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ABSTRACT

Background: Overweight and obesity during working life are becoming an increasingly serious challenge
to various professional groups where recruits and personnel must be healthy and fit. Marine recruitment,
even at the training stage, should be open to applicants who meet health and fitness criteria. The objective
of the study is to determine the overweight and adiposity rates among seafarer candidates (n = 368). Based on anthropometric measurements and somatic indices the extent of obesity among marine students/
/future seafarers was investigated.
Materials and methods: In the groups identified according to the year of study, arithmetic averages (SD
— standard deviation) were calculated for somatometric characteristics, and were then used to analyse
the phenomena of overweight and obesity. The comparison was performed using the Kruskal-Wallis test,
one-way analysis of variance (ANOVA) by ranks.
Results: The highest average body mass index (BMI) score was found in fourth-year students (mean BMI
25.7 ± 2.8). The average BMI for years one and two was in the upper range of ‘healthy’ weight. In 24.0%
of first-year students and 32.2% of second-year students, the waist circumference was higher than half
of the body height. Body fat percentage results indicate that this feature is highly variable, with a strong
upward trend.
Conclusions: Findings regarding overweight among future seamen give cause for concern. The participants
of the study were characterised by excessive weight and adiposity. Recruitment criteria for uniformed services are not as restrictive as they used to be, as it is getting increasingly more difficult to find sufficiently
slim and fit applicants.
(Int Marit Health 2015; 66, 3: 145–151)
Key words: body build, seaman, body mass index (BMI), waist-to-hip ratio (WHR), waist-to-height
ratio (WHtR), Rohrer’s Index, waist circumference (WC), body impedance analysis (BIA)

INTRODUCTION
World Health Organisation (WHO) is warning that more
than 1 billion adults worldwide are overweight and 300 million
of them are obese [1]. According to the organisation: “Obesity
is one of today’s most blatantly visible — yet most neglected — public health problems. Paradoxically coexisting with
undernutrition, an escalating global epidemic of overweight
and obesity — ‘globesity’ — is taking over many parts of the
world” [2]. Data on obesity epidemic come mainly from highly
developed countries, but increasing rates of obesity are also



reported more and more often in countries with strong social
stratification. Overweight and obesity are becoming a cosmopolitan phenomenon and a defining characteristic of the 21st
century. Increasingly, overweight is treated as a serious public
concern which significantly affects the incidence of cardiovascular disease, hypertension, and type 2 diabetes [3]. On an individual scale, overweight and obesity can strongly undermine
one’s self-confidence and self-esteem. For societies, “excess
kilograms” weigh down healthcare costs. It is believed that
the periods of childhood, adolescence and young adulthood
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are critical in terms of the emergence of problems related to
maintaining normal weight, especially due to chronic overfeeding [4, 5]. Overweight and obesity bring a multitude of
implications for adults, also affecting their professional lives.
For the employer, the obese employee is a potential absentee
on sick leave and their condition means that their workstation and job description must be adapted to the limitations
imposed by their weight. The “globesity” phenomenon is no
longer unheard of among people in occupations which used
to demand health and fitness of recruits and practitioners.
A trim figure was and still is necessary in nearly all jobs that
require strength and endurance. Those who work at sea
should still be selected from among the best, i.e. the fittest,
healthiest and with the most stamina. Never in the human
history has there been such a high percentage of overweight
people in the population. This problem makes it difficult to
select candidates for the “uniformed professions”.
The onslaught of the obesity epidemic is accompanied
by the development of new methods for assessing body adiposity, while the existing ones are revised. The most popular
somatic indices include: body mass index (BMI), waist-to-hip
ratio (WHR), waist-to-height ratio (WHtR), and Rohrer’s Index.
These indices are calculated from anthropometric measurements: body height (B-v), body weight, waist circumference
(WC) and hip circumference. More and more often, adiposity
is measured by means of the bioelectrical impedance analysis
(BIA). In general use, the latter method is now replacing the
traditional anthropometric measurements. It may be useful in
assessing the body fat in healthy individuals, but it can also
be of assistance in clinical trials and epidemiological studies.
None of the methods for measuring body fat, however, can
be regarded as free from disadvantages.
Despite its weaknesses, the most widely used somatic
parameter in non-invasive body mass testing remains the
BMI. BMI calculation is one of the best known and most
universal parameters. For several decades, BMI was recommended by the WHO as the primary criterion for evaluating
nutritional status and body weight [6]. Its popularity stems
from the fact that it is technically uncomplicated, non-invasive, easy to measure and calculate. BMI, however, does
not indicate the body build type or lean-to-fat ratio. The
broad normal range of BMI [6] means that in epidemiological studies it is easy to make an error in categorisation, by
categorising as normal people who are actually underweight
or overweight, depending on body type. The BMI does not
differentiate lean mass from fat mass, which can lead to
the wrong interpretation of results in muscular individuals.
The same BMI in two different people can correspond to
different levels of muscularity or adiposity. For this reason,
it is suggested that BMI should be accompanied by other
measures as more useful for identifying (the degree of) adiposity: WHR, WHtR, WC, Rohrer’s Index, and other [7–12].
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Waist circumference is regarded as a somatic measure
in and of itself. Based on B-v one can calculate the WC
threshold that should not be exceeded. In line with the
principle: “Keep your waist circumference to less than half
your height”. A study by Ashwell et al. [13] demonstrated
that people whose WC was ≤ half their B-v enjoyed better
health. The most dangerous, health-wise, location for excess
fat to accumulate in the body is in one’s abdomen. The
fat accumulated there is metabolically active, and excess
abdominal (visceral) fat can induce increased sugar levels
in the blood, arterial hypertension, etc. It is possible to
have a normal BMI score and at the same time excess
amounts of fat stored within the abdomen (metabolically
obese normal-weight).
The aim of this paper is to analyse the prevalence of
overweight and type of body fat distribution among the
students of the Maritime University of Szczecin, Poland.
Somatic indices and BIA were used to investigate the prevalence of overweight and degree of adiposity among the
candidates for careers at sea. The participants, having
completed their course of study and professional training
should be physically fit to apply for jobs as seamen.

MATERIALS AND METHODS
The research sample was made up of a group of young
men, students of the Maritime University of Szczecin, Poland. The research underlying this study was conducted in
April and May 2006 and 2007, and during the admissions
procedure for the academic year 2006/2007. Anthropometric measurements and survey data were collected
during physical education classes in the swimming pool
with the consent of the university authorities. Students
joined the study on a voluntary basis and refusal to join
did not incur any consequences. Out of the initial examined
group (n = 368), the researcher excluded individuals who
did not complete the admissions process (n = 12; 3.6%)
or changed schools (n = 16; 4.4%) within weeks of the
beginning of the academic year. Those who qualified for
further statistical analysis (n = 340) were divided according
to the year of study — first year: n = 167 (49.1%); second
year: n = 121 (35.6%); third year: n = 18 (5.3%); fourth
year: n = 34 (10.0%).
Body measurements were performed with anthropometric equipment in compliance with the principles adopted in
anthropometry [14]. In this paper, the following measurements were taken into account: B-v [cm], body weight [kg],
WC [cm], hip circumference [cm]. Body height was measured
with an anthropometer with an accuracy of 0.1 cm; body circumferences were measured using a metric tape with an accuracy of 0.5 cm; body weight was measured using SOEHNLE electronic scales (model 63671 Chicago Silver Body
Balance Scale B000FL3H3G) with an accuracy of 100 g.
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The use of weighing scales with bioimpedance technology
made it possible to gather body composition data on the
percentages of H2O, fat and muscle mass in the body.
From the anthropometric measurements, somatic indices were calculated: BMI, WHR, WHtR and Rohrer’s Index:
—— BMI = body weight [in kg]/(B-v) [in m]2. Results were
interpreted based on the WHO classification, where BMI
≤ 18.49 corresponds to underweight, BMI 18.50–24.99
normal (healthy weight) range, and BMI ≥ 25.00 overweight [6].
—— WHR = waist circumference [in cm]/hip circumference
[in cm]. Indicates visceral fat deposits in men when the
score is ≥ 1.0 [15], describes the type of fat distribution
in the body.
—— WHtR = waist circumference [in cm]/(B-v) [in cm]. Interpretation: WHtR ≥ 0.56 is a predictor for developing
type 2 diabetes, and WHtR ≥ 0.59 predicts an increased
risk of developing arterial hypertension [3]. The healthy
range corresponds to the ratio less than 0.5; while the
overweight ratio is > 0.5 [16, 17]. WHtR seems to solve
the problems inherent in the BMI and allows for a more
accurate diagnosis and categorisation of the excess fat
problem.
—— Rohrer’s Index = body weight [g]/(B-v)3[cm] × 100; interpretation for men: aged 19 years of age ≤ 1.29 corresponds to the slender body type, 1.30 ≥ stout body
type; aged 20 ≤ 1.31 slender type, 1.32 ≥ stout type;
aged 21 ≤ 1.33 slender type, 1.34 ≥ stout type; aged
22 ≤ 1.34 slender type, 1.35 ≥ stout type; aged 23
≤ 1.35 slender type, 1.36 ≥ stout type; aged 24 ≤ 1.36
slender type, 1.37 ≥ stout type; aged 25 ≤ 1.38 slender
type, 1.39 ≥ stout type; aged 26–30 ≤ 1.39 slender type,
1.40 ≥ stout type [15].
—— WC = waist circumference [in cm]–waist girth exceeding
half of the body height, i.e. 1/2 (B-v) in a participant
was interpreted as overweight [18, 19]. The score was
calculated using the formula: 1/2 (B-v)–WC. Participants were classified according to the following criteria:
WC ≤ 1/2(B-v) is normal body weight and WC > 1/2(B-v)
is overweight.
—— Body fat percentage is a measure of adiposity. There
is no consensus as to the scope and strength of impact excess adiposity has on morbidity and mortality.
It was assumed that for the participants with BMI
scores < 18.5, the body fat percentage amounted to
≤ 8%; for individuals with BMI scores > 18.5 and BMI
< 25, the body fat percentage should be in the range
between 8% and 20%; while for participants whose
BMI scores were > 25 and BMI < 30, the body fat
percentage should range from 20% to 25%. In individuals with BMI scores > 30, the body fat percentage
amounts to > 25% [20].

Once the groups were identified, body measurements
and somatic indices were subject to analysis to calculate the
arithmetic average (X), standard deviation (SD), and range
(min–max), while indices were compared to pre-determined
categories (standards).
The collected survey data included information on the date
of birth and year of study. To compare the arithmetic averages
(X) of the measurements, indices, and survey data according to
the year of study, the author used the Kruskal-Wallis test, oneway ANOVA by ranks, the non-parametric equivalent of one-way
analysis of variance. A non-parametric test was used due to the
division into categories of somatic indices and a variable number of students in individual years of study. Moreover, some
measurable variables did not meet the “normal distribution”
criterion. If a test result was statistically significant, post-hoc
tests (multiple comparisons) were performed.
The results were statistically analysed using the software
package Statistica 10.0 PL made by StatSoft, Inc. (2011).

RESULTS
Table 1 lists the basic anthropometric measurements and
somatic indices calculated. The highest average body height
and body weight was found in third-year students (respectively:
X = 181.9 ± 5.5 cm; X = 85.2 ± 12.2 kg). The highest average
BMI score was found in fourth-year students X = 25.7 ± 2.8.
A slightly lower average BMI score was found in third-year
students X = 25.3 ± 2.9. The mean BMI of the total group of
third and fourth year students was above the normal range and
could be classified as overweight. The average BMI scores for
years one and two were in the upper range of “healthy” weight
(respectively: X = 23.6 ± 3.2 and = 24.3 ± 3.1). The Kruskal-Wallis test demonstrated that the BMI arithmetic averages
for years three and four were statistically different from the
averages for years one and two (H = 19.7, p < 0.001) (Fig. 1).
At the same time, in the first two years of study the BMI scores
were found to fall in the broadest range (min–max) (Table 1).
The arithmetic averages of WHR for first- and second-year
students did not exceed 1.0. Two individuals (1.2%) among
first-year students had WHR ≥ 1.0 (Tables 1, 2).
According to Rohrer’s Index averages, second-, third-,
and fourth-year students had a stout body build. The “stout
body build” type was represented by 47.3% of first-year
students, 48.8% of second-year students and 66.7% and
61.8%, respectively in the third and fourth year. The arithmetic average of Rohrer’s Index for first-year students
(X = 1.3 ± 0.2) was at the upper limit of the index for 20-year-olds. A comparison of Rohrer’s Index averages using the
Kruskal-Wallis ANOVA test demonstrated statistical significance for H = 17.1; p < 0.001 (Fig. 2). The post-hoc analysis
showed that the average score for fourth-year students was
statistically different way from the averages in the remaining
years for p = 0.003 (Table 1).
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Table 1. Description of the basic anthropometric measurements and somatic indices
Description

Year of study
First (n = 167)

Second (n = 121)

Third (n = 18)

X ± SD

Min–max

X ± SD

Min–max

X ± SD

Min–max

X ± SD

Min–max

Calendar age
[year]

19.6 ± 0.9

18.5–24.0

21.5 ± 0.8

20.0–25.0

22.4 ± 0.6

21.5–23.0

23.3 ± 0.7

22.5–26.0

B-v [cm]

180.4 ± 5.7

161.0–193.0 178.8 ± 6.3

165.1–197.0

181.9 ± 5.5

172.0–188.4

180.9 ± 6.0

165.6–192.3

½ (B-v) [cm]

90.2 ± 2.9

80.5–96.5

82.6–98.5

90.9 ± 2.7

86.0–94.2

90.1 ± 3.0

82.8–96.2

WC [cm]

85.7 ± 8.4

68.0–121.0 86.8 ± 7.3

74.0–113.0

89.4 ± 3.2

Fourth (n = 34)

–

–

–

–

Body weight [kg] 77.0 ± 11.6 52.7–120.0 77.7 ± 11.2 55.2–118.7

85.2 ± 12.2

68.7–115.1

84.2 ± 0.5

64.6–103.1

Fat [%]

–

–

24.9 ± 4.4

15.1–36.1

27.3 ± 3.9

20.2–37.3

27.4 ± 3.5*

19.4–33.4

Water [%]

–

–

54.8 ± 3.2

46.6–61.9

53.0 ± 2.9

45.7–58.2

52.9 ± 2.7*

48.6–58.8

Muscle [%]

–

–

44.1 ± 2.6

34.6–50.7

42.3 ± 2.2

37.3–45.7

42.5 ± 2.1**

39.4–46.4

BMI

23.6 ± 3.2

15.8–34.7

24.3 ± 3.1

18.8–35.3

25.3 ± 2.9**

21.1–32.4

25.7 ± 2.8**

20.6–31.2

WHR

0.8 ± 0.1

0.7–1.1

0.9 ± 0.03

0.7–1.0

–

–

–

–

Rohrer’s Index

1.3 ± 0.2

0.9–1.9

1.4 ± 0.2

1.1–1.9

1.4 ± 0.2

1.1–1.7

1.4 ± 0.2*

1.1–1.8

WHtR

0.5 ± 0.1

0.4–0.6

0.5 ± 0.04

0.4–0.6

–

–

–

–

*p < 0.01; **p < 0.001; B-v — body height; WC — waist circumference; BMI — body mass index; WHR — waist-to-hip ratio; WHtR — waist-to-height ratio

a statistical significance for H = 12.8, p = 0.002 (Fig. 3). The
post-hoc analysis showed that the average body fat percentage in the fourth-year participants was significantly different
(p = 0.004) from the average percentages of body fat in the
second- and third-year students (Table 1).

DISCUSSION

Figure 1. Average body mass index (BMI) to year of study (Kruskal-Wallis test, one-way ANOVA by ranks); CI — confidence interval

Among the examined students, WC was higher than
half the B-v in: 24.0% of first-year students and 32.2%
second-year students. In the other groups, WC > 1/2 (B-v)
was found in isolated cases (Tables 1, 2).
Data on body fat percentage were collected for students
in years two, three and four. In the above-mentioned groups,
the average body fat percentage amounted to respectively:
X = 24.9 ± 4.4%; X = 27.3 ± 3.9%; X = 27.4 ± 3.5%. The
range of body fat percentage scores was very broad in the
studied group. The Kruskal-Wallis ANOVA test revealed
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Based on the general analysis of the somatic indices
calculated for the studied population, judging by the arithmetic averages, the group can be characterised as mildly
overweight with excess adiposity. Looking at the individual
students, however, a large number exhibited a dangerous
tendency to gain weight. According to BMI scores, more
than half of the third- and fourth-year students had scores
≥ 25 which corresponds to overweight. It is highly alarming
that in the two youngest groups, individual WC measurements were higher than half the body height in 24.0% of
the first-year participants and in 32.2% of the second-year
students. The BMI scores obtained for the third and fourth
year of study indicated a rapid increase of body weight in
consecutive years of study. This finding is also confirmed
by the Rohrer’s Index findings. More than half of the students from the third and fourth year (respectively: 66.7%
and 61.8%) were characterised as having a stout figure.
Moreover, 47.3% of the first-year students and 48.8%
of the second-year students could also be categorised
as stout. According to the WHtR, 4.2% of the first-year
students and 8.3% of the second-year students were overweight to the point of having an increased risk of type 2
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Table 2. Somatic index categories — percentages and absolute numbers
Description

Year of study — % (n)
First (n = 167)

Second (n = 121)

Third (n = 18)

Fourth (n = 34)

Body mass index:
Underweight < 18.49
Normal 18.50–24.99
Overweight > 25.00

3.6 (6)
68.3 (114)
28.2 (47)

–
65.3 (79)
34.7 (42)

–
44.4 (8)
55.6 (10)

–
50.0 (17)
50.0 (17)

WC:
Android type < 1.0
Gynoid type ≥ 1.0
NA

86.8 (145)
1.2 (2)
12.0 (20)

100 (121)
–
–

–
–
100.0 (18)

–
–
100.0 (34)

(B-v)–WC:
[1/2 (B-v)–WC] > 1/2 (B-v)
[1/2 (B-v)–WC] ≤ 1/2 (B-v)
NA

24.0 (40)
64.1 (107)
12.0 (20)

32.2 (39)
67.8 (82)
–

–
–
100.0 (18)

–
–
100.0 (34)

Rohrer’s Index:
Slender body build
Stout body build

52.7 (88)
47.3 (79)

51.2 (62)
48.8 (59)

33.3 (6)
66.7 (12)

38.2 (13)
61.8 (21)

WHtR:
Normal adiposity < 0.5
Excess adiposity > 0.5
NA

67.7 (113)
20.36 (34)
12.0 (20)

71.1 (86)
28.9 (35)
–

–
–
100.0 (18)

–
–
100.0 (34)

WHtR:
< 0.56
≥ 0.56 susceptibility to diabetes
NA

83.8 (140)
4.2 (7)
12.0 20

91.7 (111)
8.3 (10)
–

–
–
100.0 (18)

–
–
100.0 (34)

WHtR:
< 0.59
≥ 0.59 susceptibility to hypertension
NA

86.2 (144)
1.8 (3)
12.0 (20)

98.4 (119)
1.7 (2)
–

–
–
100.0 (18)

–
–
100.0 (34)

B-v — body height; WC — waist circumference; WHtR — waist-to-height ratio; NA — not available

Figure 2. Average Rohrer’s Index to year of study (Kruskal-Wallis
test, one-way ANOVA by ranks); CI — confidence interval

Figure 3. Average fat [%] to year of study (Kruskal-Wallis test,
one-way ANOVA by ranks); CI — confidence interval
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diabetes (WHtR ≥ 0.56). For these young men, starting a job
at sea, which involves relative isolation, may be imprudent or
plain dangerous. The same goes for the three first-year students and two second-year students in whom WHtR ≥ 0.59
was found, which apart from diabetes, also carries the risk
of developing arterial hypertension [21, 22].
It should be highlighted that according to Rohrer’s Index,
the percentage of stout individuals increased with each
year of study. The BIA findings at the same time reveal that
among the studied group each subsequent year of study
brought an increase of the body fat percentage in the total
body weight, and a decrease of the lean mass (fat-free body
mass). This may confirm the observation that changes in
the body build of future seamen tend to involve increasing
adiposity and weight gain. It is worrying that only a small
percentage of students in education put in the effort to stay
slim and physically fit.
Obesity and overweight are recognised as a 21st century epidemic, which is reaching pandemic proportions. In
a number of European Union states, there are concerns
over the growth dynamics of the overweight and obese
population. According to Eurostat data [23], the percentage
of overweight and obese men in the 18–24 age group in
2009 was estimated at more than 30%. This figure doubles
once we move to the 25–44 age range in men. Bridger et
al. [24] suggest that at the age of 45, the average weight of
men and women is ~20% higher than it was 20 years earlier.
Such a high increment points to a dramatic increase in the
number of people who are having difficulties maintaining
normal body weight during their most active working years.
The present findings for a very specific group, i.e. candidates for careers at sea, give cause for concern. In light of
the examinations performed, choosing the right somatic
index to predict overweight seems to pose a challenge. The
international consensus on the utility of the BMI, which has
been used for decades to determine normal body weight, is
gradually declining. The analysis of the collected material
shows that students whose BMI was in the normal range
could still find themselves in the overweight category according to other indices.
More and more often the recruitment procedures for particular jobs, not just those at sea, involve testing a series of
parameters (the so-called Work Ability Index — WAI) such as
medical indications, intellectual ability, physical condition,
etc. The WAI is used not only to assess the current ability to
work, but also to prevent occupational health risks (such as
that of disability). Studies have shown that advanced age
and high BMI scores have a significant impact on the WAI.
Older personnel with high BMI reported lower work ability.
Bridger et al. [24] demonstrated that work ability declines
at about 47 years of age in people with BMI ≥ 30. For those
with BMI ≤ 25 work ability drops at the age of > 56, i.e. nine

150

years later. It would be difficult to indicate a strict upper-limit
BMI/calendar age as a recruitment criterion for working at
sea, because it could be perceived as a discriminatory practice. However, the presented findings reveal a considerable
prevalence of overweight among the prospective seamen,
with a clear upward trend for the future. It is striking that
even some first-year students were found to be overweight.
The number of obese students according to BMI is lower in
the first and second year of study, compared to years three
and four In terms of Rohrer’s Index the number of stout
individuals is also similar. This suggests that the levels of
adiposity are comparable, but with different distribution
of body fat.
Candidates to work at sea should enjoy particularly
good health and physical fitness. A pronounced increase
in body weight and adiposity in subsequent years of study
means that maritime university students are subject to the
same weight gain trends as their peers at other universities.
Verification of fitness for a career at sea stops at university
recruitment. In later years, physical fitness and good health
are not priority issues any more, as evidenced by absenteeism in the course of this study. The curriculum does not
include regular classes aimed at promoting health, good
diet, the role of sports in everyday life, health consequences
of risky behaviours (alcohol, nicotine, drugs etc.).

CONCLUSIONS
1. There is a secular trend which is observed and reported
more and more in developed countries: societies age
and there are increasing numbers of obese and overweight people.
2. The growing global risk of excess weight also affects jobs
which pose particularly strict requirements with regard
to good health and physical condition.
3. Recruitment for uniformed professions will most probably tend to be less restrictive (competitive), because it
is getting harder and harder to find candidates who are
trim enough to boast normal BMI (in the healthy range)
at the end of their education.
4. Health promotion including weight control should be
a priority among future seamen (and women).
5. Responsibility for one’s own health and body shape
is not sufficiently promoted throughout the course of
studies preparing for work at sea.
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