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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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