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ABSTRACT

Background: Few studies have investigated the risk factors for lumbar intervertebral disc
degeneration among hard physical workers involved in heavy lifting. In this study, we aimed
to identify the characteristics of lumbar intervertebral disc degeneration and evaluate the
relationship between collapsed lumbar disc and potential risk factors in farmers and fishers.
Methods: This study included 203 farmers (103 men and 100 women) and 166 fishers (95 men
and 71 women) aged 40—69 years who had undergone lumbar magnetic resonance imaging

and were enrolled in the Korea Farmer's Knee Cohort and the Jeonnam Fishers' Cohort.

We evaluated each of the 5 lumbar discs using the Pfirrmann grading system and classified
collapsed lumbar intervertebral disc (cLD) as a case with > 1 grade 5 at any disc level. We
investigated potential risk factors, such as gender, age, body mass index (BMI), working hours
per day, working months per year, and cumulative heavy lifting working time (CLWT). The odds
ratios (ORs) and their corresponding 95% confidence intervals (CIs) were calculated.

Results: The prevalence of cLD was 19.8% (23.7% among fishers, 21.2% among fishers with
farming, and 17.2% among farmers). cLD correlated with factors such as age and occupation.
Gender, CLWT and the working time matrix were not significantly associated with cLD. The
OR of cLD adjusted by gender, age, BMI, and working time matrix was 1.26 (95% CI: 0.69—
2.30) for = 5,000 hours CLWT compared to that for < 2,000 hours CLWT. The OR of cLD
adjusted by gender, age, BMI, CLWT, and working time matrix was 2.08 (95% CI: 1.06—4.06)
for fishers compared to that for farmers.

Conclusions: Heavy lifting did not show a significant association with cLD in farmers and fishers.
However, there is possibility that fishers are at a higher risk of lumbar disc collapse than farmers.

Keywords: Intervertebral disc degeneration; Republic of Korea; Occupations; Fisheries;
Farmers

BACKGROUND

Lower back pain (LBP) is a common health problem affecting humans [1]. It causes loss

of work, health disabilities, and diminishing quality of life [2]. The global burden and loss
of working days due to LBP are considerable [3]. In 2015, the socioeconomic burden in
South Korea due to LBP was the second highest, approximately $6.6 billion, and disability-
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adjusted life years due to LBP ranked first [4]. In South Korea, approximately 60% of
occupational diseases approved by the Industrial Accident Compensation Insurance Act were
musculoskeletal diseases, and LBP accounted for over half of these [5,6]. LBP is commonly
observed in individuals whose work requires heavy lifting [7]. Most acute-LBP cases improve
with proper medical care; however, some progress to chronic pain. Chronic LBP causes
long-term disabilities, lowers quality of life, and reduces work efficiency [8]. The major factor
causing chronic LBP is lumbar intervertebral disc degeneration, especially in the elderly [9,10].

Disc degeneration is commonly observed in asymptomatic populations. The prevalence

of disc degeneration increases from 37% in 20-year-old individuals to 96% in 80-year-old
individuals [11]. Disc degeneration progresses gradually depending on the complex action
of genetic factors, growth factors, nutrient transport, lifestyle, and mechanical loading [12].
General disc degeneration makes the spine vulnerable to mechanical stress due to loss of
elasticity and stiffness [13]. However, unlike the normal aging process, rapid progression,
such as disc herniation, internal disruption, and resorption, leads to marked destruction
and instability [14]. The disc's collapse is explained by the interaction between the disc
regeneration mechanism's damage due to aging or genetic factors and mechanical stress,
such as compressive load, shear force, and vibration [15,16]. A single impact, cyclical, and
continuous loading can trigger disc degeneration or collapse; however, long-term, constant
loading mainly contributes to the damage [16,17].

Heavy physical activities are known risk factors for lumbar degeneration [18,19]. However,
these results are not consistent. The outcome definitions, job types, study subject
characteristics, and exposure evaluation methods vary. Studies on disc-height reduction did
not show any significant difference between each occupation. Further, most studies have
assessed occupational exposure based on occupation groups [20]. Therefore, to explore
lumbar degeneration's occupational factors, a quantitative evaluation of exposure and a
reasonable definition of outcome are needed.

Most Koreans engaged in agriculture, aquaculture, and fishing are approximately 60

years old on average and commonly engage in strenuous manual labor in outdoor natural
environments [21,22]. However, individual differences in manual labor time appear,
depending on mechanization and migrant workers [21,23]. We aimed to: (1) identify the
characteristics of lumbar disc degeneration using the Pfirrmann grading system among
farmers and fishers in South Korea and (2) evaluate the relationships between collapsed
lumbar intervertebral disc (cLD) and potential risk factors through quantitative assessment of
occupational factors.

METHODS

Participants

In Korea, agriculture and fishing have something in common: outdoor manual labor mainly
engaged in by the elderly. Fishers in coastal areas often also engage in farming. Therefore,
when designing the Korea Farmer's Knee Cohort (KFKC) and the Jeonnam Fishers' Cohort
(JEC), the same evaluation tools were applied. The KFKC was established by the Jeonnam
Center for Farmers' Safety and Health with funding from the Ministry of Agriculture, Food,
and Rural Affairs. The KFKC enrolled 550 farmers. The JFC was established by the Jeonnam
Center for Fishers' Safety and Health with funding from the Ministry of Oceans and Fisheries.
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The JFC comprised 466 fishers. This study included 203 farmers and 166 fishers aged 40-69
years who had undergone lumbar magnetic resonance imaging (MRI) and were enrolled in the
KFKC from 2016 to 2018 and JFC from 2015 to 2017. Study participants voluntarily participated
in this research on knee and lumbar diseases among farmers and fishers. We excluded cases
of lumbar fusion surgery but not those of lumbar spine diseases, such as intervertebral disc
herniation or lumbar stenosis. Data on gender, age, body mass index (BMI), cumulative lifting
working time (CLWT), occupation, and working hours, which were considered potential risk
factors for cLD, were collected. Cases with missing data were excluded.

Data collection

We obtained the participants' lumbar spine images; imaging was conducted using 1.5 Tesla
MRI (Avanto; Siemens, Washington, D.C., USA). Sagittal T2-weighted images were assessed
to identify disc degeneration at all disc levels from the intervertebral disc between the 1st and
2nd lumbar vertebrae (L1/2) to that between the 5th lumbar and 1st sacral vertebrae (L5/S1).
Two researchers (blinded to all demographic and clinical information) evaluated the degree
of lumbar disc degeneration based on the Pfirrmann classification system [24]. We defined
“collapsed” as a > 50% reduction from the expected value (Fig. 1). In this study, we classified
cLD as a case with > 1 grade 5 at any disc level. We calculated the mean Pfirrmann grade from
5 lumbar intervertebral discs. The interobserver reliability of Pfirrmann grade 5, based on
quadratic weighted kappa, was 0.763, 0.804, 0.747, 0.732, and 0.804 for L1/2, L2/3, L3/4,
L4/5, and L5/S1, respectively. Kappa of cLD was 0.703. Any discrepancy was resolved through
discussion between the researchers.

We collected participant height and weight data. BMI was calculated by dividing weight in
kilograms by height in meters squared. Obesity was defined as a BMI > 25 kg/m?. Data related
to working time were obtained through one-on-one interviews by trained investigators. To
measure participants' heavy-lifting working time since job commencement, 4 structured
questions created by the researchers were used. This questionnaire was administered face to
face. If a subject answered “yes” to the question “Have you ever performed a task of repeatedly
lifting or moving heavy objects?”, they subsequently responded to the following sequence

of questions: “In total, how many years have you been doing this job?”; “On average, how
many months have you performed the task during the year?”; “How many days per week did

G

Fig. 1. MRI examples of Pfirrmann grades. (A) Grade 1 defines a homogeneous bright white disc with normal disc
height. (B) Grade 2 defines an inhomogeneous white disc with a clear distinction from the annulus fibrosus and
normal disc height. (C) Grade 3 defines an inhomogeneous gray disc with an unclear distinction from the annulus
fibrosus and normal disc height. (D) Grade 4 defines an inhomogeneous gray-to-black disc without distinction
from the annulus fibrosus. (E) Grade 5 defines an inhomogeneous black disc with collapsed intervertebral space.
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you usually perform the task?”; and “How many hours per day did you usually do it?”. We did
not present the weights of heavy objects in this questionnaire, and the criterion of heaviness
was subjectively judged by respondents. We took the unit task exposure as the median value
of each sub-periods exposure and then calculated cumulative heavy lifting working time
(CLWT). CLWT was calculated using the following formula (Supplementary Data 1):

CLWT (hours) = lifetime heavy lifting working years x heavy lifting working months per year
x 4 weeks x heavy lifting working days per week x heavy lifting working hours
per day

CLWT was categorized as follows: “< 2,000 hours,” “2,000-4,999 hours,” or “> 5,000 hours.”
The CLWT calculated from 10 working years was 5,000 hours, assuming 2 hours of work
involving lifting per day.

We examined the average working hours per day and working months per year. The average
working hours were categorized as follows: “< 6 hours,” “6-8 hours,” or “> 8 hours.” The
average working months were categorized as follows: “< 9 months,” “9-11 months,” or “12
months.” We created a working time matrix to evaluate labor intensity in recent years. The
working time matrix was categorized as low, middle, or high. The low group was defined as
working < 9 months per year and < 6 hours per day. The high group was defined as working
>12 months and > 8 hours per day. A working time matrix that fell outside the low or high
groups was assigned to the middle group.

Job description

Participants comprised 203 farmers and 166 fishers. Of the 166 fishers, 52 were also into
agriculture. We classified the occupations as follows: farmers, fishers, or fishers with
farming. The KFKC comprised 16 local agricultural production units in Jeonnam province,
which is in southwest Korea. The farmers mainly grow rice. The JFC comprised Wando and
Muan residents. Wando has developed aquaculture by taking advantage of its islands and rias
coasts. Wando produces approximately 80% of the abalone in Korea [23]. In the early 2000s,
the abalone-industry productivity improved dramatically due to advances in aquaculture
technology and introduction of the crane, conveyor belt, and net hauler [25]. In addition,
the fishers' physical burden was reduced through employment of foreign workers. Muan has
developed a small vessel fishing industry specializing in octopus minor (nakji). The fishers'
musculoskeletal burden was high due to fishing gear preparation and netting, pulling the
net, and lifting heavy equipment [23].

Statistical analysis

We investigated participant demographic characteristics, including gender, age, BMI,
occupation, CLWT, and working time matrix. To evaluate the associations of cLD with
participant characteristics and occupational factors, the y? test and multiple logistic regression
analysis were performed. A p-value < 0.05 was considered statistically significant. All statistical
analyses were performed using IBM SPSS version 22.0 (IBM Corporation, Armonk, NY, USA).

Ethics statement

The present study protocol was reviewed and approved by the Institutional Review Board of
Chosun University Hospital (approval No. CHOSUN 2020-04-010-001). Participants provided
written informed consent to their participation in both surveys and to the use of their data for
research purposes.
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RESULTS

The study subjects included 203 farmers, 114 fishers, and 52 fishers with farming. The mean
(+ standard deviation) age of the subjects was 54.8 + 6.6 years. Table 1 presents participant
characteristics by occupation. The mean age of fishers was the lowest (52.2 * 6.6 years),

and that by occupation was significantly different (p < 0.001 by one-way analysis of variance
[ANOVA]). However, no statistically significant differences were observed in gender or BMI.
To compare occupational characteristics, we investigated working hours per day, working
months per year, working time matrix, and CLWT. In total, 52.2% of farmers, 50.0% of
fishers with farming, and 27.2% of fishers worked more than 8 hours per day. Approximately
50.2% of farmers, 1.9% of fishers with farming, and 12.3% of fishers worked 12 months per
year. We found that 31.0% of farmers, 6.1% of fishers with farming, and 1.9% of fishers were
categorized in the high working-time group. Regarding CLWT, 35.0% of farmers, 59.6%

of fishers with farming, and 76.3% of fishers had over 5,000 hours. This demonstrates that
fishers had a lower burden of working hours but a higher burden of heavy lifting than farmers.

Fig. 2 shows the mean Pfirrmann grade and prevalence of grade 5 at each lumbar
intervertebral disc level by age. The mean Pfirrmann grade was highest at L4/5 and showed
an overall increase with age (p < 0.05 by one-way ANOVA), except for L4/5 and L5/S1 between

Table 1. Participant characteristics by occupations (n = 369)

Variables Number Farmers (n = 203) Fishers with farming (n = 52) Fishers (n =114) p-value
Gender 0.460
Men 198 103 (50.7) 30 (57.7) 65 (57.0)
Women 171 100 (49.3) 22 (42.3) 49 (43.0)
Age (years) <0.001
40-49 83 34 (16.7) 10 (19.9) 39 (34.2)
50-59 187 103 (50.7) 95 (48.1) 59 (51.8)
60-69 99 66 (32.5) 17 (32.7) 16 (14.0)
Mean + SD 56.0 + 6.4 55.7+5.9 52.2 £ 6.6 <0.0012°
BMI (kg/m?) 0.889
<95 174 96 (47.3) sf (44.9) 55 (48.2)
> 95 195 107 (52.7) 29 (55.8) 59 (51.8)
Mean + SD 251+ 3.1 25.1+3.3 25.2 £ 3.0 0.813*
Working hours per day? <0.001
<6 87 43 (21.9) 12 (23.1) 32 (28.1)
6-8 19 54 (26.6) 14 (26.9) 51 (44.7)
>8 163 106 (52.2) 926 (50.0) 31(27.9)
Working months per year® <0.001
<9 155 55 (27.1) 31(59.6) 69 (60.5)
9-T1 97 46 (22.7) 20 (38.5) 31(27.2)
12 117 102 (50.2) 1(1.9) 14 (12.3)
Working time matrix® <0.001
Low 160 58 (28.6) 76 (66.7) 926 (50.0)
Middle 138 82 (40.4) 31(27.2) 95 (48.1)
High 71 63 (31.0) 7 (6.1) 1(1.9)
CLWT (hours) <0.001
<2,000 125 96 (47.3) 15 (28.8) 14 (12.3)
2,000-4,999 55 36 (17.7) 6 (11.5) 13 (11.4)
> 5,000 189 71 (35.0) 31(59.6) 87 (76.3)
Mean + SD (thousand hours) 1.4 +23.5 14.5+16.8 20.6 +21.2 0.002*¢

Values are presented as number (%). The p-value by ¥* test. Working time matrix: low, working < 9 months per year and < 6 hours per day; high, working > 12
months and > 8 hours per day; middle, work schedules that did not fall into the low or high categories.

SD: standard deviation; CLWT: cumulative lifting working time; ANOVA, analysis of variance.

*The p-value by one-way ANOVA; "According to a post hoc analysis, only fishers showed significant differences from other occupations (p-value < 0.01 by
Bonferroni method); “The p-value by one-way ANOVA, according to a post hoc analysis, only farmers showed significant differences from fishers with farming
(p-value < 0.01 by Bonferroni method); “The p-value by 2 x 3 %* test, only fishers showed significant differences from farmers and fishers with farming (p-value <
0.01); °The p-value by 2 x 3 2 test, only farmer showed significant differences from fishers and fishers with farming (p-value < 0.01).
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Fig. 2. Mean Pfirrmann grade and the prevalence of grade 5. (A) The mean Pfirrmann grade by age group at each
disc level, (B) The prevalence of Pfirrmann grade 5 by age group at each disc level.

ANOVA: analysis of variance.

ap < 0.05; °p < 0.07T; °p < 0.001.

50-59 and 60-69 years of age. Grade 5 prevalence was higher in the lower (L4/5 and L5/
S1) than in the upper (L1/2, L2/3, and L3/4) lumbar disc. However, grade 5 prevalence was
relatively high at L2/3 (10.1% at 60—69 years of age).

Fig. 3 shows the mean Pfirrmann grade and differences in cLD at all disc levels among
occupations by age. The mean Pfirrmann grade increased at all occupations with age (p <
0.05 by one-way ANOVA), except for fishers with farming between 50-59 and 60—69 years of
age. cLD (28.8%) in fishers 50-59 years of age was relatively high, whereas that in farmers
was 17.5% and fishers with farming 16.0%. cLD (21.2%) in farmers 60—69 years of age was
relatively low, whereas that in farmers was 37.5% and fishers with farming 35.3%. However,
these differences were not significant.

A p-value by oneway ANOVA B p-value by Fisher's exact test
507 u Farmers 3 507 u Farmers
o
m Fishers with farming & 45 m Fishers with farming
4.54 = Fishers g | ® Fishers =0.967
§ 3 40 p=0.26
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<
-
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Age Age

Fig. 3. Mean Pfirrmann grade and prevalence of grade 5 by occupations. (A) The mean Pfirrmann grade by
occupation at each age group. (B) The prevalence of Pfirrmann grade 5 by occupation at each age group.
ANOVA: analysis of variance.
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Table 2. Prevalence of Pfirrmann grade 5 at each lumbar disc level and cLD

Variables Number Disc level cLD (%) p-value
L1/2 12/3 L3/4 L4/5 L5/S1

Gender 0.316
Men 198 6 10 9 26 32 43 (21.7)
Women 171 4 6 2 12 23 30 (17.5)

Age (years)? 0.017
40-49 83 0 0 0 3 7 8(9.6)
50-59 187 5 6 5 921 32 39 (20.9)
60-69 99 5) 10 6 14 16 26 (26.3)

BMI (kg/m?) 0.912
<95 174 5 8 3 15 26 34 (19.5)
>925 195 5 8 8 23 29 39 (20.0)

Occupations 0.371
Farmers 203 6 9 5 18 25 35(17.2)
Fishers with farming 52 1 2 2 8 n 11 (21.2)
Fishers 4 3 5 4 12 19 97 (23.7)

Working hours/day 0.055
<6 87 5 5 5 7 1 11 (12.6)
6-8 119 2 6 ) 18 19 31(26.1)
>8 163 3 5 4 13 25 31(19.0)

Working months/year 0.598
<9 155 4 7 5 20 29 27 (17.4)
9-1 97 1 1 1 5 14 20 (20.6)
12 n7 5) 8 5 13 19 26 (22.2)

Working time matrix 0.887
Low 160 4 6 3 19 21 30 (18.8)
Middle 138 4 7 12 24 29 (21.0)
High 7 2 3 1 7 10 14 (19.7)

CLWT (hours) 0.286
<2,000 125 2 3 5 12 13 19 (15.2)
2,000-4,999 55 b) 2 p) 8 10 12 (21.8)
>5,000 189 6 1 6 18 32 42 (22.2)

The p-value by ® test for cLD (%). cLD: a case with at least one Pfirrmann grade 5 at any disc level. Working time matrix: low, working < 9 months per year and <
6 hours per day; high, working > 12 months and > 8 hours per day; middle, work schedules that did not fall into the low or high categories.

CLWT: cumulative lifting working time; BMI: body mass index; cLD: collapsed lumbar intervertebral disc.

*The prevalence of Pfirrmann grade 5 according to age was statistically significant only in L2/3 (p < 0.07).

Table 2 shows Pfirrmann grade 5 frequency at all disc levels and cLD prevalence by potential
risk factor. Aging was associated with a higher cLD prevalence, with prevalence rates of
9.6%, 20.9%, and 26.3% at 40-49, 50-59, and 60—69 years, respectively (p = 0.017). cLD was
21.7% in men and 17.5% in women; however, the difference was not significant (p = 0.316).
cLD prevalence was 19.5% in the “BMI < 25” group and 20.0% in the “BMI > 25” group (p =
0.912). cLD prevalence was 17.2%, 21.2%, and 23.7% among farmers, fishers with farming,
and fishers, respectively. According to CLWT, cLD prevalence was 15.2%, 21.8%, and 22.2%
among those who worked < 2,000 hours, 2,000-4,999 hours, and 5,000 hours, respectively.
According to working time matrix, cLD prevalence was 18.8%, 21.0%, and 19.7% in the low,
middle, and high groups, respectively.

Table 3 shows the associations between cLD and potential risk factors tested by multiple
logistic regression analysis. Working months per year and working hours per day were
excluded due to multicollinearity with the working time matrix. Age was associated with
cLD, showing a dose-response relationship after covariate adjustment (50-59 years adjusted
odds ratio [OR]: 2.47, 95% confidence interval [CI]: 1.10-5.55; 60—69 years adjusted OR:
3.34, 95% CI: 1.42-7.86). cLD was not significantly associated with gender or BMI. The OR
of cLD adjusted by gender, age, and BMI was 1.86 (95% CI: 1.02-3.37) for fishers compared
to that of farmers (model 1). The OR of cLD adjusted by gender, age, and BMI was 1.50 (95%
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Table 3. Relationships between cLD and occupational risk factors according to multiple logistic regression analysis

Collapsed lumbar disc in farmers and fishers

Variables cLD
Unadjusted Adjusted
Model 1 Model 2 Model 3 Model 4

Gender

Men 1.00 1.00 1.00 1.00 1.00

Women 0.77 (0.46-1.29) 0.84 (0.49-1.44) 0.80 (0.47-1.38) 0.78 (0.46-1.34) 0.79 (0.45-1.39)
Age (years)

40-49 1.00 1.00 1.00 1.00 1.00

50-59 2.47 (1.10-5.55) 2.78 (1.22-6.32) 2.48 (1.10-5.59) 2.53 (1.12-5.70) 2.55 (1.15-6.16)

60-69 3.34 (1.42-7.86) 3.99 (1.64-9.72) 3.19 (1.34-7.55) 3.24 (1.37-7.65) 3.75 (1.49-9.47)
BMI (kg/m?)

<25 1.00 1.00 1.00 1.00 1.00

95 1.03 (0.62-1.72) 0.96 (0.57-1.63) 0.97 (0.57-1.64) 0.96 (0.60-1.63) 0.98 (0.58-1.68)
Occupations

Farmers 1.00 1.00 1.00

Fishers with farming 1.29 (0.60-2.75) 1.30 (0.60-3.37) 1.42 (0.63-3.18)

Fishers 1.49 (0.85-2.62) 1.86 (1.02-3.37) 2.08 (1.06-4.06)
CLWT (hours)

<2,000 1.00 1.00 1.00

2,000-4,999 1.56 (0.70-3.48) 1.56 (0.69-3.54) 1.04 (0.46-2.35)

> 5,000 1.59 (0.88-2.90) 1.50 (0.82-2.74) 1.26 (0.69-2.30)
Working time matrix

Low 1.00 1.00 1.00

Middle 1.15 (0.65-2.04) 1.14 (0.64-2.04) 1.32 (0.71-2.45)

High 1.06 (0.53-2.16) 1.06 (0.52-2.17) 1.43 (0.64-3.20)

Values are presented as odds ratio (95% confidence interval). cLD: a case with at least one Pfirrmann grade 5 at any disc level. Working time matrix: low,
working < 9 months per year and < 6 hours per day; high, working > 12 months and > 8 hours per day; middle, work schedules that did not fall into the low or high
categories. Model 1: adjusted by gender, age, BMI, and occupation; Model 2: adjusted by gender, age, BMI, and CLWT; Model 3: adjusted by gender, age, BMI,
and working time matrix; Model 4: adjusted by gender, age, occupation, and CLWT.

CLWT: cumulative heavy lifting working time; BMI: body mass index; cLD: collapsed lumbar intervertebral disc.

https://aoemj.org

CI: 0.82-2.74) for > 5,000 hours CLWT compared to that for < 2,000 hours CLWT (model
2). The OR of cLD adjusted by gender, age, and BMI was 1.06 (95% CI: 0.52-2.17) for the
high working-time group compared to that for the low working-time group (model 3). The
OR of cLD adjusted by gender, age, BMI, CLWT, and working time matrix was 2.08 (95% CI:
1.06-4.006) for fishers compared to that for farmers (model 4).

DISCUSSION

cLD prevalence was 19.8%. The prevalence rates were 23.7%, 21.2%, and 17.2% for fishers,
fishers with farming, and farmers, respectively. In this study, gender and obesity did not
show a significant relationship with cLD, but only age did. Among the occupational factors,
CLWT and working time matrix were not significantly related. However, occupation was
significantly higher in fishers than in farmers, after adjusting for gender, age, BMI, and
working time matrix. However, considering that the effect of CLWT may slightly overlap with
that of occupation, fishing rather than farming may be a risk factor for lumbar degeneration.

The mean age of fishers was lowest among the 3 occupation groups. The age difference
makes age-adjusted OR of cLD greater than unadjusted OR in fishers. Working time per

day and working months per year were lower among fishers than in the other occupation
categories. Nevertheless, CLWT was the highest among fishers (Table 1). In other words,
fishers have shorter working periods than farmers. We assumed that fishers' working periods
were limited by a closed fishing season and windy weather. However, fishers are required to
perform intense heavy lifting during the fishing period.
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Fishers perform a wide range of tasks, from maintaining the fishing gear to processing

the seafood, and a considerable workforce is required for every step of the process. The

most common task entails the repeated pulling of heavy nets and lift of heavy objects while
bending and twisting [26]. In a study evaluating ergonomic stresses among North Carolina
commercial fishers, a population resembling that of this study, lifting heavy loads generated a
high peak compression force (3,586-5,315 N), translating to 3.3-5.4 in the National Institute
for Occupational Safety and Health lifting index [27].

We reviewed previous epidemiologic studies on Pfirrmann grade 5 prevalence. Unfortunately,
we could not identify any findings regarding Pfirrmann grade 5 prevalence in the general
population. Notwithstanding, Oh et al. [28] investigated 653 whole-spine MRIs in Korea
using hospital data (336 men and 317 women, 48.1 + 58.7 years). Pfirrmann grade 5
prevalence was 3.1%, 4.6%, 3.5%, 10.3%, and 10.4% in L1/2, L2/3, L3/4, L4/5, and L5/S1,
respectively. In the present study (198 men and 171 women, 54.8 + 6.6 years), Pfirrmann
grade 5 prevalence was 2.7%, 4.3%, 3.0%, 10.3%, and 14.9% in L1/2, L2/3, L3/4, L4/5, and
L5/81, respectively. Jang et al. [29] reported Pfirrmann grade 5 prevalence at L5/S1 of 3.3%
and 0.8% in field and administrative groups among Korean firefighters, respectively (age
range: 20—60 years). In the absence of Pfirrmann grade 5 at 20-39 years of age, Pfirrmann
grade 5 prevalence at L5/S1 would be 7.5% and 2.0% in field and in administrative groups,
respectively. In the present study, Pfirrmann grade 5 prevalence at L5/S1 was 8.4% and 17.1%
in the 40-49- and 50-59-year age groups, respectively. Therefore, we estimated that fishers
and farmers had a higher cLD rate than field firefighters.

Age and mechanical stress are risk factors for lumbar disc degeneration [20,30]. The present
study showed a dose-response relationship with age. The probability of lumbar disc degeneration
increases with mechanical stress on the disc. The burden increases linearly with the angle of

the bending posture [31]. If heavy lifting is performed in a bent posture, the pressure on the
lumbar disc increases tremendously due to shear and torsion forces [32]. If repeated heavy

lifting continues, lumbar disc degeneration accelerates [33]. Therefore, we expected CLWT

to show a dose-response relationship with cLD. Interestingly, cLD did not show a significant
association with CLWT. This might have been due to comparison within a high-risk group and
the survival effect. Our study results resemble those of a case-control study nested within the
Wakayama Spine Study. This case-control study included a case group of 605 people and with
X-ray confirmed spondylolisthesis and a control group of 117 people. Lifting exposure was
defined as lifting loads > 10 kg at least once per week. However, heavy lifting was not significantly
related to spondylolisthesis. However, agricultural and fishing industries had over 3-fold more
spondylolisthesis cases than clerical and technical expertise. This association disappeared among
those aged > 75 years [34]. We considered it inappropriate to limit fishers' lumbar burden to heavy
lifting working time. Fishers have to maintain their balance and pull the rope on a swaying vessel.
Therefore, CLWT based on the questionnaire might not have reflected all risky tasks of fishers.

Pfirrmann grade 5 prevalence was higher in the lower than in the upper lumbar discs. Prior
epidemiologic research on disc degeneration has shown that lower lumbar discs are more
vulnerable than upper lumbar discs [28,35]. Gender was not associated with cLD in this
study. Previous studies have also reported that lumbar disc degeneration is not related to
gender [28,35,36]. In Korean farming and fishing communities, men and women have
different workplace roles. Men are mainly responsible for carrying and lifting heavy objects
in the rural Korean society [21,37]. However, mechanization has reduced men's lifting tasks,
and the gender gap in lifting tasks has decreased.
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In this study, we found no relationship between cLD and obesity. The effects of obesity on
lumbar disc degeneration involve both mechanical and biochemical factors. Mechanical
factors contribute to disc degeneration via an increased load on the disc due to body weight.
Biochemical factors include systemic inflammatory reactions that promote disc degeneration
[38]. However, epidemiologic studies have not shown consistent results [39,40].

This study had certain limitations. First, we investigated the relationship between work-
related factors and cLD in occupations with high lumbar loads. Therefore, this study may
have different characteristics to those in studies that incorporated a control group without
exposure. Second, the CLWT used in this study did not reflect intensity, awkward posture,
and whole-body vibration but only time. In the questionnaire used to obtain CLWT,
respondents were asked to judge the criterion of heaviness subjectively. Farmers carry objects
of varying weight throughout their lifetime. Acceptable weight limits also vary according to
gender and muscle mass. So, we could only find time, not weight, from the survey. Other
occupational and individual factors, such as genetic factors and previous diseases, might
have influenced the outcome. We used occupation as a factor to compensate for potential
occupational exposure. However, occupation is a complex and low-quality exposure factor.
Third, since this study excluded retired workers and cases of lumbar fusion surgery, a healthy
worker effect was possible. Fourth, CLWT reliability and validity were not sufficiently verified.
Recall bias might have interfered with the results. Fifth, although the multicollinearity
examining the variance inflation factor (1.026-1.235) and conditional index (17.5) including
all variables was low, small-sized samples might have influenced OR fluctuation.

This study's strength is that, for the first time, we identified cLD prevalence and analyzed
work-related risk factors in farmers and fishers using MRI as an objective diagnostic tool. With
limited research on musculoskeletal diseases among farmers and fishers, this study helps us
understand the current public health problems in Korea's rural and fishing societies. It can be
used to guide further research that involves attempting a quantitative exposure assessment.

CONCLUSIONS

We should note that farmers and fishers are predominantly small business operators or self-
employed; therefore, they are in the blind spot of national safety and the health system. In this
study, the relationship between CLWT and cLD was not significant. However, fishers are possibly
at a higher cLD risk than farmers. Therefore, it is necessary to attempt a quantitative evaluation
of the heavy-lifting task's intensity and posture in addition to lifting time in future studies. In
particular, a detailed analysis of and further research on the work of fishers are needed.
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