increase the cardiovascular risk of workers.40–42 
On the other hand, cardiovascular diseases and metabolic 
disorders are stress- related diseases.43

The total reported injury rate was 6.31 per 1000 seafarer- 
year over 4 years study period. The injury rate for non- 
officers and officers were significantly differed (IRR 1.75, 
95% CI 1.02 to 3.10). Nearly 30% of injuries occurred 
in the wrist and hand, followed by the knee and lower 
leg (21%). Our results agree with the study conducted 

in the Danish- flagged merchant fleet,18 which reported 
36% and 18% of upper and lower limb injuries, respec-
tively. Moreover, this study revealed that non- officers were 
more likely than officers to be injured (IRR=1.75). This 
finding was in agreement with the previous studies.3 17 44 
Non- officer work is characterised by mooring, cleaning 
the ship, repairing broken cables and ropes, operating 
machinery such as cranes and drilling towers, and steering 
the ship at sea.20 23 The non- officer work is also physically 
challenging19 20 23 and must be carried out regardless of 
weather conditions. This could explain why non- officers 
have a higher rate of injuries than officers.

The present study has shown that the deck workers 
had higher rates of overall reported injuries (IR=8.69) 
compared with the engine (IR=4.35) workers. These 
results are consistent with those of the study conducted in 
the USA.15 We also found the injury rate for deck workers 
and engine workers were significantly differed (IRR 1.99, 
95% CI 1.21 to 3.34). Similarly, deck workers were more 
likely than engine workers to be injured in the wrist and 
hand (IRR=3.25), as shown in table 4. A study conducted 
in Danish Fleet seafarers44 reported that deck workers had 
a relatively low risk for injuries compared with machine 
(engine) workers. The difference could be due to 

Table 3 Incidence rates of diseases and occupational injuries by seafarer’s worksite from 2016 to 2019 (n=379)

Medical events

Deck Engine Galley

No Rate 95% CI No Rate 95% CI No Rate 95% CI

Disease types

  Gastrointestinal 33 7.01 4.83 to 9.83 23 3.76 2.38 to 5.63 6 6.37 2.34 to 13.83

  Musculoskeletal 28 5.40 3.59 to 7.79 17 2.52 1.47 to 4.04 5 4.82 1.56 to 11.22

  Cardiovascular 25 6.06 3.93 to 8.94 10 1.86 0.89 to 3.43 4 4.85 1.32 to 12.38

  Non- specific 18 3.86 2.29 to 6.09 13 2.15 1.14 to 3.66 1 1.07 0.03 to 5.96

  Respiratory 18 3.82 2.26 to 6.02 9 1.46 0.67 to 2.78 1 1.06 0.03 to 5.89

  Dermatological 20 3.96 2.42 to 6.11 6 0.91 0.34 to 1.98 4 3.96 1.08 to 10.09

  Genitourinary 11 2.04 1.02 to 3.65 9 1.28 0.59 to 2.43 1 0.93 0.02 to 5.16

  Eye/Adnexa 7 1.38 0.56 to 2.84 8 1.21 0.52 to 2.39 1 0.98 0.03 to 5.48

  Infectious and parasitic* 5 1.13 0.37 to 2.64 4 0.69 0.19 to 1.79 — — —

  Ear/Mastoid 1 0.19 0.004 to 1.03 4 0.57 0.16 to 1.46 1 10.93 0.02 to 5.16

  Neurological 2 0.37 0.05 to 1.34 1 0.14 0.003 to 0.79 1 0.93 0.02 to 5.16

  Mental/behavioral* 3 0.56 0.12 to 1.62 1 0.14 0.003 to 0.79 — — —

Injury location

  Wrist/Hand 15 2.89 1.62 to 4.77 6 0.89 0.33 to 1.94 3 2.89 0.59 to 8.45

  Knee/lower leg* 10 1.96 0.94 to 3.61 7 1.06 0.43 to 2.18 — — —

  Head/eye 6 1.36 0.49 to 2.96 2 0.35 0.04 to 1.26 1 1.13 0.03 to 6.30

  Lower back/lumbar spine 4 0.93 0.25 to 2.37 3 0.54 0.11 to 1.56 1 1.16 0.03 to 6.44

  Thorax/neck* 3 0.56 0.11 to 1.63 4 0.57 0.16 to 1.46 — — —

  Skin burns 1 0.19 0.004 to 1.03 4 0.57 0.16 to 1.46 1 0.93 0.02 to 5.16

  Upper arm/shoulder* 1 0.25 0.006 to 1.38 2 0.38 0.05 to 1.37 — — —

  Elbow/forearm* 3 0.56 0.11 to 1.63 — — — 1 0.93 0.02 to 5.16

*Dashes indicate no case or the rate that was not performed.
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methodological differences. The study on seafarers in the 
Danish fleet was a questionnaire- based survey. Further-
more, denominators, used to determine IR and IRR in 
the Danish fleet, were not consistent with our study. Deck 
workers, particularly deck ratings, perform physical works 
such as mooring and unmooring the ship, loading, and 
unloading cargo.23 Moreover, deck workers have a shorter 
sleeping time and sleep interruptions more often than 
engine workers because they are engaged in the surveil-
lance system with frequent irregular operations. These 
include monitoring the bridge or gangway, acting as 
lookouts on the bridge, or carrying out repairs and main-
tenance work in the deck area.19 20 23 Hence, night shift 
work, long working hours, short average sleep time and 
physical stress are important factors contributing to the 
high rates of injuries/accidents at sea.10 19 45 46

Strengths and limitations
This study measured the IR of reported injury and disease 
to TMAS for container ships. Most of the previous studies 
on diseases and injuries among seafarers were focused on 
the number of cases. As far as we know, this study is the 
first study to measure the contribution of differences in 

rank and job to the rates of injury and disease of seafarers 
onboard container ships. Limitations of this study are: 
(1) We used an estimated average number of seafarers 
per ship in the analysis, although we took into account 
different assumptions, including the number of vessels, 
ships active at sea, number of crew members per ship and 
the length of stay of seafarers on board for the accuracy 
of the estimate. Consequently, the IR may be underes-
timated or overestimated. (2) Data from patients with 
injuries and cases of disease contained descriptions such 
as age and gender, but we had no descriptions of these 
data on the total at- risk seafarer population. Hence, we 
have not determined the rates and IRR of the diseases 
and injuries by seafarers’ age and sex. (3) Patient data 
on both injury and diagnosis were compiled according to 
the revised WHO ICD10 codes and the injury’s anatomic 
location in the database, but not on mechanisms of injury 
or potential physical hazards related to injured cases. As 
a result, we have not stratified injuries by mechanisms of 
injury or occupational hazards to highlight priority areas 
and recommend preventative measures. (4) We did not 
have descriptions of data types such as socio- demographic 

Table 4 Incidence rate ratios (IRR) and 95% CI of diseases and occupational injuries stratified by seafarers’ worksite from 
2016 to 2019 (n=379)

Medical events

Deck versus engine Deck versus galley Engine versus galley

IRR 95% CI P value IRR 95% CI P value IRR 95% CI P value

Disease types   

  Gastrointestinal 1.86 1.06 to 3.33 0.021* 1.09 0.45 to 3.21 0.869 0.59 0.23 to 1.77 0.263

  Musculoskeletal 2.14 1.13 to 4.17 0.013* 1.12 0.43 to 3.72 0.857 0.52 0.19 to 1.81 0.224

  Cardiovascular 3.26 1.51 to 7.58 0.001* 1.25 0.43 to 4.94 0.721 0.39 0.11 to 1.68 0.135

  Non- specific 1.80 0.83 to 3.99 0.108 3.59 0.57 to 149 0.182 1.99 0.30 to 84.9 0.561

  Respiratory 2.62 1.11 to 6.57 0.017* 3.59 0.56 to 149 0.182 1.38 0.19 to 60.7 0.846

  Dermatological 4.35 1.68 to 13.18 0.001* 1.00 0.34 to 4.03 1.044 0.23 0.05 to 1.11 0.053

  Genitourinary 1.59 0.59 to 4.34 0.311 2.20 0.31 to 94 0.494 1.38 0.19 to 60.68 0.846

  Eye/adnexa 1.14 0.35 to 3.59 0.803 1.40 0.18 to 63 0.837 1.23 0.17 to 55 0.933

  Infectious and parasitic† 1.63 0.35 to 8.19 0.486 — — N/A — — N/A

  Ear/mastoid 0.32 0.006 to 3.28 0.337 0.20 0.002 to 15.6 0.333 0.61 0.06 to 30.30 0.646

  Neurological 2.60 0.14 to 153 0.485 0.40 0.02 to 23.5 0.495 0.15 0.001 to 12 0.267

  Mental/behavioral† 3.90 0.31 to 204 0.257 — — N/A — — N/A

Injury Location   

  Wrist/hand 3.25 1.19 to 10.23 0.012* 1.00 0.28 to 5.39 1.050 0.31 0.06 to 1.90 0.130

  Knee/lower leg† 1.86 0.64 to 5.75 0.216 — — N/A — — N/A

  Head/eye 3.90 0.69 to 39.50 0.089 1.20 0.15 to 55 0.949 0.31 0.02 to 18 0.398

  Lower back/lumbar spine 1.73 0.29 to 11.80 0.494 0.80 0.08 to 39.7 0.794 0.46 0.04 to 24 0.524

  Thorax/neck† 0.98 0.14 to 5.76 0.987 — — N/A — — N/A

  Skin burns 0.33 0.01 to 3.28 0.337 0.20 0.003 to 15.7 0.333 0.62 0.06 to 30.30 0.646

  Upper arm/shoulder† 0.65 0.01 to 12.50 0.778 — — N/A — — N/A

  Elbow/forearm† — — N/A 0.60 0.05 to 31.5 0.649 — — N/A

*Significant at p<0.05.
†Dashes indicate the comparison that was not performed.
N/A, not applicable.
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variables and another exposure status of the total seafarer 
population at risk. In this respect, we have not deter-
mined the risk factors for injury and disease to propose 
further prevention strategies. Furthermore, this study is a 
retrospective study and limited to the variables available 
in the dataset. Finally, our study is limited to container 
ships and does not represent other types of ships at sea. 
Hence, the results do not reflect seafarers working on 
other types of ships.

CONCLUSION
The results of this study were based on the medical events 
(diseases and occupational injuries) of seafarers while 
working on board container ships. Non- officers had 
significantly higher rates of reported gastrointestinal, 
musculoskeletal and dermatological disorders compared 
with officers. Also, non- officers were more likely than 
officers to be injured in the knee and lower leg. Deck 
workers had significantly higher rates for dermatological, 
cardiovascular, musculoskeletal, respiratory and gastroin-
testinal disorders when compared with engine workers. 
Deck workers were more likely than engine workers to 
be injured in the wrist and hand. In general, the total 
reported injury and disease rates for non- officers were 
significantly higher compared with officers. The same 
is true for deck workers compared with engine workers. 
Hence, this study suggests the need for rank and work site- 
specific prevention strategies to reduce injury and disease 
rates at the workplace. Future studies should consider 
the risk factors for injury and disease among seafarers in 
order to propose further preventive measures.
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Abstract: Background: Cardiovascular diseases (CVD) are the major cause of work-related mortality
from diseases onboard ships in seafarers. CVD burden derives mainly from modifiable risk factors. To
reduce the risk factors and the burden of CVD onboard ships in seafarers, it is important to understand
the up-to-date prevalence of modifiable risk factors. The primary purpose of this study was to assess
the prevalence and clustering of self-reported modifiable CVD risk factors among seafarers. We
have also explored the association between socio-demographic and occupational characteristics and
reported modifiable CVD risk factor clustering. Materials and methods: A cross-sectional study
was conducted among seafarers from November to December 2020 on board ships. In total, 8125
seafarers aged 18 to 70 were selected from 400 ships. Data were collected using a standardized
and anonymous self-reported questionnaire. The prevalence value for categorical variables and
mean differences for continuous variables were compared using chi-square and independent sample
t-tests. Multinomial logistic regression models were performed to identify independent predictors
for modifiable CVD risk factor clustering. Results: Out of a total of 8125 seafarers aged ≥18 years
on selected vessels, 4648 seafarers volunteered to participate in the survey, with a response rate of
57.2%. Out of 4318 participants included in analysis, 44.7% and 55.3% were officers and non-officers,
respectively. The prevalence of reported hypertension, diabetes, current smoking and overweight
or obesity were 20.8%, 8.5%, 32.5%, and 44.7%, respectively. Overall, 40%, 20.9%, 6% and 1.3% of
the study participants respectively had one, two, three and four modifiable CVD risk factors. Older
age (51+ years) (odds ratio (OR): 3.92, 95% confidence interval (CI): 2.44–6.29), being non-officers
(OR: 1.36, 95% CI: 1.09–1.70), job duration (10–20 years) (OR: 2.73, 95% CI: 2.09–3.57), job duration
(21+ years) (OR: 2.60, 95% CI: 1.79–3.78), working 57–70 h per week (OR: 2.03, 95% CI: 1.65–2.49) and
working 71+ h per week (OR: 3.08, 95% CI: 2.42–3.92) were independent predictors for at least two
self-reported modifiable CVD risk factor clustering. Conclusion: The results of our study demonstrate
that more than four in six (68.5%) seafarers aged between 19 and 70 years have at least one of the
modifiable CVD risk factors. Therefore, CVD prevention and modifiable risk factors reduction
strategies targeting high-risk groups should be designed and implemented on board ships.

Keywords: seafarers; hypertension; cardiovascular disease; occupation; diabetes; body mass index;
cigarette smoking; modifiable risk factors

1. Introduction

Globally, cardiovascular diseases (CVD) are the leading causes of mortality and dis-
ability [1]. The prevalence of overall CVD increased from 271 million in 1990 to 523 million
in 2019, and mortality due to CVD also increased from 12.1 million to 18.6 million respec-
tively from 1990 to 2019 worldwide [1]. CVD are responsible for approximately 31% (17.9
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million) of all death worldwide, and four out of five (80%) deaths from these diseases were
due to heart attacks and strokes [2].

CVDs are also the major cause of work-related mortality from diseases among seafar-
ers’ onboard ships. A study conducted on British merchant shipping reported that 4601
(19.8%) of 23,291 work-related deaths from 1919 to 2005 were due to CVD [3]. Another
study found that 147 (38.4%) out of the 384 documented deaths at sea were from CVDs [4].
Various studies have reported that a high percentage of deaths among seafarers was due to
CVDs in Polish vessels (62 (19%) of 324 deaths) [5], on Danish merchant ships (35 (66%) of
53 deaths) [6], on Singapore ships (45 (65%) of 69 deaths) [7], and in Isle of Man shipping (16
(80%) of 20 deaths) [8]. In terms of morbidity, CVDs are among the top five (gastrointestinal,
CV, musculoskeletal, dermatological and respiratory disorders) major cause of illness from
diseases at sea among seafarers [9–12].

CVD burden attributable to modifiable risk factors, namely hypertension, diabetes,
overweight or obesity, high low-density lipoprotein cholesterol, and cigarette smoking,
was increased worldwide [1]. For instance, globally, 5.02 million death and 160 million
disability-adjusted life years (DALYs) were attributed to high BMI in 2019. Further, the
number of deaths caused by diabetes and high blood pressure increased respectively
from 2.91 million and 6.79 million in 1990 to 6.50 million and 10.8 million in 2019 [1].
Different studies conducted in the general population [13–15] and seafarers [16–20] were
reported that modifiable CVD risk factors included cigarette smoking, overweight or
obesity, hypertension, and diabetes, can be reduced or eliminated by modifying lifestyle
behaviors. Studies found that the prevalence of CVD risk factors included overweight or
obesity and cigarette smoking to be higher among seafarers when compared to the general
population [21,22]. There are different reasons that seafarers might have more modifiable
CVD risk factors compared to the general population. Their work is both physically and
psychologically stressful, working long hours and short average sleep time, prolonged
time away from their family. It has been also demonstrated that work-related stress is a
main contributor to CVD risk factors [21,23].

To mitigate the risk factors and the burden of CVD onboard ships among seafarers, it
is important to understand the up-to-date prevalence of modifiable risk factors. Analysis
of which modifiable risk factors frequently occur simultaneously is relevant for identifying
a high-risk group. Understanding how clustering of CVD risk factors is associated with
socio-demographic and occupational characteristics could help for developing effective
CVD prevention and control strategies.

The present study has investigated the prevalence of reported modifiable CVD risk
factors and their distribution by socio-demographic and occupational characteristics among
seafarers. We have also investigated the association between socio-demographic and
occupational variables and reported modifiable CVD risk factor clustering among seafarers.
This study is probably the first investigation involving a large representative sample of
seafarers, and no study has been conducted so far on reported modifiable CVD risk factors
and clustering among seafarers. The present work could therefore provide up-to-date,
evidence-based information on the prevalence and clustering of modifiable CVD risk
factors in seafarers.

2. Materials and Methods
2.1. Study Design and Setting

In the present study, we conducted a cross-sectional epidemiological study to assess
the prevalence and clustering of reported modifiable CVD risk factors among seafarers.
This study was conducted from November to December 2020 onboard ships. Currently,
nearly 65,000 deep-sea merchant ships operate, carrying an average of 1.3 million seafarers
worldwide [24]. The workforce onboard ship is classified into three broad categories: deck,
engine, and galley/support personnel. In 2015, the number of seafarers actively employed
at sea, 774,000 officers, and 873,500 ratings (non-officers) [24].
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2.2. Study Participants and Procedures

The study participants were recruited through International Radio Medical Center
(C.I.R.M.). C.I.R.M. is an Italian Telemedical Maritime Assistance Service (TMAS) Center
and is the organization with the largest experience worldwide in terms of the number of
patients assisted onboard ships. C.I.R.M. provides teleconsultations and medical advice to
seafarers and passengers regardless of their nationality and flag of the vessels 24 h a day,
seven days a week, and 365/366 days a year. C.I.R.M. has more than 5000 ship contacts. Of
these, 400 ships were selected randomly from the ships’ list by applying a simple random
sampling strategy. In the second step, the research team presented the study’s purpose and
protocol to all captains of selected vessels to obtain permission to submit a self-reported
anonymous questionnaire and requested the list of seafarers per ship. The captains of
400 ships agreed to participate in the study and provided the active seafarers’ (seafarers
on duty) lists per vessel. A list of a total of 8125 seafarers with indication of their names,
age and ranking was obtained in a sample of 400 ships. Inclusion criteria were seafarers
over the age of 18 and signing the informed consent form. In the subsequent step, a simple
random sampling method to select the potential participants from the list based on our
eligibility criteria was used.

All crew members were eligible for this study because they are greater than 18 years
old. According to the International Labor Organization (ILO), seafarers’ recruitment policy
limits seafarers’ age, and anyone who is recruited as a seafarer must be over 18 years
of age [25]. As for the data collection, the research team collaborated with the C.I.R.M.
doctors and provided one-day training via videoconferencing for the telemedicine case
manager and one crew member per ship on survey administration and how to measure the
body weight and height of the participating crew members. Telemedicine Case Managers
(TCMs) are already trained medical first responders and have experience working with
seafarers’ aboard ships and TMAS doctors or other health professionals. As a result,
the questionnaire was sent to telemedicine case managers via their email address by the
C.I.R.M., enclosing the invitation letter and informed consent forms. The survey was
then administered by trained telemedicine case managers per vessel. The invitation letter
contains a brief introduction to the study purpose, procedures, declaration of participant
anonymity, and voluntary participation. Besides, the participants were assured of the
privacy and confidentiality of the response. The participant who chose to participate
provided their signed informed consent before participation in the study.

2.3. Data Collection

Data were collected using a standardized and anonymous questionnaire, and the tool
has four core parts. The first part of the questionnaire contains the socio-demographic
information included age, gender, educational status, nationality, and marital status. The
second section of the questionnaire was occupational characteristics, including rank, work-
site, job duration at sea, working hours per week. The third part of the questionnaire
contains a history of high blood pressure (hypertension), history of diabetes, physical
measurement (weight and height), alcohol consumption, and cigarette smoking status. As
for the measured high blood pressure (hypertension) was ascertained with the following
questions. Has a doctor or other health professional ever told you that you have high blood
pressure (hypertension)? The question has only two options, “Yes” and “No”. Among those
who answered “Yes” to the above question, they were further asked, “Are you currently
receiving medicine for your high blood pressure (Hypertension)?”. This question also has
two choices, “Yes” and “No”. Participants who answered “yes” to the above medicine
question were also asked to show any antihypertensive medication they were currently
taking. Regarding self-reported hypertension (HTN), in this study, it was defined as having
a past hypertensive diagnosis and currently using medication due to hypertension. As for
the diabetes mellitus, the self-reported diabetic Mellitus was assessed by asking, “Have you
ever been told by a doctor or other health worker that you have raised blood sugar levels
or diabetes?” The question has two options “Yes” and “No” and the subjects who answered
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yes to the above question were further asked, “Are you currently taking medicine for high
blood sugar level?” The subjects who were taking medicine for high blood sugar levels
were further asked to show any drug currently they were receiving due to diabetic Mellitus.
In this study, self-reported diabetic mellitus (DM) was defined as having a past diabetic
mellitus diagnosis and a current diabetic mellitus treatment. The current smoking was
assessed by asking, “Do you currently smoke any tobacco products?” The question has two
choices “Yes,” “No”. The participants who answered “Yes” for the above question were
further asked, “do you currently smoked tobacco products daily?” Again, the participants
who answered the above question “Yes” further assessed how many years they smoked
cigarettes without stopping.

In this study, the current smoking was defined as the participants who smoked
cigarettes regularly for a year and had not stopped smoking tobacco products at least six
months. According to the World Health Organization (WHO) guideline [26], the study
subjects’ body weight and height were measured. We then calculated body mass index
as weight in kilograms (kg) divided by height in meter (m) squared (Weight (kg)/height
(m)2). BMI was also classified into underweight (<18.5 kg/m2), normal body weight
(18.5–24.99 kg/m2), overweight (25–29.99 kg/m2) and obesity (≥30 kg/m2). The question-
naire was designed for the Google survey tool (Google Forms) and the link shared to the
C.I.R.M.

2.4. Statistical Analysis

Descriptive statistics included frequency and percentages, were determined for cate-
gorical variables to understand the distribution of socio-demographic and occupational
characteristics by seafarer’s rank. We used the chi-square test to determine whether the
socio-demographic and occupational characteristics were distributed homogenously by
rank group and to evaluate their association with the prevalence and clustering of mod-
ifiable cardiovascular disease risk factors. The independent-sample t-test was used to
examine the mean differences of continuous variables between officers and non-officers.
The prevalence and clustering of the modifiable CVD risk factors were determined by
Socio-demographic (age, marital status, educational level, and nationality) and occupa-
tional (rank, worksite, job duration at sea, and working hours per week) characteristics.
The educational level of the participants was grouped into three categories, namely, high
(completed college or university), middle (completed high school and technical school),
and low (secondary and lower school). Moreover, the rank was categorized into officers
(captain, deck, and engine officers) and non-officer (deck crew, engine crew, galley, and
others).

The multinomial logistic regression model was performed to identify independent
predictors for the cardiovascular disease risk factor clustering. Socio-demographic and
occupational variables with p-values less than 0.25 in the univariate analysis were selected
and entered multinomial logistic regression model. The clustering of modifiable CVD
risk factors (dependent variable) was formed from the four modifiable risk factors: hy-
pertension, diabetic mellitus, current smoking, and overweight or obesity. The categories
were: (1) no risk factors, (2) one risk factor, and (3) two or three or four risk factors. Finally,
having (1) one risk factor and (≥2) two and more than two risk factors versus (0) no risk
factors (reference group) were analyzed in the model. Finally, adjusted Odds Ratio (OR)
and 95% of confidence interval (95%CI) were reported.

Statistical analyses were performed using R-software [27], version 4.0.2 (R Founda-
tion for Statistical Computing, Vienna, Austria). R-package ‘dplyr’ was used for data
manipulation [28], and R-package ‘summarytools’ was used for frequencies tables, cross-
tabulation, and other descriptive statistics [29]. R-package ‘tidystats’ was used for chisq.test()
function and R-package ‘nnet’ was used for running the multinomial logistic regression
model [30,31]. A two-tailed p-value less than 0.05 was considered statistically significant.
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3. Results
3.1. Socio-Demographic and Occupational Characteristics

Out of a total of 8125 seafarers aged ≥18 years on selected vessels, 4648 seafarers
volunteered to participate in the survey, with a response rate of 57.2%. We then excluded
330 participants due to missing data. Hence, a total of 4318 subjects were included in
the analysis. As presented in Table 1, out of 4318 participants, 44.7% and 55.3% were
officers and non-officers, respectively. The mean age of the participants was 37.94 + 10.32
(range: 19–70 years). Almost all (99.4%) participants were male, and more than seventy
percent were from non-EU countries. Of the 3069 participants from non-EU countries,
58.7% and 36.7% were Filipino and Indian, respectively. More than three-fifths (69.8%) of
study subjects were married, and 55.55% were deck workers. The average working hours
per week was 65.96 + 10.96. 35.5% and 7.9% of officers and 38.7% and 8.6% of non-officers
were overweight and obese, respectively. Some 71.5% officers and 53.3% of non-officers
respectively had a high and middle level of education. Besides, 45.6% of the study subjects
had 10 to 20 years job duration at sea (Table 1).

Table 1. Distribution of socio-demographic, occupational, and other relevant characteristics of
participants by the rank group.

Variables Total (%)
Rank

p-Value
Officer, n (%) Non-Officer n (%)

Number, n (%) 4318 (100.0) 1929 (44.7) 2389 (55.3)

Age (in years), mean (SD) 37.94 ± 10.32 38.39 ± 9.89 37.58 ± 10.60 0.011

Gender (male) 4290 (99.4) 1925 (99.8) 2365 (98.9) -

Nationality
<0.001EU-countries 1222 (28.3) 782 (40.5) 440 (18.4)

Non-EU countries 3096 (71.7) 1147 (59.5) 1949 (81.6)

Marital status
0.001Single 1303 (30.2) 526 (27.3) 777 (32.5)

Married 3015 (69.8) 1403 (72.7) 1612 (67.5)

Educational level

<0.001
Higher 1741 (40.3) 1375 (71.3) 366 (15.3)
Middle 1803 (41.7) 530 (27.5) 1273 (53.3)

Low 774 (18) 24 (1.2) 750 (31.4)

Worksite

<0.001
Deck 2396 (55.5) 1167 (60.5) 1229 (51.4)

Engine 1468 (34) 762 (39.5) 706 (29.6)
Galley 454 (10.5) 0 (0) 454 (19)

Job duration at sea

<0.001
<10 years 1551 (35.9) 481 (24.9) 1070 (44.8)

10–20 years 1967 (45.6) 1000 (40.4) 967 (40.5)
21+ years 800 (18.5) 448 (14.7) 352 (14.7)

Working hours per week,
mean (SD) 65.96 ± 10.98 65.67 ± 10.4 66.19 ± 11.4 0.122

Body mass index (BMI)

<0.001
Underweight 34 (0.8%) 8 (0.4%) 26 (1.0%)

Normal 2355 (54.5%) 1123 (58.2%) 1232 (51.6%)
Overweight 1571 (36.4%) 646 (33.5%) 925 (38.7%)

Obesity 358 (8.3%) 152 (7.9%) 206 (8.6%)

3.2. Prevalence of Modifiable CVD Risk Factors
3.2.1. Self-Reported Hypertension

The prevalence of reported hypertension was 20.8% (95% CI: 19.6% to 22.1%). 18.5%
and 27.7% of officers and non-officers respectively had reported hypertension and the
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prevalence of reported hypertension was significantly higher among non-officers than
officers (22.7% vs. 18.5%). The prevalence of reported hypertension was high in study
subjects who had married, older age groups, had a lower education level, had long job
duration at sea and in deck workers regardless of rank (Table 2). Irrespective of rank,
the prevalence of hypertension increased with working hours per week, from 14.1% in
participants working <56 h per week to 32.2% in those working >71 h per week.

Table 2. Prevalence (95% CI) of modifiable risk factors of cardiovascular disease and its distribution by socio-demographic
and occupational characteristics among seafarers.

Self-Reported
Hypertension

Self-Reported
Diabetes

Self-Reported Current
Smoking

Overweight or
Obesity

Total 20.8 (19.6–22.1) 8.5 (7.7–9.4) 32.5 (31.2–33.9) 44.7 (43.2–46.2)

Age group (in years)
19–30 3.6 (2.7–4.9) 0.3 (0.10–0.89) 36.3 (33.6–39.0) 33.8 (31.2–36.6)
31–40 16.6 (14.7–18.7) 5.2 (4.3–6.9) 32.9 (30.5–35.5) 43.5 (40.9–46.2)
41–50 35 (32.2–37.8) 13.4 (11.5–15.5) 25.7 (23.2–28.3) 50.4 (47.4–53.3)
51+ 41.6 (37.3–47.9) 25.9 (22.3–29.9) 37.9 (33.7–42.3) 60.9 (56.6–65.2)

p-value <0.001 <0.001 <0.001 <0.001

Nationality
EU-countries 22.6 (20.3–25.0) 9.2 (7.7–11.0) 41.5 (38.7–44.3) 45.8 (43–48.6)

Non-EU countries 20.2 (18.8–21.6) 8.2 (7.2–9.2) 29.2 (27.4–30.6) 44.2 (42.5–45.9)
p-value 0.084 0.279 <0.001 0.356

Marital status
Single 9.8 (8.2–11.5) 2.3 (1.6–3.3) 34.3 (31.7–36.9) 33.7 (31.2–36.3)

Married 25.6 (24.1–27.2) 11.2 (10–12.3) 31.8 (30.2–33.5) 49.9 (47.6–51.2)
p-value <0.001 <0.001 0.111 <0.001

Educational level
Higher 15.2 (13.4–16.8) 7.4 (6.2–8.8) 28.7 (26.6–30.9) 37.5 (35.2–39.8)
Middle 23.7 (21.8–25.8) 8.7 (7.4–10.0) 36.7 (34.4–38.9) 47.1 (44.8–49.4)

Low 27.2 (24–30.4) 10.5 (8.4–12.9) 31.5 (28.3–34.9) 55.3 (51.7–58.8)
p-value <0.001 0.037 <0.001 <0.001

Rank
Officer 18.5 (16.8–20.3) 7.7 (6.5–8.9) 30.2 (28.2–32.3) 41.4 (39.2–43.6)

Non-officer 22.7 (21–24.5) 9.2 (8.0–10.4) 34.5 (32.5–36.4) 47.3 (45.3–49.4)
p-value <0.001 0.099 0.003 <0.001

Worksite
Deck 23.5 (21.8–25.2) 8.1 (7.1–9.3) 33.5 (31.6–34.4) 43.7 (41.7–45.7)

Engine 18.5 (16.6–20.6) 9.7 (8.3–11.4) 31.5 (29.1–33.9) 44.5 (41.9–47.1)
Galley 14.5 (11.5–18.2) 6.2 (4.2–8.9) 31 (26.9–35.6) 50.2 (45.6–54.9)
p-value <0.001 0.038 0.338 0.038

Job duration at sea
<10 years 6.6 (5.5–8.0) 1.4 (0.9–2.1) 34.4 (32.2–36.8) 32.2 (29.7–34.5)

10–20 years 26.5 (24.6–28.5) 9.9 (8.7–11.4) 31.6 (29.6–33.7) 49.5 (47.2–51.7)
21+ years 34.5 (31.2–37.9) 18.6 (16–21.5) 31.3 (28.1–34.6) 57.4 (53.9–60.8)
p-value <0.001 <0.001 0.156 <0.001

Working hours per week
≤56 h

57–70 h 14.1 (12.2–16.3) 5.4 (4.1–6.9)) 25.7 (23.2–28.4) 38.0 (35.2–40.9)
71+ h 19.2 (17.6–20.9) 9.1 (7.9–10.4)) 32.2 (30.3–34.2) 46.5 (44.4–48.6)

p-value 32.2 (29.3–35.2) 10.6 (8.8–12.8) 40.9 (37.9–44.2) 48.3 (45–51.5)
<0.001 <0.001 <0.001 <0.001
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3.2.2. Self-Reported Diabetes

Out of the total, 366 (8.5%) participants had reported diabetic mellitus. The prevalence
of reported diabetic mellitus was higher in study participants who had married (11.2%
(10.0% to 12.3%)) compared with single (2.3% (1.6% to 3.3%)). The prevalence of diabetes
mellitus (DM) increased significantly with age, from 0.3% in the age group 19–30 years to
25.9% in the age ≥51 years. This risk factor’s prevalence was higher among the participants
who had 21 years and above job duration at sea, working 71 h and more per week. The
proportion of DM was increased with the decreasing level of education regardless of rank.
As for the worksites, the engine workers had a high prevalence of DM irrespective of
rank. Variables included rank and nationality, were not significantly associated with the
prevalence of self-reported DM (Table 2).

3.2.3. Self-Reported Current Smoking

Reported current smoking was observed in 32.5% (95% CI: 31.2% to 33.9%) of the
total participants. As shown in Table 2, age groups, nationality, educational level, rank,
and working hours per week were significantly associated with the prevalence of reported
current smoking. In contrast, variables included marital status, worksites, and job duration
at sea were not associated with current smoking. Current smoking varied significantly with
age groups and was higher in non-officers than officers (34.5% vs. 30.2%). The prevalence
of reported current smoking was increased with working hours per week, from 25.7% in
participants who had worked ≤56 h to 40.9% in those working 71 h or more per week.

3.2.4. Overweight or Obesity

Some 44.7% (95% CI: 43.2% to 46.2%) of the total participants were overweight or
obese. As presented in Table 2, except nationality all socio-demographic and occupational
variables were significantly associated with prevalence of the overweight or obese. The
prevalence of the overweight or obese was increased with the increasing the age, working
hours per week and job duration at sea regardless of rank. In contrast, this risk factor
was increased with the decreasing levels of education. It was observed relatively high in
non-officers compared to officers (47.3% vs. 41.4%). Besides, the prevalence of overweight
or obese was found to be high in participants who had married than single (49.9% vs.
33.7%) (Table 2).

As shown in Table 3, the prevalence of CVD risk factors, except self-reported current
smoking increased with age both in officers and non-officers. Reported hypertension and
diabetes prevalence increased with the decreasing the level of education in non-officers,
but not in officers.

Among non-officers, the prevalence of modifiable CVD risk factors increased with
working hours per week. In contrast, CVD risk factors prevalence, except reported hyper-
tension varied significantly with working hours per week among officers. The proportion
of overweigh or obesity and reported diabetes increased with the length of work at sea
both in officers and non-officers. Educational levels and nationality were not associated
with reported hypertension and diabetes among officers. In addition, working hours per
week was not associated with hypertension in officers (Table 3).
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Table 3. Prevalence (95% CI) of modifiable CVD risk factors by socio-demographic and occupational characteristics stratified
by rank.

Rank Group Self-Reported
Hypertension

Self-Reported
Diabetes

Self-Reported
Current Smoking

Overweight or
Obesity

Officer

Overall 18.5 (16.8–20.3) 7.7 (6.5–8.9) 30.2 (28.1–32.3) 41.4 (39.2–43.6)

Age group (in years)
19–30 5.1 (3.4–7.6) 0.2 (0.01–1.4) 36.2 (31.9–40.7) 30.9 (26.7–35.3)
31–40 14.8 (12.3–17.6) 1.5 (0.8–2.8) 32.7 (29.3–36.3) 39.0 (35.4–42.7)
41–50 26.3 (22.6–30.4) 15.4 (12.4–18.9) 18.5 (15.3–22.2) 43.5 (39.2–47.9)
51+ 40.4 (33.9–47.1) 25.0 (19.6–31.2) 36.0 (29.8–42.6) 65.8 (59.2–71.8)

p-value <0.001 <0.001 <0.001 <0.001

Nationality
EU-countries 19.7 (16.9–22.7) 7.9 (6.2–10.1) 38.9 (35.5–42.4) 44.1 (40.6–47.7)

Non-EU countries 17.7 (15.6–20.1) 7.5 (6.1–9.2) 24.2 (21.8–26.8) 39.5 (36.7–42.4)
p-value 0.295 0.794 <0.001 0.058

Marital status
Single 12.9 (10.2–16.2) 4.0 (2.6–6.1) 33.7 (29.7–37.9) 28.9 (25.1–33.0)

Married 20.6 (18.5–22.8) 9.1 (7.6–10.7) 28.9 (26.5–31.3) 46.0 (43.4–48.7)
p-value <0.001 <0.001 0.047 <0.001

Educational level
Higher 17.5 (15.6–19.7) 8.4 (6.9–9.9) 28.2 (25.9–30.7) 37.6 (35.0–40.2)
Middle 21.5 (18.1–25.3) 6.2 (4.4–8.7) 33.0 (29.1–37.2) 49.2 (44.9–53.6)

Low 8.3 (1.5–2.8) 0.0 79.2 (57.2–92.1) 83.3 (61.8–94.5)
p-value 0.058 0.106 <0.001 <0.001

Worksite
Deck 18.8 (16.6–21.2) 6.2 (4.9–7.7) 31.1 (28.5–33.9) 42.9 (40.1–45.8)

Engine 18.1 (15.1–21.1) 10.0 (7.9–12.4) 28.7 (25.6–32.1) 39.0 (35.5–42.5)
Galley __ __ __ __
p-value N/A N/A N/A N/A

Job duration at sea
<10 years 6.0 (4.1–8.6) 0.4 (0.07–1.7) 33.5 (29.3–37.9) 26.0 (22.2–30.2)

10–20 years 16.6 (14.4–19.1) 5.8 (4.5–7.5) 30.8 (27.9–33.9) 41.6 (38.5–44.7)
21+ years 36.2 (31.7–40.8) 19.6 (16.1–23.7) 25.2 (21.3–29.6) 57.4 (52.6–61.9)
p-value <0.001 <0.001 0.019 <0.001

Working hours per week
≤56 h 21.3 (17.9–25.2) 5.7 (3.9–8.2) 25.4 (21.7–29.5) 37.9 (33.7–42.3)

57–70 h 16.8 (14.6–19.3) 10.6 (8.8–12.7) 32.5 (29.6–35.5) 45.2 (42.1–48.3)
71+ h 19.1 (15.5–23.3) 2.9 (1.6–5.2) 30.3 (25.9–34.9) 36.3 (31.7–41.2)

p-value 0.102 <0.001 0.018 0.002

Non-officer

Overall 22.7 (21.1–24.5) 9.2 (8.0–10.4) 34.5 (32.5–36.4) 47.3 (45.3–49.4)

Age group (in years)
19–30 2.7 (1.7–4.2) 1.8 (1.0–3.1) 36.3 (32.9–39.9) 35.7 (32.3–39.2)
31–40 18.6 (15.8–21.7) 9.2 (7.2–11.6) 33.1 (29.7–36.8) 48.3 (44.5–52.1)
41–50 41.9 (38.1–45.8) 11.1 (8.9–13.9) 31.4 (27.8–35.1) 55.8 (51.9–59.7)
51+ 42.6 (36.8–48.5) 23.9 (19.2–29.3) 39.4 (33.8–45.4) 57.1 (51.2–62.8)

p-value <0.001 <0.001 <0.055 <0.001

Nationality
EU-countries 27.7 (23.6–32.2) 9.3 (6.8–12.5) 46.1 (41.4–50.9) 48.9 (44.1–53.6)

Non-EU countries 21.6 (19.8–23.5) 9.0 (7.9–10.5) 31.8 (29.7–33.9) 47.0 (44.8–49.2)
p-value 0.007 0.949 <0.001 0.513
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Table 3. Cont.

Rank Group Self-Reported
Hypertension

Self-Reported
Diabetes

Self-Reported
Current Smoking

Overweight or
Obesity

Marital status
Single 7.6 (5.9–9.7) 2.2 (1.3–3.6) 34.7 (31.4–38.2) 36.9 (33.6–40.5)

Married 30.0 (27.8–32.3) 12.5 (10.9–14.5) 34.3 (31.9–36.7) 52.4 (49.9–54.8)
p-value <0.001 <0.001 0.343 <0.001

Educational level
Higher 5.7 (3.7–8.8) 3.8 (2.2–6.5) 30.6 (25.9–35.6) 36.9 (31.9–42.1)
Middle 24.7 (22.3–27.1) 9.7 (8.1–11.5) 38.2 (35.5–40.9) 46.2 (43.4–48.9)

Low 27.7 (24.6–31.1) 10.8 (8.7–13.3) 30.0 (26.8–33.4) 54.4 (50.7–57.9)
p-value <0.001 <0.001 <0.001 <0.001

Worksite
Deck 27.9 (25.4–30.5) 10.0 (8.4–11.9) 35.7 (33.0–38.5) 44.5 (41.7–47.3)

Engine 19.0 (16.2–22.1) 9.5 (7.5–11.9) 34.4 (30.9–38.1) 50.4 (46.7–54.2)
Galley 14.5 (11.5–18.2) 6.2 (4.2–8.9) 31.1 (26.9–35.6) 50.2 (45.5–54.9)
p-value <0.001 0.048 0.203 0.015

Job duration at sea
<10 years 6.9 (5.5–8.6) 1.8 (1.1–2.8) 34.8 (31.9–37.7) 34.8 (31.9–37.7)

10–20 years 36.7 (33.7–39.8) 14.3 (12.1–16.7) 32.5 (29.5–35.5) 57.4 (54.4–60.7)
21+ years 32.4 (27.6–37.6) 17.3 (13.6–21.8) 38.9 (33.8–44.3) 57.6 (52.0–62.6)
p-value <0.001 <0.001 0.089 <0.001

Working hours per week
≤56 h 8.1 (6.2–10.7) 5.0 (3.5–7.2) 25.9 (22.5–29.6) 38.1 (34.3–42.1)

57–70 h 21.2 (18.9–23.6) 7.8 (6.4–9.5) 32.0 (29.4–34.7) 47.5 (44.6–50.4)
71+ h 41.5 (37.5–45.7) 16.2 (13.3–19.5) 48.7 (44.5–52.9) 56.9 (52.7–60.9)

p-value <0.001 <0.001 <0.001 <0.001

3.3. Clustering of Modifiable CVD Risk Factors

The clustering of modifiable CVD risk factors was categorized into three classes. The
classes were no risk factors, having one risk factor and clustering two and more than two
risk factors (Table 4). In general, 68.5% (95% CI: 67.2% to 69.9%) and 28.3% (26.9% to 29.7%)
of the study subjects respectively, had at least one and at least two modifiable CVD risk
factors. Overall, 31.4 %(30.0% to 32.8%), 40.3 (38.8% to 41.8%), 20.9 % (19.7% to 22.2%), 6%
(5.4% to 6.8%) and 1.3% (1.0% to 1.7%) of the study participants respectively had zero, one,
two, three and four modifiable CVD risk factors. As for the rank, 33.4 % of officers and
29.8% of non-officers had no CVD risk factors.

In contrast, 43.5% and 23.1% of officers and 37.7% and 32.5% of non-officers had one
and at least two modifiable risk factors, respectively. The prevalence of having at least
two risk factors increased significantly among non-officers compared with officers. The
prevalence of having at least two risk factors increased significantly with age, from 13.3%
in the age group 19–30 years to 51.3% in age ≥51 years. On the other hand, the prevalence
of at least two risk factors of CVD increasing with the decreasing the level of education.
However, the proportion of having at least two risk factors significantly increased with
increasing the job duration at sea and working hours per week regardless of rank (Table 3).

As for the combination of the CVD risk factors, self-reported current smoking/ over-
weight or obesity (30.9% (28.9% to 32.9%)), overweight or obesity/self-reported hyper-
tension (27.5% (25.6% to 29.5%)), and self-reported current smoking/self-reported hyper-
tension (17.5% (15.9% to 19.2%)) were the three most common of all two modifiable CVD
risk factor clustering. Besides, the combination of overweight or obesity/self-reported
hypertension/self-reported current smoking (70.0% (64.0% to 75.3%) were the most often
clustering of three modifiable CVD risk factors. Among the participants with only one
risk factors, 49.2% were overweight or obesity, 35.3% were current smokers, 10.9% had
hypertension and 4.6% had diabetes.
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Table 4. Prevalence (95% CI) of modifiable CVD risk factor clustering based on socio-demographic
and occupational characteristics among seafarers.

Category None One Clustering (≥2) p-Value

Total 31.4 (30.0–32.8) 40.3 (38.8–41.8) 28.3 (26.9–29.7)

Age group (in years)

<0.001
19–30 39.3 (36.5–42.1) 47.5 (44.6–50.2) 13.3 (11.5–15.3)
31–40 33.5 (31.0–36.0) 41.3 (38.7–43.9) 25.2 (22.9–27.5)
41–50 28.9 (26.4–31.7) 33.2 (30.5–35.9) 37.8 (35.0–40.7)
51+ 12.6 (9.9–15.8) 36.2 (32.1–40.5) 51.3 (46.9–55.6)

Nationality
<0.001EU-countries 24.9 (22.5–27.4) 42.8 (40–45.6) 32.3 (29.7–35.0)

Non-EU countries 34.0 (32.4–35.7) 39.3 (37.6–41) 26.7 (25.2–28.3)

Marital status
<0.001Single 39.9 (37.3–42.7) 45.2 (42.3–47.8) 14.9 (13.0–17.0)

Married 27.7 (26.2–29.4) 38.2 (36.5–39.9) 34.1 (32.4–35.8)

Educational level

<0.001
Higher 38.5 (36.2–40.8) 41.6 (39.3–43.9) 19.9 (18.1–21.9)
Middle 26.2 (24.2–28.3) 42.2 (39.9–44.5) 31.7 (29.5–33.9)

Low 27.8 (24.7–31.0) 32.9 (29.7–34.4) 39.3 (35.8–42.8)

Rank
<0.001Officer 33.4 (31.3–35.6) 43.5 (41.3–45.7) 23.1 (22.3–25.1)

Non-officer 29.8 (28.0–31.7) 37.7 (35.7–39.7) 32.5 (30.6–34.4)

Worksite

<0.001
Deck 31.9 (30.0–33.8) 37.8 (35.8–39.7) 30.3 (28.5–32.2)

Engine 29.2 (26.9–31.6) 45.8 (43.3–48.4) 25.0 (22.8–27.3)
Galley 36.3 (31.9–40.9) 35.5 (30.0–40.0) 28.2 (24.1–32.6)

Job duration at sea

<0.001
<10 years 42.8 (40.4–45.3) 42.0 (39.6–44.5) 15.2 (13.4–17.1)

10–20 years 26.8 (24.9–28.8) 40.0 (37.8–42.2) 33.2 (31.1–35.3)
21+ years 20.8 (18.0–23.8) 37.5 (34.2–40.9) 41.8 (38.3–45.3)

Working hours per week

<0.001
≤56 h 43.7 (40.8–46.7) 36.0 (33.2–38.9) 20.3 (17.9–22.7)

57–70 h 28.5 (26.6–30.4) 43.2 (41.1–45.3) 28.3 (26.5–30.3)
71+ h 24.0 (21.5–26.9) 38.6 (35.5–41.7) 37.3 (34.3–40.5)

The prevalence of modifiable CVD risk factor clustering by socio-demographic and
occupational characteristics stratified by rank is presented in Table 5. Consequently, the
prevalence of having at least two modifiable CVD risk factors was higher in older ages,
in both officers and non-officers. The prevalence of having two or more CVD risk factors
increased with working hours per week among non-officers, but not in officers. However,
the prevalence of at least two CVD risk factors differed significantly with the working
hours per week among officers. The proportion of having ≥2 risk factors increased with
the working hours per week in non-officers and with the job duration at sea among officers.
The clustering of two and more than two CVD risk factors found to be more favorable in
both officers and non-officers who had married than single and the differences was also
statistically significant.

As summarized in Table 6, multinomial logistic regression analysis showed that study
subjects aged 51 years and above 3.92 times more likely to have at least two CVD risk
factors compared to those aged from 19–30 years. Non-officers (OR: 1.36, 95% CI:1.09–
1.70) were more likely to have at least two CVD risk factors when compared to officers.
Participants from EU countries were 1.38 and 1.60 more likely to have one and at least
two CVD risk factors than those from non-EU countries. Study subjects working 71 h
and above per week and had 21 and above job duration at sea were more likely to have
both one, and at least two risk factors compared with those who were working less than
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or equal to 56 h, and had less ten years work experiences, respectively. Besides, study
individuals who had lower level of education were more likely to have at least two CVD
risk factors when compared to high level of education. Variables included educational
level (middle vs. higher), nationality, job duration at sea and working hours per week were
independent predictors for both having one and at least two modifiable CVD risk factors.
On the other hand, age, marital status, and rank were important predictors for having at
least two modifiable CVD risk factors (Table 6).

Table 5. Prevalence (95% CI) of modifiable CVD risk factor clustering among seafarers stratified by
rank.

Rank Group None One Clustering (≥2) p-Value

Officer

Overall 33.4 (31.3–35.6) 43.5 (41.3–45.7) 23.1 (22.3–25.1)

Age group (in years)

<0.001
19–30 39.8 (35.4–44.4) 48.3 (43.7–52.9) 11.9 (9.2–15.3)
31–40 37.6 (34.1–42.3) 42.2 (38.6–45.9) 20.2 (17.4–23.4)
41–50 30.8 (26.9–35.0) 43.7 (39.3–48.1) 25.5 (21.8–29.6)
51+ 12.7 (8.8–17.9) 37.3 (31.0–43.9) 50.0 (43.6–56.4)

Nationality
<0.001EU-countries 28.9 (25.8–32.2) 42.2 (38.7–45.8) 28.9 (25.8–32.2)

Non-EU countries 36.4 (33.6–39.3) 44.4 (41.5–47.3) 19.2 (16.9–21.6)

Marital status
<0.001Single 44.3 (40.0–48.7) 41.4 (37.2–45.8) 14.3 (11.4–17.6)

Married 29.3 (26.9–31.8) 44.3 (41.6–46.9) 26.4 (24.2–28.8)

Educational level

<0.001
Higher 36.6 (34.0–39.2) 43.2 (40.6–45.9) 20.2 (18.1–22.5)
Middle 26.2 (22.6–30.2) 45.5 (41.2–49.8) 28.3 (24.5–32.4)

Low 8.3 (1.5–28.5) 16.7 (5.5–38.2) 75.0 (52.9–89.4)

Worksite

N/A
Deck 32.8 (30.1–35.6) 43.2 (40.3–46.1) 24.0 (21.6–26.6)

Engine 34.3 (30.9–37.8) 44.0 (40.4–47.6) 21.8 (18.9–24.9)
Galley ___ ____ ___

Job duration at sea

<0.001
<10 years 47.6 (43.1–52.2) 40.7 (36.3–45.3) 11.6 (8.9–14.9)

10–20 years 32.8 (29.9–35.8) 45.9 (42.8–49.0) 21.3 (18.8–23.9)
21+ years 19.4 (15.9–23.5) 41.1 (36.5–45.8) 39.5 (34.9–44.2)

Working hours per week

<0.001
≤56 h 40.2 (35.9–44.7) 37.9 (33.7–42.3) 21.9 (18.4–25.8)

57–70 h 28.9 (26.2–31.9) 45.3 (42.5–48.7) 25.5 (22.8–28.3)
71+ h 35.8 (31.2–40.7) 45.6 (40.4–50.2) 18.8 (15.3–23.1)

Non-officer

Overall 29.8 (28.0–31.7) 37.7 (35.7–39.7) 32.5 (30.6–34.4)

Age group (in years)

<0.001
19–30 39.0 (35.5–42.5) 46.9 (43.4–50.5) 14.1 (11.8–16.8)
31–40 29.2 (25.9–32.8) 40.4 (36.7–44.2) 30.4 (26.9–33.9)
41–50 27.5 (24.1–31.2) 24.9 (21.6–28.4) 47.6 (43.7–51.5)
51+ 12.5 (8.9–16.9) 35.3 (29.8–41.1) 52.2 (46.3–58.1)

Nationality
<0.001EU-countries 17.7 (14.3–21.7) 43.9 (39.2–48.6) 38.4 (33.9–43.2)

Non-EU countries 32.6 (30.5–34.7) 36.3 (34.1–38.5) 31.1 (29.1–33.3)

Marital status
<0.001Single 37.1 (33.7–40.6) 47.5 (43.9–51.1) 15.4 (13.1–18.2)

Married 26.4 (24.2–28.6) 32.9 (30.7–35.3) 40.7 (38.3–43.1)
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Table 5. Cont.

Rank Group None One Clustering (≥2) p-Value

Educational level

<0.001
Higher 45.6 (40.5–50.9) 35.5 (30.7–40.7) 18.9 (15.1–23.3)
Middle 26.2 (23.8–28.7) 40.8 (38.1–43.5) 33.1 (30.5–35.7)

Low 28.4 (25.2–31.8) 33.5 (30.1–36.9) 38.1 (34.7–41.7)

Worksite

<0.001
Deck 31.0 (28.4–33.7) 32.6 (30.0–35.3) 36.4 (33.7–39.1)

Engine 23.7 (20.6–27.0) 47.9 (44.0–51.6) 28.5 (25.2–31.9)
Galley 36.3 (31.9–40.9) 35.5 (31.1–40.1) 28.2 (24.1–32.6)

Job duration at sea

<0.001
<10 years 40.7 (37.7–43.7) 42.6 (39.6–45.6) 16.7 (14.5–19.1)

10–20 years 20.6 (18.1–23.3) 33.0 (30.9–37.0) 45.5 (42.3–48.7)
21+ years 22.4 (18.3–27.2) 33.9 (28.1–38.2) 44.6 (39.4–49.9)

Working hours per week

<0.001
≤56 h 46.6 (42.6–50.6) 34.5 (30.8–38.5) 18.9 (15.9–22.3)

57–70 h 28.1 (25.6–30.7) 41.2 (38.4–44.0) 30.8 (28.2–33.5)
71+ h 15.7 (12.8–18.9) 33.7 (29.9–37.8) 50.6 (46.5–54.8)

Table 6. Multinomial logistic regression analysis of modifiable cardiovascular disease risk factor
clustering among seafarers (n = 4318).

Category One Clustering (≥2)

OR (95% CI) p-Value OR (95% CI) p-Value

Age group (in years)
19–30 1 - 1 -
31–40 0.85 (0.78–1.10) 0.219 1.02 (0.74–1.39) 0.913
41–50 0.92 (0.86–1.23) 0.068 1.27 (0.89–1.83) 0.193
51+ 1.04 (0.67–1.61) 0.871 3.92 (2.44–6.29) <0.001

Marital status
Single 1 1

Married 1.18 (0.97–1.43) 0.114 1.59 (1.24–2.03) <0.001

Educational level
Higher 1 1
Middle 1.56 (1.30–1.88) <0.001 2.21 (1.78–2.75) <0.001

Low 1.25 (0.97–1.62) 0.084 2.48 (1.87–3.30) <0.001

Nationality
Non-EU countries 1 1

EU-countries 1.38 (1.16–1.64) <0.001 1.60 (1.31–1.95) <0.001

Rank
Officer 1 1

Non-officer 1.07 (0.88–1.31) 0.485 1.36 (1.09–1.70) 0.007

Job duration at sea
<10 years 1 1

10–20 years 2.22 (1.77–2.79) <0.001 2.73 (2.09–3.57) <0.001
21+ years 2.37 (1.68–3.35) <0.001 2.60 (1.79–3.78) <0.001

Working hours per week
≤56 h 1 1

57–70 h 1.73 (1.46–2.05) <0.001 2.03 (1.65–2.49) <0.001
71+ h 1.88 (1.52–2.33) <0.001 3.08 (2.42–3.92) <0.001

4. Discussion

This cross-sectional epidemiological study has assessed the prevalence and clustering
of reported modifiable CVD risk factors among seafarers. This study is the first study to
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evaluate the prevalence and clustering of reported modifiable CVD risk factors among
seafarers with a large representative sample. As a result, the prevalence of reported
hypertension, diabetes, current smoking, and overweight or obesity was 20.8%, 8.5%, 32.5%,
and 44.7%, respectively. The most important modifiable CVD risk factor in both officers and
non-officers was overweight or obesity. Compared with the previous studies [16,20,21], the
prevalence of hypertension among seafarers was less in our study. There are several reasons
why the prevalence of hypertension might have less in our study than in previous studies
among seafarers. First, we evaluated self-reported hypertension and did not consider
participants who were not taking antihypertensive treatment, although they have high
blood pressure levels. These could be the reasons that underestimate the proportion of this
risk factor in the present study. However, our finding was almost in line with the study
conducted among Iranian seafarers and greater than the study conducted on Italian flag
vessels regardless of the difference in methods [17,18].

Regardless of the difference in methods, we found a higher prevalence of both
self-reported current smoking and diabetes than the previous studies carried out in
seafarers [19,21]. This study documented that 36.4% and 8.3% of the participants were
overweight and obese, respectively. Our result was inconsistent with studies conducted
among Danish seafarers [32,33], which reported 70.8% and 76.6% overweight and 30.9%
obesity. The differences might be due to differences in the methods and data sources. As for
the rank, the prevalence of self-reported modifiable CVD risk factors, except diabetes was
significantly higher among non-officers compared with officers. This might be due to work-
related stress because, as different studies reported that non-officers work is characterized
by long working hours, night shift work, short average sleep time, suffer from frequent
sleep interruption, irregular working times, and more physically demanding [9,17,34,35].

Life on board is another environmental stressor for seafarers, especially for non-officers
because non-officers stay on board for more extended periods than officers (8.3 months vs.
4.8 months) [35]. Due to night shift work, lack of sleep, and intense activity, seafarers, espe-
cially non-officers, experiencing various coping strategies, including smoking cigarettes,
and drinking alcohol during at work. Hence, these physical and Psychosocial stressors and
high levels of work-related fatigue, lack of leisure time, and physical inactivity lead to high
BMI and other modifiable CVD risk factors. Besides, Work-related stressors can affect the
body by activating the neuroendocrine stress pathway, and unhealthy individual lifestyle
behaviors (unhealthy diet, smoking, heavy alcohol consumption, and physical inactivity)
can indirectly affect the body. Several studies in general population [36–40] and seafar-
ers [34,41–43] have reported that work-related stress contributes significantly to modifiable
CVD risk factors. A study in the general population reported that work-related stress,
characterized by the effort-reward imbalance model, was significantly associated with a
high BMI [44]. In another general population study, also work-related stress, described by
the effort-reward imbalance model, was associated with metabolic syndromes [45].

The present study reports that more than four in six (68.5%) seafarers aged 19 to 70
have at least one of the following modifiable CVD risk factors: reported hypertension,
diabetes, current smoking, and overweight or obesity. Besides, the clustering of two or more
two CVD risk factors was noted in 28.5% of study participants. We found that significantly
higher prevalence of two or more CVD risk factors among non-officers compared with
officers. It is suggested that the non-officer work accompanied with the exposure to
different work-related stressors may have unfavorable effects on cardiovascular health
conditions in non-officers. Our finding was inconsistent with the study conducted on
German-flagged ships, which reported a higher prevalence of coronary heart disease (CHD)
risk factor clustering (>3 risk factors) among officers than non-officers (crew ranks) [16].
These differences could be due to differences in methods and CVD risk factor profiles
in the study. For example, we did not consider biochemical parameters such as LDL
cholesterol, HDL cholesterol, and triglycerides in the present study. Our study documented
that the clustering of reported current smoking/overweight or obesity and overweight or
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obesity/reported hypertension/current smoking was the most among the combination of
two and three modifiable CVD risk factors.

We found that 33.4%, 43.5%, and 23.1% of officers and 29.8%, 37.7%, and 32.5% of
non-officers respectively had zero, one, and two and more than two CVD risk factors.
Another study conducted among seafarers reported that clustering of more than three CHD
risk factors was observed in 56.2% of the galley staff, 43.6% of the engine officers, 32.2% of
the deck officers, 24.6% of the deck crew, and 17.0% of the engine crew [16]. In the present
study, modifiable CVD risk factors were observed more often in study subjects from EU
countries with a prevalence between 9.2% and 45.8%. The significantly higher prevalence
of both one and at least two modifiable CVD risk factors in participants from EU- countries
compared to non-EU-countries mighty be due to their older age. Participants from EU
countries were relatively older than those from non-EU countries. Besides, multinomial
logistic regression analysis reported that participants from EU-countries 1.60 times more
likely to have two and more than two CVD risk factors than those from non-EU countries.
Our result was consistent with the study carried out among seafarers regardless of the
differences in method, which revealed that European seafarers were 2.4 times more likely
to have more than three CHD risk factors than non-European seafarers [16]. Another
study reported that the proportion of high blood sugar (30%) was observed in the Croatian
sailor [46].

Non-officers in the older age strata (i.e., age of 41 to 50, and age of >51) exhibited a
higher prevalence of two and more CVD risk factors compared with the officers. Partici-
pants aged 51 and older were approximately four times more likely to have at least two
CVD risk factors (OR: 3.92 (95% CI: 2.44–6.29)] than those aged between 19 and 30 years old,
while controlling for marital status, rank, educational level, nationality, length of work
at sea and working hours per week. This could be due to work-related stressors causing
a negative effect on cardiovascular health after a long latency. Older workers may face
more work-related stressors, are inactive in physical activity, and more able to complain
about the psychological demands of work than younger age groups. Besides, older age is
associated with an increased risk of various pathological changes, making older workers
more exposed to different physical and psychological stressors than younger workers. A
study in seafarers reported increased health problems and fatigue in older workers [47].
The same study found that the interaction between job demands, and age significantly im-
pacted overall mental health and perceived stress [47]. Our study showed that non-officers
(OR: 1.36 (95% CI: 1.09–1.70)) were more likely than the officers to have two and more
than two modifiable CVD risk factors, while controlling for marital status, age, educational
level, nationality, job duration at sea and working hours per week. Our result was not in
line with the other previous study carried out in seafarers regardless of the difference in
methods [16,48].

In general, this study revealed that non-officers, older age, married, low level of
education, working hours per week, EU nationality, and job duration at sea were positively
associated with modifiable CVD risk factor clustering, compared to their counterparts.
Hence, the present findings may help to develop modifiable CVD risk factors prevention
and control strategies onboard ships. As for intervention, for example, non-officers, those
who are married, older seafarers (≥51 years), who work long hours per week, those with a
low level of education, who have a long duration of work at sea, and seafarers from EU-
countries could be screened for modifiable CVD risk factors, in particular for clustering
of CVD risk factors. Additionally, these groups should be targeted for early prevention
programs to reduce risk factors and prevent cardiovascular diseases, as they are more likely
to have a modifiable CVD risk factor clustering.

Telemedicine approach prevention program can be more appropriate for screening the
high-risk groups and follow-up visits at sea because Seafarers are hundreds of miles away
from the nearest aid point regarding healthcare. Studies have reported that telemedicine
has proven effective by providing advice, diagnosis, and treatment to seafarers during
emergencies at sea [49]. Besides, it is possible to follow up visits and regular medical exam-
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inations onboard ships through telemedicine using new technologies, such as high-speed
internet and video conferencing [50,51]. Promoting a healthy lifestyle or behavioral modi-
fication efforts is most important to reducing CVD risk factors. Hence, the International
Maritime Organization (IMO), together with other responsible bodies and stakeholders,
should take into account strategies related to cigarette smoking reduction, including smok-
ing restrictions on board ships. In 2006, the International Labor Organization (ILO) [25]
adopted the Maritime Labor Convention (MLC) 2006, and it entered into force on 20 August
2013. In chapter five (title two), the 2006 Convention deals with the timetable working
hours and rest hours for seafarers and clearly stated that seafarers’ working hours are eight
per day with one day of rest per week. However, our study reported that 51.2% and 22.9%
of the participants worked 57–70 h and 71+ h per week, respectively. Therefore, the Con-
vention 2006 has not yet been fully applied related to working hours of seafarers on board
ships. Hence, the ILO and other responsible bodies should pay attention to its enforcement
related to working hours according to the guideline because long working hours per week
was one of the independent predictors for modifiable CVD risk factor clustering. As for
physical activity, the working conditions of seafarers does not motivate them to carry out
daily physical training as on land because there are sudden climate changes, accidents,
and physical and psychological stress. However, planned health education regarding
physical activity through telemedicine and the provision of simple and easy-to-use mobile
applications [52] could encourage the seafarers to practice daily physical exercises to be
physically active and reduce the chance of being overweight or obese.

Limitation of this study: this study was a cross-sectional study, and the study design
prevents us from determining the causality or temporal relationship between modifiable
CVD risk factor clustering and CVD. In the present study, we assessed self-reported
modifiable CVD risk factors, except overweight or obesity. We did not include participants
who were not on treatment despite having high blood pressure or high blood sugar.
Therefore, these could underestimate the prevalence of hypertension or diabetes. Current
smoking may be subject to reporting bias as it depends only on the participants’ responses.
Besides, those who did not smoke regularly were excluded. Hence, the prevalence of
current smoking may be underestimated.

5. Conclusions

The results of our study demonstrate that a high prevalence of reported modifiable
CVD risk factors was observed in non-officers. This study reported that the clustering
of reported current smoking/overweight or obesity and overweight or obesity/reported
hypertension/ reported current smoking were the most among the combination of two and
three modifiable CVD risk factors; the prevalence was 30.9% and 70.0%, respectively. The
present study indicates that non-officers, older workers, European seafarers, participants
with a low level of education, who work long hours a week, are married, and have a long job
duration at sea are susceptible to modifiable CVD risk factor clustering. Hence, a specific
intervention targeting the high-risk groups should be designed and implemented onboard
ships. In the present study, we did not consider cholesterol profiles, so a prospective study
should be considered in the future to evaluate clustering and predict modifiable CVD risk
factors, including cholesterol profiles among seafarers, for further preventive measures.
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Abstract: Background: The ongoing pandemic due to the novel coronavirus (COVID-19) is becoming
a serious global threat. Experts suggest that the infection can be controlled by immediate prevention
measures. Sailing is one of the occupational categories more vulnerable to this virus outbreak due
to the proximity of the working conditions. Objective: Awareness and knowledge assessments of
seafarers towards the current epidemic is mandatory to understand the effectiveness and success of
the infection control measures adopted by shipping companies. Methods: In this study, we presented
an online questionnaire survey to determine the knowledge levels of COVID-19 among seafarers.
The data were collected by self-reported survey, and analysis was done by the analysis of variance
(ANOVA). The t-test was used to understand the knowledge attitude differences to COVID-19 among
different occupational groups of seafarers, and the p-value ≤ of 0.05 was considered statistically
significant. Results: Among 1,458 responses received, 92.82% had a college or university degree.
The results reported that the mean COVID-19 knowledge score was 5.82 (standard deviation = 0.51,
range 0–6), and the overall correct percentage was 97%. There was a statistically significant difference
between age groups (F (4, 1453) = 5.44, p < 0.001) and educational groups (F (4, 1453) = 1.52, p < 0.001).
The knowledge score was not significantly different across the educational status of the participants
(F (2, 1455) = 1.52, p = 0.220). Conclusions: The present study highlighted good knowledge and
behaviours among sailors about COVID-19. However, shipping companies need to come up with
new campaigns to hold optimistic practices and suitable guidelines on ships, including cruise boats,
to keep sea workers always alert and collaborative in mitigating the spread of COVID-19.

Keywords: COVID-19 spreading; online survey; awareness and knowledge; ships; seafarers

1. Introduction

The novel coronavirus disease, or COVID-19, was first identified in December 2019
at a Wuhan wet market in China and then constantly spread all over the world at a rapid
pace [1]. As of 5 January 2021, more than 85 million cases have been reported, including
1.86 million deaths [2]. In many cases, COVID-19 develops mild-to-moderate symptoms.
In some cases, it might cause severe sickness, including pneumonia and, consequently,
death. A person who is infected by the virus usually takes five to seven days to develop
symptoms, and it can extend up to 14 days [3].

Currently, many European countries like Italy, France, Germany, and others have been
exposed to the second wave of the COVID-19 pandemic [4]. These countries were severely
hit by the first wave of pandemic during the spring, which was followed by the second
wave during late summer and autumn. Epidemic data present the virus characteristics,
and its effects are varied between these two periods. The symptoms like pneumonia,
dyspnea, fever, cough, chronic neurological diseases, and type 2 diabetes mellitus are often
found in both waves. In severe cases, the symptoms usually get worse gradually after
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the initial appearance. To slow down the spreading of the virus and reduce its effects,
governments around the world have made travel restrictions and closed their country’s
borders [5]. Various ports and air terminals are closed, ships’ entries are denied, and all
planes grounded.

Due to the limited medical resources, natural exposure to new environments and
crowded, enclosed areas make the high risk of the present novel pandemic spread among
many cruise ships [6]. On 4 February 2020, the UK-registered ship named the Diamond
Princess was exposed to a large outbreak of COVID-19, and this was quarantined for
about one month at Yokohama, Japan. More than 700 individuals were infected, including
14 deaths [7]. Over 40 cruise ships have confirmed positive cases of COVID-19 infection
onboard, and port authorities and governments are advising people to avoid travelling
on cruise ships and restraining ships from docking [8]. Besides, many maritime transport
lines have been suspended to prevent the epidemic spread [9].

Seafarers are the unsung heroes of this pandemic, because over 90% of the world trade,
including medical goods, raw materials, essential foods, and manufactured goods, depends
on them [10]. Based on a report published by the International Maritime Organization
(IMO), seafarers are collateral victims of this pandemic emergency, as travel limitations
have left a huge number of them abandoned on boats or unfit to join ships [11]. Moreover,
commercial fishing is a main source of the world’s food. Several sailors are ready for
stretched out work timeframes; to maintain a strategic distance from becoming infected,
crewmembers need to change all the time, and this includes nearly 100,000 sailors every
month [12,13].

The COVID-19 pandemic has introduced phenomenal circumstances around the world.
The worldwide health authorities have been focused on controlling the disease by mitigat-
ing actions to limit the fast-spreading. Currently, two vaccines—namely, Pfizer-BioNtech
and Moderna’s—are authorized and recommended to prevent COVID-19; additionally,
the presence of more than 50 COVID-19 vaccines are in trials, yet the world is looking for
safe and effective ones [14]. Of the problems caused by the COVID-19 pandemic, around
90,000 sailors are now stuck on cruise ships without passengers [15]. Since the ship is a
closed environment, there is a high chance of being infected. After being at sea for at least
14 days, and if no crewmember shows the symptoms of the COVID-19 illness, then a ship
can be considered as virus-free and, eventually, safe.

The recent literature on COVID-19 highlights scientific knowledge or epidemic projec-
tions, especially in the public health environment [16]. Outcomes integrated with scientific
knowledge tend to identify the key safety-related issues. Apart from the clinical and
healthcare aspects like the safety of medical doctors, social and occupational safety, and,
in particular, mental health, they have gained large attention from the COVID-19 scientific
community [17]. The individuals living in closed environments like ships should have basic
knowledge when addressing key social issues, including an urgent need to understand
and believe the science about the COVID-19 pandemic that is shattering the present world.

This study presents an online cross-sectional survey designed to understand seafar-
ers’ behaviour and knowledge during COVID-19. A similar study was conducted on
USA residents during the early epidemic phase to evaluate their knowledge levels and
behavioural characteristics [18]. This study is among one of the first attempts to measure
the knowledge on COVID-19 among crew members of merchant ships addressing requests
for telemedical advice to the Centro Internazionale Radio Medico (C.I.R.M., International
Radio Medical Centre).

2. Methods
2.1. Participants

The current cross-sectional investigation enlisted a sample of seafarers from the
C.I.R.M. [19]. With more than 100,000 seafarers assisted onboard ships, the C.I.R.M. is
the maritime telemedical centre with the largest experience of medical assistance to sail-
ing seafarers. It was established in 1935 to give free radio medical advice to ships of all
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nationalities navigating in international waters. The C.I.R.M. is the Italian Telemedical Mar-
itime Assistance Service (TMAS). The online questionnaire was delivered to 5000 seafarers,
and 1458 (about 30%) agreed to provide consent to participate in this survey. We assumed
that the participants that did not show interest in this study was due to a lack of internet on-
board, staying with family because of fear caused by COVID-19, or a low-level knowledge
of English.

2.2. Survey

The questionnaire included in the survey was refined by phrase changing, the possi-
bility of adding new questions, and modifications of other research studies that provide
extensive knowledge on the COVID-19 epidemic. Two C.I.R.M. doctors thoroughly re-
viewed the final questionnaire to make sure each item of the survey was clearly understood.
The final questionnaire consisted of 25 questions and was distributed through a Google
Form link.

The survey was organized into three sections: demographic characteristics, including
age, rank onboard, members onboard, and educational status, etc. (5 items); personal char-
acteristics (14 items); and the knowledge questionnaire had 6 questions regarding clinical
presentation (2 questions), COVID-19 transmission routes (2 questions), and prevention
and control (2 questions). Moreover, the questionnaire was adapted from previous studies
on COVID-19 knowledge [18,20]. These questions were answered by correct and incorrect
options. As a result, a correct answer was assigned “1”, and an incorrect answer was
assigned “0”.

Before starting the survey, seafarers read an informed consent explanation that por-
trayed that cooperation was deliberate and that they could stop whenever. By tapping on
a “next” button, members were considered as agreeing to finish the online questionnaire.
The survey consisted of closed-ended questions, of which six permitted the seafarers to
have the chance to give further details if the “other” alternative was chosen from the
multiple-choice questions. The closed-ended questionnaire consisted of categorical, di-
chotomous, multiple-choice, and Likert-type questions on five-point rating scales. At the
end of the questionnaire, we requested the participants provide final feedback regarding
their participation in the study.

2.3. Reliability and Validity of Responses

The main objective of any questionnaire is to gather relevant information most reliably
and validly. These factors are commonly associated with the conduction and selection of
valid research instruments. As mentioned, this was a study related to onboard behavioural
characteristics of seafarers, and we adopted the face validity method that was done by an
analysis of the data using Cohen’s Kappa Index (CKI). A kappa value that was greater than
0.6 was accepted as a valid question [21]. The items in the knowledge questionnaire were
further validated with the CKI scale.

2.4. Statistical Analysis

Demographic variables such as age, rank, and educational status were done using
frequency analysis. Frequencies of correct answers to knowledge questions were deter-
mined. A one-way analysis of variance (ANOVA) was used to determine the differences
in the mean knowledge scores between the age groups, rank groups, and educational
status. The t-test was used to understand the knowledge attitude differences to COVID-19
among different occupational groups of seafarers, and a p-value of ≤0.05 was considered
statistically significant. Statistical analysis was carried out by IBM SPSS v.26 (Armonk,
New York, NY, USA).

2.5. Ethical Approval

The review board members and the Ethics Committee of C.I.R.M. approved this study.
The checklist for research ethics during the COVID pandemic was adopted from the UK
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research integrity office (UKRIO) guidelines [22]. This study was reviewed and approved
by the C.I.R.M. Research Ethics Committee (ESI/2020/017). All participants provided
consent by responding to a yes/no inquiry toward the beginning of the survey before they
responded to the first question.

3. Results

Table 1 includes the participants’ basic demographic characteristics: age group, rank
onboard, and educational status. Table 2 presents nine questionnaires that were adminis-
tered to measure the awareness about COVID-19, including clinical characteristics, trans-
mission, prevention, and control. Among the total number of the respondents, the majority
(97.87%) of them reported that they are aware of the novel coronavirus outbreak. Of the re-
spondents that reported, 93.63% said that they were never infected by the new coronavirus,
and 88.73% of the respondents reported that none of the people in their immediate social
environments were infected.

Table 1. Participant demographic and awareness characteristics.

Demographic Characteristics N %

Gender
Male 1241 85.11
Female 217 14.89
Age (Years)
<20 21 1.4
20–30 332 22.8
30–40 431 29.6
40–50 571 39.2
>60 103 7.1
Education
Primary education 44 1.01
College/University education 1237 92.82
Secondary School education 177 6.17
Rank on board
Deck Officers 579 39.72
Deck Rating 281 19.24
Engine Officers 268 18.35
Engine Rating 220 15.11
Galley 111 7.58

Regarding behaviours, 42.57% of the participants reported that they were moving
with other staff onboard, and just 0.22% of participants used a bed previously used by
someone who got infected. Most seafarers (98.4%) provided a correct response on the
transmission of the novel coronavirus. Regarding mental health status, 33 (2.24%) seafarers
reported feeling lonely, 862 (59.13%) seafarers reported feeling well, 395 (27.10%) seafarers
reported missing family/friends and 168 (11.53%) seafarers reported feeling overstressed.

The correct answers to knowledge questions ranged from 91.8% to 99.4% (Table 3).
The mean COVID-19 knowledge score was 5.82 (standard deviation = 0.51, range 0–6),
and the overall correct percentage was 97%. Most of the seafarers (99.4%) were aware of
the COVID-19 clinical symptoms, and 95.7% realized that all infected individuals did not
develop into severe cases. Viral infections are highly contagious among the people who
live nearby and spread by respiratory droplets. Most respondents (97.3%) were aware that
COVID-19 can be caused by human transmission when infected persons cough or sneeze.
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Table 2. Awareness on COVID-19 onboard.

Q1. Are you aware of the novel coronavirus outbreak?

Heard from Others 13 0.90

No 18 1.23

Yes 1427 97.87

Q2. Are you or have you been infected with the novel coronavirus?

Do not know 86 5.92

No 1365 93.63

Yes, confirmed 7 0.45

Q3. Do you know people in your immediate social environment who are or have been infected
with the novel coronavirus?

Do not know 106 7.25

No 1294 88.73

Yes, confirmed 42 2.91

Yes, not confirmed 16 1.11

Q4. Are you closely moving with other staff onboard?

No 196 13.41

Sometimes, I cannot avoid 642 44.02

Yes 621 42.57

Q5. Was your travel history associated with infected countries in the last two months?

Maybe 52 3.58

No 414 28.41

Yes 992 68.01

Q6. Have you used a bed previously used by someone who got infected by coronavirus?

May be 18 1.23

No 1436 98.5

Yes 3 0.22

Q7. Which of the following is correct about the transmission of the novel coronavirus?

Do not know 11 0.78

The novel coronavirus is
not transmissible 3 0.22

The novel coronavirus is
transmissible from person
to person.

1435 98.44

The novel coronavirus is
transmitted by animals to
humans only

8 0.56

Q8. Are your handwashing for at least 20 s?

Yes 1366 93.68

No 92 6.32

Q9. How is your mental health during these periods

Missing family and friends 395 27.1

Feeling lonely 33 2.24

More often getting stress 168 11.53

Feeling well 862 59.13
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Table 3. Frequency of correct answers to the knowledge questions. CKI: Cohen’s Kappa Index.

Knowledge Questions N (Correct%) CKI

KQ1: The main clinical symptoms of COVID-19 are fever, fatigue,
shortness of breath, and dry cough. 1449 (99.4) 0.7

KQ2: Not all persons with COVID-19 will develop into severe cases.
Those who are older and have chronic illnesses such as diabetes, heart
diseases, cancer, and chronic kidney diseases are more likely to have
severe cases.

1395 (95.7) 0.6

KQ3: The COVID-19 virus spreads via respiratory droplets of
infected individuals. 1418 (97.3) 0.8

KQ4: By wearing masks onboard, it is possible to control the speed of
the virus spreading. 1338 (91.8) 0.9

KQ5: Isolations and treatment of people who are infected with
COVID-19 are effective ways to reduce the spread of the virus. 1443 (99) 0.8

KQ6: People who have contact with someone infected with the
COVID-19 virus should be immediately isolated. In general,
the observation period is 14 days.

1448 (99.3) 0.7

Based on the guidelines provided by the World Health Organization (WHO), it is
evident that wearing facemasks only can help prevent becoming infected with the virus [23].
In this study, 92% of participants agreed that spreading of the virus can be controlled by
wearing masks onboard; 99% mentioned that treatment and isolation are promising ways
to reduce the virus transmission, and 99.3% provided the correct response on the incubation
period of COVID-19. These findings appreciate the well-known knowledge of emphasizing
maintaining onboard social distancing to control further infections. There was a statistically
significant difference between the age groups (F (4, 1453) = 5.44, p < 0.001) and rank
groups (F (4, 1453) = 32.18, p < 0.001), as determined by one-way ANOVA. The knowledge
scores were not significantly different across the educational statuses of the participants
(F (2, 1455) = 1.52, p = 0.220) (Table 4).

Table 4. Background characteristics of seafarers and knowledge scores of COVID-19 by age, rank,
and educational status.

Demographic Characteristics

N (%) Knowledge (Mean + S.D) F-Test p-Value

Age Group
<20 Years 21 (1.44) 5.43 + 0.81

5.44 <0.001
20–30 Years 312 (21.4) 5.76 + 0.56
31–40 Years 440 (30.2) 5.84 + 0.49
41–50 Years 573 (39.3) 5.86 + 0.44
>51 Years 112 (7.7) 5.79 + 0.60
Rank category
Deck officer 579 (39.7) 5.98 + 0.12

32.18 0.220
Engine officer 268 (18.4) 5.76 + 0.57
Deck Rating 281 (19.3) 5.73 + 0.61
Engine Rating 220 (15) 5.74 + 0.60
Galley 110 (7.5) 5.51 + 0.76
Educational status
Primary school 44 (3) 5.70 + 0.55

1.52 <0.001Secondary school 177 (12) 5.85 + 0.45
College/University 1237 (85) 5.82 + 0.52

The data on the knowledge of daily preventive measures by seafarers are summarized
in Figure 1. As shown, few respondents had limited knowledge due to a low educational
status. Among the total respondents, 1412 (97%) indicated that they avoid face touching,
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1347 (92.38%) anticipated covering their faces when they sneezed or coughed, and 986
(68%) chose disinfectants for cleaning their hands when soap was not available. Moreover,
1226 (84%) followed social distancing onboard, and 1128 (77.3%) wore masks while moving
onboard. To increase their immune systems, 801 (55%) preferred to do exercise, 481 (33%)
habitually drank ginger tea, and only 47 (3%) were interested in using antibiotics.

Healthcare 2021, 9, x FOR PEER REVIEW 7 of 11 
 

 

and 986 (68%) chose disinfectants for cleaning their hands when soap was not available. 
Moreover, 1226 (84%) followed social distancing onboard, and 1128 (77.3%) wore masks 
while moving onboard. To increase their immune systems, 801 (55%) preferred to do ex-
ercise, 481 (33%) habitually drank ginger tea, and only 47 (3%) were interested in using 
antibiotics.  

 
Figure 1. Onboard individual prevention measures by seafarers. 

4. Discussion  
Many studies were found related to the knowledge, attitudes, and practices (KAP) 

concerning the CoViD-19 outbreak [24–27], but the literature search did not identify any 
works on seafarer CoViD-19 knowledge assessments. Due to this, we developed a tool to 
investigate CoViD-19 knowledge, including behavioural characteristics and the necessity 
of onboard health measures.  

4.1. Personal Awareness  
The personal awareness questionnaire was created to understand the factors that de-

cide virus transmission onboard and further classified into three constructs, such as envi-
ronment hygiene, socio-travel characteristics, and poor health literacy. These, indeed, are 
considered the four factors that demonstrate seafarers’ knowledge of CoViD-19 transmis-
sion. 

Early data on public health practices embraced to forestall the spread of CoViD-19 
might help control the virus transmission; it is also necessary to publicize knowledge of 
the psychological characteristics of the stigma and social discrimination (SAD) in pan-
demic realities [28,29]. Recent evidence confirmed that the CoViD-19 disease is transmit-
ted by either physical contact or respiratory droplets of an infected person [30]. Moreover, 
contact transmission can be possible when an infected individual onboard touch their 
nose, eye, or mouth mucosa, and the virus can also be transferred from one surface to 
another by contaminated hands. Due to this, hand hygiene is mandatory to prevent the 
CoViD-19 virus spread. In this study, 97.3% of seafarers agreed with the concept that the 
virus spread was caused by respiratory droplets of contaminated individuals. Rubbing 
hands with alcohol-based soap for at least 20 s is an effective approach to neutralize vi-
ruses like corona because of an oily surface membrane that is decomposed by soap [31]. 

1412

1226

1347

1128

47

481

801

986

Avoid touching face

Maintain social distance on board

Cover face when Sneazing and coughing onboard

Mask wearing

Using antibiotics

Drinking ginger tea

Daily exercise

Use of disinfectants to clean hands

Figure 1. Onboard individual prevention measures by seafarers.

4. Discussion

Many studies were found related to the knowledge, attitudes, and practices (KAP)
concerning the COVID-19 outbreak [24–27], but the literature search did not identify any
works on seafarer COVID-19 knowledge assessments. Due to this, we developed a tool to
investigate COVID-19 knowledge, including behavioural characteristics and the necessity
of onboard health measures.

4.1. Personal Awareness

The personal awareness questionnaire was created to understand the factors that de-
cide virus transmission onboard and further classified into three constructs, such as environ-
ment hygiene, socio-travel characteristics, and poor health literacy. These, indeed, are con-
sidered the four factors that demonstrate seafarers’ knowledge of COVID-19 transmission.

Early data on public health practices embraced to forestall the spread of COVID-19
might help control the virus transmission; it is also necessary to publicize knowledge of the
psychological characteristics of the stigma and social discrimination (SAD) in pandemic
realities [28,29]. Recent evidence confirmed that the COVID-19 disease is transmitted by
either physical contact or respiratory droplets of an infected person [30]. Moreover, contact
transmission can be possible when an infected individual onboard touch their nose, eye,
or mouth mucosa, and the virus can also be transferred from one surface to another by
contaminated hands. Due to this, hand hygiene is mandatory to prevent the COVID-19
virus spread. In this study, 97.3% of seafarers agreed with the concept that the virus spread
was caused by respiratory droplets of contaminated individuals. Rubbing hands with
alcohol-based soap for at least 20 s is an effective approach to neutralize viruses like corona
because of an oily surface membrane that is decomposed by soap [31]. The highest number
(93.68%) of seafarers mentioned that they do 20-s hand washes with alcoholic soaps.

Travel behaviour is another important characteristic of the spread of COVID in any
working culture. Due to global trading during the pandemic, the percentage of the popula-



Healthcare 2021, 9, 120 8 of 11

tion engaged in international travel is higher in Western countries like Europe, the USA,
and others. In the present study, 992 (68.01%) seafarers mentioned that they travelled to
infected nations during April and May 2020. Moreover, COVID-19 can largely spread
among the populations of infected cases in the next social environment [32]. Respondents
mentioned that about 58 (4%) people were suspected of contracting COVID-19 during
working conditions, and 42 members were confirmed as infected. Maintaining social
distancing with other employees also prevents the virus spread, but sometimes, it is hard
to avoid staff movements in closed environments. 40% of participants mentioned that
they are aware of social distancing but are unable to escape from unexpected situations,
and 42.57% are closely moving with others. Maintain isolation onboard for people who
are confirmed or suspected by COVID-19. A person in isolation is not supposed to leave
the place and keep away from the public on the ship. Others should also be aware of not
sharing the belongings of infected people. Most of the seafarers (98.5%) did not intend to
use the bed of a COVID-19-infected person.

Poor health literacy about COVID-19 is an underrated global public health issue.
Significant health literacy already seems like an important tool for the prevention of non-
communicable diseases like an ongoing epidemic [33]. In the present research, 97.87% of
members said that they were aware of the present virus outbreak, and 98.44% of respon-
dents were well informed about it being caused by human transmission.

4.2. Seafarers’ COVID-19 Knowledge

COVID-19 is an ongoing pandemic with serious threats to public health [34]. Since
most of the vaccines are under trails, preventive measures are the only solution to control it,
and therefore, everyone should have minimum knowledge on this novel virus. Attempts
to change behaviours are basic in limiting the easy transmission of diseases like COVID-
19, and it is unclear whether people knew about the risk of disease and adjusted their
behaviours during the early times of the pandemic [35]. Due to its highly contagious nature
in enclosed areas, seafarers’ behaviours on a ship are probably the main factor in deciding
the spread of a COVID-19 epidemic. Their behaviours are affected by their perceptions and
individual knowledge.

The study outcomes indicated that most of the seafarers were knowledgeable, and re-
spondents achieved a mean of 97% in the knowledge questionnaire. This value is higher
than other audiences, like the general public and health workers, which ranged from 62%
to 81.4% [24–27]. In this study, the 92.82% rate of correct answers is probably related to the
cultural background of the respondents that mostly had a college or university education.
This is also due to the time that the questionnaire distribution happened during the virus
outbreak. During this time, seafarers already gained some knowledge regarding COVID-19
prevention and transmission causes via the internet, media platforms, or colleague discus-
sions. The close associations found among educational background, age, and knowledge
(p < 0.001) supports our claims. On the other hand, the knowledge of daily preventive
measures by seafarers was much appreciable. Very few respondents had limited knowledge
due to a low educational status.

In terms of the seafarers’ behavioural characteristics on ships, the respondents pre-
sented a positive and encouraging approach towards COVID-19. About 96% agreed that
the virus does not develop into a serious illness unless in the presence of other chronic
diseases. These inspirational mentalities and high trust in the control of COVID-19 can
be clarified by the marine industries’ phenomenal activities and brief reaction times for
taking tough control and prudent steps against COVID-19 to defend ship workers and
guarantee their better health. These measures include isolation, avoid travelling on other
ships, regulations on mask-wearing, and sanitization of the workplace regularly.

4.3. Study Strengths and Limitations

This is probably the first study that investigated the awareness and knowledge re-
garding COVID-19 among the seafarer population. The data collection involved nearly
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30 shipping companies, including more than 1,000 ship workers. The preliminary results
encourage ship authorities to provide explicit guidelines and plan preventive actions
to avoid the future spread of the virus at ship working places. Despite the promising
knowledge outcomes, the present study had some limitations. Since the data analysis
was conducted with the help of a self-reported questionnaire, there is a chance of biased
outcomes. Forthcoming works must use administrative questionnaire data to overcome
this issue. Besides, community-based sample (like seafarers) studies cannot provide as
much evidence on the severity of pandemics as the data collected through participants
of author networks. On the other hand, the highest number of participants were from
European shipping companies, and future research needs to include worldwide merchant
ship members.

5. Conclusions

The current global pandemic caused by the COVID-19 disease is creating awful
situations for both seafarers and marine industries. By maintaining a close relationship
between shipping companies, flag and port states, and others, maritime service providers
can protect seafarers’ health and, simultaneously, the public [36]. Certain web-based
interventions like online questionnaires can enhance the individual knowledge of seafarers
by informing, educating, reminding, and monitoring to fight against the ongoing epidemic.
Hygiene conditions, waste management, and room sanitation onboard are mandatory to
protect an individual’s health during virus outbreaks, including COVID-19. Guaranteeing
continuous handwashing and practices in waste management at working stations will help
to control the person-to-person transmission of the virus. This study was conducted during
the COVID-19 first wave, and we would like to recontact the participants to evaluate their
behaviours at the surge of the present second wave. Alternatively, telemedicine represents
the most realistic approach to provide medical assistance at sea. The same technologies
respecting legal and ethical standards [37] should be considered for providing health
education of seafarers.
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Correlation between body mass index and blood pressure in seafarers
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ABSTRACT
Background: High blood pressure is a serious medical condition that significantly increases the risk of 
cardiovascular disease. Although overweight and high blood pressure are frequent consequences for the 
health of life at sea, there is a paucity of information on the contribution of body mass index (BMI) to high 
blood pressure (HBP) in seafarers.
Objective: The present study was aimed to examine the relationship between BMI and blood pressure 
and to analyze further BMI as a risk factor for high blood pressure through a modeling approach.
Materials and Methods: A retrospective analysis was performed on 603 seafarers’ medical examination 
records. The seafarer’s blood pressure and BMI were recorded and interpreted according to the WHO 
criteria. Pearson product-moment correlation was examined to determine the association between BMI 
and blood pressure. Multinomial logistic regression models were performed to estimate the strength of 
association between the BMI and the HBP.
Results: Out of a total of 603 seafarers under study, 44.4% and 55.6% were officers and non-officers, 
respectively. Mean SBP, DBP, and BMI were significantly higher among non-officers than officers. BMI was 
positively correlated (p < .01) with both SBP (r = 0.336) and DBP (r = 0.344). About 39% and 16.6% of the 
study subjects were prehypertension and hypertensive, respectively. The risk of prehypertension and 
hypertension was higher in individuals who were overweight and obese.
Conclusions: Mean blood pressure levels increase parallel to the rise of BMI. Thus, emphasis should be 
given on a weight management program in relation to the prevention and control of high blood pressure.
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Introduction

Globally, in 2019, approximately 1.13 billion people have high 
blood pressure. Of these, nearly 67% are living in low- and 
middle-income countries(1). In 2015, one in four men and one 
in five women had hypertension(1). Increased blood pressure is 
a serious medical condition that significantly increases the risk 
of cardiovascular diseases (CVD). Furthermore, it is the pre-
ventable risk factor for premature deaths worldwide(1). About 
54% of strokes and 47% of coronary heart diseases are attribu-
table to high blood pressure (2). Over 1.9 billion adults aged 18 
and over were overweight in 2019, and among them, around 
650 million adults were obese (3). Increased body mass index 
(BMI) is the main risk factor for CVD, diabetes, especially type 
2, musculoskeletal disorders, and other chronic diseases such 
as certain cancers (3). Furthermore, in 2015, elevated BMI 
values were responsible for over four million deaths worldwide, 
and of these numbers, approximately 66% were attributed to 
CVD (4).

Seafaring is a dangerous occupation (5), characterized by 
physical and psychological stressors, sudden climate changes 
(6). Workers at sea have high rates of mortality, illness, and 
injury when compared to the general population (7). CVD is 
the leading cause of death onboard ships (8–10). Seafarers 
working and living conditions are characterized by long work-
ing hours, a short average of sleep times, night shift works, 

prolonged isolation from family, and work-related stress (5, 
11–14). Furthermore, behavioral risk factors such as smoking, 
an unhealthy diet, physical inactivity, excessive alcohol con-
sumption are highly prevalent among seafarers (15,16). This 
heavy consumption of alcohol and smoking could be due to 
hectic activity and lack of leisure-time onboard.

Several studies have found that nutritional factors, shift 
work, sleep patterns, work-related stress, and fatigue may 
play a critical role in increasing coronary heart diseases 
(CHD) and other metabolic syndromes such as central obesity, 
glucose intolerance, and hypertension (16–19). Also, another 
work reported that work-related stress increased by over 50% 
of CHD risk (20). High blood pressure (hypertension) remains 
the most important and well-documented modifiable risk fac-
tor for CVD, such as stroke and coronary heart disease (21). In 
contrast, risk factors such as smoking, lack of exercise, alcohol 
abuse, increased BMI value, and an unhealthy diet can play 
a vital role in the cause of arterial hypertension (22,23). Health 
consequences such as high BMI, diabetes, and hypertension 
(HBP) are frequent consequences of life at sea (24–26).

In general, there are several studies on the relationship 
between body mass index (BMI) and blood pressure (BP) in 
general populations (27–31). The positive association between 
BMI and BP is well documented (27,29, 32–35). However, this 
relationship is not studied in seafarers. Some studies have 
reported the prevalence of high blood pressure and overweight/ 
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obesity among seafarers. It has been reported that the occurrence 
of hypertension was 49% among Lithuanian mariners (24), 
44.7% among Danish seafarers (25), 49.7% among seafarers in 
German-flagged ships (16), 19.2% among Iranian seafarers (36). 
Furthermore, the prevalence of overweight and obese was 50% 
and 20% among Danish seafarers (37), 42.5% and 8.6% among 
Iranian seafarers (36), and 40.8% and 11.2% among seafarers in 
Italian Flagged vessels (38), respectively.

The aims of this study are 1) to examine the relationship 
between Body mass index (BMI) and blood pressure in sea-
farers; 2) to analyze further BMI as a risk factor for high blood 
pressure (HBP) in seafarers through a modeling approach.

Materials and methods

A retrospective study was carried out on 603 seafarer’s medical 
examination records. In Italian flagships, all seafarers are 
required to undergo medical examination two times per year 
(every 6 months) due to the rigorous demand for work 
onboard ships. The medical examination was conducted by 
the International Radio Medical Center (C.I.R.M.) physicians 
and other trained health professionals. C.I.R.M. is an Italian 
Telemedical Maritime Assistance Service (TMAS) Center and 
is the organization with the largest experience worldwide in 
terms of the number of patients assisted and various health 
surveillance activities performed onboard ships. During the 
medical examination, seafarers undergo an interview with 
physicians or trained health professionals, physical examina-
tion and measurements, and laboratory tests. All medical 
examination results are recorded in the C.I.R.M. database. 
For this study, we analyzed 603 seafarer’s medical examination 
records, carried out between 2018 and 2019 on board of Italian 
Flagships. Data on weight, height, age, sex, rank, blood pres-
sure value, smoking, and physical activity were extracted from 
the database by the authors of this study.

Blood pressure (BP), height, and body weight measure-
ments were taken by trained health professionals and physi-
cians. In addition to physical measurements, seafarers who are 
subjected to medical examinations were interviewed informa-
tion about demographic data such as age, rank, and other 
necessary information, including smoking habits and physical 
activity. Physical activity is defined as seafarers involved in 
vigorous or moderate exercise or engaged in activities such as 
carrying or lifting heavy loads for at least 10 minutes continu-
ously. The seafarer’s blood pressure, as well as other measure-
ments, were recorded and interpreted according to the WHO 
criteria (39). Regarding blood pressure, subjects were categor-
ized into three groups: normal blood pressure, prehyperten-
sive, and hypertensive. Normal blood pressure was taken as 
systolic blood pressure (SBP) <120 mmHg and diastolic blood 
pressure (DBP) <80 mmHg, whereas SBP reading of 
120–139 mmHg and/or DBP value of 80–89 mmHg were 
classified as prehypertensive. Blood pressure values of SBP 
≥140 mmHg and/or DBP ≥90 mmHg and/or self-reported 
use of antihypertensive medication were classified as hyperten-
sive (39). BMI was determined as weight in kilograms (kg) 
divided by height in meters (m) squared [Weight (kg)/Height 
(m)2]. BMI was also classified according to WHO guideline, 
underweight (<18.5 kg/m2), normal body weight 

(18.5–24.99 kg/m2), overweight (25–29.99 kg/m2) and obesity 
(≥30 kg/m2) (40).

Statistical analysis

Statistical analysis was carried out by using STATA software 
version 15. Descriptive statistics such as mean and standard 
deviation were analyzed to evaluate the mean value of SBP, 
DBP, BMI, Height, age, and the bodyweight of the participants. 
Chi-square and independent sample t-tests were performed to 
determine the differences in the distribution of categorical 
variables and continuous variables between rank groups. 
Pearson product-moment correlation was examined to deter-
mine the strength of the association between BMI and BP (SBP 
and DBP). ANOVA (One – way analysis of variance) was 
employed to determine differences in the mean value of 
blood pressure (both SBP and DBP) between age groups and 
BMI categories.

Multinomial logistic regression models were performed to 
determine the association between the predictor variables and 
the dependent variable. The dependent variable (blood pres-
sure) was classified into three groups: normal (reference cate-
gory), prehypertension, and hypertension. Hence, the 
multinomial regression model compared the probability in 
the categories of normal vs. prehypertension and normal vs. 
hypertension and adjusted for age. The independent variables 
were BMI, rank group, cigarette smoking, and physical activity. 
A p < .05 was considered statistically significant.

Results

Characteristics of the study participants

A total of 603 seafarers underwent a medical examination 
onboard Italian Flagships. Of these, 44.4% (268) were offi-
cers, and the remaining 335 (55.6%) were non- officers. 
About 28.4% of officers and 41.2% of non-officers were 
smoked cigarettes, and cigarette smoking levels differed 
significantly between the rank group (p = .001). Almost 
86% (517) of the participants were engaged in any physical 
exercises. The mean value of height was significantly higher 
among officers when compared to non-officers. In contrast, 
average SBP, DBP, and BMI were significantly higher in 
non-officers than officers. Almost all (98.2%) of the parti-
cipants were male, and the remaining 1.8% were female 
(Table 1).

Prevalence of high blood pressure

The prevalence of prehypertension (SBP: 120–139 mmHg and/ 
or DBP: 80–89  mmHg) and hypertension (SBP > = 140 mmHg 
and/or DBP > = 90 mmHg) was 39% (95% CI: 35–43%) and 
16.6% (95% CI: 13.7–19.8%) in individuals, respectively. 
Overall, high blood pressure was seen in 56% of the partici-
pants. Regarding rank distribution, prehypertension found in 
34% of officers and 43% of non-officers. Also, hypertension 
observed in 9% of officers and 22.4% of non-officers. The 
differences in blood pressure levels between officers and non- 
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officers were statistically significant[X2(2) = 35.48, P < .001] 
(Figure 1).

Prevalence of overweight and obesity by seafarer’s rank

A significant difference between BMI categories and rank 
group [X2 (2) = 7.54, p = .023] was noticeable. Almost 40% 
and 9% of the total subjects were overweight and obese, 
respectively. The high number of non-officers was over-
weight (42%) and obese (10.5%) compared to officers 
(Figure 2).

Distribution of blood pressure by different BMI categories

As shown in Figure 3, 46% and 24.7% of overweight seafarers 
had prehypertension and hypertension, respectively. The max-
imum percentage of obese study subjects had prehypertension 
(47%) and hypertension (39%). The differences in blood pres-
sure levels across various BMI categories were statistically sig-
nificant (X2(2) = 92.71, p < .001).

Mean systolic and diastolic blood pressure in different age 
and BMI category

Both the average systolic and diastolic blood pressure were 
lower for the age group less than or equal to 30 y. The highest 
mean systolic BP was found among the oldest age group (> 
=51 y), and the differences were also statistically significant. 
Average diastolic BP increased from the age group <=30 y to 
31–40 y and from 41–50 y to >=51 y. The highest mean DBP 
was found in the age group 31–40 y and significantly differed 
across the age groups. The mean SBP and DBP increased from 
normal body weight to obese category. The minimum average 
value of systolic and diastolic blood pressure was found among 
normal bodyweight category, and maximum mean systolic and 
diastolic blood pressure were found in obese category. The 
differences both in average systolic and diastolic blood pressure 
between BMI categories were statistically significant (Table 2).

Table 1. Characteristics of the study participants (n = 603).

Characteristics Overall Officer Non-officer *P-value

Age group (years)
≤ 30 161 85 76 0.082
31 - 40 227 96 131
41-50 124 48 76
≥ 51 91 39 52

Mean age ± S.D (years) 37.37 ± 10.53 36 ± 10.2 38.22 ± 10.72 0.026
Mean Height ± S.D (cm) 174.5 ± 8.88 175.7 ± 7.88 173.54 ± 9.51 0.003
Mean Weight ± S.D (kg) 77.78 ± 11.09 77.5 ± 11.56 78.04 ± 10.69 0.514
Mean BMI (kg/m2) ± S.D 25.55 ± 3.24 25.05 ± 3.14 25.94 ± 3.27 0.001
Mean SBP ± S.D (mmHg) 125.91 ± 10.12 123.70 ± 10.47 127.86 ± 9.48 <0.001
Mean DBP ± S.D (mmHg) 83.45 ± 7.48 82.41 ± 6.09 84.36 ± 8.32 0.001
Currently, smoking any tobacco products
Yes 214 76 138 0.001
No 389 192 197

Engaged in any exercise
Yes 517 224 293 0.176
No 86 44 42

S.D = standard deviation, kg = kilogram, cm = centimeters, mmHg = millimeter of mercury. 
SBP = systolic blood pressure, DBP = diastolic blood pressure, m = meters, *P < 0.05 comparing non-officers vs. officers.

Figure 3. Percentage distribution of blood pressure among seafarers by BMI 
categories.

Figure 1. Percentage distribution of blood pressure levels among seafarers by 
rank group.

Figure 2. Percentage distribution of body mass index (BMI) levels by seafarer’s 
rank group.
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Body mass index and blood pressure

A positive and statistically significant correlation of BMI with 
both systolic BP and diastolic BP was observed. This study 
showed that blood pressure increases while increasing BMI. 
The correlation of BMI with diastolic BP was stronger when 
compared to systolic BP. Age was also positively and signifi-
cantly correlated with systolic and diastolic blood pressure. 
However, the correlation of age with BMI was stronger than 
with systolic and diastolic BP (Table 3) .

Body mass index as a risk factor for high blood pressure

The multinomial regression analysis revealed that BMI and 
rank of seafarers were the significant predictors of high blood 
pressure. The odds of prehypertension and hypertension were 
more than eight and sixteen folds among obese individuals. 
Non-officers had a significantly higher risk of both prehyper-
tension and hypertension compared to the officers. Being phy-
sically active and nonsmoker had a lower risk for both 

prehypertension and hypertension, but not statistically signifi-
cant. As assessed by blood pressure, those who were overweight 
were 3.62 and 6.70 times more likely to have prehypertension 
and hypertension, respectively, than those who were in the 
normal BMI groups (Table 4).

Discussion

This study has examined the relationship between BMI and BP, 
both SBP and DBP among seafarers. As a result, BMI was 
positively and significantly correlated with both systolic and 
diastolic blood pressure. However, the relationship between 
BMI and diastolic blood pressure (r = 0.344) was observed to 
be stronger than systolic blood pressure (r = 0.336). Besides, 
a significant positive correlation was observed between age and 
both SBP and DBP in seafarers, although the correlation coef-
ficients were weak [r = 0.174 (SBP) and r = 0.122 (DBP)]. On 
the other hand, the correlation of age with BMI was found to be 
stronger than with both systolic and diastolic blood pressure. 
There is no earlier comparable research regarding the relation-
ship between BMI and BP in seafarers.

This study showed that the average BMI, SBP, and DBP 
were significantly higher among non-officers compared to the 
officers by rank group (p < .001). Mean SBP and DBP increased 
significantly with age consistently from the younger age groups 
(≤30 y) to the older age groups (greater than or equal to 51 y) of 
individuals. This shows that the dependence of blood pressure 
on the age of seafarers. Similarly, the average systolic and 

Table 2. Blood pressure among seafarers in different age groups and BMI categories.

Systolic blood pressure (mmHg) Diastolic blood pressure (mmHg)

Number of participants n(%) Mean score ±SD ±SE F-test Mean score ±SD ±SE F-test

Age group 4.332** 4.350***
≤30 y 161 (26.7) 124.33 7.97 0.63 82.09 4.95 0.39
31–40 y 227 (37.6) 126.23 9.61 0.64 84.49 9.02 0.59
41–50 y 124 (20.6) 125.16 12.49 1.12 82.60 7.66 0.69
≥ 51 y 91 (15.1) 128.90 10.62 1.11 84.42 6.24 0.65
BMI category 58.691*** 65.773***
Normal 313 (51.9) 122.25 7.25 0.41 80.53 4.47 0.25
Overweight 239 (39.6) 128.84 9.81 0.63 85.98 8.14 0.53
Obesity 51 (8.5) 134.61 15.68 2.19 89.51 10.64 1.49

Significant at the **p < 0.01, ***p < 0.001, F-test: variance-ratio test.

Table 3. Correlation matrix between blood pressure, BMI and age in seafarers.

Variables BMI Systolic BP Diastolic BP Age

BMI 1.00 0.336** 0.344** 0.313**
Systolic blood pressure 0.336** 1.00 0.640** 0.174**
Diastolic blood pressure 0.344** 0.640** 1.00 0.122**
Age 0.313** 0.174** 0.122** 1.00

Statistically significant at the **p < 0.01(2-tailed).

Table 4. Determinants of high blood pressure among seafarers estimated with a multinomial logistic regression model 
(n = 603).

Blood Pressure (mmHg)

Prehypertension Hypertension

OR (95% CI) P- value OR (95% CI) P-value

BMI category
Normal 1 1
Overweight 3.62 (2.35–5.58)*** <0.001 6.70 (3.74–12.01)*** <0.001
Obesity 8.24 (3.59–18.88)*** <0.001 16.75 (6.57–42.73)*** <0.001

Rank group
Officer 1 1
Non-officer 3.39 (2.21–5.20)*** <0.001 4.83 (2.75–8.46)*** <0.001

Cigarette smoking
No 0.98 (0.63–1.52) 0.925 0.80 (0.47–1.37) 0.153
Yes 1 1

Physical activity
No 1 1
Yes 0.87 (0.48–1.59) 0.657 0.78 (0.35–1.74) 0.540

Significant at the ***P<0.001, the odds ratio was adjusted for age.
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diastolic BP increased significantly with increasing BMI stea-
dily from healthy body weight to obese category. Thus, mean 
systolic and diastolic blood pressure increased with increasing 
BMI levels.

Our study documented that nearly 40% and 9% of the study 
participants were overweight and obese, respectively. Similar 
findings were documented in other studies carried out in 
seafarers (36,38). Our finding was not consistent with the 
study conducted among Danish sailors, which reported 70.8% 
overweight (41). Another study reported 76.6% and 30.9% of 
overweight and obesity, respectively, among Danish seafarers 
(42). The rank-specific prevalence of overweight and obesity 
significantly increased among non-officers compared to offi-
cers. This might be due to work-related stress and poor psy-
chological emotions (e.g., depression, anxiety, and negative 
emotions) because non-officers (deck crew and engine crew) 
work is characterized by night shift work, long working hours, 
short average sleep time and often sleep interruptions, and 
physical stress. Several studies have reported that work- 
related stress and negative emotions (e.g., negative mood) are 
risk factors for high BMI (overweight and obesity) by promot-
ing poor health behaviors, such as unhealthy diet, insufficient 
physical activity, excessive alcohol use, and smoking (43–46). 
Thus, work-related stress contributes to bodyweight gain (43) 
and abdominal obesity (47,48). We found that a high number 
of overweight individuals had prehypertension (46%). 
Furthermore, the maximum percentage of obese subjects in 
the study had prehypertension (47%) and hypertension (39%). 
In other words, the prevalence of both prehypertension and 
hypertension significantly higher in individuals who were over-
weight and obese than those of healthy bodyweight categories.

This study found a high prevalence of both prehypertension 
and hypertension among non-officers when compared to 
officers. Also, the difference between high blood pressure dis-
tribution between rank groups was statistically significant 
(p < .001). In other words, the prevalence of high blood pressure 
was significantly higher in non-officers (65.7%), with 43% being 
prehypertensive and 22.4% being hypertensive. This could be 
due to work stress and hectic activity onboard ships. Officers 
have high-level responsibilities such as navigation, planning, and 
control of the ship (12,49). In contrast, non-officers’ jobs are 
characterized by mooring and unmooring the vessel, loading, 
and unloading cargo (49,50); hence, non-officers works are 
physically more demanding and stressful than officer’s jobs. 
Different studies have revealed that job-related stress contributes 
to the development of coronary heart diseases (CHD) (19) and 
metabolic syndromes (51), such as high blood pressure.

In this study, multinomial logistic regression analysis iden-
tified overweight, obesity, and rank of the seafarers as signifi-
cant determinants of both prehypertension and hypertension. 
The odds of high blood pressure, both prehypertension, and 
hypertension more than three and four folds among non- 
officers compared to officers. The risk of elevated blood pres-
sure is significantly higher among individuals with overweight 
and obesity categories. In other words, the odds of prehyper-
tension and hypertension were 3.62 and 6.70 times higher 

among individuals who were overweight compared to the 
normal bodyweight categories. Similarly, the odds of prehyper-
tension among those in obesity categories were 8.24 times 
higher than individuals in healthy bodyweight categories. The 
risk of hypertension was significantly highest among indivi-
duals in the obesity groups [OR = 16.70, 95% CI: 6.57–42.73; 
p < .001] compared to those who were in the healthy body-
weight categories. Being physically active and not smoking had 
a lower risk of hypertension, although the difference was not 
statistically significant. Our work was limited by the use of 
retrospective data, and we did not have some important vari-
ables such as dietary variables, which could be potential con-
founders or mediators for the observed associations. 
Additionally, we did not consider information on antihyper-
tensive medication due to a lack of information in the datasets. 
However, our work is the first to examine the relationship 
between BMI and blood pressure in seafarers.

Conclusion

The present study showed a positive and significant relation-
ship between BMI and blood pressure. There were signifi-
cant positive correlations between BMI, age, SBP, and DBP, 
although the magnitude of the correlation differed. Our 
work documented a significantly high prevalence of prehy-
pertension among overweight and obese seafarers. 
Furthermore, overweight and obesity are strong predictors 
for high blood pressure, both prehypertension and hyper-
tension in seafarers. The risk of high blood pressure was 
highest among individuals who were obese. In other words, 
blood pressure increases while increasing BMI levels. Hence, 
attention should be given on weight management program 
in relation to the prevention and control of high blood 
pressure. Seafarer health interventions targeting to reduce 
BMI would have significant effects in reducing the burden of 
high blood pressure on board ships.
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ABSTRACT
Background: Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality among se-
afarers. This study aimed to evaluate CVDs distribution and differences, considering seafarers’ rank and 
worksite groups. 
Materials and methods: A descriptive epidemiological study was employed, and the analysis was based on 
the telemedical assistance data of the International Radio Medical Centre (C.I.R.M.) from 2010 to 2018. 
The age, gender, rank, and worksite variables were considered for the analysis. Chi-square or Fisher test 
was used to assess differences in CVD distribution between rank and worksite groups. 
Results: Cardiovascular diseases were the sixth leading cause of medical advice requests to C.I.R.M. Distri-
bution of CVD significantly differed between officers and non-officers [x2 (5) = 17.308, p = 0.004]. Officers 
were often diagnosed with hypertensive CVD (46%), whereas non-officers were frequently diagnosed with 
ischaemic heart diseases (41%). There were no significant differences in the distribution of CVD diagnoses 
between worksite groups [x2 (10) = 12.863, p = 0.231]. 
Conclusions: The frequency of CVD is higher among non-officers and older seafarers who have been more 
often diagnosed with CVD. Specific interventions such as early diagnosis, regular monitoring, and physical 
training to reduce cardiovascular risk should be considered on board ships. Future studies should take 
into account the incidence rate of CVD between rank and worksite groups.

(Int Marit Health 2021; 72, 4: 252–258)

Key words: cardiovascular diseases, epidemiology, seafarers, hypertensive disease, ischaemic heart 
disease
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INTRODUCTION
Cardiovascular diseases (CVD) are the term defining 

several pathologies affecting the cardiovascular system. 
These include coronary heart disease, cerebrovascular dis-
ease, peripheral arterial disease, rheumatic and congenital 
heart diseases, and venous thromboembolism [1]. CVD is 
the leading cause of death worldwide, with approximately 
17.9 million people dying per year and representing 31% 
of all global deaths. Of these deaths, about 7.4 million 
and 6.7 million were due to coronary heart disease and 
stroke, respectively [2]. In 2015, more than 1.6 million sea-

farers were employed worldwide, of which approximately 
775,000 and 875,000 were officers and ratings, respec-
tively [3]. In general, nautical work is broadly grouped by 
working place on board ships, including deck, engine, and 
galley [4], based on the differences between professional 
duties on board. CVD is the number one cause of death 
among seafarers, and the mortality rates on board are 
higher than those observed on shore [5–7]. Workers at 
sea have high mortality, injuries, and illnesses, probably 
as a consequence that they are working in hazardous 
environments.  
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Different studies revealed that modifiable lifestyles such 
as tobacco use, harmful use of alcohol, physical inactivity, 
and unhealthy diet together with other significant risk fac-
tors, including increased arterial pressure, blood glucose 
levels, elevated blood lipids, overweight, and obesity, are 
the most critical. The above risk factors are causally linked 
with CVD, which represent the leading causes of deaths 
and disability in most countries [8–13]. Overweight and 
obesity represent relevant CVD risk factors for seafarers, 
and in these workers occur more often than in the general 
population [14]. A study conducted on the board of Italian 
flagship (2019) reported that more than 40% and 10% of 
seafarers were overweight and obese, respectively [15]. 
Another work on Iranian seafarers revealed that overweight 
increased from 46.7% to 60.9% over the period of 3 years 
[16]. These results indicate that in seafarers’ CVD risk fac-
tors become worse compared to ashore workers. Other risk 
factors like gender, stress, depression and age are causes of 
CVD, and the reduction of these risk factors decreases the 
burden of CVD in all age groups [17]. Mental, psychological, 
and physical stressors represent other factors influenced by 
work-related issues [18]. These include isolation from family, 
long working hours, lack of shore leave, fatigue, exposure 
to different unhealthy lifestyles, and others [18–23] and 
make seafarers at a higher risk of CVD than the general 
population.  

Ischaemic heart disease (IHD) and stroke are the princi-
pal components of the CVD burden globally and contributed 
to approximately 15.2 million deaths in 2015 [24, 25]. This 
accounts for more than 85% of all deaths due to CVD in 
the same year [24]. IHD and stroke cases increased, from 
7.3 to 8.93 million and from 5.29 to 6.17 million deaths, 
respectively, between 2007 and 2017 [26]. The incidence 
and mortality rate of IHD has decreased in high-income 
countries in the last 25 years [25, 27, 28]. In contrast, the 
prevalence and mortality rate for this pathology is increased 
remarkably with age in developing countries and Eastern 
Europe [25, 27]. This suggests that CVD is reversing in de-
veloped countries and needs more attention in developing 
countries [26].

To meet the global health policy goal of reducing CVDs, 
further analysis of epidemiological data focusing on location, 
age, and time patterns is important [26]. This is because 
countering risk factors represents a health target in sus-
tainable development goals for CVD reduction [25, 29]. 
In addition, the global efforts to reduce the CVD burden 
should be evidence-based [25] and centred on analysing 
the prevalence trends of these disorders. 

Cardiovascular disease needs attention in commercial 
maritime operations because a high proportion of CVD death 
rate was recorded at sea among sailing seafarers [30–33]. 
Moreover, seafarers are exposed to different work-related 

stressors and potential complications like the risk of sud-
den cardiac arrest. In view of this, studies should provide 
evidence-based information about the CVD burden in the 
case of seafarers to handle events effectively [6].   

The present work has evaluated the CVD distribution and 
differences between the rank and the seafarers’ worksite. 
The analysis was made based on medical assistance data 
to seafarers provided by Centro Internazionale Radio Medico 
(International Radio Medical Centre, C.I.R.M.), the Italian 
Telemedical Maritime Assistance Service (TMAS).

MATERIALS AND METHODS
A descriptive epidemiological study was used to eval-

uate the distribution and differences in CVD occurrence 
between occupational groups and seafarers’ worksites from 
2010 to 2018.

DATA SOURCE AND COLLECTION PROCEDURES
Data were obtained from the C.I.R.M. database. C.I.R.M. 

is a non-profit institution established in 1935 which provides 
worldwide telemedical assistance to sailing seafarers [34]. 
The Centre was appointed in 2002 as the Italian TMAS and 
is the type of organization with the largest experience world-
wide in terms of the number of patients assisted on board 
ships. For the last 84 years (from April 1935 to December 
2019), the C.I.R.M. assisted more than 101,600 patients’ 
on board ships and received 686,163 calls for medical 
consultations, with an average of 6 calls per patient. Data 
of C.I.R.M. assistance are available for each year with their 
gender, age, country, duties, and the diagnosis was encod-
ed by both World Health Organization (WHO) International 
Classification of Diseases (ICD) 9th and ICD 10th versions. We 
used for this study data from 2010 to 2018 because, until 
2009, data were encoded by ICD 9th version, but we con-
sidered 2010 and onwards data in which diagnoses were 
classified according to the ICD 10th version. In this version, 
the cardiovascular disease ICD code is from I00–I99. Dis-
eases affecting seafarers were therefore classified into IHD 
(I20–I25), hypertensive disease (I10–I15), acute rheumatic 
fever (I00–I02), chronic rheumatic heart disease (I05–I09), 
pulmonary heart disease, and diseases of pulmonary circu-
lation (I26–I28). Other forms of heart disease (I30–I52), 
cerebrovascular disease (I60–I69), diseases of arteries, 
arterioles, and capillaries (I70–I79), diseases of veins, lym-
phatic vessels, and lymph nodes, not elsewhere classified 
(I80–I89) and unspecified disorders of the circulatory system 
(I95–I99) [35] were also considered. 

All recorded medical data are stored in the C.I.R.M. 
database, which is not accessible for externals. Data 
extraction, compiling, and coding were then performed. 
The attributes collected from each diagnosis were age, 
gender, occupational rank, and worksite. Age was cal-
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culated by subtracting the seafarer’s date of birth from 
the date of medical advice provision. Seafarers, the date 
of birth of which was not available, were excluded from 
this study. 

STATISTICAL ANALYSIS
Descriptive analysis of seafarers’ demographic vari-

ables, including age, gender, rank, and worksite, was done 
to evaluate the distribution of CVDs. Quantitative attributes 
like age and sex were encoded and categorized. For exam-
ple, the age of seafarers was categorized into five groups: 
less than or equal to 30 years (age group 1), 31–40 years 
(age group 2), 41–50 years (age group 3), 51–60 years (age 
group 4) and older than 60 years (age group 5). Occupational 
rank was stratified by officers (deck and engine officers) and 
non-officers (deck and engine ratings, and galley), where-
as worksites were categorized into three groups, namely 
deck, engine, and galley. Chi-square or Fisher’s exact test 
was used to analyse distributional differences in rank and 
worksite groups. Data analysis was made using the IBM 
SPSS Statistics software version 26. 

RESULTS 
DEMOGRAPHIC CHARACTERISTICS

Overall, 1,377 CVD cases were assisted by C.I.R.M. 
during the 9 years under study. Almost all (98%) seafar-
ers examined with CVD were male, and the average age  
(± standard deviation) of the patients with CVDs was  
48.35 ± 12.71 years. CVD was frequently diagnosed in 
seafarers aged 51–60 years (31% of all seafarers with 
CVD). CVD occurred more often in non-officers compared 
to officers (748 [54.3%] vs. 629 [45.7%]) and was almost 
2 and 9 times more frequent in the deck than in the engine 
and galley workers (Table 1).  

Cardiovascular disease was the sixth leading cause 
for accessing the C.I.R.M. Other cases such as gastro-
intestinal disease and injury/trauma were the first and 
second most frequent causes of pathologies assisted 
among seafarers and accounted for 5,372 (16.60%) and 
5,330 (16.40%) of all medical events, respectively, during the 
study period (Fig. 1). 

The frequencies of different CVD diagnoses are shown 
in Figure 2. The most frequent CVD were hypertensive dis-
eases (n = 551; 40%) and IHD (n = 530; 38.5%). Among 
hypertensive diseases, arterial hypertension was the most 
frequently diagnosed (89% of the total hypertensive diseas-
es), whereas other types of hypertensive diseases such as 
hypertensive heart disease, renal diseases, and second-
ary hypertension accounted for 11% of the total hyperten-
sive diseases. IHD included unspecified angina pectoris 
(376 cases), acute myocardial infarction (132 cases), and 
other forms of angina pectoris (22 cases). 

The other heart disease forms were the third most often 
diagnosed CVD, accounting for approximately 7% (95) of 
pathologies of this group. A common diagnosis of other 
forms of heart disease included cardiac arrest (62 cases), 
paroxysmal tachycardia (26 cases), and other cardiac ar-
rhythmias (7 cases). Cerebrovascular diseases were also 
diagnosed in 59 seafarers and accounted for over 4% of to-
tal CVD. The most often cerebrovascular diagnosis included 
stroke, which is responsible for 80% of total cerebrovascular 
cases. Cerebral infarction accounted for the remaining 20% 
of cerebrovascular diseases.  

Diseases of veins and lymphatic vessels were responsi-
ble for nearly 4% (50) of medical advice requests received. 
91% of these pathologies included phlebitis and thrombo-
phlebitis. The remaining 9% consisted of portal vein throm-
bosis and varicose veins of other sites. 

DIFFERENCES BETWEEN OFFICERS AND  
NON-OFFICERS IN CVD DISTRIBUTION

 The average age of officers and non-officers with CVD 
was 48.21 ± 13.08 years and 48.47 ± 12.44 years, respec-
tively. CVD was frequently diagnosed in officers aged 41 to 
50 years and in non-officers aged 51 and 60 years during 
the study period (Fig. 3).

Officers were frequently diagnosed with hypertensive 
CVDs (46%), whereas non-officers were often diagnosed 

Table 1. Demographic characteristics of seafarers with cardio-
vascular disease from 2010 to 2018

Variable Number of cases 
(n = 1,377)

Frequency (%)

Age group

≤ 30 133 9.7

31–40 231 16.8

41–50 385 28

51–60 429 31

> 60 199 14.5

Mean (SD) 48.35 ± 12.71

Gender

Male 1,345 98

Female 32 2

Rank

Officer 629 45.7

Non-officer 748 54.3

Worksite

Deck 807 59

Engine 479 35

Galley 91 6
SD — standard deviation
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Figure 2. Frequencies (%) of cardiovascular diseases (CVD) diagnosis according to World Health Organization (WHO) International 
Classification of Diseases (ICD) 10th category from 2010 to 2018 (n = 1,377)

Figure 1. Frequencies (%) of pathologies assisted by Centro Internazionale Radio Medico (International Radio Medical Centre, C.I.R.M.) 
from 2010 to 2018

with IHDs (41%). The observed frequencies and percent-
ages of each type of CVD diagnosis by seafarer rank are 
summarised in Table 2. The distribution of CVD diagnosis 
between officers and non-officers was significantly different 
[x2 (5) = 17.308, p = 0.004] (Table 2).

DISTRIBUTIONS OF CVD BETWEEN WORKSITE 
GROUPS ONBOARD SHIPS

We found that deck workers were often diagnosed with 
IHD (41.9%), while engine room workers (43.8%) and gal-
ley (46.2%) were frequently diagnosed with hypertensive 
diseases. There was no difference in distribution of CVD 
diagnosis between worksite groups [x2 (10) = 12.863,  
p = 0.231] (Table 3).
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Figure 3. Distribution of cardiovascular diseases by age group between 
officers and non-officers with cardiovascular cases from 2010 to 2018
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Table 2. Distribution of cardiovascular diseases by seafarer rank from 2010 to 2018 (n = 1,377)

Types of cardiovascular diseases Rank P-value

Officer Non-officer

Total 629 (100) 748 (100) 0.004

Hypertensive diseases (I10–I15) 288 (46%) 263 (35%)

Ischaemic heart diseases (I20–I25) 220 (35%) 310 (41%)

Other forms of heart disease (I30–I52) 39 (6%) 56 (7%)

Cerebrovascular diseases (I60–I69) 21 (3%) 38 (5%)

Diseases of veins and lymphatic vessels (I80–I89) 23 (4%) 27 (4%)

Other and unspecified disorders (I95–I99) 38 (6%) 54 (7%)

Table 3. Distribution of cardiovascular diseases by seafarer worksites from 2010 to 2018 (n = 1,377)

Types of cardiovascular diseases Worksites P-value

Deck Engine Galley

Total 807 (100%) 479 (100%) 91 (100%) 0.231

Hypertensive diseases (I10–I15) 299 (37%) 210 (43.8%) 42 (46.2%)

Ischaemic Heart diseases (I20–I25) 338 (41.9%) 162 (33.8%) 30 (32.9%)

Other forms of heart disease (I30–I52) 54 (6.7%) 35 (7.3%) 6 (6.6%)

Cerebrovascular diseases (I60–I69) 36 (4.5%) 20 (4.2%) 3 (3.3%)

Diseases of veins and lymphatic vessels (I80–I89) 32 (3.9%) 15 (3.2%) 3 (3.3%)

Other and unspecified disorders (I95–I99) 48 (5.9%) 37 (7.7%) 7 (7.7%)

DISCUSSION
Over 9 years (from 2010 to 2018), there were 1,377 con-

tacts to C.I.R.M due to CVD. Among the medical advice 
requests, 40% and 38.5% were respectively for hypertensive 
and IHD. The remaining 21.5% were for other heart disease 
forms, cerebrovascular diseases, diseases of veins and lym-
phatic vessels, and unspecified disorders of the circulatory 
system. In this study, we focused on the distribution and 
differences of CVD between the rank and the seafarers’ 
worksite groups based on the assistance data of C.I.R.M. 
This type of analysis was chosen for practical reasons be-
cause it is difficult to estimate the incidence of CVD among 
seafarers without information on the total at-risk seafarer 
population on board ships.

In this study, we found that CVD was the sixth leading 
cause of accessing C.I.R.M. medical services. These results 
are not consistent with a German study [36] but in line 
with research conducted in the United States merchant 
vessels [6]. Nevertheless, these diseases are critical and 
one of the main health problems for seafarers. This is be-
cause factors such as exposure to the noise, job strain, and 
fatigue could increase CVD risk among seafarers. On the 
other hand, seafarers stay for long times away from their 
families, and they are experiencing many work-related is-

sues such as physical, mental, and psychological stressors 
that can exacerbate the risk of developing CVD. Another 
study conducted on seafarers reported that vessel-specific 
stress, unhealthy diet, and lack of exercise were the major 
risk factor for CVD on board. This could be the reason for 
the not negligible occurrence of CVD among seafarers [38] 
in spite of the rather frequent cardiovascular pre-employ-
ment tests that people working at sea should make every 
2 years. A study conducted in the modern maritime industry 
reported several work-related cardiac risk factors such as 
time pressure, long working hours, and high-stress factors 
are present on board [37]. 

The present study has shown that CVD distribution 
between officers and non-officers was significantly differ-
ent [x2 (5) = 17.308, p = 0.004], with non-officers having 
more CVD diagnoses than officers. This may be due to 
differences in stress management, lifestyle risk factors, 
and high work-related stressors. In addition, a recently con-
ducted study among seafarers revealed that non-officers 
required a high level of physical effort to carry out their 
duties, and they had a higher risk of psychological stress 
than officers because of work-related risk factors [38]. This 
may explain our findings of different frequencies of CVD 
diagnoses between officers and non-officers. In contrast, 
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no significant differences in CVD diagnosis by seafarer’s 
worksite were noticeable.  

In this study, hypertensive disease was the most com-
mon CVD, accounting for 40% of all cardiovascular cases. Ar-
terial hypertension with 89% of diagnoses was the main CVD 
affecting seafarers. A Danish study revealed that arterial 
hypertension was the main health concern of seafarers. The 
same study reported 44.7% and 41.8% of the prevalence 
of hypertension and pre-hypertension, respectively, among 
Danish seafarers [39]. According to different studies, the 
prevalence of CVD was increased among seafarers because 
of unhealthy lifestyles such as smoking, a high-fat diet, and 
inadequate physical activity [36]. This may explain our 
findings of the elevated frequency of hypertensive disease 
diagnoses. Ischaemic heart disease was the second most 
frequent disorder in the present work, accounting for 39% 
of all cardiovascular diseases. The basic medical assistance 
level that can be offered to on board ships without doctors 
or adequately trained paramedics, complicated by the rele-
vant limitations in terms of availability of diagnostic devices 
on board, makes our analysis rather generic. For instance, 
situations like unspecified angina pectoris would need ad-
ditional tests to confirm the condition, but unfortunately, 
this is not possible in the large majority of merchant ships  

[6, 40]. Moreover, devices for precise CVD diagnoses such 
as electrocardiogram, echocardiogram, coronary angiogram, 
and myocardial imaging to minimise misdiagnosis and pre-
vent treatment delay remain today a dream far becoming 
a reality. Despite the above limitations, our analysis, based 
on requests coming from the ship side at the time of oc-
currence of symptoms requiring medical care, represents 
a real-life survey of what happens in an isolated environment 
like a ship in the middle of the sea.   

The present study showed that CVD frequently occurred 
in older seafarers on board, with 31% (429) of all CVD 
cases affecting people aged between 51 to 60 years. In 
other words, the distribution of CVD among older seafarers 
is threefold higher than in younger seafarers (less than or 
equal to 30 years). Our results are in line with those of a Ger-
man study reporting that CVD distribution significantly varied 
between age groups among seafarers [36]. In other words, 
as expected, increasing age is associated with a higher like-
lihood of CVD. This observation should consider more deep 
fitting tests in older seafarers and an effective preventative 
measure targeting older age seafarers on board. 

LIMITATIONS OF THE STUDY
This study has some limitations and strengths. It was 

a retrospective descriptive study, and in nature, it has its 
constraints, including variable incomplete. Other limitations 
are gender disproportion and not considering the nationality 
variable because these attributes for some seafarers were 

incomplete in the database. We have also not assessed 
the incidence rate or cumulative incidence because of the 
lack of control group data. However, this study has some 
strengths. This work has shown the case frequency and dif-
ferences between occupational groups. This can give insights 
into cardiovascular problems’ real occurrence and stimulate 
future incidence of CVD studies in merchant seafarers. 

CONCLUSIONS
Non-officers had a higher frequency of CVD diagnosis 

compared to officers during the study period. Officers were 
frequently diagnosed with hypertensive CVDs, whereas 
non-officers often diagnosed with IHDs. Older seafarers 
aged 51 to 60 were the age group with a higher fre-
quency of CVD. To prevent CVD distribution and reduce 
their burden on merchant seafarers, effective prevention 
measures such as early diagnosis, regular follow-up, and 
training crewmembers on basic life support and using 
automatic external defibrillators should be considered. 
In addition, telemonitoring equipment for cardiovascu-
lar diagnosis via telemedicine should be introduced on 
a large scale on board to guarantee higher quality medical 
assistance to sailing seafarers. Special attention should 
also be given to seafarers older than 50 years. Primary 
prevention focused on increased awareness of CVD risk 
factors, intensive health education campaigns, and reg-
ular medical check-ups on board should be considered 
with full attention. 
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The impact and effect of novel coronavirus disease 
2019 (COVID-19) are expanding all over the world without 
boundaries. When it began in China in late 2019, it was seen 
to be not as scary and devastating as it has become today. 
However, the hope for overcoming the pandemic lies in find-
ing an effective treatment and inventing a vaccine. If we look 
at the history of the spread of this contagion, within a short 
span of seven months it has spread all over the world. Sta-
tistics are saying that more than 104 million individuals got 
infected and 2.2 million deaths were currently occurred [1]. 

In the last few months, there has been a massive rev-
elation in the medical domain regarding the outbreak of 
COVID-19 and its vaccination [2]. It has been truly amazing 
to see scientists and doctors come together across all over 
the world to share their expertise to develop vaccination in 
the past few months. Thanks to the collaboration between  
researchers and scientists are always way ahead to take up 
challenges and bear the torch of a bright and prosperous 
future as far as the COVID-19 struggle is concerned. To 
channelise their potential and encourage them to develop 
solutions by joining hand together in this pandemic time, the 
government has also been supportive of various initiatives 
and funding. Medical doctors sharing their experiences and 
the patients who have recovered from this near-fatal disease 
largely help in vaccine development. This brought a whole 
new perspective on how to handle the current situation the 
world is facing with the COVID-19 pandemic.  

Seafarers are unsung heroes of this pandemic because 
shipping plays an important role in this serious outbreak. Un-
fortunately, because of the global emergency that happened 
in the last year, seafarers went through the depressive symp-
toms and faced various neuropsychological and psycho-affec-

tive alterations [3]. To slow down the rate of onboard infection, 
various shipping companies provided some serious guidelines 
such as social distancing at working places, self-hygiene, and 
room quarantine for any suspicious cases. For some seafarers, 
this situation is unbearable. Because of the novel pandemic, 
tens of thousands of sailors were stuck on board for more 
than a year now. Despite the fact of crew changes have been 
made conceivable in certain nations, the implementation 
stays exceptionally challenging. These situations demand 
immediate access to the vaccine for seafarers. 

The speakers in the CrewConnect Global Virtual Event 
2020 highlighted that, with some vaccine trials now showing 
promising results, sailors need to be treated as fundamental 
workers and be among the first to get vaccine [4]. “I think 
all the work we’ve done in lobbying governments now needs 
to be even more concerted effort about the point that sea-
farers are essential workers… we need to find a way to find 
a way to access vaccines” said Mr Stephen Cotton, general 
secretary of International Transport Workers Federation [4]. 

Some countries, such as Singapore, already started 
vaccination for seafarers and it becomes one of the first 
nations to give importance for COVID-19 vaccine to front-
line workers of maritime. According to the Maritime and 
Port Authority of Singapore, seafarers need to undergo 
fewer testing before getting vaccinated. It is scheduled 
that at least 10,000 seafarers can be vaccinated by the 
end of January 2021 under air vaccination exercise [5].

COVID-19 is considered a type of pneumonia which can 
be effectively treated by vaccination. All national bodies 
have to step forward and take Singapore as an example 
in the provision of vaccine for frontline workers such as 
seafarers. On other hand, the International Maritime Or-
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ganization also urges that maritime workers and seafarers 
have to obtain COVID-19 vaccination on a priority basis 
to allow them to work freely and sustain dynamic global 
supply chain.
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Abstract: The novel coronavirus disease (COVID-19) is an ongoing pandemic with large global
attention. However, spreading false news on social media sites like Twitter is creating unnecessary
anxiety towards this disease. The motto behind this study is to analyses tweets by Indian netizens
during the COVID-19 lockdown. The data included tweets collected on the dates between 23 March
2020 and 15 July 2020 and the text has been labelled as fear, sad, anger, and joy. Data analysis was
conducted by Bidirectional Encoder Representations from Transformers (BERT) model, which is a
new deep-learning model for text analysis and performance and was compared with three other
models such as logistic regression (LR), support vector machines (SVM), and long-short term memory
(LSTM). Accuracy for every sentiment was separately calculated. The BERT model produced 89%
accuracy and the other three models produced 75%, 74.75%, and 65%, respectively. Each sentiment
classification has accuracy ranging from 75.88–87.33% with a median accuracy of 79.34%, which is a
relatively considerable value in text mining algorithms. Our findings present the high prevalence of
keywords and associated terms among Indian tweets during COVID-19. Further, this work clarifies
public opinion on pandemics and lead public health authorities for a better society.

Keywords: COVID-19; sentimental analysis; word cloud; BERT; lockdown

1. Introduction

The COVID-19 pandemic has prompted a sensational loss of human life worldwide
and presents an extraordinary challenge to global health, food systems, and the work
universe [1]. The monetary and social disturbance is demolishing by this pandemic. Many
people are in danger of undernourishment, and it could increment by up to 132 million
before the end of 2020 [2,3]. The dynamics of COVID-19, including the mortality, conta-
gion factors, time of country virus, and initial deaths, were presented by the responsive
differences between social media and financial markets from the after-effects of the severe
virus spread [4].

The world that we knew up to this point has been changed and these days we live in a
new situation in a never-ending transformation progress, in which how we live, relate, and
speak with others has been modified for all time [5]. Inside this specific circumstance, virus
risk is assuming a definitive job when educating, sending, and diverting the progression
of data in the public arena. Coronavirus has represented a genuine pandemic risk and a
broad challenge regarding control, readiness, reaction, and improvement by governments,
wellbeing associations, stakeholders, and media broadcasting [4,5].

The present crisis due to COVID-19 is creating a socially advanced situation that
is exceptional for health communities [6]. We are living in an exceptionally globalized
world, where relocation adaptability, free travel among nations, and the turn of events
and utilization of Information and Communication Technologies (ICTs) are essentially
developed [7]. We should feature the developing interconnection between the world’s
economies, which is reflected in the financial progress and individual knowledge [8].
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Similarly, because of this virus outbreak, plenty of fake news and criticism on move-
ments is continuously appearing on social media platforms. It disturbs communication
among public health authorities and provokes high tension in the general public [9]. The
study on social network analysis of novel virus sentimental analysis resulted in five rel-
evant themes that range from positive to negative [10]. In this work, we considered the
large dataset of tweets by Indian social media users. To do this, we defined a fine-tuned
12-layer Bidirectional Encoder Representations from Transformers (BERT) model, which is
the latest deep-learning model for the analysis of textual data. The adoption of machine
leering (ML) algorithms like logistic regression (LR), support vector machines (SVM), and
single-layered LSTM (long-short term memory) models were done to compare the model
performance with BERT. Based on this, this research work tries to answer the following
research questions (RQ).

RQ1: What are the popular keywords that appeared in Indian tweets?
RQ2: How did these tweets affect public health systems?
RQ3: How do ML algorithms help to analyses people’s emotions or sentiments?
RQ4: How far can deep-learning 12-layer BERT model outperform the other three

conventional ML models?
The rest of the paper was organized as follows: the materials and methods are pre-

sented in Section 2; experimental outcomes are presented in Section 3. Discussion and
conclusions are explained in Sections 4 and 5, respectively.

COVID-19 Studies Related to Social Media Fake News

The increment in false propaganda via online sites is turning into a global issue. In
spite of the fact that fake news is not vital, but it is currently troubling a result of online
media prominence that provides cooperation and dissemination of novel ideas [11]. The
situation of the COVID-19 epidemic shows the valuable effects of the origination of new
data. The false data spreading can clearly impact individual mindset and change the
viability of the countermeasures conveyed by governments [12].

The mis-information on social media can create panic and anxiety among COVID-19
patients, consequently alarms local governments and public authorities to urge citizens
to confirm the genuineness of circulating stories [13]. Some studies presented about
information accuracy and people’s behaviour in dealing with social media news associated
with the COVID-19 pandemic [14–16]. The information diffusion of COVID-19 with big
data analysis on major social media platforms presented an individual assessment of the
address on a large scale to provide an exploration of epidemic rumours [17].

Twitter is a famous social media platform and microblogging medium where people
post and share messages called “tweets”. About 500 million tweets per day and 200 billion
tweets per year have appeared on Twitter since it has become an important data hotspot
for web-based media conversation identified with public and global situations [18]. Un-
fortunately, it also a major source to create a global panic situation because of spreading
fake news. Chakraborty K et al. 2020 described that most COVID-19 tweets are in positive
sentiment, but users are frequently engaged in the spreading of negative tweets and not
many useful words were found in the word frequency calculation of tweets [19].

In some words of Shadi S et al. 2020, the present pandemic creating rapidly spread
rumours and conspiracy theories is like a virus that leads to real world dramatic values [20].
The authors of this work present machine learning approaches for automatic detection
and identify narrative frameworks in support of such false propaganda. It is also studied
that the effects of misleading the COVID-19 information and its political ideology that
ultimately poisoned the public health [21].

The observations from the Nigerian study of the social media impact of COVID-
19 pandemic reported platforms like Twitter, Facebook, and YouTube, which cannot be
overemphasized with a plan of action for data dispersal. It indicates that these platforms
have been manhandled as individuals cover-up under its secrecy to spread fake news
and affect alarm among individuals from the overall population [22]. In high-population
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countries like India, it is even worse in spreading fake news online, which could be a
potential threat to public health. On 24 March 2020, India declared a nationwide lockdown
and alarmed public health experts to manage the challenges of COVID-19. However, these
works do not address the accuracy and validation of tweets to a large extent.

In response, the study on social media false propaganda on COVID-19 during the
lockdown time found the seven themes of fake news, including health, political, crime,
entertainment, religious, religiopolitical, and miscellaneous, by analysing 125 Indian fake
news [13] examples. There was work conducted by Bakur G et al. (2020) on sentiment
analysis of Indian people during the national lockdown. The dataset used in this analysis
contains very few tweets from 25 March 2020 to 28 March 2020. Results portrayed the
positive strategy of the Indian government for imposing lockdown [23].

Huynh 2020 reported that plenty of rumours and fake stories are circulating in social
media on COVID-19 and it is getting difficult to differentiate this false news from real news,
but the accuracy or validity has not been questioned [24]. The validation and accuracy of
such fakes on social media sites can help people, healthcare staff, and governments from
unnecessary mental pressure. Such procedures give an overall clarification to in any case of
unexceptional events, and fits conveniently into the perspective of the conspiracy theories.
Therefore, to fill this research gap among literature on the tweet validation, we attempted
deep-learning type machine-learning models, and also validate this model performance by
comparing with another three conventional models.

2. Materials and Methods
2.1. Dataset

In this study, we incorporated the data of Indian user tweets from the Twitter website
during the COVID-19 lockdown period in-country. The data set consisting of 3090 tweets
were extracted from github.com (https://github.com/gabrielpreda/CoViD-19-tweets (ac-
cessed on 12 January 2021)) and it contains the cleaned tweets on topics such as COVID-19,
coronavirus, lockdown, etc. The dataset consisting of extracted tweets from the Indian
twitter platform was considered for analysis. The contained tweets focused on the topics
of COVID-19, coronavirus, and lockdown, etc.

2.2. Data Analysis

Figure 1 presents the distribution of the tweets collected on the dates between 23
March 2020 and 15 July 2020, and the text has been labelled as fear, sad, anger, and joy. The
given sample tweets are manually coded as four category sentiments by the investigators
and each sentiment is mapped from 0 to 3 (fear:0, sad:1, anger:2, and joy:3). Examples
of tweets presenting the sentiments had displayed in Table 1. The positive sentiments
consisted of words “thank”, “well”, “great”, “agree”, “admit”, “good”, etc. and negative
sentiments consisted of words “die”, “shit”, “trump”, “kill”, “spread”, “death”, etc.

Figure 1. Tweets’ sentiment distribution.

https://github.com/gabrielpreda/CoViD-19-tweets
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Table 1. Sample tweets that express sadness, joy, fear, and anger sentiments on COVID-19.

Sad Sentiments Joy Sentiments Fear Sentiments Anger Sentiments

# agree on the poor in India are treated
badly their poor seek a living in
Singapore and are treated like citizens
they are given free medical treatment
given food daily sim cards to call home
to tell their family that they are fine if
CoViD-19 case treated for in hospitals
# I do not understand the point of
demanding enough time before
lockdown Italy has suffered because of
half-hearted attempts and so is us now
pm being the highest decision-making
authority has to take the decision
# UK records lowest daily virus death
toll since the start of lockdown govt
# because of CoViD 19 guidelines
restricting visitation to hospitals and
care centres john could not see his
father in person before he died now, he
is asking members of his community to
donate I-pads that will be distributed to
local medical centres

# good morning twittizens
wish you a corona free day
# finally accepts thanks to
Modi media
# how ted-ed is helping
family’s students and teachers
navigate the COVID-19
pandemic
# the hardship of lockdown
comes with the ease of
blessing that Allah has
brought family member
together with my son asim
town Punjab Pakistan
# hoping that I would emerge
on the other side of this
healthier and more fit here’s
my dinner salad
# brother’s day 69 of
lockdown from the archives of
2015 majnu ka tila (I’m
normally lazy when it comes
to archiving my photos and
also the daily grind hinders
the process but this lockdown
boredom has given

# hackers use fake coronavirus
maps to infect visitors with
malware
# I bet the idiot GB being is
very concerned over the
coronavirus not because of the
health of their followers but
because of the hit their bank
account is going to take if
meetings and assemblies are
cancelled this is a worst-case
scenario for them
# when scares end
# the thought of Jacob’s
Nashville show getting
cancelled makes my heart hurt
soooooo bad please go away
# is the making you afraid of
what the future holds looking
for a sense of peace call 877
why Islam you deserve to
know

# maybe if I bolt my
front door shut
coronavirus will stay
out
# there are no
injections for handle
girls do not trust
your bf
# so, you no longer
think that the
coronavirus is a hoax
perpetrated by the
democrats exactly
when was your
epiphany moment
# the Christian right
and are the biggest
threat to the world
right now during
this pandemic they
outright evil their
ignorance is death
incarnate

We applied natural processing techniques (NLP), which are a form of ML that help
tweet processing. Usually, NLP involves several text mining approaches, such as noise
removal, by excluding stop and buzz words [25]. To enhance the BERT model performance
measurements, immaterial substances, or text noises like accentuation marks, mathematical
qualities, new-line characters were eliminated. Removing these elements moderates the size
of the test space of conceivable capabilities and therefore improves the degree of execution.

As mentioned, to use pre-trained text weights in the BERT model, we have to configure
the input features with encoding. This particular model works with fixed lengths, and
we applied a maximum length of 100 tokens. The token length of all the tweets has been
depicted in Figure 2. A high number of tweets is under 100 tokens.

2.3. Data Partitioning

To confirm, the classification model cannot be overfitting on the dataset. We divided
the dataset into two portions such as training and testing. Trained tweets are helping to
identify the data patterns, also reducing error rates, and testing the data set used for the
assessment of model performance. Of the tweets, 85% were used for training purposes
and 15% of tweets were used for testing purposes. The demographic information of tweets
classification is presented in Table 2.



Infect. Dis. Rep. 2021, 13 333

Figure 2. Tweets’ token length outcome.

Table 2. Demographic representation of tweets classification.

Sentiment Label Data Type

Fear 0
Training 723

Validation 128

Sad 1
Training 680

Validation 115

Anger 2
Training 652

Validation 115

Joy 3
Training 618

Validation 109

2.4. BERT Model

We implemented the BERT model for classifying the fake tweets. BERT is a new
language presentation tool that stands for Bidirectional Encoder Representations from
Transformers and was introduced in paper [26]. BERT has created a disturbance in the
Machine Learning people group by introducing best in class, bringing about a wide
assortment of NLP assessments. BERT’s key specialized advancement is applying the
bidirectional preparing of Transformer, a mainstream consideration model, to language
demonstrating. This is an advanced form, past advancements that took a look at text
sequencing either from left to right or right to left and combined the left to the right
model. The results from paper [26] explained that a language model that is bi-directionally
prepared can have a more profound feeling of language setting and stream than single
directional models.

2.4.1. Model Training

In contrast to directional models that enable sequential reading of text input (right to
left or left to right), the transformer encoder recognizes the total sequence of words at once.
Thus, it is considered bidirectional, but it is a non-directional model with higher accuracy
than other established models. This special characteristic allows the model to understand
the text context. BERT has two models called the base model of 12 encoders and a large
model of 24 encoders.
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Model training in BERT has been completed by 15% tokens of input text language,
which was randomly selected. These tokens further pre-processed by 80% are supplanted
with a “MASK” token, 10% with an irregular word, and 10% utilize the first word. If we
utilized “MASK” 100% of the time, the model would not delivers great symbolic portrayals
for un-masked words. The un-masked tokens were as yet utilized for text setting, yet the
model was upgraded for foreseeing masked words.

2.4.2. Prediction of the Next Sentence

In BERT training, the model collects statement pairs as input and figures out how to
anticipate if the second sentence in the pair is the resultant sentence in the original file. In
training, half of the data sources are a pair where the subsequent sentence is the resulting
sentence in the first archive, while in the other half an irregular sentence from the corpus is
picked as the subsequent sentence. The supposition will be that the irregular sentence will
be detached from the primary sentence.

The input source to BERT is the sum of the token, segment, and position embeddings.
To assist the model to differentiate sentence pairs in training, input has processed as
mentioned below.

â A (CLS) token is embedded towards the initial statement and a (SEP) token is embed-
ded toward the finish of each sentence.

â A statement embedding demonstrates the Sentence A or Sentence B can be added to
every token. Sentence embeddings are comparable in idea to token embeddings with
a second statement vocabulary.

â A positional inserting is added to every token to show its situation in the succession.

Word piece tokenization has been done by the BERT tokenizer: vocabulary displayed
discrete characteristics of the language, and high-frequency vocabulary combinations
repeatedly added. Keywords in Indian tweets were assessed by a word cloud diagram.
Data was spitted into two subsets for training and validation purposes. Accuracy was
further calculated to estimate the model accuracy.

2.5. Model Evaluation

To evaluate the efficiency of the BERT model, another three conventional models, such
as LR, SVM, and LSTM, were further considered. LR is a kind of binary classification ML
algorithm. It uses the weighted combination of the input text features and is authorized
by the sigmoid function [27]. This function changes any real numerical input that ranges
from 0 to 1. Instead of calculating the total number of words in a text document, we used
Tf-Idf (term frequency–inverse document frequency) for normalizing the words into a
number. It estimates normalized count, such as the count of each word that is divided
by a total number of documents, where the same word appears. We applied a similar
ratio of dataset distribution (85:15) as followed in BERT modelling. SVM is another
ML classification algorithm based on the identification of hyperplanes defined by data
classes [28]. It operates on large data sizes and calculates the separation of data margin
rather than matching key features. The similar approach of 85% of tweets is used for SVM
model training.

Alternatively, we used the LSTM model, which is a type of recurrent neural network
(RNN). LSTM network models are a sort of intermittent neural organization that can learn
and recollect large information groups. They are expected for use with information that
is contained in the long sequence of input data, up to 200 to 400-time steps [29]. That is
why we considered LSTM as one of the accepted models for text analysis. The model can
uphold various parallel information sequences and figures out how to remove features
from data sequences. Like BERT, this model also trained by AdamW optimizer.
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3. Results

The word cloud is a visual representation of words that usually appeared in texts.
Figure 3 presents the word cloud of the Indian tweets’ dataset, and Figure 4 presents the
top 50 keywords presented in Indian tweets.

Figure 3. Word cloud of common words in Indian tweets.

Figure 4. Top 50 keywords that appeared in Indian tweets.

For model performance evaluation, accuracy was considered the primary parameter.
For fine-tuning and to duplicate the training features, we adopted the AdamW optimizer
and applied the Adam algorithm by weight decay. Because of model training with the
individual stage (or Epoch), training accuracy has resulted. The outcome test loss on a
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given test dataset has appeared as 0.594 and test accuracy appeared as 0.890, which presents
that the model can generalize the tweets in a good manner. The model with 89% accuracy
itself proved as a better solution in tweets classification. Table 3 presents the accuracy
comparisons of four evacuated models.

Table 3. Accuracy comparisons of four models.

Model Accuracy (in %)

Fine-tuned BERT 89%
LR 75%

SVM 74.75%
LSTM 65%

The prediction accuracy of each sentiment tweet has been separately calculated by
dividing sentimental data into training and validation sets. The mentioned tweets are fed
as input for the model for training and the accuracy of each investigated sentiment has
been assessed. The predicted accuracy values of each sentimental outcome can be observed
in Table 4.

Table 4. Sentiment tweet distribution for model training.

Sentiment Label Data Type Valid Tweets Accuracy

Fear 0
Training 723

107 85.60%Validation 128

Sad 1
Training 680

96 83.40%Validation 115

Anger 2
Training 652

91 79.13%Validation 115

Joy 3
Training 618

83 76.14%Validation 109

4. Discussion

The spread of pandemics causes vulnerability and anxiety among the global popu-
lation. This sort of emergency, by not changing following explicit cut-off points, makes
risk communication basic when planning to do better prevention strategies. If effective
risk communication has been implemented, there is a chance of delivering messages to
the public transparently and effectively. The key objective behind this is to diminish the
knowledge gap between data investigators and recipients in understating public behaviour
to fight against the pandemic. The fundamental components for risk reduction and anxiety
assessment among the population are by taking rapid action from public health authorities
and genuine data from governments.

Sentiment analysis majorly helps to understand people’s emotions in a particular
event. Sentimental tweets about the pandemic have bound to be positive, suggesting that
the public stayed confident despite a remarkable public wellbeing emergency. Keywords of
positive sentiments normally communicated appreciation for community efforts and front-
line workers to support vulnerable individuals of society, however, some keywords passed
on negative opinions towards those who are at the frontline. A few words are attracted
to joyful statements that can encourage doctors for fighting the war against COVID-19.
Another type of positive estimation was the support of contamination measures to keep up
general wellbeing guidelines like “stay safe”, “remain home” patterns.

India is the second-high pandemic that hit the country after the USA with 11.5 million
infected cases and third position in deaths with a total of 160,427 [30]. The sentiment
analysis of Indian tweets during COVID-19 lockdown obtained in this study have produced
interesting results and presented the importance of further validation and experimental
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model advancement with more COVID-19 data, and supplementary methods. Models were
subsequently created with extra information and strategies and utilizing BERT model tweet
classification techniques would then be able to be utilized as self-governing techniques for
autonomous classification of COVID-19 sentiment. The proposed model and results also
similarly extended country-wise and global pandemic experiences in the future.

Recent trends in NLP suggest that text mining has increased its popularity in the
advancement of big data analysis augmented computational competencies, and unstruc-
tured data analysis that enables the examination of huge linguistical datasets. The research
presented in this paper with the use of the BERT sentiment analysis package in R produced
a good exercise for evaluating the prediction accuracy of text outcomes. A similar analysis
has been presented in [31] for the understanding of pandemic anxiety among Twitter users
based on particular keywords. About 900,000 tweets are extracted from Twitter Application
programming interface (API) and analysed using Naïve Bayes and logistic regression
models. The model accuracy that appeared in short tweets is 91% and 74%, respectively.
However, the main limitation of this study is all sentiments depend on the single word
“fear” of USA citizens.

The study about precise ideas of netizens on the COVID-19 pandemic has identified
twelve major topics that would emphasize sentiment topics and are highly related to health
care problems [32]. Another interesting study on the mental health of Chinese youth for
using Weibo messenger reported the most biased results. It highlighted negative sentiments
in young minds during this outbreak [33]. In contrast, in this study, we highlighted
four emotions of Indian netizens that associated both positive and negative sentimental
categories. It is evident that from Table 3, the BERT model has outperformed the other
three models in the classification of COVID-19 tweets. It produced 89% accuracy, which is
much better than other models. Thus, it proves that the BERT model is the best solution
for understanding the fake tweets while compared with other models. The present study
has some limitations because it addresses only a single country of people’s emotions on
social media sites on present pandemic, therefore, the generalization to global perspective
on pandemics should be done in future studies.

5. Conclusions

In conclusion, our findings present the high prevalence of keywords and associated
terms among Indian tweets during COVID-19. Based on the contents, the tweets are classi-
fied into four sentiments such as fear, sad, anger, and joy. Some words like “trump”, “kill”,
“death”, “die” provoke people to have unnecessary fear and words such as “thank”, “well”,
“good” create a positive setup in the healthcare authorities. These findings encourage
local governments to impose fact-checkers on social media to overcome false propaganda.
Previous literature only focuses on the effects of social media and its implications on the
circulation of fake news but does not discuss the validation and classification of tweets.
Thus, we applied a novel deep-learning model called BERT to achieve high classification
accuracy in contrast to conventional ML models. Results provided enough evidence that
the BERT model achieved 89% accuracy, which beats other models like LR, SVM, and LSTM.
In this way, this work clarifies public opinion on pandemics and guides medical authorities,
the public, and private workers to overcome needless anxiety during pandemics.

Author Contributions: N.C. and G.B.: Study design, research materials, data collection, manuscript
preparation. N.C. and F.A.: The initial and final drafts of the article. All authors have read and agreed
to the published version of the manuscript.

Funding: This paper was supported in part by the ITF Trust grant No. 1508/2020 to Centro Inter-
nazionale Radio Medico (C.I.R.M.).

Institutional Review Board Statement: This study does not need ethical statement.

Informed Consent Statement: Not applicable.



Infect. Dis. Rep. 2021, 13 338

Data Availability Statement: The authors would like to thank the data investigators Gabriel P and
Arushi C. The tweets data and code can be available at https://github.com/gabrielpreda/CoViD-19
-tweets (accessed on 12 January 2021).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Chawla, S.; Mittal, M.; Chawla, M.; Goyal, L. Corona Virus-SARS-CoV-2: An Insight to Another way of Natural Disaster. EAI

Endorsed Trans. Pervasive Health Technol. 2020, 6. [CrossRef]
2. Mertens, G.; Gerritsen, L.; Duijndam, S.; Salemink, E.; Engelhard, I.M. Fear of the coronavirus (COVID-19): Predictors in an

online study conducted in March 2020. J. Anxiety Disord. 2020, 74, 102258. [CrossRef] [PubMed]
3. Socio-Economic Impact of COVID-19|UNDP. Available online: https://www.undp.org/content/undp/en/home/coronavirus/

socio-economic-impact-of-covid-19.html (accessed on 15 October 2020).
4. Staszkiewicz, P.; Chomiak-Orsa, I. Dynamics of the COVID-19 Contagion and Mortality: Country Factors, Social Media, and

Market Response Evidence from a Global Panel Analysis. IEEE Access 2020, 8, 106009–106022. [CrossRef]
5. Donthu, N.; Gustafsson, A. Effects of COVID-19 on business and research. J. Bus. Res. 2020, 117, 284–289. [CrossRef] [PubMed]
6. Guo, Y.-R.; Cao, Q.-D.; Hong, Z.-S.; Tan, Y.-Y.; Chen, S.-D.; Jin, H.-J.; Tan, K.-S.; Wang, D.-Y.; Yan, Y. The origin, transmission

and clinical therapies on coronavirus disease 2019 (COVID-19) outbreak—An update on the status. Mil. Med. Res. 2020, 7, 1–10.
[CrossRef] [PubMed]

7. Mittal, M.; Battineni, G.; Goyal, L.M.; Chhetri, B.; Oberoi, S.V.; Chintalapudi, N.; Amenta, F. Cloud-based framework to mitigate
the impact of COVID-19 on seafarers’ mental health. Int. Marit. Health 2020, 71, 213–214. [CrossRef] [PubMed]

8. Akande, O.N.; Badmus, T.A.; Akindele, A.T.; Arulogun, O.T. Dataset to support the adoption of social media and emerging
technologies for students’ continuous engagement. Data Brief 2020, 31, 105926. [CrossRef] [PubMed]

9. Garcia, L.P.; Duarte, E. Infodemic: Excess quantity to the detriment of quality of information about COVID-19. Epidemiol. Serv.
Health 2020, 29. [CrossRef]

10. Hung, M.; Lauren, E.; Hon, E.S.; Birmingham, W.C.; Xu, J.; Su, S.; Hon, S.D.; Park, J.; Dang, P.; Lipsky, M.S. Social Network
Analysis of COVID-19 Sentiments: Application of Artificial Intelligence. J. Med. Internet Res. 2020, 22, e22590. [CrossRef]

11. Di Domenico, G.; Sit, J.; Ishizaka, A.; Nunan, D. Fake news, social media and marketing: A systematic review. J. Bus. Res. 2021,
124, 329–341. [CrossRef]

12. Apuke, O.D.; Omar, B. Fake news and COVID-19: Modelling the predictors of fake news sharing among social media users.
Telemat. Inform. 2021, 56, 101475. [CrossRef]

13. Zaman, A. COVID-19-Related Social Media Fake News in India. J. Media 2021, 2, 7. [CrossRef]
14. Depoux, A.; Martin, S.; Karafillakis, E.; Preet, R.; Wilder-Smith, A.; Larson, H. The pandemic of social media panic travels faster

than the COVID-19 outbreak. J. Travel Med. 2020, 27, taaa031. [CrossRef] [PubMed]
15. Gao, J.; Zheng, P.; Jia, Y.; Chen, H.; Mao, Y.; Chen, S.; Wang, Y.; Fu, H.; Dai, J. Mental health problems and social media exposure

during COVID-19 outbreak. PLoS ONE 2020, 15, e0231924. [CrossRef]
16. Ahmad, A.R.; Murad, H.R. The Impact of Social Media on Panic During the COVID-19 Pandemic in Iraqi Kurdistan: Online

Questionnaire Study. J. Med. Internet Res. 2020, 22, e19556. [CrossRef] [PubMed]
17. Cinelli, M.; Quattrociocchi, W.; Galeazzi, A.; Valensise, C.M.; Brugnoli, E.; Schmidt, A.L.; Zola, P.; Zollo, F.; Scala, A. The

COVID-19 social media infodemic. Sci. Rep. 2020, 10, 1–10. [CrossRef] [PubMed]
18. Twitter, Twitter Usage Statistics—Internet Live Stats. Available online: https://www.internetlivestats.com/twitter-statistics/

(accessed on 19 October 2020).
19. Chakraborty, K.; Bhatia, S.; Bhattacharyya, S.; Platos, J.; Bag, R.; Hassanien, A.E. Sentiment Analysis of COVID-19 tweets by Deep

Learning Classifiers—A study to show how popularity is affecting accuracy in social media. Appl. Soft Comput. 2020, 97, 106754.
[CrossRef] [PubMed]

20. Shahsavari, S.; Holur, P.; Tangherlini, T.R.; Roychowdhury, V. Conspiracy in the time of corona: Automatic detection of COVID-19
conspiracy theories in social media and the news. J. Comput. Soc. Sci. 2020, 3, 279–317. [CrossRef]

21. Havey, N.F. Partisan public health: How does political ideology influence support for COVID-19 related misinformation? J.
Comput. Soc. Sci. 2020, 3, 319–342. [CrossRef]

22. Obi-Ani, N.A.; Anikwenze, C.; Isiani, M.C. Social media and the COVID-19 pandemic: Observations from Nigeria. Cogent Arts
Humanit. 2020, 7, 1799483. [CrossRef]

23. Barkur, G.; Vibha; Kamath, G.B. Sentiment analysis of nationwide lockdown due to COVID 19 outbreak: Evidence from India.
Asian J. Psychiatry 2020, 51, 102089. [CrossRef]

24. Huynh, T.L. The COVID-19 risk perception: A survey on socioeconomics and media attention. Econ. Bull. 2020, 40, 758–764.
Available online: https://ideas.repec.org/a/ebl/ecbull/eb-20-00175.html (accessed on 26 March 2021).

25. Chintalapudi, N.; Battineni, G.; Di Canio, M.; Sagaro, G.G.; Amenta, F. Text mining with sentiment analysis on seafarers’ medical
documents. Int. J. Inf. Manag. Data Insights 2021, 1, 100005. [CrossRef]

26. Devlin, J.; Chang, M.W.; Lee, K.; Toutanova, K. BERT: Pre-training of deep bidirectional transformers for language understanding.
arXiv 2018, arXiv:1810.04805.

https://github.com/gabrielpreda/CoViD-19-tweets
https://github.com/gabrielpreda/CoViD-19-tweets
http://doi.org/10.4108/eai.28-5-2020.164823
http://doi.org/10.1016/j.janxdis.2020.102258
http://www.ncbi.nlm.nih.gov/pubmed/32569905
https://www.undp.org/content/undp/en/home/coronavirus/socio-economic-impact-of-covid-19.html
https://www.undp.org/content/undp/en/home/coronavirus/socio-economic-impact-of-covid-19.html
http://doi.org/10.1109/ACCESS.2020.2999614
http://doi.org/10.1016/j.jbusres.2020.06.008
http://www.ncbi.nlm.nih.gov/pubmed/32536736
http://doi.org/10.1186/s40779-020-00240-0
http://www.ncbi.nlm.nih.gov/pubmed/32169119
http://doi.org/10.5603/IMH.2020.0038
http://www.ncbi.nlm.nih.gov/pubmed/33001435
http://doi.org/10.1016/j.dib.2020.105926
http://www.ncbi.nlm.nih.gov/pubmed/32665968
http://doi.org/10.1590/S1679-49742020000400019
http://doi.org/10.2196/22590
http://doi.org/10.1016/j.jbusres.2020.11.037
http://doi.org/10.1016/j.tele.2020.101475
http://doi.org/10.3390/journalmedia2010007
http://doi.org/10.1093/jtm/taaa031
http://www.ncbi.nlm.nih.gov/pubmed/32125413
http://doi.org/10.2139/ssrn.3541120
http://doi.org/10.2196/19556
http://www.ncbi.nlm.nih.gov/pubmed/32369026
http://doi.org/10.1038/s41598-020-73510-5
http://www.ncbi.nlm.nih.gov/pubmed/33024152
https://www.internetlivestats.com/twitter-statistics/
http://doi.org/10.1016/j.asoc.2020.106754
http://www.ncbi.nlm.nih.gov/pubmed/33013254
http://doi.org/10.1007/s42001-020-00086-5
http://doi.org/10.1007/s42001-020-00089-2
http://doi.org/10.1080/23311983.2020.1799483
http://doi.org/10.1016/j.ajp.2020.102089
https://ideas.repec.org/a/ebl/ecbull/eb-20-00175.html
http://doi.org/10.1016/j.jjimei.2020.100005


Infect. Dis. Rep. 2021, 13 339

27. del Prette, Z.A.P.; del Prette, A.; de Oliveira, L.A.; Gresham, F.M.; Vance, M.J. Role of social performance in predicting learning
problems: Prediction of risk using logistic regression analysis. Sch. Psychol. Int. 2011, 33, 615–630. [CrossRef]

28. Chang, Y.W.; Hsieh, C.J.; Chang, K.W.; Ringgaard, M.; Lin, C.J. Training and testing low-degree polynomial data mappings via
linear SVM. J. Mach. Learn. Res. 2010, 11, 1471–1490.

29. Melamud, O.; Goldberger, J.; Dagan, I. Context2vec: Learning generic context embedding with bidirectional LSTM. In Proceedings of
the 20th SIGNLL Conference on Computational Natural Language Learning 2016, Berlin, Germany, 11–12 August 2016. [CrossRef]

30. India—COVID-19 Overview—Johns Hopkins. Available online: https://coronavirus.jhu.edu/region/india (accessed on 23
March 2021).

31. Samuel, J.; Ali, G.; Rahman, M.; Esawi, E.; Samuel, Y. COVID-19 Public Sentiment Insights and Machine Learning for Tweets
Classification. Information 2020, 11, 314. [CrossRef]

32. Abd-Alrazaq, A.; Alhuwail, D.; Househ, M.; Hamdi, M.; Shah, Z. Top Concerns of Tweeters During the COVID-19 Pandemic:
Infoveillance Study. J. Med. Internet Res. 2020, 22, e19016. [CrossRef]

33. Li, S.; Wang, Y.; Xue, J.; Zhao, N.; Zhu, T. The Impact of COVID-19 Epidemic Declaration on Psychological Consequences: A
Study on Active Weibo Users. Int. J. Environ. Res. Public Health 2020, 17, 2032. [CrossRef]

http://doi.org/10.1177/0020715211430373
http://doi.org/10.18653/v1/k16-1006
https://coronavirus.jhu.edu/region/india
http://doi.org/10.3390/info11060314
http://doi.org/10.2196/19016
http://doi.org/10.3390/ijerph17062032


healthcare

Review

Telemedicine for Pre-Employment Medical Examinations and
Follow-Up Visits on Board Ships: A Narrative Review on
the Feasibility

Getu Gamo Sagaro 1,* , Marzio Di Canio 2, Emanuele Talevi 2 and Francesco Amenta 1,2

����������
�������

Citation: Sagaro, G.G.; Di Canio, M.;

Talevi, E.; Amenta, F. Telemedicine for

Pre-Employment Medical

Examinations and Follow-Up Visits

on Board Ships: A Narrative Review

on the Feasibility. Healthcare 2021, 9,

69. https://doi.org/10.3390/

healthcare9010069

Received: 4 December 2020

Accepted: 8 January 2021

Published: 13 January 2021

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional clai-

ms in published maps and institutio-

nal affiliations.

Copyright: © 2021 by the authors. Li-

censee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and con-

ditions of the Creative Commons At-

tribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Telemedicine and Telepharmacy Center, School of Medicinal and Health Products Sciences,
University of Camerino, 62032 Camerino, Italy; francesco.amenta@unicam.it

2 Research Department, Centro Internazionale Radio Medico (C.I.R.M.), 00144 Rome, Italy;
mdicanio@cirmservizi.it (M.D.C.); etalevi@cirmservizi.it (E.T.)

* Correspondence: getugamo.sagaro@unicam.it

Abstract: Background: Telemedicine has already been applied to various medical specialties for
diagnosis, treatment, and follow-up visits for the general population. Telemedicine has also proven
effective by providing advice, diagnosis, and treatment to seafarers during emergency medical events
onboard ships. However, it has not yet been applied for pre-employment medical examinations
and follow-up visits on board ships. Objective: This review aimed to assess the possibility of using
telemedicine during periodic visits between one pre-employment medical examination and others
on board ships, and to recommend necessary medical examination tests with screening intervals for
seafarers. Methods: Various databases including PubMed, EMBASE, Scopus, CINAHL, and Cochrane
Library were explored using different keywords, titles, and abstracts. Studies published between
1999 and 2019, in English, in peer-reviewed journal articles, and that are conference proceedings were
considered. Finally, the studies included in this review were chosen on the basis of the eligibility
criteria. Results: Out of a total of 168 studies, 85 studies were kept for further analysis after removing
the duplicates. A further independent screening based on the inclusion and exclusion criteria resulted
in the withdrawal of 51 studies that were not further considered for our analysis. Finally, 32 studies
were left, which were critically reviewed. Out of 32 accepted studies, 10 studies demonstrated the
effectiveness of the electrocardiogram (ECG) in monitoring and managing remote patients with
heart failure, early diagnosis, and postoperative screening. In 15 studies, telespirometry was found
to be effective in diagnosing and ruling out diseases, detecting lung abnormalities, and managing
patients with chronic obstructive pulmonary disease (COPD) and asthma. Seven studies reported
that telenephrology was effective, precise, accurate, and usable by non-medical personnel and that it
reduced sample analysis times and procedures in laboratories. Conclusion: using new technologies
such as high-speed internet, video conferencing, and digital examination, personnel are able to make
the necessary tests and perform virtual medical examination on board ships with necessary training.

Keywords: telemedicine; seafarers; cardiology; healthcare; technology

1. Introduction

Telemedicine is the delivery of medical services over distance through information
and communication technologies [1]. Telemedicine applications include disease prevention
and control, healthcare, health promotion, education, training, and research for health [1].
Telemedicine can be traced back to the end of the 19th century to the mid-20th century
with the use of radiotelegraphy to provide medical advice to patients onboard ships [2].
The evolution versus modern telemedicine began in the 1960s, mainly spurred on by
the military and space technologies, as well as by some people using readily available
commercial equipment [3,4]. More recently, the applications of telemedicine are manifold
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and involve both developed and developing countries, rural areas, islands, and in all
situations where distance could limit or make difficult the provision of medical care [5].

Merchant ships represent one of these potential scenarios as they spend long periods
on the high seas. Most of the time, merchant ships do not carry a doctor or other health
professional on board, and the healthcare is in the hands of the captain or his delegate when
seafarers are injured or ill [2,6]. Seafaring is a hazardous profession when compared to land
workers [7]. This is probably due to the intrinsic nature of the work rich in psychophysical
stressors, including isolation from the family, the multiculturalism of the crews, limited
recreational opportunities, and long work shifts [8]. Seafarers exhibit high mortality and
morbidity when compared with workers onshore for both the deck and machine sectors [9].
They are also prone to unhealthy lifestyles, such as smoking and unhealthy diets [10].
These risk factors, combined with chemical exposure, make seafarers one of the categories
with the highest rate of certain cancer and cardiovascular diseases (CVD) [8]. The most
frequent causes of death are attributable to shipboard accidents, work-related accidents,
CVD, and poisonings [11,12].

Occupational medicine is an internationally recognized branch of preventive medicine
with a large diffusion in all EU countries with the broad spectrum of its influence. One of
the main objectives of occupational medicine is the assessment of suitability or unsuitability
for a given work, temporary or permanent. Moreover, occupational medicine has the task
of assessing the risks associated with the workplace to protect and promote people’s health
by preventing diseases and accidents that could occur in the workplace [13]. In terms of
telemedicine applications to occupational medicine, more than 50% of hospitals in the USA
are using telemedicine to treat their patients and over 74% of companies offer telemedicine
services to their employees as a part of their healthcare programs [14,15]. Moreover, in
the UK, telemedicine is widely used and booming [16]. Telemedicine is often used in
postoperative clinical programs and in the follow-up of patients with chronic diseases such
as diabetes [17]. Telemedicine is widely demonstrated in the literature in many medical
specialties such as pediatrics, neurology, cardiology, diabetology, psychiatry, postoperative
orthopedic care, primary care, and emergency medicine in cognitive disorders [18–25].
However, only a few studies have focused on the use of telemedicine in maritime occupa-
tional medicine, especially virtual medical examination/test application during emergency
on board ships.

The World Labour Organization (WLO) and the International Maritime Organization
(IMO), in the report “Guidelines on the medical examination of seafarers”, published
recommendations concerning pre-employment medical examinations (PEME). The purpose
of the PEME is to reduce the risk of illnesses or injuries to the seafarer on board. These
visits are carried out every two years and involve certain tests proposed by the WLO and
the IMO [26]. Protocols for pre-employment medical examination developed by national
maritime authorities or other insurers, agents, or private companies may change screening
intervals of less than the expected two years, some of which are carried out directly on
board ships [10].

In Italy, the regulations in force provide that a competent doctor, appointed by the
shipowner, within the framework of a health protocol, adequately monitors the health
conditions of seafarers by carrying out periodic visits. Different medical tests are taken into
account during each visit (health check at the time of recruitment/first visit and periodic
check-ups), and medical examinations are considered, such as blood chemistry tests, elec-
trocardiogram (ECG), visual function examination, audiometry, and other tests on doctor’s
recommendation, particularly during periodic visits. The legislation requires the competent
doctor to collaborate with the employer/shipowner and/or the captain and with his pre-
vention and protection service in order to carry out preventive and periodic health checks,
expressing suitability for the specific task. The competent (occupational) doctor is also
called upon to establish the health records of the individual worker, communicating any
aptitude in writing to the employer/owner and to the worker [27–29]. However, there are
lengthy processes for a medical check-up before boarding services; shipowners’ requests
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are addressed to the SASN (Servizi Assistenza Sanitaria Naviganti)-Health Assistance
Services for Navigation, Maritime and Civil Aviation Personnel, reference USMAF-SASN
for the territory or to an authorized medical officer [30]. After approval, depending on the
appointment, periodic medical check-ups are to be carried out, with most medical exami-
nations being performed onboard ships by a doctor or other health professionals. Hence,
telemedicine for periodic medical check-ups can reduce unnecessary travel, skip/shorten
some process steps, reduce transport costs for regular check-ups, avoid waiting lists, and
increase the quality of services by offering specialty doctors the opportunity to participate
in virtual examinations.

Telemedicine has proven effective by providing advice, diagnosis, and treatment to
seafarers during emergency on board ships [31]. It has already been applied to various med-
ical specialties for diagnosis, treatment, and follow-up visits for the general population and
has made it possible to overcome various constraints such as geography and the resources
to provide healthcare to remote populations [32]. However, it has not yet been used for
pre-employment medical examinations and follow-up visits onboard ships. The purpose of
the present review was to assess the possibility of using telemedicine during periodic visits
between the pre-employment medical examination and others and to propose necessary
medical tests with screening intervals to be included in PEME protocols.

2. Materials and Methods

The review was conducted by searching the different published scientific literature, in-
dexed in various databases, including PubMed, EMBASE, Scopus, CINAHL, and Cochrane
Library. We included studies in areas of 4 medical specialties reporting medical exams/tests
frequently used in telemedicine, namely, electrocardiogram (ECG), spirometry, blood glu-
cose monitoring, and urinalysis. Different key terms for search, including “telecardiology”,
“tele diabetology”, “telespirometry”, “telenephrology”, “teleconsultation”, “telemedicine”,
and “telehealth” were used. Inclusion criteria for selected studies included studies pub-
lished between 1999 and 2019, studies published in English, peer-reviewed journal articles,
conference proceedings, and full-text paper. Studies published with only abstracts and not
in English were excluded.

In total, 168 potentially relevant studies were selected from the above databases. Out
of a total of 168 relevant studies, 85 studies remained after the duplicates were removed.
A further 51 studies were excluded upon reviewing the abstract, title, and assessment of
full-text as not consistent with our research questions. Finally, 32 studies were selected after
a thorough review and included in this review (Figure 1). The review analysis involved
3 independent reviewers and an expert in the event of disagreement.

The summary of results for the application of telemedicine in various medical exami-
nations/tests of occupational medicine interest is summarized in Table 1 (Table 1).
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including early diagnosis and post-
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et al. [57]
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3. Telemedicine in Different Medical Examinations/Tests
3.1. Electrocardiogram (ECG)

Telemedicine is not a separate medical modality but includes a growing variety of
applications and services that use telephone lines, videos, e-mails, smartphones, wireless
tools, and other forms of telecommunication technology. Among the wide range of medical
specialties in which telemedicine has been successfully applied, cardiology has been
found to be one of the most common fields of application. Through the transmission
of clinical data and the electrocardiogram (ECG), telecardiology allows access to a real-
time assessment (teleconsultation) without the need to travel for both the patient and
the cardiologist. Telecardiology has proven to be useful in the clinical management of
remote patients with real or suspected heart disease in different clinical settings. Over
20 years, several attempts have been made to try to introduce and expand telecardiology
in the hospital setting, especially for the diagnosis and treatment of patients in remote
locations [33]. Positive impacts of telecardiology have been demonstrated in the literature
on patients with heart failure. In these patients, remote monitoring compared to traditional
monitoring procedures decreased the risk of recurrence of the event [34].

A study conducted in 2010 demonstrated that the accuracy of an ECG performed
remotely via wireless procedures in detecting an episode of atrial fibrillation was 93%, and
the accuracy of this examination was 94% [35]. A study by Ong et al. (2016) focused on
the effectiveness of remote patient monitoring (RPM) for the transition of care in adult
patients with heart failure, finding no significant difference in patient readmissions for
180 days. Those who received the remote monitoring intervention had readmission rates of
50.8%, while those who did not receive the intervention had readmission rates of 49.2% [36].
Another study compared hospital readmission rates and death rates for two groups of
heart failure patients, followed by telemonitoring and conventional monitoring. The types
of post-treatment screening were comparable in that no statistically significant difference
was found. Readmission rates were 49.3% for remote monitoring and 47.4% for routine
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care, while the mortality rate for remote monitoring was 11.1%, and in routine care it was
11.4% [37].

The use of portable, non-invasive tele-cardiologic screening equipment was found to
be less costly for hospitals and more comfortable for patients, allowing them to remain
in domestic environments [38]. According to Sohn, costs would be around 25% lower in
patients with mild symptoms [39]. In addition, to diagnosis and postoperative screening,
telecardiology can also be used in prevention. In 2010, an Italian project was launched
aimed at using a telecardiology device to perform early diagnosis of 13,016 students
aged 16 to 19 [40]. In 2016, the same author collected the results showing that 24% of
the suspects had altered signals in the electrocardiogram. The conclusion was that the
use of telecardiology procedures in mass screening has many advantages such as lower
costs, the possibility of use in environments far from hospitals, and not requring qualified
personnel [41]. Another study evaluated the effectiveness of remote monitoring through the
use of various devices, including the electrocardiogram (ECG) in healthy clients, in patients
at risk for cardiovascular diseases such as those with diabetes and hypertension, and in
patients with a previous cardiovascular event. The healthy clients were monitored by a
12-lead ECG installed in pharmacies and connected to a telemedicine platform manned by a
cardiologist 24 h a day. Between 1 January 2015 and 31 December 2017, the study involved
a total of 79,898 women (mean age 52 ± 12 years) and 68,458 men (mean age 49 ± 11 years).
Of all ECGs performed, approximately 8% showed electrocardiographic abnormalities
inconsistent with the patient’s medical history. The authors confirm that tele-cardiological
screening systems can be used successfully in the prevention of cardiovascular diseases
with a consequent positive impact on public health [42].

3.2. Spirometry

Spirometry, also defined as spirometric test or simply respiratory function test, is a
diagnostic test that is performed using a spirometer, a computerized instrument, connected
to a mouthpiece. It is a very simple, painless, and non-invasive examination. Spirometry
plays an important role in the diagnosis and monitoring of chronic obstructive respiratory
disease. It should be noted that relevant clinical guidelines indicate the need for widespread
use of spirometry in primary care for the early diagnosis and appropriate management of
chronic asthma and chronic obstructive bronchopulmonary disease (COPD). Hence, this
test is of relevant importance in the health surveillance in preventive medicine for seafarers
who, for working reasons, often need to face long journeys [43,44]. The possibility of
remote use of spirometry through telemedicine equipment has been investigated by several
authors both as a prevention and monitoring tool in patients suffering from respiratory
syndrome [45]. Telespirometry is used in clinical practice to monitor asthma patients
and patients with COPD living at a distance from the hospital [46,47]. These integrated
systems, in patients with respiratory diseases and frequent exacerbations, can reduce both
emergency room visits and the number of hospitalizations [48].

In 2009, Bonavia published an article reporting an Italian project investigating the
possibility of using telespirometry in general medicine. As a part of the project, 937 family
physicians exchanged data via telespirometry equipment with 56 specialist centers, visiting
their patients with risk factors, persistent respiratory symptoms, or a previous diagnosis
of asthma or chronic obstructive pulmonary disease for two years. About 90% of the
spirometry tests (20,757 spirometry tests performed in total) met the criteria and made
it possible to make a diagnosis or rule out pathologies. 40% of the spirometries made it
possible to detect pulmonary abnormalities. The authors consider telespirometry to be
a reliable and useful alternative in the management by general practitioners of chronic
respiratory diseases. The quality of the spirometric examination is highly dependent on
the skills of the technician administering the test. The pulmonology company’s guidelines
indicate the skills and training to be acquired to manage this exam [49]. An interesting
perspective, which involves several studies, is given by the possibility of remote monitoring
at home. This technology enables the self-measurement of clinical parameters/symptoms
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of patients at home and allows the communication between healthcare professionals and
remote patients [50,51].

A study investigated the possibility of carrying out the spirometric test directly at
home in total autonomy. The study involved four patients with previous chronic obstructive
bronchopathy who were provided with telespirometry equipment equipped with tablets
capable of supporting the patient in the examination. This system was used for 12 weeks
in which patients performed several daily spirometries without any medical assistance. As
a result, the large part of the spirometry (94.5%) was considered acceptable and usable by
qualified personnel [52]. Another study investigated the possibility of self-administration
of the spirometric examination in asthmatic patients [53]. The author equipped 86 asthmatic
patients with a portable instrument for spirometric measurements at home without medical
supervision, evaluating their acceptability according to the American Thoracic Society and
European Respiratory Society (ATS/ERS) criteria. The author set the primary endpoint
with the following criteria: correct use of the device three or more times within 7 days
(±1 day) in one of the 3 weeks of the study. Of 78 patients, 67 (86%) reached the primary
endpoint. Seventy-five (96%) participants used the device correctly one or more times,
and 10 (13%) patients managed to use the tool every day during the 3 weeks. The authors
showed that remote self-assessment using spirometry equipment is a feasible practice [53].

Adequate training in performing the spirometric examination of technicians or opera-
tors onboard the vessel capable of ensuring high-quality standards in spirometry could be
fundamental to generate reliable results that the occupational physician could then assess
from another clinic suitable for the examination, obviously using portable technological
spirometers. The quality of spirometry tests strongly depends on adherence to international
recommendations [53,54]. There are different tools today, such as those that use Android
micro-control technology to measure lung function. For example, this latest technology has
reported excellent results on patients who have been analyzed both with an examination
performed with the traditional spirometer and with the new micro-control technology
providing very similar final values, with an accuracy of high measurement and for forced
expiratory volume in 1 s (FEV1) and forced vital capacity (FVC) indicating that this device,
for example, could be usefully used in telemedicine and health surveillance. Furthermore,
there is a remote assistance technology that uses a simple spirometer with a Bluetooth
module, an ES application based on MATLAB, and a mobile app based on Android. In this
case, the portable spirometer used in this study can be connected to a mobile phone via
Bluetooth. This technology has been used to evaluate the chronic course of diseases such
as COPD and asthma. During 6 months, 780 patients were assessed and diagnosed with an
accuracy of 97.32% [55].

3.3. Blood Glucose Monitoring

Telemedicine interventions for diabetes can vary from simple reminder systems via
text messages over complex web interfaces. Patients can upload their glucose levels mea-
sured with a home meter and other relevant data such as medications, eating habits, level
of activity, and anamnesis. The measurement of blood glucose concentration represents
an essential step in the management of diabetic disease—glycemic self-monitoring, in
fact, is widely used by patients with type 1 and type 2 diabetes to verify metabolic com-
pensation, to identify and treat episodes of hyper- and hypoglycemia and to adapt the
hypoglycemic therapy to the conditions of life (nutrition, physical activity, stress, inter-
current diseases) [56]. In the field of diabetes, telemedicine is used in its various forms:
remote glycemic monitoring, teleconsultation, personal medical records, telenursing, and
call centers. Several studies have shown that real-time transmission of blood glucose data
is achievable with evidence demonstrating improvements in terms of glycemic control [57].

3.4. Urine Analysis

Urinalysis is an important diagnostic screening test useful for diagnosing and mon-
itoring nephrological and urological conditions. This test is also often used in general
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preventive screening [58]. Information technology has significantly reduced the analysis
times following the collection of urine and often performed in specialized laboratories.
Nowadays, many portable electronic readers are available that can analyze in real-time the
urine collected on particular test strips [59]. To be effective, these devices must be economi-
cal, portable, precise, reliable, robust, powered by batteries, and usable by non-medical
personnel as well [59].

A recent development consists of the use of smartphones to read and interpret the
results of the test strips where urine is collected [60]. These smartphones are often combined
with electronic pocket readers and reagent strips [61]. Dae-Sik Lee proposed in 2011 a
mobile health platform by combining a pocket colorimetric reader with a smartphone
and paper strips for urinalysis capable of analyzing glucose, proteins, bilirubin, ketones,
nitrites, pH, specific gravity, erythrocytes, and leukocytes. Various tests carried out show
that the device is efficient, inexpensive, and accurate [62]. The urine test strip is a device
made up of strips on different distinct reactive zones allowing for the determination of
specific gravity, pH, proteins, glucose, ketones, bilirubin, blood, nitrites, urobilinogen, and
leukocytes in the urine. Often, the results have to be interpreted, and, in order to avoid
human error, some digital scanners are able to interpret the results independently via the
smartphone camera [63,64].

4. Legal Implications of Telemedicine

Telemedicine has significant repercussions in the delicate ethical sphere, as this dif-
ferent way of managing the interaction and communication between the patient and the
doctor (or in general, the health workers involved) impacts a particular situation for who is
in need of health care. On the other hand, on establishing the patient–doctor relationship,
the safeguard of the dignity of the patient should be always safeguarded.

The legal problems related to telemedicine have not yet found standard solutions at
the international level. Any request for telemedicine is considered a medical act. Hence,
although many teleconsultation procedures are unique, the traditional principles of tra-
ditional doctor–patient relationships are also valid in telemedicine. Three concerns can
be involved in legal performance issues [65,66]. As a result, in terms of the person who
transmits the data, “informed consent must govern the relationship between the patient
and other interested parties.” This should include the patient’s awareness of the technical
aspects; the potential risks; the precautions required; and, at the same time, and the guar-
antee of the confidentiality of information [66]. The person who receives the data is the
medical service user. Regarding the service provider, confidentiality, as well as the quality
of the transmitted and received data, must be guaranteed by the service provider [66].

5. Recommendations

Telemedicine can be used successfully for pre-employment medical examinations
and follow-up visits on board ships. This study used a narrative review to evaluate the
possibility of telemedicine for periodically pre-employment medical exams and follow-up
visits for workers needing to be followed aboard ships. We considered four major medical
exams/tests for telemedicine applications in this review, namely, electrocardiogram (ECG),
spirometry test, blood glucose monitoring, and urinalysis. As a result of telemedicine,
we proposed the necessary medical examinations/tests with screening intervals to be
included in the pre-employment medical examination (PEME) protocols (see Table 2).
Table 2 summarizes features, medical tests, suggested periodicity, telemedicine modality,
and equipment to be used for telemedicine practice in occupational medicine. Possible
applications of telemedicine in the PEME, follow-up, and future visits are detailed below:

1. PEME: ECG, spirometry, measurement of vital signs (blood pressure, heart rate,
and temperature), oxygen saturation assessed by a pulse oximeter, blood glucose
measurement by glucometer, and urinalysis are tests that can be monitored remotely
in some cases even without medical assistance. These tests are currently used for the
general population in different medical specialties. We thus suggest using them both
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for PEME visits and/or for periodic checks of seafarers aboard ships, provided that
on board there is the necessary technological resource training.

2. Follow-up visits: Telemedical Maritime Assistance Services (TMAS) doctors can
make multiple medical visits a single patient, guaranteeing appropriate evaluation
standards. They can also follow the same patient for the necessary time by monitoring
over time without the need for large displacements and without the need to visit
inside the ships in person. The technological equipment should provide a secure and
high-speed internet connection; a clinical telemedicine software that acts as a hub
capable of sending the patient’s vital parameters to the doctor; devices capable of
monitoring the patient’s body parameters; and, finally, an ad hoc training program
with periodic simulations. If fitted onboard, these systems could also help a TMAS
doctor make a correct diagnosis and plan adequate treatment.

3. Future activities: the possibility of carrying out preventive medicine tests using
telemedicine technologies could be considered in the future as a fundamental element
for remote maritime preventive medicine practice. Specific experimental studies
of devices integrated into platforms, protocols, and patient satisfaction should be
conducted, possibly using targeted comparisons with traditional systems.

Table 2. The proposed general medical examinations and tests for seafarers on board ships using telemedicine technologies.

Features Medical Examination Periodicity Telemedicine
Modality Equipment

General well-being Medical history Annual basis Video, e-mail Telemedicine devices

Noise Audiometry test Annual basis Audio, video Telemedical devices

General well-being
Stress-related

Electrocardiogram (ECG),
spirometry, urinalysis Every six months Still image

Video Telemedical devices

Vibrations Postural evaluation: manual
handling of loads Annual basis Video Telemedicine devices

Exposure to toxic
substances

Blood chemistry tests aimed at
checking cardiovascular and
renal function (blood count,

blood sugar, liver and kidney
function, lipid structure);

leukocyte formula, urinalysis,
determination of urinary

hydroxypyrene.

Annual basis E-mail, audio,
video Telemedicine devices

Pulse oximetry, blood pressure Every month Video, e-mail Telemedical devices

Postural workload Body mass index evaluation;
postural evaluation Annual basis Video Telemedical devices

Fatigue and stress
assessment

Electrocardiogram and
saturimetry for fatigue; stress

assessment, see the appropriate
section of this protocol

Annual basis Video, e-mail Telemedical devices

6. Conclusions

This narrative review has highlighted how telemedicine and devices for the detection
of body parameters in the medical field are extensively practiced in many specialties of
modern medicine. This review evaluated telemedicine’s feasibility for pre-employment
medical examinations (PEMEs) and follow-up visits aboard ships. It recommended the
necessary medical examinations/tests such as ECG, spirometry test, blood glucose moni-
toring, and urinalysis with screening intervals for seafarers’ onboard ships be considered
in the PEME protocol. Moreover, recommendations were provided to responsible bodies,
stakeholders, and researchers to implement telemedicine during the PEME and study
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its effectiveness. However, in many countries around the world, telemedicine is not an
integral part of the health system, and thus it is legitimate to assume that the full potential
of telemedicine has not yet been exploited. This review shows that with the advent of new
technologies such as high-speed internet, video conferencing, and digital examinations, it is
possible to report the necessary tests and perform virtual medical exams on board vessels.
Telemedicine can be a fundamental element for the prevention and treatment required in
health surveillance, particularly for the conditions in which reaching the patient is difficult
and expensive, such as onboard ships.
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Dear Editor,

On9 January 2020,China’sCentres forDiseaseControl and
Prevention (CDC) reported that a novel coronavirus causing a

severe acute respiratory syndrome (SARS-CoV-2) had been
identified as the causative agent of an aggressive respiratory
disease, later referred to as coronavirus disease 2019 (COVID-

19).1 As of 18 January 2021, there have been over 90 million
reported cases of COVID-19 and the virus has been respon-
sible for nearly 2.5 million deaths.2 The COVID-19 emergency

has required continued contingency plans, making it necessary
to both rethink the current approach to healthcare as well as
how to adapt to the emerging needs of healthcare in the context
of a pandemic. We have learned how to mitigate the spread of

the virusby implementing social distancingmeasures, enforcing
propermask compliance, and reducing face-to-face contact in a
health setting unless absolutely necessary. Community spread

from the virus must be prevented to minimise the risks of
infection for health professionals. In this respect, essential
telemedicine services may help safeguard public health in sig-

nificant ways.3

The term ‘telemedicine’ was introduced in the 1970s by
Thomas Bird, an American who used it to refer to the

delivery of medical assistance via telecommunication devices
without a physical meeting between doctors and patients.4 In

simple words, telemedicine can be defined as the provision
of healthcare for people in remote areas when the
providers and receivers of assistance are not in the same

place. There is a substantial body of scientific literature
that specifically discusses the potential of telemedicine.
Notably, telemedicine encompasses the use of video
consultations, electronic prescriptions, and remote

management and monitoring of symptoms and vital
parameters. This can become an indispensable response,
especially in disasters like COVID-19 and other high-risk

situations involving public health.
No telemedicine programme can be created and activated

overnight; however, the health systems of countries like the

United States, United Kingdom, Germany, and Canada
have already invested in telemedicine, thereby ensuring that
COVID-19 patients will receive the treatment and assistance

they need.5 In Italy, the use of telemedicine in the pandemic
context has become a topic of interest, as evidenced by the
documents provided by the National Institute of Health
(NIH) (Istituto Superiore di Sanità, ISS).6 There have been

national guidelines on the use of telemedicine since 2012,
but there are still several obstacles to implementation such
as service costs and the lack of regulations.7 This hinders

the effective use of these tools throughout the national
territory. All activities involving a citizen’s personal and
health data, which are essential for the provision of

telemedicine services, are subject to the secure processing
of sensitive data carried out through electronic tools. Thus,
the fundamental methods and solutions have to ensure

data confidentiality, integrity and availability; therefore, in
any case, telemedicine has to be adopted as per the
government rules.
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It is important to ensure the responsible use of tele-
medicine systems, and this can only be possible when the

systems are used with better care and in the interest of
public safety. The implementation of telemedicine should
focus on monitoring patients with mild or asymptomatic

cases, which then reduces hospital overcrowding. Accord-
ingly, the possibility that crowding will be lessened also
reduces virus spread, not only for patients but also for

healthcare personnel.8 The usefulness of telemedicine
solutions during the COVID-19 pandemic has already
been confirmed in the case of remote areas in China, where
the mortality rates and the virus spread were significantly

higher than in cities with good healthcare systems.
New pandemic events created unique challenges in the

provision of healthcare services. Although telemedicine does

not present a solution to all problems, it is an important
healthcare resource for people who are highly stressed. This
includes citizens living in areas where medical services are

difficult to access for geographic or other reasons, along with
seafarers, who, when at sea, are essentially remote in-
dividuals.9 The provision of telemedicine should also comply
with the ethical and legal standards attached to the medical

profession, although relevant gaps still exist between the
potentialities of technology and legislation/regulations.10 In
terms of user responsibilities, it is important to highlight

ethical issues concerning telemedicine.
With good reason, the current COVID-19 emergency is a

call to action. The political responses of governments should

include clear provisions on different fronts to evaluate their
telemedicine measures as well as their interconnected impli-
cations. Subsequently, after the emergency phase, it will also

be important to determine if these new approaches can help
establish best practices in medicine that respect both the
patients and organisations. Once telemedicine has been
introduced to the Italian environment, if it is uniformly well-

regulated throughout the national territory, it can play a
significant role in responding to the current pandemic as well
as any future such crises. Telemedicine also presents a solu-

tion to the anticipated future lack of healthcare personnel
and to the vulnerability of the National Health Service
(NHS) as exposed by the COVID-19 pandemic. It will then

become necessary to think about and outline specific cata-
lytic experiencesdwhich are understood as contexts of dia-
logue and discussion, of education and learning as well as of

regulationsd to try to transform the challenges posed by the
emergency into opportunities for improvement.

Telemedicine has consistently becomemore important over the
past few decades; the COVID-19 new pandemic has only under-

scored the importance of its immediate adoption. Furthermore,
reports indicate that between February 2020 to June 2020, tele-
medicine consultations sharply increased from 36 million to 200

millionand are soon projected to reach 1 billion by end of 2020.11

With telemedicine’s present direction and widespread adoption, it
can disrupt current well-being frameworks, as well as manage

costs and care delivery, thus creating a stage for vastly unique
medical services in the future.
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a b s t r a c t 

Digital health systems contain large amounts of patient records, doctor notes, and prescriptions in text format. This 
information summarized over the electronic clinical information will lead to an improved quality of healthcare, 
the possibility of fewer medical errors, and low costs. Besides, seafarers are more vulnerable to have accidents, 
and prone to health hazards because of work culture, climatic changes, and personal habits. Therefore, text min- 
ing implementation in seafarers’ medical documents can generate better knowledge of medical issues that often 
happened onboard. Medical records are collected from digital health systems of Centro Internazionale Radio 
Medico (C.I.R.M.) which is an Italian Telemedical Maritime Assistance System (TMAS). Three years (2018–2020) 
patient data have been used for analysis. Adoption of both lexicon and Naïve Bayes’ algorithms was done to per- 
form sentimental analysis and experiments were conducted over R statistical tool. Visualization of symptomatic 
information was done through word clouds and 96% of the correlation between medical problems and diagnosis 
outcome has been achieved. We validate the sentiment analysis with more than 80% accuracy and precision. 

1. Introduction 

Sailing on ships is one of the risky occupations with its perks towards 
personal health and safety measures, and seafarers are highly vulnera- 
ble to have accidents and different diseases because of work culture, 
climatic changes, personal habits, etc. ( Bal, Arslan & Tavacioglu, 2015 ; 
Nittari et al., 2019 ). On other side, seafarers may largely experience fa- 
tal and serious injuries. The main causes behind this are dangerous work 
practices, neglecting ship rules, and regulations ( Çakir, 2019 ). 

There could be possible differences in accident rates between mer- 
chant ships from different nationalities. It is proven by Ádám, Ras- 
mussen, Pedersen and Jepsen (2014) work that specifies that western 
European seafarers (Danish) were had an overall injured rate of 17.5 
per 100,000 person-days, and this is significantly higher than Eastern 
European, Southeast Asian, and Indian seaman. When a seafarer is ill or 
has an injury , the ship in charge contact the Telemedical Maritime Assis- 
tance Service (TMAS) center for immediate help ( Westlund, Attvall, Nils- 
son & Jensen, 2016 ). These centers can be able to assist them through 
telemedicine , and patient records are carefully stored in digital health 
systems. In this study, we have collected seafarer medical documents 
from the Italian TMAS center called Centro Internazionale Radio Medico 
(C.I.R.M), which is offering medical assistance to seafarers for 85 years 
( Mahdi & Amenta, 2016 ). 

∗ Corresponding author. 
E-mail address: gopi.battineni@unicam.it (G. Battineni). 

The applications of text mining (TM) have continuously evolved in 
modern times. In the healthcare industry, there are several studies on 
artificial intelligence (AI) techniques including machine learning (ML), 
drug classification, and predictive analytics ( Battineni, Sagaro, China- 
talapudi & Amenta, 2020 ). However, because of medical database evo- 
lution, TM is getting high in demand to understand patient opinion on 
provided medical services ( Friedman, Rindflesch & Corn, 2013 ). In the 
healthcare sector, text analytic operations are very often used to under- 
stand patient satisfaction and maintain streamlined operations ( Kim & 

Delen, 2018 ). 
Besides, opinion mining or sentiment analysis can be able to man- 

age the interpretation of subjective statements and user responses 
( Rathore, Kar & Ilavarasan, 2017 ). In healthcare, sentiment analysis 
is popular because of its advantages during the assessment of medical 
records and makes it easy for doctors in decision making. When the pa- 
tient got a sickness, the doctor diagnoses the patient’s condition based 
on the symptomatic data and stores it in digital health systems called 
electronic health records (EHR). 

In EHR, the doctor describes his opinion or observations that intends 
to understand patient feedback ( Denecke & Deng, 2015 ). In such condi- 
tions, opinion mining helps to understand the patient attitude regarding 
to the principal contextual polarity of health records. This is true espe- 
cially when doctors and patients express their opinion about health ser- 
vices and issues through online platforms like social media, blogs, and 
websites. Many studies ( Khadjeh Nassirtoussi, Aghabozorgi, Wah & Ngo, 
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2014 ; Zhang, Chen & Liu, 2015 ) attempted to use opinion mining in dif- 
ferent sectors like healthcare, business, banking, and others but there 
is no study in the maritime domain. In this work we have implemented 
sentiment analysis with TM to evaluate symptomatic information of sea- 
farer’s pathologies since life at sea makes it complicated in the absence 
of health professionals onboard. 

In this paper, we randomly selected more than 3000 seafarer three 
years (2018–20) medical documents from C.I.R.M, and we have con- 
ducted experiments over three different corpora related to diagnostics 
of medical problems. Each corpus indicates the severity of an individ- 
ual medical problem. We incorporated text mining methods in medical 
document analysis and a review of common pathologies that occurred 
onboard. In particular, the following research questions have been ex- 
plored in this analysis. 

RQ1: What are the frequent medical problems that occurred on- 
board? 

RQ2: How text mining approaches are incorporated in the seafarer’s 
health records? 

RQ3: How seafarers’ express problems associated with diseases? 
RQ4: Is there any association between different symptom clusters 

knowledge extraction through health data mining? 

The rest of the article was framed as follows. Section 2 provides the 
research background, including the main causes of health issues hap- 
pening onboard. Section 3 covers the methods part including data ex- 
traction, interpretation, and experimental framework. Section 4 presents 
the interpretation of results and research outcomes. Section 5 provides a 
discussion on findings and existing literature. Finally, Section 6 provides 
study conclusions and the future scope of the present research. 

2. Research background 

Over the years, seafarers’ health has to get great attention to inter- 
national platforms, probably because of their significant contributions 
in world trades ( Zhang en & Zhao, 2017 ). The international maritime 
organization (IMO) estimates that over 90% of global trade was done 
through ships ( Zaman, Pazouki, Norman, Younessi & Coleman, 2017 ). 
Because of ship movements, there is a possibility of always having mus- 
culoskeletal strain, continuous noise, and vibration ( Nittari et al., 2019 ). 
Despite this, being a seafarer getting injuries onboard is common as sea- 
faring is a high-risk occupation when compared to others. As of this, 
onboard safety is one of the major concerns for both seafarers and ship 
owners. 

Seafaring is the most hazardous occupation in terms of personal 
health and safety measures of seafarers. Since seafarers are exposed 
to continuous working hours on the sea, it makes them have differ- 
ent health problems. O Occupational injuries usually happen in small 
vessels, and may be often serious ( Zytoon & Basahel, 2017 ). The spe- 
cial work challenges associated with the marine industry and ship ac- 
tivities were implied to risk involvement in accidents at work. These 
challenges might involve the behavioral safety of employees, workplace 
conditions, job type, onboard system management, and safety measures 
( Fabiano, Currò & Pastorino, 2004 ). Human conditions were playing 
an important role in the cause of occupational injuries. Moving from 

one-to-many places onboard can cause severe accidents, and the high- 
est number of accidents was registered on deck. 

When compared with onshore workers , factors such as rapid cli- 
mate changes, a higher degree of air humidity, rain, wind, and in- 
tense solar radiation can cause mental and physical problems for sea- 
farers ( Wadsworth, Allen, Wellens, McNamara & Smith, 2006 ). Length 
in working hours, socio-psychological factors, and others may also influ- 
ence the seafarers’ health. Moreover, infectious and non-communicable 
disease burden and quality of services provided onboard may represent 
other problems in seafarers ( Oldenburg, Baur & Schlaich, 2010 ). 

Depression in sailors commonly associated their low mind-set with 
confinement from family, manager requests, inconvenience resting, and 

contract length ( Mellbye & Carter, 2017 ). Decreasing seafarer’s confine- 
ment from family is an inherently big challenge (though they had a video 
conferencing facility with family contacts), while other work elements 
might be limited with proper work-natural intercessions in a joint effort 
by ship owners. 

Better social support and supervision while onboard are significant 
predictors of seafarers’ mental health status rather than someone who 
had a history of mental disorder and poor education. At the same time, 
keeping physically active is also mandatory. For instance, providing 
guidance for suitable exercises or conducting sports activities on board 
could explore the release of happy hormones such as endorphin or sero- 
tonin ( Battineni, Di Canio, Chintalapudi, Amenta and Nittari, 2019) . 
Consequently, this will promote a sense of happiness and health. In the 
research of seafarers’ happiness index, they addressed the direct connec- 
tion between fitness and mental health ( Kim & Jang, 2018 ). Therefore, 
it is always recommended to have an insight knowledge of factors that 
profoundly affect the behavioral and emotional well-being of seafarers. 

On the other hand, prediction of patient emotion using TM methods 
completely depending on text data and could provide useful informa- 
tion based on EHR’s of patients. Many studies highlighted the incor- 
poration of TM on healthcare datasets. In Kukafka et al., authors de- 
veloped a common language and framework for an International Clas- 
sification of Functioning (ICF), health, and disability with advancing 
of TM techniques ( Kukafka, Bales, Burkhardt & Friedman, 2006 ). It is 
also reported that with the application of natural language process- 
ing methods, it is easy to identify adverse trails related to central ve- 
nous catheters ( Penz, Wilcox & Hurdle, 2007 ). Similarly, Stusser and 
Dickey (2013) concluded TM and data mining in medical records can 
largely help to improve medical care and reduce costs. In this study, 
we aimed to recognize key pathologies that naturally occurred among 
sailors through TM approaches. 

3. Methods 

In this section, we summarize the random collection of medical doc- 
uments from the C.I.R.M repository and an exploration of TM with senti- 
ment techniques. The analysis was conducted by using R statistics 1.2.5 
version including relevant packages like tm, ggplot2, and word cloud 
that are available on CRAN mirror. We collected seafarer’s health docu- 
ments from the C.I.R.M repository and preprocessed them for simulation 
purposes. Fig. 1 explains the experimental framework of TM with opin- 
ion mining approaches. 

3.1. Experimental framework 

The random selection of three-year patient documents was extracted. 
Each document contains textual information of the seafarer’s medical 
problem and symptomatic data. We extracted 3112 documents available 
in the last three years (2018–2020). The documents are prepared in a 
CSV file format to ensure the importing of all the documents into the R 

platform. 

3.2. Text preparation 

Text preparation or preprocessing is a method, which transfers hu- 
man text into a machine-readable format for further analysis. Text pre- 
processing contains many steps like text normalization, stemming, and 
tokenization. 

3.2.1. Text normalization 

In TM, it is necessary to conduct model training or algorithm with 
high amounts of data ( Uysal & Gunal, 2014 ). For doing it, assembling 
frequent words into text corpus is commonly used in model benchmark- 
ing. This was done by the ‘tm’ package to do corpus building and is 
followed by removing of stop words (cleansing). Thereafter, we built 
term to document possibly as a special tokenizer. Each language has its 
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Fig. 1. An experimental framework. 

Table 1 

Sample medical abstracts in C.I.R.M repository. 

Year Case Number Medical abstract 

#2018 # 237 # Day 7/4, A Lituan Tankist, Slipping from The Ladder, While Going into The Deck, Falling With The Right Side Of The Thigh / Seat 

(Bringing A Significant Ecchymosis On That Side) And Rolling Was Throwing The Head Not In The Way Violent, Bringing Exercises On 

The Skin And A Small Ecchimosis In One Eye. He Did Not Report the Fact, Because, Other Than The Dams, He Feeled Well, In His Say. 

Yesterday, 8/4, I Received What Happened, Because I Had Headache And As Sensations Of Pressure / Pulsations. Mass Of Bags Of Ice 

Water. Some Heads Sometimes Slows Down And Sometimes And Stronger. 

#2018 # 1352 # For Approximately A Week Has Present Abscess In The Inguinal Region Sin, Which Has Increased In Volume In The Last Days And Is 

Dolent To The Touch. Vital Parameters In The Standard. 

#2019 #126 # Commander Informed That The Patient Disassembling From The Guard Shift Eaten A Sandwich Immediately Accusing After Acute 

Epigastric Pain. Patient Declares To Be The Carrier Of Iatale Hernia. A Buscopan Supposition Has Been Administered With Improvement 

Of Pain Symptomatology. 

#2019 #2786 # A Favorable Opinion Is Required To Transfer Patient Sorentini Giulio, 58 Years, With Tracheo-Esophageal Fistula, From Crotone To 

Genoa, By Plane. The Patient Paz Would Be Accompanied By The Doctor. 

#2019 #1985 # Captain Communicates Symptoms Of Maritime On Board, Lament Of Ocular Inflammation For More Than Twenty (20) Days. We Are 

Asked By A Medical Council 

#2020 #36 # Gastro enteric Symptoms With Fever In Resolution After Drinking Water Not Certainly Drinkable 

#2020 #101 # 29-Year Maritime Affected By About A Week Not Better Specified High Airway Infective Syndrome (Refer Cool), Dry Cough And 

Thermal Rise. 37.1 C 

#2020 #1173 #30 Years Present Abdominal Skin Rash That Does Not Improve with Anti-Fungal Pomata. We Have No Images 

individual corpus. In this study, collected patient records were available 
in the English language and further converted into data frames to build 
a corpus and mine similar symptom words. Table 1 presents sample pa- 
tient comments that we received from the patient end. These medical 
abstracts or comments are aimed to diagnose patient problems but with 
full of noisy text, special characteristics, symbols, numbers, and buz- 
zwords. All these were removed through normalization process. 

3.2.2. Stemming 

The follow-up to normalization, stemming is employed in cutting 
the beginning or end word by taking into account common prefixes and 
suffixes, which can be found in an inflected word ( Kostoff, Toothman, 
Eberhart & Humenik, 2001 ). In this type of medical text, a number of 
inflected words, for example ‘suffering’, ‘suffered’ are identified through 
stemming and represent with the common word ‘suffer’. 

3.2.3. Tokenization 

After normalization steps, a simple feature selection or symptom to- 
kenization was done wit with the symptom words. Then, every single 
token can represent a symptom sparse matrix using the term frequency- 
inverse document frequency ( t f - id f ) described in Shafiei et al. (2007) . 

We consider corpus C with N medical documents ( d j ) where j = 1,2, —, 
N -1, N , and symptoms tokenized as term t. The t f - id f -weighing scheme 
considers the relative importance of individual symptoms in the given 
documents and assigns to term ( t k ) as a weight in document d j defined 
in Eq. (1). 

𝑡 𝑓 − 𝑖 𝑑 𝑓 
(
𝑡 𝑘 , 𝑑 𝑗 

)
= 𝑡 𝑓 

(
𝑡 𝑘, 𝑑 𝑗 

)
∗ 𝑖 𝑑 𝑓 

(
𝑡 𝑘 
)

(1) 

Where t f ( t k, d j ) represents symptom frequency (i.e., the number of 
times symptom occurrence in medical documents), id f ( t k ) represents 
inverse medical document frequency, and d f ( t k ) presents the number of 
documents containing symptom. 

3.3. Develop DTM or TDM 

A document term matrix (DTM) is a mathematical matrix explain- 
ing the symptom frequency in medical records. In DTM, rows represent 
collected medical documents and columns correspond to terms (symp- 
toms). In contrast, rows in the term-document matrix (TDM) represent 
terms (symptoms) and columns represent documents. Table 2 summa- 
rizes outcome of the TDM simulation. 
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Fig. 2. The experimental approach of lexicon sentiment classification. 

Table 2 

TDM outcomes. 

<< Term Document Matrix (terms: 2777, documents: 3112) >> 

Non-/sparse entries 1937/16,043 

Sparsity 99% 

Maximal term length 15 

Weighting term frequency (t f ) 

Table 3 

High associated symptom words correlated to diagnosis outcome. 

Outcome diagnosis Extracted terms (limit correlation 96%) 

Swelling stiffness Tenderness redness rash 

Association 0.99 0.98 1 1 

pain swelling Redskin facture bleeding 

Association 1 0.99 1 1 

abdominal Swelling Nausea Fever vomit 

Association 1 1 0.96 0.98 

3.4. Sentiment analysis 

Sentiment classification, polarity measurement, and clustering of the 
entire corpus can be handled in this technique. We employed both lexi- 
con and machine learning-based sentiment classification. 

3.4.1. Lexicon sentiment classification 

In this stage, it handles symptom classification and corpus cluster- 
ing methods. We used the lexicon sentiment analysis (LSA) technique 
that defines individual terms search in the document and do weight cal- 
culation. LSA classifier is a sentiment scoring function that highlights 
all the symptoms in the corpus, no need for labeled data, and easy deci- 
sion making through scoring functionality ( Lan, Zhang, Lu & Wu, 2016 ). 
Fig. 2 explains the experimental approach of TM with sentiment analysis 
in real-time medical practice. 

All the corpus words are compared with lexicon words, and the over- 
all corpus sentiment score will be the difference between positive and 
negative assigned words. Thus, the polarity score of each diagnostic 
comment in the corpus is defined as 

Sentiment score = 

∑n 
𝑗=1 Ps − 

∑n 
𝑘 =1 Ns ; Ps and N s denote positive and 

negative signs 
If sentiment score > 0, the overall diagnosis outcome has positive 
If sentiment score < 0, the overall diagnosis outcome has negative 
If sentiment score = 0, overall diagnosis outcome has neutral 

3.4.2. ML-based sentiment classification 

In this study, sentiment classification was done through the Naïve 
Bayes classifier. It is a simple probabilistic classifier that works on Bayes 
theorem ( Yaacob, Nasir, Yaacob & Sobri, 2019 ) and remains popular 
for text categorization, document evolution based on a characteristic 
of term frequency (t f ). It is one of the most popular among ML algo- 
rithms as it requires a small amount of trained data to estimate param- 

eters required for classification. The basic idea behind Naïve Bayes’ al- 
gorithm is to estimate category probabilities given in a text document 
through combined categorical probabilities and syntax is expressed 
below. 

# consider training dataset X for classes positive and negative 

# calculate the prior probability 

For class positive = number of positive terms 

Total terms 

And 

For class negative = number of negative terms 

Total terms 

# calculate the total number of word frequencies (n i ) for both classes A(n a ) 

and B(n b ) 

# calculate the conditional probability of keyword occurrence 

P (w 1 /class positive) = word count/ n i (positive) 

P (w 1 /class negative) = word count/ n i (negative)…………………

P (w n-1 /class positive) = word count/ n i (positive) 

P (w n /class positive) = word count/ n i (negative) 

# Perform uniform distribution to avoid the zero-frequency problem 

# New document Z is classifies based on probability of both positive and 

negative groups P(Z/W) 

P( Positive 
W 

) = 𝑃 ( positive ) ∗ P ( Word 1 
Class Positive 

) ∗ P ( Word 2 
Class Positive 

) …………∗ P ( Wordn 
Class Positive 

) 
P( Negative 

W 
) = 𝑃 ( negative ) ∗ P ( Word 1 

Class negaive 
) ∗ P ( Word 2 

Class negaative 
) ………∗ P ( Wordn 

Class negative 
) 

# The class with the highest probability is the one new document Z has 

assigned 

4. Results 

4.1. Text mining of patient documents 

A random collection of patient documents with seafarer’s medical 
problems was done. Over the total corpus, we initiate tokenization, 
stop words and white space removal, and lower-case conversion to ex- 
tract only individual symptomatic data sets. Thereafter, symptoms were 
represented by the collection of diagnostic word model with (t f - id f ) 
weighing method to produce a sparse matrix that limits the outcome 
of at least three characters of diagnosis length. The sparse matrix re- 
moved 99% of sparse terms (Refer Table 2 ) and Fig. 3 presents the 
term frequency of symptom words (i.e., each word appears at least ten 
times; w ≥ 10) over three-year patient documents. The highest number 
of symptom occurrences was generated with library package ggplot2, 
which also determines the relationship of individual terms of a specific 
diagnosis. 

As mentioned, association functionality largely depends on the cor- 
relation of given terms and outcome diagnosis. Table 3 presents the asso- 
ciation functions of swelling, pain, and abdominal problems are having 
the highest correlation of at least 96%. Correlation value limits between 
0 (lower band) to 1 (higher band). 

4.2. Word clouds 

Text mining methods allow highlighting the high-frequency terms 
in documents or text paragraphs. World cloud or text cloud is a visual 
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Fig. 3. Bar plot diagrams of highest frequency 
terms in three document groups (2018: top, 
2019: middle, 2020: bottom). 

representation of text data. These are visually engaging than manual 
data presentation. The three-year symptomatic (terms) word clouds of 
medical records are depicted in Fig. 4 . 

It is clear from the word cloud outcome, that most alignments of 
medical records are related to pain, swelling, bleeding, injuries, wounds, 

skin diseases, fever, abdominal pain, etc. In general, no seafarer is not 
likely to hurt himself or want to have injuries while working on mer- 
chant ships ( Hystad, Nielsen & Eid, 2017 ). It is most common to have 
accidents during workplaces as a result of human errors, even if people 
follow preventive measures. 
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Fig. 4. Commonality word clouds of frequently occurred health problem terms (2018: left, 2019: middle, 2020: right). 

Table 4 

Summary of collected patient symptoms among retrieved documents. 

Symptom group Total number of documents Retrieved Total number of patients symptoms 

2018 1002 937 

2019 1136 951 

2020 974 889 

Table 5 

Sentiment scoring distribution of individual document groups 
(scores between − 1 to 1 range considered as neutral opinion). 

Score Negative Neutral Positive Row Total 

2018 group 226 236 453 915 

2019 group 161 399 413 973 

2020 group 136 404 349 889 

Total 523 1039 1215 2777 

4.3. Sentiment analysis outcome 

At first, we retrieved the patient documents, and then symptomatic 
extraction was done. Later, patient feedback is considered to conduct 
opinion-mining for defining positive, negative, and neutral sentiments. 
Thereafter, symptom frequency analysis was evaluated to identify popu- 
lar disease terms and create their preassembled lexicon. Table 4 summa- 
rizes collected patient documents and symptoms. The preassembled lex- 
icon was merged with medical library terms for sentiment classification. 
Lexicon scoring was performed over three sentiment groups ( Fig. 5 ). The 
distribution of these scores can be observed in Table 5 . 

Overall sentiment of total three-year groups (2018, 2019, and 2020) 
has been positively achieved, with sentiment ratios (-ve: neutral: + ve) of 
1:1:2, 1:2:2.5, and 1:3:2.5 respectively. All these outcomes explain pa- 
tient comments about disease explanation are frequently matched posi- 
tively with physician diagnosis. 

In machine learning sentiment analysis, accuracy, precision, and re- 
call were used to estimate the performance of opinion mining. Accuracy 
is defined as overall true outcomes of certain group model sentiments, 
and precision is the ratio of true positive sentiments to total sentiments 
of a particular group ( Battineni, Sagaro, Nalini, Amenta & Tayebati, 
2019 ). The performance metrics of the Naïve Bayes classifier on three 

document groups in a five-round experimental setup are indicated in 
Table 6 . 

A similar study of opinion mining to predict drug satisfaction levels 
among patients who experienced the effect of the drug was performed 
( Gopalakrishnan & Ramaswamy, 2017 ). They applied neural networks 
(NN), and support vectors (SVM) to illustrate the performance of two 
different drug groups. Radial basis neural networks produce better per- 
formance than SVM with an average precision of 88.6% for drug 1 and 
89.8% for drug 2. In this study, we achieved over 80% of mean accuracy 
and precision that is well accepted in the medical domain. 

5. Discussion 

This study presents the importance of TM approaches in extracting 
clinical symptomatic information of seafarers, and patient condition and 
feedback were assessed through sentimental analysis. Because of the 
large medical data available either online or in clinical practices, it is 
difficult or a long-lasting process through conventional statistical meth- 
ods to figure out accurate health data. On the other hand, online blogs 
or social media sites are not intended to disclose personal information 
due to low access, and privacy issues ( Battineni et al., 2020 ). Hence, 
text mining methods are used to handle the clinical data and explore 
healthcare topics. TM is also helpful to rise the medical issues and pa- 
tient opinion, and it is a special domain in exploratory analysis of text 
( Grover & Kar, 2017 ). 

5.1. Contributions to literature 

In medical communities, disease-related symptoms, health-related 
topics, and medical issues are mandatory for healthcare centers, physi- 
cians, and patients. The data availability thorough different platforms 
can change the study behavior of Information Systems (IS). This is high- 
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Fig. 5. Comparison of three symptom sentiment score groups [scale ranging from − 5 (highly negative) to + 5 (highly positive)]. 

Table 6 

Accuracy comparison over entire corpus test patient group comments. 

Experiment 
Number 

Trained Patient 
comments 

Negative Neutral Positive 
Accuracy (%) Precision (%) Recall (%) Accuracy (%) Precision (%) Recall (%) Accuracy (%) Precision (%) Recall (%) 

1 10 51.2 52.3 50.6 53.7 52.9 53.1 50.4 51.2 53.2 

2 20 58.1 61.8 62.4 60.2 63.6 62.4 57.3 59.8 58.3 

3 30 64.8 63.1 64.6 67.4 69.1 68.7 63.1 60.6 62.6 

4 50 74.9 76.2 75.2 76.6 73.2 74.3 73.3 76.1 71.8 

5 100 83.6 80.3 81.6 85.4 87.8 86.8 81.7 82.4 83.4 

lighted in Kar and Dwivedi (2020) , described that text mining, sentimen- 
tal analysis, image analytics and network science describe the insights 
of data science. The huge number of social media sites like Twitter or 
Facebook includes sentiment-based comments. To analyze this, opin- 
ion mining involves the TM to classify or evaluate the text source of 
sentimental content. Preliminary studies have highlighted the medical 
sentiments of clinical trials and online blog sources, also social media 
texts suggesting that they can capture the patient opinion in medical 
settings ( Denecke & Deng, 2015 ). In an online medical society or social 

media networks, and healthcare organizations creates data, and they 
need patient’s opinion for their sites. During the Arab spring event, TM 

with sentimental analysis can be a powerful predictive tool and success- 
fully applies to extract social media events for sentiment classification 
( Akaichi, Dhouioui & Lopez-Huertas, 2013 ). In medical domain, senti- 
ments with natural language models can classify patient comments on 
hospital experience. 

Several studies were identified with the inclusion of sentimental 
analysis to find fraudulent information among health tweets. Some au- 
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thors have developed a method that makes it easy to predict and analyze 
health issues over social sites, and results highlight the correlation ac- 
curacy between HIV ailments is 98% ( Mittal, Iqbaldeep, Pandey, Verma 
& Goyal, 2018 ). A standard model in the analysis of medical user opin- 
ion depends on the information available in social media was devel- 
oped ( Yang, Lee & Kuo, 2016 ). Detection of multiple forms of medical 
sentiments is useful because of the possible interference with a patient 
medical condition, medication, and treatment. Another study has sug- 
gested that the level of SA may depend on ontology’s in diabetes ( Salas- 
Zárate et al., 2017 ), authors adopted corpus from Twitter and labeled 
user option as positive, negative, and neutral, and achieved 82% of pre- 
cision. 

In this paper, we achieved a 96% of correlation between symptoms 
and diagnosis outcome with an imbalanced dataset. The sentiment anal- 
ysis was validated with Naïve Bayes and produced over 80% of accuracy, 
precision, and recall. In our opinion, this study is an initiative for bet- 
ter understanding of seafarers’ problems and allow other researchers to 
investigate this topic in maritime medicine. 

5.2. Implications to practice 

Seafarers are exposed to an environment of 24/7 stay duration on- 
board, which addresses some facts that can affect mental health. Some 
of these factors can be controlled over time, but others cannot be treated 
( Thomas, Sampson & Zhao, 2003 ). Therefore, understanding disease 
trends are relevant in obtaining positive implications. Although, safety 
has to be improved at workplaces, since seafarers undergo more occu- 
pational injuries, when compared with ashore workers ( Fabiano et al., 
2004 ). It is important to follow some preventive methods to overcome 
the accident rate onboard. Many researchers were tried to investigate 
the reasons behind occupational injuries at merchant ships and identify 
risk factors. In the research of Hansen, Nielsen & Frydenberg (2002 ), 209 
among 1993 accidental cases were reported with permanent disability 
(of 5% or more), age was considered as a major risk factor of permanent 
disability. Besides, seafarers are away from home and had little contact 
with their friends and family ( Hystad en & Eid, 2016 ). Cultural diver- 
sity between individual workers can make it more challenging to build 
good relationships, and consequently, it makes them feel more isolated 
( Håvold, 2007 ). 

Textual analytics strategies in medical care are generally used to 
process medical text contents. In the past, medical texts were targeted 
on patient condition and diagnosis description. Contemporarily, user- 
generated clinical textual content either online blogs or social media 
contents is explored with opinion mining ( Feinerer, Hornik & Meyer, 
2008 ). TM techniques to this seafarer’s medical text enables knowledge 
discovery that focus among marine community works. There are some 
reasons behind the involvement of doctors and patients in online com- 
munities, considering the fact of many doctors are not available to ex- 
plain in-depth knowledge of patient symptoms and causes. Therefore, 
online communities like Twitter are highly effective for doctors and pa- 
tients to have healthy decisions and benefit from medical treatment from 

information management and peers of social media sites. 

6. Conclusion 

We extracted three-year patient records to understand patient views 
and experiences through TM and sentimental analysis. This paper 
presents the intervention of TM on real-time medical records of seafar- 
ers and evaluated the performance of sentiment classification in terms 
lexicon scoring, and machine learning models. It provided a great ad- 
vantage to healthcare centers like C.I.R.M for better understanding and 
visualization of seafarer’s problems, monitor health records, and assess 
patient feedback. Accidents and gastrointestinal pathologies are com- 
monly reported by seafarers, and it can be largely projecting through 
symptom aliments in word clouds. 
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