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ABSTRACT

Background: The musculoskeletal disease (MSD) burden is an important health problem 
among Korean fishers. We aimed to investigate the indicators of the prevalence of MSD and 
contributions of significant indicators to MSD in Korean fishers.
Methods: This cross-section study included 927 fishers (male, 371; female, 556) aged 40 to 
79 years who were enrolled from 3 fishery safety and health centers. The outcome variable 
was one-year prevalence of MSD in 5 body parts (the neck, shoulder, hand, back, and 
knee). Independent variables were sex, age, educational attainment, household income, 
job classification, employment xlink:type, hazardous working environment (cold, heat, 
and noise), ergonomic risk by the 5 body parts, anxiety disorder, depression, hypertension, 
diabetes, and hyperlipidemia. The adjusted odds ratio of MSDs by the 5 body parts were 
calculated using multiple logistic regression analysis. We computed the population 
attributable fraction (PAF) for each indicators of MSDs using binary regression models.
Results: The one-year prevalence of MSD in the neck, shoulder, hand, back, and knee was 
7.8%, 17.8%, 7.8%, 27.2%, and 16.2% in males vs. 16.4%, 28.1%, 23.0%, 38.7%, and 30.0% 
in females, respectively. The ergonomic risk PAF according to the body parts ranged from 
22.8%–59.6% in males and 22.8%–50.3% in female. Mental diseases showed a significant 
PAF for all body parts only among female (PAF 9.1%–21.4%). Cold exposure showed a 
significant PAF for the neck, shoulder, and hand MSD only among female (25.6%–26.8%). 
Age was not a significant indicator except for the knee MSD among female.
Conclusions: Ergonomic risk contributed majorly as indicators of MSDs in both sexes of 
fishers. Mental disease and cold exposure were indicators of MSDs only among female 
fishers. This information may be important for determining priority risk groups for the 
prevention of work-related MSD among Korean fishers.
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BACKGROUND

Although musculoskeletal disease (MSD) is non-fatal, it is an important public health 
problem because it accounts for a high proportion of the years lived with disability in 
South Korea.1 The direct and indirect costs of MSD was 9.0% of the Korean gross domestic 
product, and highest among the 20–64 years old working group.2 Therefore occupation-
based approach is important for preventing MSD. Manufacturing, construction, hotel 
and restaurants, education, wholesale and retail, public administration and defense,3 and 
agricultural/fishery workers4 are high-risk work sector groups for MSD. However, the MSD 
among small-scale self-employed agricultural and fishery workers has received less attention 
compared to that among employed workers. In particular, in the fishery industry, MSD is 
relatively unknown, and the related research is few. However, some previous studies have 
shown that fisher’s MSD are very serious. In Sweden, the United States, United Kingdom, 
and Sri Lanka, the prevalence of low back pain of 50%–80% has been reported.5 A cohort 
study of MSD in Danish fishermen, using hospitalization data, reported a high incidence 
of knee arthrosis, thoracolumbar disc disease, carpal tunnel syndrome.6 In our previous 
study, the prevalence of collapsed lumbar disc in fishers aged 40–69 years was 23.7%.7 
Fishers include those working in fishing vessel fishery, aquaculture, diving, and seafood 
processing. The fishers’ exposures vary in ergonomic stress, including net or line pulling, 
heavy manual lifting, and repetitive hand exertion. In addition, fishery is known as a very 
high-risk occupation with fatal and no-fatal injuries. Most of the previous studies on MSDs 
have focused only on relative risk, and few studies have revealed how much disease can 
be prevented when risk factors are remove.8,9 Therefore, this study aimed to determine 
the indicators of MSD among fishers, an occupation at high-risk of MSD, and identify the 
association between major indicators and MSD. Furthermore, we calculated the extent to 
which significant indicators contribute to MSD, to determine the priority of prevention.

METHODS

Subjects
In this cross-sectional study, 957 fishers from 3 fishery safety and health centers funded by 
Ministry of Oceans and Fisheries voluntarily participated in a fisher’s health survey, from June 
2018 to August 2020. The inclusion criteria were subjects aged 40–79 years whose occupation 
could be identified as fishery. Accordingly, 22, 3, 3, and 2 subjects aged < 40 years, > 80 years, 
with unclear occupations, and insufficient questionnaire details, respectively, were excluded. 
Finally, a total of 927 subjects were included in the study.

Variables
Data were collected through a questionnaire and medical examination. The dependent 
variable, MSD in 5 body parts (the neck, shoulders, hands, back, and knees), was defined as 
an experience of pain of > 1 week or > 1 per month, moderate pain intensity or higher, and 
an experience of medical care during the past 1 year using the musculoskeletal symptom 
questionnaire developed by the Korea Occupational Safety and Health Agency (KOSHA).10 
Independent variables included sex, age, household income, employment xlink:type, job 
classification, cold exposure,11 noise exposure,11 heat exposure,11 ergonomic risk in the 5 
body parts, mental disease (depression, anxiety) obtained by questionnaire (Supplementary 
Table 1), and chronic diseases (hypertension, diabetes mellitus, hyperlipidemia) obtained by 
medical examination and medication history. Household income was divided into quartiles. 
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Employment was divided into owner (self-employed), owner’s household members, and 
employees. Cold, heat, and noise exposure were divided into either no exposure or 3 
additional categories by counting the number of days of > 2 hours daily exposure, over the 
past year (Supplementary Data 1). Job classification were as follows: aquaculture (shellfish, 
fish, and seaweeds); and fishing vessel fishery (with trap gill net, long line, Haenyeo [Korean 
female sea divers], and oyster shucker). For comparison between job classifications, 
aquaculture (shellfish), with a higher income level and fishery mechanization rate, was used 
as the reference. Depression was defined using Patient Health Questionaire-9 (cut-off point 
10).12 Anxiety disorder was defined using the Generalized Anxiety Disorder 7-item (cut-off 
point 6).13 Ergonomic risk was investigated using a structured face-to-face questionnaire. 
Ergonomic risk factors composed of the intensity of the task, average daily working hours, 
and number of working days during the recent year. We identified ergonomic risk for each 
of 5 body parts (the neck, shoulders, hands, back, knees). A total ergonomic risk score was 
calculated by the following formula: A Score (point) = The Intensity of the Task (mild = 0.5, 
moderate = 1.0, severe = 1.5) × Average Daily Working Hours (< 2 hours = 1, 2–3 hours = 
2, 4–5 hours = 3, 6–7 hours = 4, ≥ 8 hours = 5) × number of working days during the recent 
year. A score of ≥ 250 was defined as a significant musculoskeletal burden task. A 250-point 
score implies that the fishers had continuously performed an average of 2 hours of work 
per day for the last year. Hypertension was defined based on a systolic blood pressure ≥ 140 
mmHg or diastolic blood pressure ≥ 90 mmHg. Diabetes mellitus was defined based on 
hemoglobin A1c ≥ 6.5% or fasting blood glucose ≥ 126 mg/dL. Hyperlipidemia was defined 
based on a low-density lipoprotein cholesterol level ≥ 150 mg/dL or triglyceride ≥ 500 mg/dL 
or total cholesterol minus high-density lipoprotein ≥ 190 mg/dL. Patients with hypertension, 
diabetes mellitus, and hyperlipidemia included those who had been on medications.

Statistical analysis
A χ2 test was performed to evaluate the univariate association between ergonomic risk and 
MSDs. To find valuable and clear indicators for comparative analysis by MSDs xlink:type 
and sex, odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for model 1 
(adjusted for sex and age) and model 2 (adjusted for major variables) using binary multiple 
logistic regression analysis. To assess the population attributable risk (PAR) and 95% CI of 
significant indicators, we used STATA module as described by Newson to compute PARs 
from binary regression models.14 PAR was calculated as the difference in prevalence between 
scenario-0 (when exposed to all harmful factors) and scenario-1 (when each of the harmful 
factors was excluded). Furthermore, the prevalence was calculated for each condition, and 
PAR was obtained from the difference. The population attributable fraction (PAF) of each 
indicators of MSDs was calculated as follows.

For statistical analysis, STATA 16 version (StataCorp LLC., College Station, TX, USA) was used.

Ethics statement
The protocol of this study was reviewed and approved by the Institutional Review Board of 
Chosun University Hospital (approval No. CHOSUN 2018-5-014). Informed consent was 
obtained in writing from the study subjects.
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RESULTS

Table 1 shows the characteristics of the study subjects. A total of 927 subjects (mean 
age: 61.1, standard deviation: 8.0 years, with no significant difference by sex), 371 (40%) 
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Table 1. Characteristic of subjects
Variables Male (n = 371, 40.0) Female (n = 556, 60.0) Total p-value
Age (yr) 40–49 50 (13.5) 55 (9.9) 105 (11.3) 0.052

50–59 112 (30.2) 212 (38.1) 324 (35.0)
60–69 160 (43.1) 228 (41.0) 388 (41.9)
70–79 49 (13.2) 61 (11.0) 110 (11.9)
Mean ± SD 60.2 ± 8.4 60.0 ± 7.8 61.1 ± 8.0

Educational attainment High 176 (47.4) 158 (28.4) 334 (36.0) < 0.001
Middle 119 (32.1) 161 (29.0) 280 (30.2)
Elementary 76 (20.5) 237 (42.6) 313 (33.8)

Household income (10,000 won) < 1,500 63 (17.0) 147 (26.4) 210 (22.7) < 0.001
1,500–2,399 66 (17.8) 131 (23.6) 197 (21.3)
2,400–4,000 94 (25.3) 139 (25.0) 233 (25.1)
> 4,000 128 (34.5) 93 (16.7) 221 (23.8)
No answer 20 (5.4) 46 (8.3) 66 (7.1)

Employment xlink:type Owner 287 (77.4) 145 (26.1) 432 (46.6) < 0.001
Household member 28 (7.5) 215 (38.7) 243 (26.2)
Employee 56 (15.1) 196 (35.3) 252 (27.2)

Job classificationa A 51 (13.7) 51 (9.2) 102 (11.0) < 0.001
B 14 (3.8) 17 (3.1) 31 (3.3)
C 82 (22.1) 62 (11.2) 144 (15.5)
D 137 (36.9) 114 (20.5) 251 (27.1)
E 62 (16.7) 42 (7.6) 104 (11.2)
F 0 (0.0) 98 (17.6) 98 (10.6)
G 25 (6.7) 172 (30.9) 197 (21.3)

Cold exposureb (days/1 year) No 115 (31.0) 212 (38.1) 327 (35.3) 0.003
1–60 151 (40.7) 167 (30.0) 318 (34.3)
61–119 66 (17.8) 95 (17.1) 161 (17.4)
≥ 120 39 (10.5) 82 (14.7) 121 (13.1)

Noise exposurec (days/1 year) No 238 (64.2) 371 (66.7) 609 (65.7) 0.012
1–60 66 (17.8) 60 (10.8) 126 (13.6)
61–199 46 (12.4) 93 (16.7) 139 (15.0)
≥ 200 21 (5.7) 32 (5.8) 53 (5.7)

Heat exposured (days/1 year) No 157 (42.5) 276 (63.7) 433 (46.9) 0.126
1–29 92 (24.9) 112 (54.9) 204 (22.1)
30–89 68 (18.4) 87 (56.1) 155 (16.8)
≥ 90 52 (14.1) 80 (60.6) 132 (14.3)

Chronic diseasee No 138 (39.3) 218 (40.1) 356 (39.8) 0.821
Yes 213 (60.7) 326 (59.9) 539 (60.2)

Hypertension No 217 (61.8) 335 (61.6) 552 (61.7) 0.942
Yes 134 (38.2) 209 (38.4) 343 (38.3)

Diabetes mellitus No 272 (77.5) 473 (86.9) 745 (83.2) < 0.001
Yes 79 (22.5) 71 (13.1) 150 (16.8)

Hyperlipidemia No 281 (80.1) 418 (76.8) 699 (78.1) 0.256
Yes 70 (19.9) 126 (23.2) 196 (21.9)

Mental diseasef No 338 (91.1) 463 (83.3) 801 (86.4) 0.001
Yes 33 (8.9) 93 (16.7) 126 (13.6)

Depression No 354 (95.4) 524 (94.2) 878 (94.7) 0.434
Yes 17 (4.6) 32 (5.8) 49 (5.3)

Anxiety disorder No 341 (91.9) 469 (84.4) 810 (87.4) 0.001
Yes 30 (8.1) 87 (15.6) 117 (12.6)

Values are presented as number (%). The p-value by χ2 test.
aA: Aquaculture (shellfish), B: Aquaculture (fish), C: Aquaculture (seaweeds), D: Fishing vessel fishery with trap gill net, E: Fishing vessel fishery with long line, 
F: Haenyeo (Korean female sea diver), G: Oyster shucker. bLow temperatures, whether indoors or outdoors. cNoise that is loud enough to raise your voice when 
speaking to others. dTemperatures high enough to make you sweat even when you are not working. eIf patient has hypertension and/or diabetes mellitus. fIf the 
patient has depression and/or anxiety disorder.



male, and 556 (60%) female were included in this analysis. By sex, there was a statistically 
significant difference in educational attainment, highest among high school male (47.4%) 
and elementary school female (42.6%); household income, with the highest of 40 million 
won among male (34.5%) than female (16.7%); employment xlink:type, highest among 
male owners (77.4%) and female household members (38.7%); and by job classification, 
Haenyeo were all female while the female proportion among oyster shucker was 87.3%. In the 
hazardous working environment, males are more exposed to cold (69.0%), heat (57.5%), and 
noise (35.8%) than their female counterparts. By sex, male and female differed significantly in 
diabetes mellitus (22.5% vs. 13.1%) and depression prevalence (8.9% vs. 16.7%), respectively.

Table 2 shows the prevalence of MSDs by the 5 body parts according to each variable. Female 
showed a higher prevalence of MSDs in all body parts than male (p < 0.05 by χ2 test). By age, 
significant difference was observed in the knees MSD prevalence only (p < 0.05 by χ2 test), 
which was lowest in those aged 40–49 years (17.1%) and highest in those aged 60–69 years 
(27.3%). The prevalence of neck, back, and knees MSD decreased at higher educational 
attainment. As household income increased, the prevalence of MSDs decreased in all body 
parts except the neck. By employment xlink:type, the prevalence was lowest among owners 
in all body parts. As the ergonomic risk increased, the prevalence of MSD in all body parts 
increased significantly. As the duration of exposure to cold increased, the prevalence of MSD 
in the hands, back, and knees increased significantly. The effects of cold exposure may have 
been confounded by outdoor work.

Therefore, we tried to confirm whether cold exposure was related to musculoskeletal 
disorders through sensitivity analysis including heat exposure. However, there was no 
dose-response association of noise and heat exposure with MSD. Chronic diseases including 
hypertension, diabetes mellitus, and hyperlipidemia were not associated with MSDs. On 
the contrary, the prevalence of the back and knees MSD was lower in patients with diabetes 
mellitus. Mental diseases including depression and anxiety disorder significantly increased 
the prevalence of MSDs in all body parts. We presented the results by sex in Supplementary 
Tables 2 and 3, respectively.

Table 3 shows the age and sex adjusted ORs and 95% CIs for MSDs of the 5 body parts 
using binary logistic regression (model 1). Educational attainment showed a significant 
relationship with back MSD. Fishers with lower educational attainment had higher OR of 
MSDs in the back. According to the job classification, neck MSD had significantly higher 
ORs in aquaculture (fish), fishing vessel fishery with long line, and oyster shucker, in hand 
MSD. Knees MSD had significantly higher OR in aquaculture (seaweeds) and fishing vessel 
fishery with long line. In particular, the fishing vessel fishery with trap gill net and Haenyeo 
showed a low OR overall. Ergonomic risk point grade showed a dose-response relationship 
with MSDs in all body parts. Mental diseases showed a significant association with MSDs in 
all body parts. Cold exposure showed an association with MSDs in neck and hands MSD. We 
presented the results by sex in Supplementary Tables 4 and 5, respectively.

Table 4 shows the adjusted OR by ergonomic risk, age, educational attainment, mental 
diseases, and cold exposure for MSDs in the relevant body parts by sex, respectively (model 
2). In both sexes, significant OR occurred in all body parts with ergonomic risk. The adjusted 
OR of the highest ergonomic risk point grade (≥ 750 points) in male occurred with the 
neck 6.28 (95% CI: 1.92–20.51); shoulders 6.18 (95% CI: 2.83–13.46); hands 4.05 (95% CI: 
1.29–12.71); back 5.86 (95% CI: 2.83–12.10); and knees 3.07 (95% CI: 1.35–6.97). The OR of 
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Table 2. The association between variables and musculoskeletal disease of 5 body parts
Variables Neck Shoulder Hand Back Knee

% p-value % p-value % p-value % p-value % p-value
Sex Male 7.8 < 0.001 17.8 < 0.001 7.8 < 0.001 27.2 < 0.001 16.2 < 0.001

Female 16.4 28.1 23.0 38.7 30.0
Age (years) 40–49 13.3 0.197 24.8 0.753 21.9 0.141 23.8 0.077 17.1 0.039

50–59 13.9 23.8 17.3 32.7 22.8
60–69 13.9 24.5 16.0 39.2 27.3
70–79 6.4 21.8 14.5 30.0 26.4

Education High 12.9 0.255 23.7 0.309 17.1 0.709 25.4 < 0.001 18.6 < 0.001
Middle 9.6 20.7 15.4 35.4 23.9
Elementary 16.0 27.2 18.2 42.2 31.3

Household income 
(10,000 won)

< 1,500 16.7 0.011 26.7 < 0.001 17.6 0.004 43.3 < 0.001 32.9 < 0.001
1,500–2,399 14.2 27.4 21.8 38.6 26.4
2,400–4,000 11.2 25.8 19.3 32.6 22.7
> 4,000 13.1 21.7 13.1 31.7 23.1
No answer 3.0 6.1 4.5 4.5 3.0

Employment Owner 10.2 0.024 20.4 0.049 11.8 < 0.001 30.1 0.015 21.1 0.069
Member 13.2 25.9 20.6 41.2 28.4
Employee 17.5 28.2 22.2 34.1 26.6

Job classificationa A 11.8 0.001 21.6 0.005 9.8 < 0.001 34.3 0.001 20.6 < 0.001
B 29.0 29.0 38.7 45.2 19.4
C 17.4 27.8 16.0 40.3 32.6
D 6.4 14.7 11.2 23.9 15.1
E 14.4 29.8 18.3 46.2 32.7
F 11.2 26.5 15.3 35.7 31.6
G 16.2 28.9 25.4 33.5 25.4

Ergonomic risk by each 
body parts

< 250 7.0 < 0.001 16.3 < 0.001 8.8 < 0.001 19.8 < 0.001 19.7 < 0.001
250–499 14.4 28.7 19.8 35.4 25.0
500–749 20.0 23.4 21.6 47.3 29.1
≥ 750 27.5 44.3 30.9 53.8 40.7

Cold exposure  
(days/1 year) 

No 11.6 0.053 22.3 0.030 15.3 0.004 36.4 0.246 25.7 0.127
1–60 11.3 20.8 14.2 26.4 18.9
61–119 14.9 28.6 17.4 39.8 26.7
≥ 120 18.2 30.6 28.1 40.5 33.1

Noise exposure  
(days/1 year)

No 12.6 0.686 23.6 0.686 17.1 0.618 35.5 0.091 25.6 0.471
1–60 16.7 28.6 17.5 37.3 22.2
61–199 12.9 23.0 18.0 26.6 20.1
≥ 200 7.5 18.9 11.3 30.2 28.3

Heat exposure  
(days/1 year)

No 12.5 0.432 24.2 0.760 17.1 0.324 26.3 0.212 26.3 0.468
1–29 11.3 21.6 13.7 25.0 17.6
30–89 16.1 25.8 16.8 28.4 21.3
≥ 90 13.6 25.0 22.0 48.5 33.3

Chronic diseaseb No 12.1 0.427 24.4 0.913 16.6 0.791 34.6 0.721 21.9 0.148
Yes 13.9 24.1 17.3 33.4 26.2

Hypertension No 13.4 0.804 25.5 0.250 17.6 0.551 33.9 0.986 23.7 0.515
Yes 12.8 22.2 16.0 33.8 25.7

Diabetes mellitus No 14.0 0.127 25.2 0.124 17.6 0.286 35.3 0.041 25.8 0.043
Yes 9.3 19.3 14.0 26.7 18.0

Hyperlipidemia No 12.3 0.141 24.0 0.780 16.7 0.712 34.0 0.817 23.3 0.131
Yes 16.3 25.0 17.9 33.2 28.6

Mental diseasec No 10.4 < 0.001 20.6 < 0.001 14.5 < 0.001 31.2 < 0.001 22.1 < 0.001
Yes 29.4 45.2 32.5 52.4 39.7

Depression No 12.1 0.001 22.8 < 0.001 16.2 0.009 33.3 0.024 23.9 0.088
Yes 28.6 44.9 30.6 49.0 34.7

Anxiety disorder No 10.4 < 0.001 20.6 < 0.001 14.6 < 0.001 31.1 < 0.001 22.0 < 0.001
Yes 30.8 47.0 33.3 54.7 41.9

Total 12.9 23.9 16.9 34.1 24.5
The p-value by χ2 test in employment xlink:type, job classification, chronic disease, hypertension, diabetes mellitus, hyperlipidemia, mental disease, depression, 
anxiety disorder. The p-value by Cochran-Armitage trend test in age, educational attainment, household income, cold exposure, noise exposure, heat exposure.
aA: Aquaculture (shellfish), B: Aquaculture (fish), C: Aquaculture (seaweeds), D: Fishing vessel fishery with trap gill net, E: Fishing vessel fishery with long line, F: 
Haenyeo (Korean female sea diver), G: Oyster shucker. bIf patient has hypertension and/or diabetes mellitus. cIf patient has depression and/or anxiety disorder.



the highest ergonomic risk point grade (≥ 750 points) in female occurred with the neck 3.41 
(95% CI: 1.77–6.57); shoulder 3.28 (95% CI: 1.87–5.77); hands 4.69 (95% CI: 2.64–8.34); 
back 4.06 (95% CI: 2.40–6.88); and knees 2.87 (95% CI: 1.66–4.96). The OR of mental 
diseases in female occurred with the neck 3.56 (95% CI: 2.07–6.12); shoulder 3.18 (95% CI: 
1.96–5.15); hands 3.05 (95% CI: 1.83–5.10); back 2.58 (95% CI: 1.58–4.23); and knees 2.10 
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Table 3. Age, sex adjusted multiple logistic regression analysis (model 1)
Variable Neck Shoulder Hand Back Knee

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Educational attainment

High 1.00 1.00 1.00 1.00 1.00
Middle 0.22 0.40–1.24 0.80 0.52–1.23 0.88 0.53–1.45 1.46 0.99–2.16 1.17 0.75–1.81
Elementary 0.40 0.72–2.27 1.06 0.67–1.67 0.90 0.53–1.56 1.93 1.26–2.94 1.46 0.92–2.34

Household income
< 1,500 1.00 1.00 1.00 1.00 1.00
1,500–2,399 0.80 0.46–1.39 1.09 0.69–1.70 1.36 0.82–2.26 0.89 0.59–1.33 0.83 0.53–1.29
2,400–4,000 0.62 0.35–1.09 1.04 0.67–1.63 1.21 0.72–2.02 0.74 0.50–1.12 0.76 0.49–1.19
> 4,000 0.85 0.46–1.54 0.94 0.57–1.54 0.89 0.49–1.62 0.86 0.56–1.35 1.01 0.62–1.64
No answer 0.17 0.04–0.74 0.17 0.06–0.50 0.21 0.06–0.71 0.06 0.02–0.21 0.06 0.01–0.25

Employment xlink:type
Owner 1.00 1.00 1.00 1.00 1.00
Member 0.76 0.43–1.33 1.02 0.66–1.58 1.07 0.65–1.76 1.32 0.89–1.95 1.07 0.70–1.65
Employee 1.14 0.68–1.90 1.20 0.80–1.81 1.31 0.82–2.12 0.98 0.67–1.42 1.01 0.67–1.54

Job classificationa

A 1.00 1.00 1.00 1.00 1.00
B 2.90 1.06–7.97 1.41 0.56–3.55 6.68 2.41–18.5 1.24 0.53–2.88 0.73 0.26–2.07
C 1.70 0.80–3.63 1.42 0.77–2.61 1.91 0.85–4.32 1.25 0.73–2.16 1.88 1.02–3.48
D 0.54 0.24–1.20 0.61 0.34–1.23 1.22 0.56–2.70 0.51 0.30–0.86 0.58 0.31–1.08
E 1.36 0.59–3.11 1.63 0.86–3.10 2.59 1.11–6.04 1.60 0.90–2.86 1.95 1.02–3.75
F 0.77 0.29–2.11 0.89 0.41–1.91 0.87 0.32–2.35 0.55 0.28–1.09 0.76 0.36–1.62
G 1.05 0.50–2.20 1.17 0.65–2.10 2.23 1.05–4.74 0.64 0.38–1.10 0.84 0.46–1.54

Ergonomic risk
< 250 1.00 1.00 1.00 1.00 1.00
250–499 2.00 1.18–3.40 2.04 1.38–3.01 2.34 1.42–3.85 2.17 1.50–3.15 1.32 0.89–1.96
500–749 2.94 1.63–5.30 1.46 0.86–2.47 2.75 1.54–4.91 3.76 2.43–5.83 1.89 1.11–3.20
≥ 750 4.44 2.57–7.66 4.09 2.64–6.32 4.09 2.53–6.61 4.77 3.16–7.18 3.06 1.98–4.74

Noise exposure (days/1 year)
No 1.00 1.00 1.00 1.00 1.00
1–60 1.44 0.84–2.47 1.40 0.90–2.19 1.15 0.68–1.96 1.22 0.81–1.84 0.99 0.61–1.59
61–199 0.92 0.53–1.61 0.93 0.60–1.45 1.00 0.61–1.64 0.62 0.41–0.95 0.71 0.45–1.13
≥ 200 0.55 0.19–1.58 0.76 0.37–1.57 0.62 0.25–1.51 0.81 0.44–1.51 1.22 0.64–2.32

Cold exposure (days/1 year)
No 1.00 1.00 1.00 1.00 1.00
1–60 1.14 0.70–1.88 0.99 0.68–1.45 1.06 0.68–1.66 0.67 0.47–0.95 0.72 0.49–1.06
61–199 1.54 0.88–2.70 1.48 0.95–2.30 1.32 0.78–2.24 1.17 0.78–1.74 1.04 0.67–1.62
≥ 120 1.80 1.01–3.22 1.54 0.96–2.47 2.26 1.35–3.78 1.17 0.76–1.81 1.36 0.86–2.17

Heat exposure (days/1 year)
No 1.00 1.00 1.00 1.00 1.00
1–29 1.06 0.62–1.80 0.91 0.61–1.37 0.85 0.52–1.39 0.63 0.43–0.93 0.62 0.41–0.96
30–89 1.52 0.90–2.56 1.15 0.75–1.76 1.08 0.65–1.78 0.74 0.49–1.10 0.79 0.51–1.24
≥ 90 1.28 0.71–2.30 1.08 0.68–1.72 1.54 0.93–2.55 1.68 1.12–2.53 1.36 0.88–2.10

Chronic diseaseb

No 1.00 1.00 1.00 1.00 1.00
Yes 1.22 0.81–1.83 1.00 0.73–1.37 1.10 0.76–1.60 0.94 0.70–1.25 1.25 0.91–1.73

Mental diseasec

No 1.00 1.00 1.00 1.00 1.00
Yes 3.25 2.06–5.12 3.00 2.02–4.46 2.60 1.68–4.02 2.18 1.48–3.21 2.06 1.38–3.08

OR: odds ratio; CI: confidence interval.
aA: Aquaculture (shellfish), B: Aquaculture (fish), C: Aquaculture (seaweeds), D: Fishing vessel fishery with trap gill net, E: Fishing vessel fishery with long line, F: 
Haenyeo (Korean female sea diver), G: Oyster shucker. bIf patient has hypertension and/or diabetes mellitus. cIf patient has depression and/or anxiety disorder.



(95% CI: 1.31–3.39). The OR of cold exposure in female occurred with the neck 2.11 (95% 
CI: 1.04–4.29); shoulder 2.49 (95% CI: 1.38–4.51); and hands 3.31 (95% CI: 1.77–6.20). Knee 
MSD showed a significant association with educational attainment in male and age in female. 
MSDs showed no significant association with age, mental health, and cold exposure in male; 
and educational attainment in female.
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Table 4. Adjusted OR of major 5 potential indicators by multiple logistic regression by sex (model 2)
Variables Neck Shoulder Hand Back Knee

OR 95% CI OR 95% CI OR 95% CI OR 95% CI OR 95% CI
Male

Age (years)
40–49 1.00 1.00 1.00 1.00 1.00
50–59 0.73 0.19–2.83 0.83 0.31–2.21 0.57 0.17–1.89 0.69 0.30–1.62 0.42 0.15–1.17
60–69 1.00 0.22–4.52 1.04 0.36–2.98 0.31 0.07–1.30 0.72 0.29–1.77 0.41 0.14–1.21
≥ 70 0.52 0.06–4.23 1.46 0.39–5.44 1.65 0.34–7.95 0.98 0.33–2.97 0.64 0.18–2.27

Educational attainment
High 1.00 1.00 1.00 1.00 1.00
Middle 1.26 0.38–4.18 1.10 0.51–2.37 0.68 0.56–5.04 0.67 0.85–3.29 2.35 1.03–5.37
Elementary 2.72 0.80–9.30 1.03 0.43–2.45 0.90 0.23–3.57 1.86 0.87–3.95 3.13 1.25–7.84

Ergonomic risk
< 250 1.00 1.00 1.00 1.00 1.00
250–499 4.35 1.45–13.06 2.88 1.44–5.79 4.62 1.70–12.57 3.07 1.63–5.77 1.19 0.53–2.66
500–749 7.02 2.17–22.77 1.97 0.65–5.94 2.70 0.77–9.55 6.21 3.01–12.81 2.29 0.96–5.49
≥ 750 6.28 1.92–20.51 6.18 2.83–13.46 4.05 1.29–12.71 5.86 2.83–12.10 3.07 1.35–6.97

Cold exposure (days/1 year)
No 1.00 1.00 1.00 1.00 1.00
1–60 1.22 0.48–3.07 0.65 0.32–1.28 1.02 0.39–2.68 0.62 0.34–1.13 0.50 0.24–1.04
61–119 0.31 0.06–1.55 0.91 0.41–2.05 0.65 0.18–2.38 0.87 0.42–1.77 0.73 0.31–1.69
≥ 120 1.17 0.32–4.29 0.71 0.27–1.92 1.30 0.39–4.39 0.90 0.39–2.07 1.37 0.57–3.31

Mental diseasea

No 1.00 1.00 1.00 1.00 1.00
Yes 1.38 0.40–4.73 2.01 0.85–4.77 1.51 0.40–5.75 1.08 0.45–2.55 1.14 0.42–3.12

Female
Age (years)

40–49 1.00 1.00 1.00 1.00 1.00
50–59 0.96 0.40–2.28 0.64 0.31–1.33 0.60 0.28–1.28 1.49 0.68–3.25 2.09 0.90–4.84
60–69 0.83 0.31–2.24 0.59 0.26–1.35 0.61 0.26–1.44 1.85 0.79–4.33 3.17 1.27–7.91
≥ 70 0.45 0.11–1.76 0.53 0.19–1.49 0.49 0.16–1.53 1.21 0.43–3.42 2.77 0.94–8.22

Educational attainment
High 1.00 1.00 1.00 1.00 1.00
Middle 0.59 0.29–1.23 0.85 0.47–1.55 0.79 0.41–1.49 1.45 0.83–2.54 0.76 0.43–1.35
Elementary 1.01 0.49–2.08 1.12 0.60–2.10 0.94 0.48–1.83 1.68 0.94–3.01 0.87 0.48–1.56

Ergonomic risk
< 250 1.00 1.00 1.00 1.00 1.00
250–499 1.92 1.01–3.68 1.78 1.09–2.93 1.87 1.03–3.38 1.80 1.11–2.92 1.28 0.80–2.07
500–749 2.46 1.17–5.16 2.12 0.64–2.26 2.60 1.30–5.21 2.78 1.57–4.93 1.41 0.71–2.82
≥ 750 3.41 1.77–6.57 3.28 1.87–5.77 4.69 2.64–8.34 4.06 2.40–6.88 2.87 1.66–4.96

Cold exposure (days/1 
year)

No 1.00 1.00 1.00 1.00 1.00
1–60 1.53 0.80–2.90 1.67 1.01–277 1.60 0.92–2.78 1.02 0.64–1.62 1.04 0.64–1.69
61–119 2.27 1.15–4.49 2.04 1.15–3.62 1.75 0.94–3.28 1.64 0.95–2.81 1.23 0.71–2.12
≥ 120 2.11 1.04–4.29 2.49 1.38–4.51 3.31 1.77–6.20 1.61 0.92–2.81 1.45 0.82–2.57

Mental diseasea

No 1.00 1.00 1.00 1.00 1.00
Yes 3.56 2.07–6.12 3.18 1.96–5.15 3.05 1.83–5.10 2.58 1.58–4.23 2.10 1.31–3.39

OR: odds ratio; CI: confidence interval.
aIf the patient has depression and/or anxiety disorder.



Table 5 shows the PAR and PAF and their 95% CIs for MSDs in the relevant body parts, 
including the indicators according to sex, respectively. PAF of age in female was 48.0% 
(95% CI: 17.0–70.7) in the knees. PAF of educational attainment in male was 36.4% (95% CI: 
13.2–50.2) in knee. PAF of ergonomic risk in male was 59.6% (95% CI: 2.2–7.1) in the neck, 
40.2% (95% CI: 3.9–10.4) in shoulders, 48.6% (95% CI: 26.0–56.5) in hands, 50.3% (95% CI: 
40.1–57.1) in back, and 22.8% (95% CI: 1.9–35.4) in knees. PAF of ergonomic risk in female 
was 35.6% (95% CI: 18.8–46.6) in neck, 24.1% (95% CI: 11.1–34.0) in shoulders, 42.2 (95% 
CI: 28.9–51.5) in hands, 33.7% (95% CI: 22.2–42.8) in back, and 15.9% (95% CI: 5.2–24.1) in 
knees. PAF of cold exposure in female was 26.8% (95% CI: 6.6–40.5) in neck, 25.6% (95% CI: 
13.3–36.6) in shoulders, and 26.1 (95% CI:11.1–37.7) in hand. PAF of mental diseases in female 
was 21.4% (95% CI: 13.3–26.5) in neck, 14.9% (95% CI: 9.6–18.8) in shoulders, 15.0 (95% CI: 
8.6–19.6) in hands, 9.1% (95% CI: 4.8–12.6) in back, and 9.2% (95% CI: 3.5–13.6) in knees.

Fig. 1 shows the PAF of MSDs among fishers by sex. The colored bars refer to modifiable 
factors. In male with MSDs, a contribution of 40.2%–69.1% was shown according to body 
parts. In Female with MSDs, a contribution of 42.8%–83.8% was shown.

DISCUSSION

In sex and age-adjusted multiple logistic regression model, significant indicators associated 
with MSDs were educational attainment, job classification, ergonomic risk, cold exposure, 
heat exposure, and mental diseases (Table 4). In the final binary logistic regression and PAF 
estimation by sex, heat exposure had some significant results but was excluded because the 
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Table 5. PAR and PAF of indicators for 5 body parts musculoskeletal diseases by sex
Variables Neck Shoulder Hand Back Knee

% or %p 95% CI % or %p 95% CI % or %p 95% CI % or %p 95% CI % or %p 95% CI
Male

All 7.8 5.6–10.8 17.8 14.4–21.8 7.8 5.6–10.9 27.2 23.2–31.6 16.2 12.9–20.1
PAR

Age −1.1 −9.0–6.8 0.1 −10.5–10.6 −4.2 −13.7–5.3 −4.6 −17.4–8.4 −10.5 −24.6–4.0
Educational attainment 1.9 −0.8–4.7 0.5 −4.6–5.5 0.9 −2.3–4.2 5.1 0.0–10.2 5.9 1.7–10.1
Ergonomic risk 4.7 2.2–7.1 7.1 3.9–10.4 3.8 1.4–6.2 13.7 9.3–18.0 3.7 0.2–7.1
Cold exposure −0.4 −4.1–3.4 −3.0 −8.7–2.8 −0.3 −3.7–3.2 −3.8 −10.2–2.6 −3.3 −8.9–2.2
Mental disease 0.2 −0.8–1.3 1.0 −0.3–2.4 −0.2 −4.5–4.1 0.1 −1.2–1.5 0.2 −1.1–1.4

PAF
Educational attainment 18.8 0.0–32.3 36.4 13.2–50.2
Ergonomic risk 59.6 39.5–65.6 40.2 27.2–47.5 48.6 26.0–56.5 50.3 40.1–57.1 22.8 1.9–35.4

Female
All 16.4 13.7–19.5 28.1 24.7–31.7 23.0 19.9–26.5 38.7 35.0–42.5 30.0 26.5–33.8
PAR

Age −2.1 −12.9–8.7 −8.9 −22.3–4.9 −8.1 −21.4–5.5 8.8 −4.9–22.0 14.4 4.5–23.9
Educational attainment −1.7 −7.5–4.2 0.1 −6.9–7.1 −1.5 −8.6–5.6 6.9 −0.7–14.4 −2.9 −10.9–5.2
Ergonomic risk 5.8 2.6–9.1 6.8 2.7–10.8 9.7 5.7–13.6 13.0 7.8–18.2 4.8 1.4–8.2
Cold exposure 4.4 0.9–7.9 7.2 2.8–11.6 6.1 2.2–10.0 3.4 −1.5–8.2 2.0 −2.7–6.8
Mental disease 3.5 1.8–5.2 4.2 2.4–6.0 3.4 1.7–5.2 3.5 1.7–5.4 2.8 0.9–4.6

PAF
Age 48.0 17.0–70.7
Ergonomic risk 35.6 18.8–46.6 24.1 11.1–34.0 42.2 28.9–51.5 33.7 22.2–42.8 15.9 5.2–24.1
Cold exposure 26.8 6.6–40.5 25.6 13.3–36.6 26.1 11.1–37.7
Mental disease 21.4 13.3–26.5 14.9 9.6–18.8 15.0 8.6–19.6 9.1 4.8–12.6 9.2 3.5–13.6

All: prevalence (%) of each musculoskeletal disease and 95% confidence interval. PAR: %p and 95% confidence interval. PAF: proportion (%) and 95% 
confidence interval.
PAF: population attributable fraction; PAR: population attributable risk.



OR of MSDs increased in the non-exposed group. We included ergonomic risk instead of 
job classification because 2 variables overlapped as ergonomic hazards and even Haenyeo 
included only female.

The major contributing factor of MSD in fishers was ergonomic risk. In our study, PAF 
according to body parts ranged from 22.8%–59.6% and 22.8%–50.3% in male and female, 
respectively. These results are similar to those of previous studies. Punnett et al.9 reported the 
attributable proportions of low back pain in ergonomic stress between 21%–41% depending 
on the region, and were higher in the less developed regions. This regional differences is 
explained by the labor force participation rate and population distribution of occupations, 
especially the proportion of farmers.15 Nambiema et al.8 showed an incident upper extremity 
musculoskeletal disorders associated with high physical exertion (PAF 30%) and working with 
arms above the shoulder level (PAF 7%), in a prospective study using the French Cosali cohort.

Mental diseases showed a significant PAF for MSDs in the neck, shoulder, hand, back, 
and knee regions in female only (PAF 9.1%–21.4% by body parts). Chronic pain is an 
important factor in the development of depression, and the coexistence of chronic pain 
and depression is commonly observed.9,16,17 Recent studies have shown that chronic pain 
and depression share similar neurological changes. For example, a study reported that the 
damage to dopamine activity in the limbic areas reduces the utilization of monoamine 
neurotransmitters.18 Another study showed that depression in the early stage of pain 
increases the possibility of prolonged pain.19 we recognized the reciprocal relationship 
between MSDs and mental diseases. Interestingly, we found sex difference in this 
relationship. In a study of sex differences in upper extremity MSD, female responded more 
strongly to psychological factors.20

Interestingly, we found gender differences in this relationship. A study by Treaster et al.20 on 
gender differences in upper extremity MSD showed that women responded more strongly to 
psychological factors. Higher pain sensitivity in female has been a consistent result of many 
studies.21 Zhang et al.22 analyzed gender differences in pain sensitivity in a functional MRI 
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Fig. 1. Population attributable fraction of indicators for MSD among fishers by sex. Subject number of MSD by 
sex (male, female): Neck (29, 91) Shoulder (66, 156) Hands (29, 128) Back (101, 215) Knees (60, 167). Colored bar: 
modifiable indicators. Grey bar: non-modifiable indicators. 
MSD: musculoskeletal disease.



study of 450 healthy subjects. In this study, female had a lower pain threshold and a greater 
fear response to pain than male. The study presented sex differences in the volumes of 
amygdala subnuclei, which regulate responses to anxiety and fear.22

In this study, cold exposure showed a significant PAF for upper extremity MSD including the 
neck, shoulder, and hand only among female (25.6%–26.8%). Fishing has been reported as 
the most hazardous occupation, due to exposure to cold stress.23 Pienimäki24 explains that 
the occurrence of musculoskeletal symptoms increases as the duration of cold exposure 
increases. Working in a cold environment resulted in an elevated risk of OR: 2.2 (95% CI: 
1.30–3.72) among male and OR: 1.6 (95% CI: 0.78–3.31) among female. Exposure to cold 
environment combined with repetitive work may have negative effect on muscle function, 
and fatigue may lead to strain injuries.25,26 The cause of the sex difference in the impact 
of cold exposure is unclear, and related studies are insufficient. However, Kaikaew et al.27 
showed that female perceive the experience of cold and onset of shivering faster than male in 
an experimental study including voluntary subjects.

Interestingly, Age was not a significant variable of MSDs in fishers except with the knee MSD 
among female. In this study, MSD was defined based on health care visits and subjective 
symptoms, not based on objective findings such as radiological degenerative signs or 
disability. Fishers with severe degenerative MSD could adapt by avoiding physical work that 
induces pain. In heavy physical occupations such as fishing, having MSD with disability are 
the main reasons for early retirement. Paradoxically, health care use may be higher among 
younger fishers who are actively working. The exception to the knee MSD among female is 
assumed to be due to the high prevalence of knee osteoarthritis in female Korean farmers 
and fishers,4 and they can perform sedentary tasks despite the knee osteoarthritis.

By calculating PAR for multifactorial diseases, it is possible to know which factor contribute 
more to the prevalence of the disease. The proportion of harmful factors contributing 
to a disease is the PAF, which means that MSD can be prevented that the extent of that 
percentage, by improving the occurrence of harmful factors. In this study, significant and 
modifiable factors for MSDs included ergonomic risk, cold exposure, and mental diseases. 
Although the contribution of ergonomic risk and mental diseases to MSDs differed according 
to sex, the contribution of ergonomic risk to MSDs was greater in both sexes. This means that 
MSD can be prevented by improving ergonomic harmful factors. In particular, intervention 
to prevent such factors among female fishers are needed to prevent the development of 
mental diseases and cold exposure.

This study has several limitations. First, we investigated the association between a one-year 
prevalence and ergonomic risk using a cross-sectional study design. Therefore, unclear 
temporality and survival bias can act as systemic error. Second, the reliability and validity 
of the questionnaire used to obtain information for calculating ergonomic risk has not 
been previously verified. It may be insufficient for reflecting the atypical ergonomic factors 
among fishers and affected by recall bias. However, since it was impossible to evaluate the 
atypical and intermittent tasks of fishers in various regions, we accepted the subjective 
judgment by fishers as the best possible. Third, there is the possibility that fishers who were 
more interested in their health status participated in this study. Therefore, the prevalence 
of MSDs may have been overestimated. Fifth, as potential factors, history of injury, whole-
body vibration, and hand-arm vibration may be considered, but they were not included in the 
analysis. Nevertheless, there are strengths to this study. First, this was a relatively large-scale 
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study targeting fishers among whom research on occupational diseases were lacking, despite 
their high-risk occupations. Second, we adjusted for almost all potential variables to evaluate 
the associations of ergonomic risk, mental diseases, and cold exposure with MSDs. Third, 
we calculated the integrated ergonomic risk reflecting the elements of ergonomic hazard: 
strength, time, for each of the 5 body parts.

CONCLUSIONS

In this study, significant modifiable indicators of MSDs among fishers were ergonomic 
risk, mental diseases, and exposure to cold. Ergonomic risk contributed the most to the 
prevalence of MSDs. These results suggest that MSD can be reduced through improvement of 
ergonomic risk. Since mental diseases and cold exposure contributed more to MSDs among 
female than in male, sex differences should be considered in preventive interventions. We 
believe that the results of this study may provide the basis for the prevention of occupational 
diseases among fishers.
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