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Table 1. General characteristics of the study participants

characteristics categories n (%)
female 49 (2.9%)
gender
male 1662 (97.1%)
<50 536 (31.3%)
age
>50 1175 (68.7%)
un married 276 (16.1%)

marital status

married 1435 (83.9%)
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Table 2. Occupational characteristics of the study participants

characteristics categories n (%)
<100 278 (16.2%)
100-199 168 (9.8%)
monthly income bands 200-299 547 (32.0%)
300-399 391 (22.9%)
>400 327 (19.1%)
no 842 (49.2%)
exposed to heavy
ushing/pulling tasks
P P s yes 869 (50.8%)
no 1275 (74.5%)
sudden return-
to-work request
yes 436 (25.5%)
<48 hr 920 (53.8%)
work time/week
>48 hr 791 (46.2%)
no 997 (58.3%)
perceived pressure
from tight deadlines
yes 714 (41.7%)
no 1647 (96.3%)
inter-shift rest
less than 11 hours
yes 64 (3.7%)
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Table 3. Low back pain by general and occupational factors

low back pain

characteristics p-value
no yes
female 28 (57.1%) 21 (42.9%) 0.706
gender
male 887 (53.4%) 775 (46.6%)
<50 351 (65.5%) 185 (34.5%) <0.001
age
>50 564 (48.0%) 611 (52.0%)
un married 189 (68.5%) 87 (31.5%) <0.001
marital status
married 726 (50.6%) 709 (49.4%)
<100 84 (50.0%) 84 (50.0%) 0.539
100-199 307 (56.1%) 240 (43.9%)
m"“ﬂtiglgf"me 200-299 206 (52.7%) 185 (47.3%)
300-399 142 (51.1%) 136 (48.9%)
>400 176 (53.8%) 151 (46.2%)
exposed to heavy no 446 (53.0%) 396 (47.0%) 0.714
pushing/pulling tasks yes 469 (54.0%) 400 (46.0%)
sudden return. no 700 (54.9%) 575 (45.1%) 0.049
to-work request yes 215 (49.3%) 221 (50.7%)
<48 hr 542 (58.9%) 378 (41.1%) <0.001
work time/week
>48 hr 373 (47.2%) 418 (52.8%)
perceived pressure no 549 (55.1%) 448 (44.9%) 0.132
from tight deadlines yes 366 (51.3%) 348 (48.7%)
no 896 (54.4%) 751 (45.6%) <0.001
inter-shift rest
less than 11 hours
yes 19 (29.7%) 45 (70.3%)
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Table 4. Upper limb pain by general and occupational factors

upper limb pain

characteristics p.value
no yes
female 27 (55.1%) 22 (44.9%) 0.835
gender
male 958 (57.6%) 704 (42.4%)
<50 344 (64.2%) 192 (35.8%) <0.001
age
>50 641 (54.6%) 534 (45.4%)
un married 185 (67.0%) 91 (33.0%) <0.001
marital status
married 800 (55.7%) 635 (44.3%)
<100 89 (53.0%) 79 (47.0%) 0.039
100-199 344 (62.9%) 203 (37.1%)
monthly income bands 200-299 220 (56.3%) 171 (43.7%)
300-399 150 (54.0%) 128 (46.0%)
>400 182 (55.7%) 145 (44.3%)
exposed to heavy no 521 (61.9%) 321 (38.1%) <0.001
pushing/pulling tasks yes 464 (53.4%) 405 (46.6%)
sudden returmn- no 754 (59.1%) 521 (40.9%) 0.029
to-work request ves 231 (53.0%) 205 (47.0%)
inter-shift rest no 958 (58.2%) 689 (41.8%) 0.016
less than 11 hours yes 27 (42.2%) 37 (57.8%)
<48 hr 572 (62.2%) 348 (37.8%) <0.001
work time/week
>48 hr 413 (52.2%) 378 (47.8%)
, no 604 (60.6%) 393 (39.4%) 0.003
pel‘CElVGd pressure
from tight deadlines
yes 381 (53.4%) 333 (46.6%)
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Table S. Lower limb pain by general and occupational factors

lower limb pain

characteristics p.value
no yes
female 37 (75.5%) 12(245%) 0941
gender
male 1280 (77.0%) 382 (23.0%)
<50 444 (82.8%)  92(172%)  <0.001
age
>50 873 (74.3%) 302 (25.7%)
un married 226 (81.9%) 50 (18.1%)  0.042
marital status
married 1091 (76.0%) 344 (24.0%)
<100 126 (75.0%)  42(25.0%)  0.158
100-199 438 (80.1%) 109 (19.9%)
monthly income bands 200-299 290 (74.2%) 101 (25.8%)
300-399 219 (78.8%) 59 (21.2%)
400 244 (74.6%) 83 (25.4%)
exposed to heavy no 668 (79.3%) 174 (20.7%)  0.026
pushing/pulling tasks yes 649 (74.7%) 220 (25.3%)
sudden return. no 995 (78.0%) 280 (22.0%)  0.084
to-work request yes 322(73.9%) 114 (26.1%)
teroshift rest no 1281 (77.8%) 366 (22.2%)  <0.001
less than 11 hours yes 36 (56.2%) 28 (43.8%)
<48 hr 732 (79.6%) 188 (20.4%)  0.007
work time/week
>48 hr 585 (74.0%) 206 (26.0%)
perceived pressure no 791 (79.3%) 206 (20.7%)  0.007
from tight deadlines yes 526 (73.7%) 188 (26.3%)
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Table 6. Poor sleep quality by general and occupational factors

sleep disturbance

characteristics p-value
no yes
female 43 (87.8%) 6 (12.2%) 0.837
gender
male 1491 (89.7%) 171 (10.3%)
<50 495 (92.4%) 41 (7.6%) 0.017
age
>50 1039 (88.4%) 136 (11.6%)
un married 259 (93.8%) 17 (6.2%) 0.017
marital status
married 1275 (88.9%) 160 (11.1%)
<100 140 (83.3%) 28 (16.7%) 0.999
100-199 494 (90.3%) 53 (9.7%)
m"“ﬂ;glg;“’me 200-299 343 (87.7%) 48 (12.3%)
300-399 259 (93.2%) 19 (6.8%)
>400 298 (91.1%) 29 (8.9%)
exposed to heavy no 755 (89.7%) 87 (10.3%) 0.999
pushing/pulling tasks yes 779 (89.6%) 90 (10.4%)
sudden return. no 1176 (92.2%) 99 (7.8%) <0.001
to-work request yes 358 (82.1%) 78 (17.9%)
ter-shift rest no 1485 (90.2%) 162 (9.8%) <0.001
less than 11 hours ves 49 (76.6%) 15 (23.4%)
<48 hr 838 (91.1%) 82 (8.9%) 0.044
work time/week
>48 hr 696 (88.0%) 95 (12.0%)
no 904 (90.7%) 93 (9.3%) 0.121
perceived pressure
from tight deadlines
yes 630 (88.2%) 84 (11.8%)
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Table 7. Association between each pain sites and sleep quality

sleep disturbance

characteristics p.value
no yes
no 867 (94.8%) 48 (5.2%) <0.001
low back pain
yes 667 (83.8%) 129 (16.2%)
no 923 (93.7%) 62 (6.3%) <0.001
upper limb pain
yes 611 (84.2%) 115 (15.8%)
no 1222 (92.8%) 95 (7.2%) <0.001
lower limb pain
yes 312 (79.2%) 82 (20.8%)
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Table 8. Sleep quality by combined pain sites

characteristics

sleep disturbance

no

yes

no musculoskeletal pain

low back + upper limb pain

low back + lower limb pain

upper + lower limb pain

low back + upper + lower limb pain

696 (95.3%)

465 (82.2%)

257 (77.2%)

261 (77.7%)

231 (77.0%)

34 (4.7%)

101 (17.8%)

76 (22.8%)

75 (22.3%)

69 (23.0%)
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Table 9. Sleep disturbance by low back pain

characteristics model.I

model.1I

model.IIT

low back pain

no 1.00 (reference)

yes 3.49 (2.47-4.94)

1.00 (reference)
3.32 (2.34-4.72)

1.00 (reference)

3.11 (2.17-4.45)

gender
female

male

1.00 (reference)
0.75(0.31-1.83)

1.00 (reference)
0.73 (0.29-1.83)

age
<50 yr
>50 yr

1.00 (reference)
1.18 (0.79-1.76)

1.00 (reference)
1.21 (0.80-1.82)

marital status
un married

married

1.00 (reference)
1.44 (0.82-2.52)

1.00 (reference)
1.50 (0.84-2.65)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
2.90 (1.53-5.51)
1.56 (0.89-2.74)
1.84 (1.04-3.28)
1.27 (0.68-2.36)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
1.11 (0.75-1.65)

sudden return-to-work request
no

yes

1.00 (reference)
2.46 (1.75-3.44)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.23 (0.88-1.72)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.15 (0.82-1.61)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
1.73 (0.91-3.30)




¢

B

No

wARom T

2d III

o
o

=
e

2.80 (CI:2.02-3.88),

-

s

A 7o) Q&N
2.70 (C1:1.95-3.74), & Il oA %= 2.55 (CI:1.82-3.58)=

g o]

1

s

[

A 7hs
2 II

-
=

T
)
!

Ho] mdl TIT oA

(C1:1.78-3.49)% }EFSIT}.

2

2

-
Rl

2

i

772} 300~399 ¥

&

]_O

ATt
o] 100~199 7}

A4 o A7}

S

AL

[<]

=87} ZFz} 2.85(CI:1.51-5.40),

o1

o oo}

j -
AE

e

Qo2

S
A

o

T
= A

o]

= BolEt

e

1.84(CI:1.04-3.28) % EA =},

Axtel = 7t

o
o
0

™
)

o

N

ilin
!

o)

ot
ﬂo
el

K
o

32



Table 10. Sleep disturbance by upper limb pain

characteristics

model.I

model.II

model. 111

upper limb pain
no

yes

1.00 (reference)
2.80 (2.02-3.88)

1.00 (reference)
2.70 (1.95-3.74)

1.00 (reference)
2.55 (1.82-3.58)

gender
female

male

1.00 (reference)
0.80 (0.33-1.94)

1.00 (reference)
0.75 (0.31-1.85)

age
<50 yr
>50 yr

1.00 (reference)
1.30 (0.87-1.92)

1.00 (reference)
1.30 (0.86-1.96)

marital status
un married

married

1.00 (reference)
1.52 (0.87-2.65)

1.00 (reference)
1.55 (0.88-2.74)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
2.85 (1.51-5.40)
1.57 (0.90-2.76)
1.84 (1.04-3.28)
1.26 (0.68-2.35)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.90 (0.64-1.26)

sudden return-to-work request
no

yes

1.00 (reference)
2.49 (1.78-3.49)

work time/week
<48 hr
>48 hr

1.27 (0.91-1.78)
1.27 (0.91-1.78)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.11 (0.80-1.56)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
1.89 (0.99-3.60)
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Table 11. Sleep disturbance by lower limb pain

characteristics model.I

model.1I

model. 111

lower limb pain

no 1.00 (reference)
yes 3.38 (2.45-4.66)

1.00 (reference)
3.27 (2.37-4.51)

1.00 (reference)
3.09 (2.21-4.31)

gender
female

male

1.00 (reference)
0.80 (0.33-1.94)

1.00 (reference)
0.75 (0.30-1.86)

age
<50 yr
>50 yr

1.00 (reference)
1.24 (0.83-1.85)

1.00 (reference)
1.24 (0.82-1.88)

marital status
un married

married

1.00 (reference)
1.60 (0.92-2.81)

1.00 (reference)
1.68 (0.95-2.97)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
2.78 (1.46-5.29)
1.47 (0.84-2.59)
1.70 (0.95-3.03)
1.15(0.62-2.15)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.92 (0.66-1.29)

sudden return-to-work request
no

yes

1.00 (reference)
2.52 (1.80-3.54)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.34 (0.96-1.88)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.10 (0.78-1.54)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
1.71 (0.89-3.26)
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Table 12. Sleep quality by low back & upper limb pain

characteristics

model.l

model.II

model. 111

low back + upper limb pain

no

yes

1.00 (reference)
4.61 (3.07-6.91)

1.00 (reference)
4.27 (2.84-6.43)

1.00 (reference)
4.12 (2.68-6.32)

gender
female

male

1.00 (reference)
0.77 (0.29-2.05)

1.00 (reference)
0.77 (0.28-2.12)

age
<50 yr
>50 yr

1.00 (reference)
1.47 (0.93-2.34)

1.00 (reference)
1.47 (0.90-2.39)

marital status
un married

married

1.00 (reference)
1.48 (0.78-2.79)

1.00 (reference)
1.44 (0.75-2.78)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
4.21 (2.03-8.71)
1.51 (0.77-2.95)
2.17 (1.11-4.24)
1.31 (0.63-2.74)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.77 (0.52-1.15)

sudden return-to-work request
no

yes

1.00 (reference)
2.80 (1.89-4.15)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.09 (0.73-1.62)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.40 (0.94-2.07)

inter-shift rest less than 11 hours

no

yes

1.00 (reference)
1.36 (0.64-2.90)
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Table 13. Sleep quality by low back & lower limb pain

characteristics model.I

model.1I

model. 111

low back + lower limb pain
no 1.00 (reference)
yes 5.72 (3.82-8.55)

1.00 (reference)
5.54 (3.68-8.33)

1.00 (reference)
4.90 (3.19-7.53)

gender
female

male

1.00 (reference)
0.54 (0.21-1.39)

1.00 (reference)
0.47 (0.18-1.26)

age
<50 yr
>50 yr

1.00 (reference)
1.03 (0.64-1.67)

1.00 (reference)
1.09 (0.65-1.81)

marital status
un married

Married

1.00 (reference)
1.53 (0.80-2.95)

1.00 (reference)
1.61 (0.82-3.19)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
5.12 (2.12-12.36)
1.91 (0.85-4.30)
2.17 (0.96-4.92)
1.94 (0.84-4.51)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.85(0.55-1.31)

sudden return-to-work request
no

yes

1.00 (reference)
2.72 (1.77-4.18)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.82 (1.19-2.80)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.49 (0.97-2.30)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
1.80 (0.83-3.89)
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Table 14. Sleep quality by upper & lower limb pain

characteristics model.I model.IT model.IIT

upper + lower limb pain

no 1.00 (reference)  1.00 (reference) 1.00 (reference)

yes 4.56 (3.13-6.62) 4.42 (3.03-6.45)  4.12 (2.77-6.14)
gender

female 1.00 (reference) 1.00 (reference)

male 0.80 (0.30-2.15)  0.75(0.27-2.10)
age

<50 yr 1.00 (reference)  1.00 (reference)

>50 yr 1.11 (0.70-1.76)  1.08 (0.67-1.76)
marital status

un married 1.00 (reference) 1.00 (reference)

married 1.49 (0.81-2.75)  1.57 (0.83-2.96)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
2.93 (1.33-6.47)
1.61 (0.79-3.28)
1.77 (0.86-3.64)
1.26 (0.59-2.71)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.79 (0.53-1.19)

sudden return-to-work request
no

yes

1.00 (reference)
2.74 (1.83-4.10)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.51 (1.01-2.26)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.08 (0.72-1.62)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
2.34 (1.14-4.80)
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Table 15. Sleep quality by low back, upper & lower limb pain

characteristics

model.l

model.1I

model. 111

low back + upper limb pain + lower limb pain

no
yes

1.00 (reference)
6.11 (3.95-9.46)

1.00 (reference)
5.81 (3.73-9.05)

1.00 (reference)
5.26 (3.28-8.43)

gender
female

male

1.00 (reference)
0.63 (0.23-1.76)

1.00 (reference)
0.60 (0.21-1.76)

age
<50 yr
>50 yr

1.00 (reference)
1.14 (0.68-1.92)

1.00 (reference)
1.18 (0.68-2.06)

marital status
un married

married

1.00 (reference)
1.46 (0.74-2.90)

1.00 (reference)
1.48 (0.72-3.04)

monthly income bands
<100
100-199
200-299
300-399
>400

1.00 (reference)
5.22 (2.06-13.20)
1.70 (0.71-4.06)
2.23(0.94-5.32)
1.65 (0.67-4.07)

exposed to heavy pushing/pulling tasks
no

yes

1.00 (reference)
0.74 (0.46-1.19)

sudden return-to-work request
no

yes

1.00 (reference)
2.94 (1.85-4.67)

work time/week
<48 hr
>48 hr

1.00 (reference)
1.59 (1.00-2.53)

perceived pressure from tight deadlines
no

yes

1.00 (reference)
1.52(0.95-2.43)

inter-shift rest less than 11 hours
no

yes

1.00 (reference)
1.84 (0.81-4.15)
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= ABSTRACT =

Association Between Low Back Pain, Occupational Factors, and

Sleep Quality Among Vehicle-Driving Workers

SUN-YOUNG PARK
Graduate School of
Public Health

Yonsei University

(Directed by Professor Jin-Ha Yoon, M.D., Ph.D.)

This study utilized data from the 7th Korean Working Conditions Survey to examine the
associations between sleep quality and both musculoskeletal pain (specifically in the low
back, upper limbs, and lower limbs) and occupational factors among vehicle-driving
workers. A total of 1,711 participants who reported using a vehicle as part of their job and
provided valid responses were included in the final analysis. The sample consisted of
workers from various transportation-related occupations, including logistics delivery,

passenger transport, courier services, bus driving, and express delivery.

Musculoskeletal pain was assessed as a binary variable based on self-reported pain in
the past 12 months for each body region (low back, upper limbs, and lower limbs). Based
on these, both single pain groups and combined pain groups (e.g., low back + upper limbs,
low back + lower limbs, upper limbs + lower limbs, and all three combined) were
constructed. Sleep quality was measured using the reverse-coded sum scores of three items:
feeling rested after sleep, difficulty falling asleep, and difficulty maintaining sleep, and

dichotomized for analysis.
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Additional occupational factors included pushing or pulling heavy loads, unexpected
return-to-work requests in the past month, deadline pressure, weekly working hours (based
on a 48-hour threshold), and whether at least 11 consecutive hours of rest were guaranteed.
These variables were incorporated into a stepwise logistic regression model, with

sociodemographic variables such as gender, age, and marital status adjusted as covariates.

All analyses were conducted using R statistical software with a significance level of p <
0.05. The results indicated that all single pain groups were significantly associated with
increased risk of sleep disturbance. Notably, the odds ratios (OR) were 3.09 (95% CI: 2.21—
4.31) for lower limb pain, 3.11 (95% CI: 2.17-4.45) for low back pain, and 2.55 (95% CI:
1.82-3.58) for upper limb pain. Among these, low back and lower limb pain demonstrated
comparably high risk, while upper limb pain was also notably associated with sleep

problems.

In the combined pain groups, participants reporting pain in all three regions had the
highest risk of sleep disturbance (OR = 5.26, 95% CI: 3.28-8.43), followed by those with

low back + lower limb, upper limb + lower limb, and low back + upper limb combinations.

Regarding occupational factors, those without a guaranteed rest period of at least 11
consecutive hours exhibited significantly higher odds of sleep disturbance (OR = 10.43,
95% CI: 1.34-81.10). Participants who experienced sudden return-to-work requests in the
past month showed an OR of 2.93 (95% CI: 2.01-4.28), and those with a monthly income
of 1.00-1.99 million KRW showed an OR of 2.90 (95% CI: 1.53-5.51). These findings
suggest that, in addition to physical pain, workplace conditions and socioeconomic factors

may also play a role in workers’ sleep health.

In conclusion, sleep health among vehicle-driving workers appears to be influenced by
a complex interplay between musculoskeletal pain and occupational stressors. In particular,
workers with multiple pain sites showed significantly higher risk of sleep disturbance
compared to those with a single pain site, highlighting the need for targeted health

interventions. This study provides quantitative evidence on pain combinations and
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occupational factors affecting sleep quality and may serve as a valuable reference for

occupational health practice and policy development.

Keywords: vehicle-driving workers, low back pain, sleep quality, musculoskeletal

disorders, occupational characteristics
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