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Abstract
Background The prevalence of musculoskeletal disorders (MSDs) among occupational fishers is high, yet knowledge 
of the risk factors is scarce and inconsistent. The aim of this study was to investigate the risk from various work-related 
characteristics on incident hospital contact due to a musculoskeletal disorders and other pain disorders among 
Danish occupational fishers.

Methods This register-based study comprised data from the Danish Occupational Cohort with eXposure (DOC*X) 
for all persons registered as occupational fishers between 1994 and 2017. Time-to-event analysis with Cox regression 
model was used with age as the time scale.

Results Among the 15,739 fishers, 40% (n = 5,669 cases) had an incident hospital contact with an MSD during 
follow-up. Back disorders were the dominant complaint. Male fishers working less than 5 years or more than 15 years 
had higher risks of MSD (HR 2.40 (95% CI: 2.06, 2.80), HR: 2.04 (95% CI: 1.76, 2.35), respectively, than those working for 
over 20 years. Period effects confounded and reduced the risk from occupational seniority.

Conclusion Fishers occupational seniority vary in risk of MSDs across working life. Results showed a nonlinear 
relationship between the highest risk for fishers working less than 5 years and the lowest risk working more than 
20 years as occupational fisher. More years in the workforce, a captain education, and primarily working part time 
significantly reduced the risk of experiencing a first MSDs for men. Healthy worker effect was documented.

Keywords Occupational epidemiology, Occupational health, Register-based study, Musculoskeletal disorder, 
Occupational fishers, Back disorders
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Background
Musculoskeletal disorders (MSDs) are consistent con-
tributors to the global burden of disease. The years lived 
with disability are particularly impacted by MSDs, which 
currently affect 1.7 billion people worldwide [1, 2]. MSDs 
are induced or aggravated by work and the circumstances 
of its performance. Many musculoskeletal complaints 
can become chronic and occur after exposure to work-
related risk factors over a period of time [3]. As a con-
sequence, MSDs are considered to be common cause of 
severe long-term pain and physical disabilities, both of 
which affect many aspects daily life [3]. MSDs also pose 
considerable economic burden to society due to sickness 
absence, interactions with the health care system, and 
early withdrawal from the labor market [1, 2].

One occupational area that is at high risk for MSDs 
is occupational fishery. Fishers carry out various tasks 
involving the manual handling (lift, pull and push) of 
heavy gear. They perform these tasks despite constant 
ship movements and vibrations [4, 5], often in wet and 
slippery surfaces, with long hours with limited opportu-
nities for rest [6]. To address these problems, preventive 
musculoskeletal health initiatives have introduced new 
working methods, assistive devices, and techniques [7–
9], but new international legislation on fishing quotas has 
put a strain on the workload demands within the indus-
try [10]. Therefore, even with these preventive measures, 
occupational fishers are consistently being affected by 
MSDs [11, 12]. The prevalence of MSDs in occupational 
fishers worldwide is high, regardless of international dif-
ferences in fishing methods, and ranges from 15 to 93%, 
depending on case definitions such as subjective MSD 
pain, self-reported-, or register-based MSD cases [7, 11].

Despite the high prevalence of MSDs among occu-
pational fishers, little is known about the work-related 
risk factors in fishery or their impact on MSDs. Previ-
ous studies have investigated the work-related risk fac-
tors among occupational fishers but have yielded few 
clear conclusions. The sparse research is heterogenic in 
methodology and comprises studies of fluctuating qual-
ity ratings. One study suggested that working part time 
in fishery significantly increased the risk of MSDs [13]. 
However, inconclusive findings were seen for vessel type, 
job type, and occupational seniority [11, 14–17].

The occupational characteristics of fishers can vary 
widely as do the patterns of work duration for individ-
ual fishers. Fishing conditions change over seasons and 
time, and the job demands, and vessel types also vary. An 
occupational fisher may change fishing methods or shift 
to another trade multiple times over short- (season) and 
long-term (calendar years) periods [12, 13]. One impor-
tant factor that has influenced the shifts between and 
within occupational fishery is the reform of fishing-quota 
legislation introduced in 2002. This legislation negatively 

affected the mental and physical health of occupational 
fishers because it resulted in increased physical workload, 
smaller crew sizes, and economic pressure [18]. How-
ever, no studies have investigated whether multiple shifts 
between fishery trades have had any impact on MSDs.

The heavy work and frequent manual of catch (lift, 
push and pull) cause considerable strain on the muscu-
loskeletal system and will never be completely eliminated 
from fishery [19]. Therefore, we need to understand how 
specific characteristics of occupational fishing contrib-
ute to the development of MSDs. Several aspects need to 
be considered when analyzing the exposure from work-
ing conditions within occupational fishery on the risk of 
MSDs, as the individual risk is also affected by changing 
conditions within the labor market [20]. The introduc-
tion of fishing quota legislation in 2002 could be a period 
effect that changed the risk for MSDs [20]. Thus, the aim 
of this study was to investigate associations between vari-
ous work-related characteristics and incident hospital 
contact due to MSDs and other pain disorders in occupa-
tional fishers. Moreover, we investigated the period effect 
related to the introduction of fishing quota legislation in 
2002.

Methods
Data sources
This study was based on the Danish Occupational Cohort 
with eXposure (DOC*X), which contains information 
from well-established nation-wide registers [21], includ-
ing those on labor market affiliation [22], and the Danish 
National Patient Registry [23]. Danish registers make it 
possible to link information on an individual level across 
all registers through a personal identification number 
with no loss of follow-up [24]. DOC*X provides employ-
ment status and occupational classification based on 
annual registration of all persons from the age 16 and is 
derived from the Employment Classification Module [21, 
25].

Study population
Several sources were used to define the occupational 
group to ensure good coverage. The study population of 
Danish occupational fishers was derived by including all 
Danish citizens who have ever been registered as fish-
ery workers, for any duration, in The Danish version of 
the International Standard Classification of Occupation 
(DISCO) or who were registered as having a main affili-
ation with fishery within the industry classification (Sup-
plementary Table 1) [26].

Outcome variable
The incident hospital-registered MSD was the out-
come of interest. Cases were identified through hospital 
records in the Danish National Patient Registry [23]. The 
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included diagnoses are based on the Danish International 
Classification of Diseases version 10 (ICD-10). Persons 
with A (primary) or B (secondary) diagnosis for any MSD 
(M00-M99) and other pain disorders (G43* (migraine), 
G44* (nerve-related headache), G546 + G547 (phantom 
pain), G500A + G501 (fascial pain), G55* + G56* + G57* 
(nerve compression from discus/stenosis or in UE/LE), 
G89* (pain not elsewhere classified), R51* (headache) and 
R52*( nonspecific pain syndrome)) were chosen based 
on a previous study on MSD [27]. The MSD outcome 
included overall MSDs (M00-M99*) for any disorders fol-
lowed by a categorization of diagnosis groups, present-
ing the most dominant groups by ICD-10 categorization. 
Information on injuries (ICD10: DS*) and accidents was 
excluded from our study.

Exposure variables
We considered occupational seniority as the primary 
exposure. Methodologically, we aimed to treat the risk 
from fishery as an accumulation of exposure according to 
the length of affiliation [28]. Occupational seniority was 
thus expressed as cumulative years in the fishery trade 
and was further categorized into the following groups: 
greater than 20 years in the occupation (used as a refer-
ence in the analysis), 15 to < 20 years, 10 to < 15 years, 5 
to < 10 years, and less than 5 years.

We also investigated several aspects within occupa-
tional fishery that could affect the risk of an MSD. As 
occupational fishery often has working patterns that 
involve shifting trades, we calculated the total number 

of shifts between trades over the years in the workforce. 
Thus, if a fisher transferred back to fishery multiple times 
from another trade, all transfers would be counted as a 
shift. Within the educational classification system, we 
registered those who had completed a formal education 
as captain to address the difference of work characteris-
tics from that of the deckhands. From the Employment 
Classification Module, we calculated the percentage of 
life insured as being self-employed, and based on the 
Labour market status Register, we determined whether 
the fishery workers had primarily been insured as a full 
time or part time fisher throughout their years within the 
fishery trade.

Covariates and confounder selection
To control for potential confounding, we considered 
the variables illustrated in Fig.  1. These variables were 
selected a priori based on available external valida-
tion according to the theory of Directed Acyclic Graphs 
(DAGs) [29, 30]. Figure 1 is an illustration inspired by the 
DAGs that reflects our assumptions about the causality 
paths from which the occupational fishery work affects 
the occurrence of an incident MSD and how these paths 
are affected in the presence of confounding conditions. 
The ‘open back-door’ criterion was used in selecting the 
included covariates to reduce the impact of confounding 
on the association [30]. A ‘backdoor path’ is an alternate 
path between exposure and outcome, where confound-
ing is defined with at least one open back-door path [31]. 

Fig. 1 Illustration of the association between fishery work and risk of incident musculoskeletal disorder
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The covariates included in the analysis were age, calendar 
year, region, gender, marital status, comorbidity.

Statistical methods
Cox regression models were used to estimate crude 
(Model 1) and adjusted hazard ratios (HR) (Model 2) and 
the corresponding 95% confidence interval (95%CI) in 
Stata: Release 17 (StataCorp. 2021). After a crude model 

only adjusted for age as time scale, we adjusted analysis 
for overall years in the workforce, marital status, primary 
living region, country of origin, highest educational level 
and if the fishermen had any comorbidities within the 
time period. Comorbidity was calculated by the Charlson 
comorbidity index version 2000 [32]. The proportional 
hazard assumption was fulfilled and investigated using 
graphical visualization and the numerical approach [33, 
34]. Age was used as the underlying time scale, which 
is suggested for longitudinal studies [35, 36]. Age as the 
time scale because we expected the hazard to be a func-
tion of age rather than time-in-study on the risk of MSD 
[36]. The computer time zeroed are birth, meaning that 
time is represented in terms of how far away event is 
from the date of birth. The time that fishers become at 
risk was set at the age they entered the workforce, given 
that they had lived to this age without having had a regis-
tered MSD.

To test for period effect, we looked into differences of 
data before and after the year 2002, the year when the 
reform of quota legislation was introduced, to address 
the possible changes of risk for MSDs. We investigated 
the period effect in two steps. First, we split our dataset 
based on the year 2002 to create two possible observa-
tions of risk sets per occupational fisher. We then con-
ducted an adjusted Cox regression that included a test 
of the interaction between the two time periods and the 
work-related exposures of interest. Second (Model 3), 
we included period effect as a covariate in the adjusted 
model to investigate the difference of adjusted hazards 
from Model 2.

The follow-up period began in January 1994, and then 
annually included persons the year of their first registra-
tion to any employment in Denmark until 2017. Follow-
up time was calculated in person-years as the difference 
between birth until the incident MSDs diagnosis or cen-
soring by emigration (with a duration of over 5 years), 
death, or end of follow-up on December 1, 2017, which-
ever occurred first. Information on death and emigration 
were extracted from the Danish Civil Registration system 
[24].

Results
Sample characteristics. A total of 15,739 persons were 
included in the study (Table  1). Great differences could 
be seen between the genders regarding work charac-
teristics: the average years in the fishery occupation for 
males (17 years) was four times that of females and 10% 
of the male fishers, but none of the female fishers, were 
captains. Years in fishery ranged from 1 to 24, and most 
males had been in the trade for over 15 years. In contrast, 
most of the female fishers had been in the trade for less 
than 5 years. Regardless of gender, there was an aver-
age of five shifts between trades during the years in the 

Table 1 Demographic and work-related characteristics of the 
included 15,739 Danish occupational fishers from the Danish 
Occupational Cohort (DOC*X) registered in the years of 1994–
2017 (n = 15,739)
Demographic 
characteristics

Male fishers
(n = 13,165)

Female 
fishers
(n = 2574)

Age entering follow-up, 
average (SD)

44.58 16.10 26.62 8.61

Age at end of follow-
up, average (SD)

63.99 13.76 49.43 20.62

Primary marital status 
n (%)

Married 6966 52.90 946 36.75

Other 6199 47.09 1628 63.25

Educational level, n (%) Short 
mandatory

9918 75.34 352 13.68

Higher 3247 24.66 2222 86.32

Captain education, 
n (%)

Yes 1353 10.28

Land of origin, n (%) Denmark 12,872 97.77 2440 94.79

Region of Denmark*, 
n (%)

Northern 
Jutland

3786 28.76 281 10.92

Central 
Jutland

3204 24.34 576 22.38

Southern 
Jutland

2778 21.10 528 20.51

Capital area 2061 15.66 810 31.47

Zealand 1317 10.00 379 14.72

Work characteristics
Years in cohort, average 
(SD)

23.97 0.48 23.98 0,23

Years as fisherman, 
average (SD)

16.86 6.86 3.95 4.12

Years as fisherman, 
n (%)

> 20 years 5232 39.74 28 1.09

16-<20 years 3578 27.18 75 2.91

11-<15 years 1595 12.12 100 3.88

5-<10 years 1397 10.61 228 8.86

< 5 years 1363 10.35 2143 83.26

Occupational shifts, 
average (SD)

5.42 3.95 5.05 2.84

Self-employed during 
working life (%)

min/50% 11,321 85.99 2553 99.18

50/max% 1844 14.01 21 0.82

Full- or parttime work, 
n (%)

Full time 11,867 90.14 2398 93.16

Part time 1298 9.86 176 6.84
Abbreviations: SD (standard deviation), n (number)

Blanks are due to low number of observation n < 5
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workforce. Fishers predominantly worked full time, and 
most were not self-employed.

Events of musculoskeletal disorders. Approximately 40% 
of the occupational fishers experienced an incident MSD 
(M00-M99) within the follow-up period (Supplementary 
Table 2). The most dominant MSD group was “Soft tis-
sue disorders.” The most incident specific complaint was 
“Back disorders”. Back disorders accounted for more than 
a fourth of male fishers, while it accounted for one-fifth 
of female fishers.

Adjusted cumulative hazards of overall MSD. Analyses 
were stratified by gender to handle the observed signifi-
cant interaction effect (Table 2). For males, the analysis 
showed that, compared to those who had worked more 
than 20 years within the fishery trade, the fishers working 
less than 5 years had a significantly higher risk of MSD 
(HR 2.40 (95%CI: 2.06, 2.80)) when adjusting for years in 
any workforce, marital status, region, comorbidity, coun-
try of origin, and educational level. Years in any work-
force accounted for most of the observed confounding 
effect. Comparison of the remaining categories of fishery 
occupational seniority revealed that any number of years 

working in fishery showed significantly increased risk for 
MSD, when compared to working more than 20 years in 
the trade. Adjusted analysis showed that working more 
than the average number of years in any workforce sig-
nificantly reduced the risk of MSD (HR 0.17 (95%CI:0.16, 
0.18)). Likewise, adjusted analysis showed that having a 
captain education and mainly working part time were 
associated with a lower risk, HR 0.79 (95%CI:0.72, 0.86) 
and HR 0.71 (95%CI: 0.65, 0.78), respectively. More than 
five shifts of trade significantly increased the risk (HR 
1.17 (95% CI: 1.09, 1.25)) of experiencing an MSDs. No 
significant association was seen between the first inci-
dent of MSD and self-employment. An analysis of age 
cohort showed that, men who entered the cohort at age 
16 had significantly reduced risk of MSDs HR 0.53 (95% 
CI:0.45,062) compared to those born before 1976.

For females, we found fewer significant associa-
tions between occupational characteristics and MSDs. 
Working more than 5 years compared to less than 5 
years significantly increased the risk for MSDs (HR 1.62 
(95%CI:1.35, 1.95)) when adjusting for all covariates. 
More than the average number of shifts and years in 

Table 2 Hazard ratios from the occupational fishery work exposures on incident hospital contact with any musculoskeletal disorders 
between 1994 and 2017 (n = 15,739)

Model 1 Model 2 Model 3
Person-years: 89,906,617 Person-years: 

82,239,890
Occupational fishery exposures for men: HR 95%CI HR 95%CI HR 95%CI

Binary age (age cohort) Ref; born before 1976 0.62 0.54, 0.71 0.18 0.14, 0.22 na na

Years in workforce1 Ref; <average 15.73 0.17 0.16, 0.18 0.17 0.16, 0.18 0.82 0.78, 0.88
Years as fisherman > 20 years 1 ref 1 ref 1 Ref

16-<20 years 2.63 2.29, 3.04 2.04 1.76, 2.35 1.89 1.59, 2.24
11-<15 years 4,63 4.05, 5.30 1.94 1.69, 2.24 1.22 1.02, 1.46
5-<10 years 7.08 6.62, 8.07 1.71 1.48, 1.98 0.95 0.78, 1.14

< 5 years 15.05 13.03, 17.12 2.40 2.06, 2.80 2.83 2.33, 3.45
 N = occupational shifts Ref < average 3.19 0.38 0.36, 0.41 1.17 1.09, 1.25 1.06 0.98, 1.15

Captain education Ref; no 1.06 0.97, 1.15 0.79 0.72, 0.86 0.82 0.74, 0.90
Self-employed during working life (%) Ref; min/50 0.39 0.36, 0.43 1.01 0.92, 1.11 1.10 1.03, 1.17
Full- or part time work2 Ref; Full time 1.13 1.03, 1.23 0.71 0.65, 0.78 1.09 0.90, 1.30

Occupational fishery exposures for women: HR 95%CI HR 95%CI HR 95%CI

Binary age (age cohort) Ref; born before 1976 0.91 0.72, 1.14 1.06 0.84, 1.34 na na

Years in workforce1 Ref; < average 21.61 0.25 0.23, 0.28 0.25 0.22, 0.28 0.67, 0.61, 0.76
Years as fisherman > 5 years 1 Ref 1 Ref 1 Ref

< 5 years 1.62 1.35, 1.95 1.69 1.40, 2.05 1.86 1.45, 2.37
 N = occupational shifts Ref; < average 7.46 0.57 0.51, 0.65 0.81 0.71, 0.93 0.78 0.67, 0.90
Self-employed during working life (%) Ref; min/50 0.56 0.30, 1.07 0.88 0.46, 1.68 1.03 0.90, 1.17

Full-or part time work2 Ref; Full time 0.93 0.74, 1.16 0.99 0.79, 1.24 1.07 0.74, 1.56
Abbreviations: HR (Hazard ratio), CI (confidence interval), ref (statistical reference), na (not applicable)
1 Years in workforce until event or censoring
2 Presented as the mode of possible variable categories throughout their follow-up period

Bold: significant associations

Model 1: Crude model, age as time scale

Model 2: Adjusted for: years in workforce, marital status, region, Charlson 2000 comorbidity index, country of origin, educational level, age as time scale

Model 3: Adjusted for abovementioned covariates and adding period (before and after 2002), age as time scale
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workforce significantly reduced the HR of experiencing 
an MSDs.

The period effect. Investigation of the impact of the new 
quota legislation introduced in 2002 by making dummy 
variables, splitting for the year 2002, showed no signifi-
cant interaction (Table 2). In Model 3, we added period 
as a covariate to capture the period effect before and 
after this quota legislation reform. For men, adjusting for 
the period in most exposures decreased the associations 
seen in Model 2, showing significantly increased HR of 
years in workforce, working < 5 years in fishery (HR:2.83 
95% CI:2.33,3.45), self-employment, and having a captain 
education. Associations for working less than between 10 
and 20 years significantly increased the risk when adjust-
ing for the effect of this period.

Adjusted cumulative hazards of specific MSDs. Occupa-
tional seniority of under 20 years increased risk for back, 
knee, shoulder, and “other pain” disorders. For both gen-
ders, the highest estimate of risk for experiencing any of 
the specific MSDs was when working less than 5 years 
(Table  3). For male fishers, more than five occupational 

shifts significantly increased the risk for shoulder lesions 
and other pain disorders but did not significantly affect 
the risk of back or knee disorders. Male fishers with a 
captain education had a significantly decreased risk of 
shoulder lesions and other pain disorders. Lastly, signifi-
cant results showed that male fishers who worked part 
time had a reduced risk of knee and other pain disorders, 
HR: 0.69 (95% CI:0.54, 0.88) and HR:0.66 (95% CI: 0.52, 
0.85), respectively. In female fishers, the highest risk from 
occupational seniority was seen for experiencing other 
pain disorders (HR: 3.31 (95% CI:1.84, 5.94)). Female fish-
ers who shifted occupation (> 5 times) had a significantly 
decreased risk of experiencing back disorders, knee dis-
orders, and shoulder lesions.

Discussion
To our knowledge, this is the first study to investigate 
associations between work-related characteristics and 
incident hospital contacts with MSDs while concur-
rently addressing the effect of a historical period within 
the trade. Surprisingly, we found no association between 

Table 3 Adjusted hazard ratios from the occupational fishery work exposures stratified for gender on incident outcome for specific 
disorders between 1994 and 2017 (n = 15,739)

Back disorders Knee disorders Shoulder 
lesions

Other pain 
disorders

Person-years under observation: 89.906.617

Cases: 1.643 Cases: 1.018 Cases: 514 Cases: 1.035

Occupational fishery exposures for men: aHR1 (95%CI) aHR (95%CI) aHR (95%CI) aHR (95%CI)

Years as fisherman > 20 years 1 ref 1 Ref 1 Ref 1 Ref

15-<20 years 1.57 1.18, 
2.09

2.68 1.82, 
3.94

2.63 1.52, 
4.57

1.99 1.38, 
2.88

10-<15 years 1.37 1.03, 
1.82

2.29 1.56, 
3.36

3.64 2.14, 
6.20

2.15 1.50, 
3.09

5-<10 years 1.38 1.03, 
1.84

2.13 1.43, 
3.16

2.85 1.64, 
4.98

1.80 1.23, 
2.63

< 5 years 1.87 1.37, 
2.54

2.83 1.86, 
4.13

3.55 1.96, 
6.42

2.58 1.73, 
3.86

Occupational shifts (n) Reference < aver-
age 3.19

1.09 0.94, 1.26 1.01 0.84, 1.21 1.30 1.02, 
1.67

1.33 1.11, 
1.59

Captain education Reference; no 0.85 0.68, 0.95 0.81 0.64, 1.02 0.68 0.50, 
0.92

0.73 0.58, 
0.91

Self-employed during working life (%) Reference; min/50 0.86 0.70, 1.07 1.07 0.84, 1.36 0.86 0.61, 1.20 0.82 0.64, 1.07

Full- or part-time work Reference; Full 
time

0.94 0.79, 1.13 0.69 0.54, 
0.88

0.78 0.55, 1.11 0.66 0.52, 
0.85

Occupational fishery exposures for female fishers: aHR 95%CI aHR 95%CI aHR (95%CI) aHR (95%CI)

Years as fisherman > 5 years 1 Ref 1 Ref 1 Ref 1 Ref

< 5 years 1.56 1.01, 
2.44

1.32 0.79, 2.18 2.49 1.11, 
5.60

3.31 1.84, 
5.94

Occupational shifts (n) Reference < aver-
age 7.46

0.69 0.50, 
0.96

0.64 0.44, 
0.95

0.45 0.35, 
0.79

0.85 0.62, 1.16

Self-employed during working life (%) Reference; min/50 0.66 0.09, 4.97 1.91 0.56, 6.51

Full- or part-time work Reference; Full 
time

0.78 0.43, 1.45 0.70 0.34, 1.45 0.97 0.42, 2.24 0.98 0.57, 1.70

Abbreviations: HR (Hazard ratio), CI (confidence interval), ref (statistical reference)

Bold: significant associations

Adjusted for: years in workforce, marital status, region, Charlson 2000 comorbidity index, country of origin, educational level with age as time scale
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occupational seniority and increased risk of MSDs with 
accumulating years, but rather a nonlinear relationship. 
Our results showed that both male and female fishers had 
the highest risk for MSD when working less than 5 years. 
In males, the association between occupational senior-
ity and MSD was non-linear. Some of the decline in risk 
within the highest occupational seniority category (> 20 
years) could be attributed to the healthy worker effect 
indicating that those who are the healthiest remain in the 
occupation [37].

We carried out a longitudinal cohort study with a 
24-year time span and included time-varying covariates 
to address the changes during the individuals’ working 
lives. Only two studies, covering a 1-year [13] and 5-year 
span [12], have previously investigated longitudinal risk 
of fishery work and the occurrence of MSDs. Three stud-
ies investigated the occupational seniority numerically 
but found little or no significant associations [14, 15, 
17]. A cross-sectional study from Egypt showed an OR 
of 1.07 for current MSD [14], indicating an inclining risk 
per year in the trade. That study did not, however, handle 
categories of occupational seniority, which could reflect 
the nonlinear changes of risk we found over the accumu-
lation of years. Our study illustrates the importance of 
categorizing occupational seniority to see the time vary-
ing risk from fishery work on the risk of MSD, as the dif-
ference when accumulating years without categorization 
diminishes the nonlinear association we found.

Different work-related characteristics had different 
effects on MSDs risk estimates. The characteristics that 
lowered the risk of MSDs were more years in the work-
force, a captain education, and working mostly part 
time during working life. In contrast, the risk of MSDs 
increased significantly when fishers shifted between 
trades. Years in workforce significantly reduced the risk 
of incident MSDs but did also have the greatest con-
founding effect for the association of the effect from 
years in fishery. The healthy worker effect may be a con-
tributing cause of the lower incidence found when hav-
ing more years in workforce – because “those who work 
are healthier” than those who stop working [37]. Having 
a captain education lowered the risk of MSDs. This is not 
surprising since a captain’s workload compared to a deck-
hand’s entails less manual lifting and more tasks related 
to planning and sales [13]. Both status on ship – the 
highest being a captain – and fishing experience caused 
differences in responsibilities and tasks, where the least 
experienced fishers performed the heaviest tasks [13]. 
Moreover, captains may also tend to work longer in the 
fishing trade as they are more economically tied to their 
ship and the trade. We found a significant decrease in the 
risk of MSDs in fishers working part time compared to 
those working full time. This is contrary to the reverse 
association seen in a North Carolina cohort study [13]. 

However, the North Carolina study presented results 
from one year, whereas our results were based on 24 
years of follow-up. This difference in follow-up time may 
partly explain the difference in estimates along with dif-
ferences in country-specific characteristics [13]. How-
ever, cautiousness is needed to determine causality. The 
fishers working part time could either have another job 
that enables them to have less, or withstand, more strain. 
A population selection factor or the healthy worker effect 
could have contributed to the findings concerning part-
time fishers [13]. Shifts naturally exists within the occu-
pation as fishing conditions and demands change over 
seasons and time [12, 13]. All in all, it is unclear whether 
this relationship is causal, as we cannot state if they shift 
jobs due to already experienced pain, or if they experi-
ence increased pain because of the shift.

Congruent with previous studies, our study revealed 
that fishers are most affected by back disorders [13, 15, 
17, 38–40]. One cause of such a consistently high inci-
dence of back disorders among fishers is the biomechani-
cal load that is required to counteract ship motion. The 
lower extremities and low back, in particular, have an 
increased workload when fishers constantly have to adapt 
to the motions of the ship during heavy work involving 
work postures such as lifting, pulling and pushing [41]. 
For men, fishery characteristics differed in terms of the 
risk of specific MSD body areas, although all men were 
significantly at risk from years in the trade. Interestingly, 
the high incidence of back disorders in men showed no 
significant association with other occupational character-
istics besides years in trade. This suggests that back dis-
orders are not indicated by these specific characteristics 
but are a consequence of length within the trade regard-
less of any other factors. Our results showed highly sig-
nificant associations between years in fishery and the risk 
of “other pain disorders” in both genders. Future studies 
should incorporate these disorders as part of MSD inves-
tigations and preventive measures, as the consequences 
have an equally negative impact on individual well-being 
and societal costs.

We investigated the effect of the massive reform of 
fishing-quota legislation in 2002, as we anticipated that 
this could have an impact on number of MSD incidences 
in fishers. Taking period effect into account, the analy-
sis showed no significant difference between the periods 
before and after the year 2002. However, including the 
period as a covariate significantly reduced certain risk 
estimates. The fishery trade has developed continuously 
across three decades, which might explain the modest 
change seen in our result. Though, these results suggest 
that future research should further consider the period 
effect when investigating the accumulation of occupa-
tional seniority longitudinally.
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We carried out our analysis with age as the underly-
ing time-exponent as suggested by previous studies [35, 
36]. Nevertheless, the picture of development of MSDs 
and their association with increased age is an impor-
tant, but difficult task to fully grasp considering occupa-
tional seniority. A common problem with separating age, 
period, and cohort effects is the ‘identifiability problem’, 
whereby a specific variable can be perfectly predicted by 
a linear combination of the remaining variables, result-
ing in no unique set of regression parameters [42]. In 
our study, it was clear that major collinearity exists when 
investigating age and occupational seniority. The impor-
tance of age was supported by our binary age cohort 
investigation, where adjusted analysis showed that 
men who entered the cohort at the age of 18 had a sig-
nificantly reduced risk of MSDs. Thus, that a higher age 
when entering cohort was associated with a greater risk 
of incident MSD aligns with the natural mechanism – 
that the higher age causes higher risk for MSD. Although 
age is not an independent risk factor for work-related 
MSD, older workers are more susceptible to the working 
conditions than are younger workers due to decreased 
functional capability and prolonged exposure [43, 44].

Some important methodological limitations should be 
kept in mind when interpreting our findings. Firstly, our 
study population was derived from multiple registers to 
ensure good coverage. As a result, we may have overesti-
mated the selection of the study population and included 
more persons registered as fishers than seen in previous 
studies [10, 12]. Data from the Danish Fishery Agency 
shows a lower number of fishers with an A-registration 
(A-registered can be owner of ship and quota) com-
pared to our study population. Our analysis consisted of 
annual registrations, whenever a person was registered, 
no matter their registration enabling them to own ships 
and quotas. However, we do not believe this changed 
the associations shown, as we categorized by seniority. 
Secondly, an important caution lies again in the com-
pleteness of our case detection. Our outcome measure 
exclusively consisted of ‘the worst’ MSDs cases, where 
the fishers’ experience of pain and disability were so 
severe that they needed to be examined in the health care 
system. That the data comprised the worst MSDs cases 
reflects our experience that fishers contact doctors less 
when in pain than those of the general population [18]. 
Thirdly, we did not investigate the influence of lifestyle 
(i.e. BMI, smoking, eating and sleep habits) as no data 
were available. Other studies have suggested that BMI 
has an impact on the occurrence of MSDs [45]. How-
ever, populations defined by occupation are often more 
homogenous in several characteristics, including lifestyle 
choices, where e.g., job exposure matrices have been 
used for population-based estimates [21]. We consider 
fishers to be somewhat homogenous in lifestyle traits to 

such a degree that the findings may not have been highly 
influenced by this. Furthermore, to consider partially the 
effect of unhealthy lifestyle the Charlson comorbidity 
index was included as a confounder. Lastly, no definitive 
inference can be made on the causality between the occu-
pational fishers’ risk on MSD partly because we were not 
able to disentangle the collinearity between occupational 
seniority and age effect. The risk from several charac-
teristics of occupational fishery coincide and add to the 
complexity of a causal interpretation.

Conclusion
In conclusion, 40% of the 15,739 fishers experienced an 
incident hospital contact due to MSD within the follow-
up period of 24 years. Of those, the most dominant cases 
for both genders were back disorders. The gender-strati-
fied analysis showed that both female and male occupa-
tional fishers with less than 5 years in occupation had the 
highest risk of overall and specific MSD, whereas male 
fishers with the highest seniority level above 20 years in 
trade had the lowest risk of all types of MSD. Our study 
illustrates a non-linear relationship between the occupa-
tional seniority level of fishers and their risk of an inci-
dent hospital contact due to MSDs. Thus, our findings 
suggest that categorization of accumulated years in the 
occupation should be explored in future research. More 
years in the workforce, a captain education, and primarily 
working part time significantly reduced the risk of expe-
riencing an incident MSD for men. A similar pattern was 
seen for female fishers. More shifts than average between 
occupational trades increased risk of MSD for men, while 
lowering the risk at female fishers. The effects of occupa-
tional seniority were primarily attenuated by the period 
effect of the new reform of quota legislations in 2002. 
Future studies entailing multiple time-varying exposures 
and repeated disorders are warranted to fully understand 
the mechanism behind the development of MSDs in 
occupational fishery.
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