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Abstract

[Background] Japan’s rapidly aging population has led to an increase in older adults in
the workforce, raising concerns about occupational accidents due to age-related declines in
physical and cognitive functions.

Objective: To investigate occupational differences in physical and cognitive function among
middle-aged and older male workers and to examine how these differences relate to self-
reported stumbling and falling accidents.

[Methods] A total of 443 male workers aged 40-69 from the manufacturing, construction,
and transportation industries between 2017 and 2024 were assessed. Physical and cognitive
function was evaluated using standardized tests, including grip strength, chair stand, stepping,
balance, and Trail Making Tests (TMTA, TMTB). Logistic regression analyses were conducted
to identify factors associated with stumbling and falling.

[Results] Significant differences in physical and cognitive performance were observed across
occupational groups. Manufacturing workers showed superior cognitive flexibility and
construction workers showed superior grip strength, while transportation workers exhibited
lower balance and agility. Stumbling was significantly associated with age (odds ratio 1.04),
exercise habits (odds ratio 1.68), TMTA (odds ratio 1.01), seated stepping test (odds ratio
0.94), and the TMTB (odds ratio 0.99). Falling was significantly associated with age (odds
ratio 1.09), occupation (construction or manufacturing, odds ratio 2.41), and exercise habits
(odds ratio 2.55), with additional contributions from stepping test performance and TMTA/
TMTB scores.
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[Conclusion] Occupational differences in physical and cognitive function influence the risk of

stumbling and falling among middle-aged and older workers. Developing and implementing

industry-specific assessments are crucial for identifying at-risk individuals and providing

targeted interventions.

Key words: middle-aged and older workers, stumbling, falling injury, physical function,

cognitive function

I. Introduction

Japan is facing an unprecedented rate of population
aging, resulting in a substantial increase in the number
of older adults in the workforce[1]. As the number of
older workers increases, age-related declines in physical
and cognitive function are expected to contribute to a
higher incidence of occupational accidents.

Functional decline in those in groups with cognitive
impairment, physical frailty, and both cognitive
impairment and physical frailty was associated
with falling without fractures, as compared with a
robust group. In particular, the group with cognitive
impairment and physical frailty had a significant
association with fall-related fractures. Older people with
cognitive impairment and physical frailty are considered
to have a high risk of falling due to the combined risk,
suggesting the importance of developing interventions
to prevent falls in older adults[2]. Executive function
plays a critical role in regulating gait, especially
under complex and challenging conditions. Therefore,
executive function deficits may contribute to an
increased risk of falling[3]. Various studies have noted
deterioration in gait performance under dual-task testing,
predicting an increased risk of falls. This indicates that
dual-task testing can be used in clinical practice to
evaluate the role of cognition in preserving function and
postural stability [4].

Since 2017, our team has conducted work-related
interviews and comprehensive assessments, including
cognitive and physical function tests, for workers
aged 40 and older as part of health events and follow-
up examinations at several companies. A survey has
shown that workplace accidents are associated not only

with physical decline but also with cognitive decline

[5]. This survey included workers from various
industries, such as manufacturing, construction, and
transportation. However, it did not assess differences
between industries. While some research[6] has
focused on specific sectors (e.g. manufacturing
alone or in comparison with other sectors), to
our knowledge there are no specific comparisons
by industry, such as between manufacturing and
construction or manufacturing and transportation.
Furthermore, we know of no study to date that has
examined the relationship between cognitive function
and occupational accidents, such as falls and slips.
Therefore, the present study aims to compare cognitive
and physical function by industry, to examine whether
these functions vary depending on the type of work, and
to explore the relationship between industry type and the

occurrence of fall and slip accidents.

II. Material and methods

Participants

From a total of 1,171 individuals who participated
in cognitive and physical function assessments between
June 2017 and December 2024, a sample of 443
male workers aged 40 to 69 from the manufacturing,
construction, and transportation industries was included
in the analysis. Figure 1 illustrates the participant flow
diagram. We included data from 433 individuals in the
manufacturing (n = 204), construction (n = 135), and
transportation (n =94) industries (Table 1).

Measures
Physical function measurements included grip
strength, repeated chair stand test, seated stepping test,

one-leg standing with eyes closed, the Functional Reach
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Fig. 1 Flow diagram of individuals whose data were
included.

Test (FRT), Trail Making Test A and B (TMTA and
TMTB), and the 3-m Timed Up and Go test (TUG).
In selecting these assessment items, we aimed for a
balanced evaluation of general physical functions such
as upper and lower limb muscle strength, dynamic and
static balance, and agility. In addition, based on our
previous report[3], we included cognitive function
assessments that have been noted to be associated with
physical ability and fall risk in older adults. TMTA and
TMTB were selected as measures of cognitive function
based on a report[7] that states that the TMT can be a
useful overall indicator in health programs designed to
promote independence among elderly Japanese people,
because it reflects complex gait performance. To ensure
the feasibility of implementation even in workplaces
without medical professionals, each assessment was

chosen to be as general and simple as possible so that

on-site staff could conduct them independently for
future assessments.

Grip strength, an indicator of upper limb muscle
strength, was assessed twice on each hand (four
measurements in total), and the average value was used.
The repeated chair stand test, which evaluates lower limb
strength, involved counting the number of sit-to-stand
movements completed in 30 s[8]. This test has been
particularly associated with extension strength of the
lower limbs, such as the gluteus maximus, hamstrings,
and plantar flexor muscles[9]. The seated stepping
test assessed agility by counting the number of times
participants could open and close their legs while seated
in 20 s, and does not require any special equipment[10].
The one-leg standing test with eyes closed measured
how many seconds a participant could maintain balance
on one leg with eyes closed, serving as an indicator of
static balance. This test was measured on both legs,
and the longer duration was used. The FRT measured
the maximum forward reach distance (in cm) while
maintaining balance from an upright position with arms
extended forward, serving as an indicator of dynamic
balance. It was measured twice, and the greater value
was used. The TMTA measured the time required to
sequentially connect randomly arranged numbers from
1 to 25 with lines, assessing attention, memory, and
processing speed. The TMTB required participants to
alternately connect numbers (1 to 13) and hiragana
characters (“®" to “L") in sequence (ie, 1 — & —
2=\ - 12— L — 13). While the TMTA primarily
assesses visual search ability and motor speed, the TMTB
additionally requires cognitive flexibility, making it a
more complex measure of cognitive processing[11]. The
TUG is a performance-based assessment that measures
the time it takes for an individual to rise from a chair,
walk 3 m, turn around a pole, return, and sit down again.
It was developed in 1991 by Podsiadlo and Richardson

Table 1 Number of participants

4049 (y) 5059 (y) 6069 (y) Total
Manufacturing industry 77 75 52 204
Construction industry 44 76 15 135
Transportation industry 32 41 21 94
Total 153 192 88 433
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Table 2 Questionnaire and classification

Questionnaire Classification

Low Back Pain: “Do you have low back pain?”

No No

Sometimes No

Often Yes

Always Yes
Knee Pain: “Do you have knee pain?”

No No

Sometimes No

Often Yes

Always Yes

Exercise Habits: “Do you exercise habitually (the guideline is at least 2 days per week for at least 30 min at
a time)?”

Yes Yes
Occasionally Yes
No No
Smoking: “Do you smoke?”
No No
1-10 cigarettes per day Yes
11-20 cigarettes per day Yes
21-40 cigarettes per day Yes
41 or more cigarettes per day Yes

Frequency of Drinking: “How many days a week do you drink alcohol?”

0 Low
1 day Low
2 days Low
3 days Low
4 days Low
5 days High
6 days High
7 days High
Type of Occupation
Manufacturing: jobs at manufacturing sites for automobiles, steel, chemical, food, and clothing Field work
Construction: construction workers, civil engineering workers, scaffolders, carpenters, electricians, and Field work
plasterers
Transportation and driving: truck drivers, cab drivers, and train drivers Field work
Delivery and cleaning: delivery persons and cleaners Field work
Agriculture and fishing: agriculture, fishing, and livestock farming Field work
Security: security guards, police officers Field work
Service: cooks, salespeople Non-field work
Office work: general office work, accounting work, sales clerks Non-field work
Professional work: medical specialists, researchers, engineers Non-field work
Stumbling: “Do you feel likely to stumble easily on flat surfaces and small bumps at work?”
No No-stumbling
Yes Yes-stumbling
Falling: “At work, do you feel likely to fall or wobble on stairs, ladders, stepladders, etc.?”
No No-falling

Yes Yes-falling
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Table 3 Age and physical and cognitive function as grouped according to occupation

Group
Manufacturing Construction Transportation

Mean (SD) Mean (SD) Mean (SD)
Age (years) 52.8 (7.5) 52.7 (6.0) 53.2 (7.5)
Grip strength (kg) 41.9 (6.1) 43.9 (7.2) 43.3 (7.8) %
Repeated Rise Test (times/30 s) 21.6 (5.8) 23.7 (6.2) 22.4 (5.6) P
Closed-Eye One-Leg Test (s) 20.1 (22.2) 17.8 (15.6) 12.2 (12.2) $
FRT (cm) 37.2 (6.6) 38.3 (7.3) 329 (7.1) $#
Seated Stepping Test (times/20 s) 32.9 (6.5) 31.9 (5.3) 29.3 (5.7) $#
TUG (s) 5.9 (0.8) 6.1 (1.0) 6.1 (0.9)
TMTA (s) 88.5 (29.4) 90.0 (32.3) 104.4 (36.5) $#
TMTB (s) 98.5 (31.9) 108.2 (47.5) 117.5 (42.2) $

FRT, Functional Reach Test; TUG, 3-m Timed Up and Go test; TMTA, Trail Making Test A; TMTB, Trail Making Test B.
#%& Manufacturing vs. Construction groups, p < 0.05

$Manufacturing vs. Transportation groups, p < 0.05

#Construction vs. Transportation groups, p < 0.05

Table 4 Age and physical and cognitive functions grouped according to stumbling and falling within the manufacturing group

Total Stumbling Falling
No Yes No Yes
n Mean (SD) Mean (SD) Mean (SD) p  Mean (SD) Mean (SD) p
Age (years) 204 528 (7.5) 524 (72) 536(8.0) 0277 522(73) 57.8(7.8) 0.001
Grip strength (kg) 204 419 (6.1) 420(6.1) 41.8(6.1) 0893 423 (5.9 385 (6.5) 0.009

Repeated Rise Test (times/30s) 201 329 (6.5) 220 (5.6) 21.0(6.1) 0276 21.7 (56) 21.2(7.7) 0.730
Closed-Eye One-Leg Test (s) 204 20.1 (22.2) 194 (22.1) 216 (225) 0516 20.8 (22.7) 14.0 (16.1) 0.191

FRT (cm) 203 372(6.6) 372(63) 373(7.3) 0920 375 (6.7) 344 (58) 0.044
Seated Stepping Test (times/20s) 187  21.6 (5.8) 335(6.1) 31.5(7.1) 0.034 33.1(6.3)  30.6 (8.1) 0.105
TUG (s) 163 59(08  58(0.7) 610 0018 5908 6.3 (1.2) 0.033
TMTA (s) 204 885 (29.4) 83.1(29.2) 89.3(30.0) 0.781 88.3(29.6) 89.9 (27.3) 0.821
TMTB (s) 204 985 (31.9) 987 (34.3) 97.9(26.7) 0.873 97.4 (31.8) 108.0 (31.9) 0.159

SD, standard deviation; FRT, Functional Reach Test; TUG, 3-m Timed Up and Go test; TMTA, Trail Making Test A; TMTB, Trail
Making Test B; p-values by Mann—Whitney U test.

Table 5 Age and physical and cognitive functions grouped according to stumbling and falling within the construction group

Total Stumbling Falling
No Yes No Yes
n  Mean (SD) Mean (SD) Mean (SD) p  Mean (SD) Mean (SD) p
Age (years) 133 527(6.1) 515(62) 541(57) 0012 521(6.2) 554 (46) 0.014
Grip strength (kg) 133 439 (73) 442(76) 437 (6.9) 0.680 44.4 (7.2) 41.9 (75) 0.120

Repeated Rise Test (times/30s) 130 32.0 (5.2) 243 (58) 23.0(6.8) 0270 23.7 (64) 24.2 (55) 0.698
Closed-Eye One-Leg Test (s) 132 178 (15.7) 195 (17.9) 159 (124) 0183 179 (16.6) 17.4 (11.5) 0.879

FRT (cm) 128 383(7.4) 387(7.0) 378(7.8) 0499 379 (74) 40.3(7.3) 0.151
Seated Stepping Test (times/20s) 115 238 (6.3) 328 (52) 31.1(52) 0.067 321 (52) 317 (57) 0.742
TUG (s) 84 6.1 (1.0) 6.0 (0.9) 6.2 (1.0) 0.356 6.2 (1.0) 6.0 (0.9) 0.579
TMTA (s) 131 89.8 (32.3) 86,5 (33.7) 93.6 (30.5) 0.215 83.7(33.9) 94.2 (24.9) 0.442
TMTB (s) 133 107.4 (46.7) 104.3 (49.9) 111.0 (42.8) 0.412 107.1 (49.6) 108.3 (32.2) 0.910

SD, standard deviation; FRT, Functional Reach Test; TUG, 3-m Timed Up and Go test; TMTA, Trail Making Test A; TMTB, Trail
Making Test B; p-values by Mann—Whitney U test.
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Table 6 Age and physical and cognitive functions grouped according to stumbling and falling within the transportation group

Total Stumbling Falling
No Yes No Yes
n  Mean (SD) Mean (SD) Mean (SD) p  Mean (SD) Mean (SD) p
Age (years) 94 532(75) 526 (76) 544 (72) 0260 532 (75) 534 (7.6) 0.907
Grip strength (kg) 94 433 (78) 433 (7.1) 433(9.1) 0964 43.0(7.7) 450 (8.2) 0.363
Repeated Rise Test (times/30s) 91 29.3(5.7) 235(53) 20.2(5.6) 0.008 226 (58) 21.2(4.0) 0.421
Closed-Eye One-Leg Test (s) 91 122(122) 137(139)  92(69) 0098 127 (130) 9.4 (6.7) 0335
FRT (cm) 92  329(71) 342(75) 302 (51) 0010 328(72) 333(65) 0813
Seated Stepping Test (times/20s) 87 224 (5.6) 29.8 (49) 283(7.0) 0.241 293 (5.4) 289 (6.9) 0.806
TUG (s) 83 6.1(09 60038 6409 0.019 6.2 (09 6.0 (0.7) 0.646
TMTA (s) 93 104.4 (36.5) 983 (31.1) 116.6 (43.6) 0.022 102.8 (31.4) 112.8 (57.1) 0.333
TMTB (s) 93 117.5 (42.2) 114.9 (41.2) 122.7 (44.3) 0.400 119.0 (42.7) 109.7 (39.6) 0.437

SD, standard deviation; FRT, Functional Reach Test; TMTA, Trail Making Test A; TMTB, Trail Making Test B;TUG, 3-m Timed

Up and Go test; p-values by Mann—Whitney U test.

Table 7 Odds ratios and 95% confidence intervals for stumbling using logistic regression with model selection

OR (95% CI) P
Age (+1 years) 1.04 (1.00, 1.07) 0.048
Occupation (Construction industry/Manufacturing industry) 1.62 (0.98, 2.68) 0.059
Occupation (Transportation industry/Manufacturing industry) 0.83 (0.46, 1.50) 0.540
Exercise habit (no/yes) 1.68 (1.08, 2.60) 0.020
Seated Stepping Test (+1 time/20 s) 0.94 (0.91, 0.98) 0.002
TMTA (+1 s) 1.01 (1.00, 1.02) 0.018
TMTB (+1s) 0.99 (0.98, 1.00) 0.020

OR, odds ratio; 95% CI, 95% confidence interval. Indicated covariates were selected using backward elimination
methods; TMTA, Trail Making Test A; TMTB, Trail Making Test B.

Table 8 Odds ratios and 95% confidence intervals for falling using logistic regression with model selection

OR (95% CI) P
Age (+1 years) 1.09 (1.04,1.15) <0.001
Occupation (Construction industry/Manufacturing industry) 241 (1.18, 4.95) 0.016
Occupation (Transportation industry/Manufacturing industry) 1.61 (0.73, 3.57) 0.238
Exercise habit (no/yes) 2.55 (1.33, 4.89) 0.005

OR, odds ratios; 95% CI, 95% confidence interval. Indicated covariates were selected using backward elimination

methods

as a comprehensive test to evaluate gait ability, dynamic
balance, and agility[12].

Information on occupation, lifestyle habits, and
experience of work-related accidents such as falls was
collected through a self-administered questionnaire.
Each questionnaire item was classified (Table 2). The
study measurements were mostly carried out by the
coauthors themselves. Occasionally, the health checkup
staff (not a coauthor) acted as the measurer. Regardless
of who performed them, all measurements were taken

with the same instruments and followed a standardized

manual. The purpose was to minimize variability and
reduce measurement error between different individuals.
Because an actual stumbling or falling accident was
considered to be relatively rare, we adopted recent
subjective susceptibility of stumbling or falling as the

indicator in the present study.

Statistical analysis
A Kruskal-Wallis test was performed to examine
differences between continuous variables in the

manufacturing, construction, and transportation
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industries: age, grip strength, repeated sit-to-stand
test, closed-eye one-leg standing test, FRT, seated
stepping test, TUG, and TMTA and TMTB scores
(Table 3). Additionally, within each industry, that
is, manufacturing (Table 4), construction (Table 5),
and transportation (Table 6), Mann-Whitney U tests
were performed on the same variables to compare
workers with and without self-noted stumbling, as well
as those with and without falling incidents, based on
questionnaire responses.

Of the 443 individuals included, data from 387
with complete data sets were included in the final
analysis. Logistic regression analyses were conducted
with “stumbling” and “falling” as dependent variables.
The independent variables included age, grip strength,
repeated sit-to-stand test, closed-eye one-leg standing
test, FRT, seated stepping test, TUG, TMTA, TMTB
scores, exercise habits, smoking status, alcohol
consumption, and occupational category (Tables 7
and 8). We considered differences with p < 0.05 as
significant. All statistical analyses were performed using
IBM SPSS Statistics for Windows (version 29).

. Results

Differences were observed between the manu-
facturing and construction groups in grip strength
and the repeated sit-to-stand test results, with the
construction group exhibiting significantly greater
grip strength (mean 43.9 kg) and a higher number of
repetitions in the sit-to-stand test (mean 23.7 times).
Significant differences were also identified between the
manufacturing and transportation groups in results from
the one-leg stance test with eyes closed, the FRT, the
seated stepping test, and the TMTA and TMTB. Those
in the manufacturing group has significantly better
performance in the one-leg stance (mean 20.1 s), FRT
(mean 37.2 cm), and seated stepping test (mean 32.9
repetitions) , along with significantly shorter completion
times for the TMTA (88.5 s) and the TMTB (98.5 s).
Significant differences were also identified between the
construction and transportation groups in results from
the FRT, the seated stepping test, and the TMTA. The

construction group had markedly superior outcomes in
the FRT (mean 38.3 cm) and the seated stepping test
(mean 31.9 repetitions), as well as a notably reduced
time to complete the TMTA (mean 90.0 s) (Table 3).
Subsequently, independent # tests were conducted within
the manufacturing industry items to compare continuous
variables between individuals in groups with and
without self-noted stumbling. Significant differences
were observed in the results from the seated stepping
and TUG tests. Those in the group with a stumbling
incident performed significantly fewer repetitions in the
seated stepping test (mean 31.5) and took significantly
longer to complete the TUG test (mean 6.1 s) compared
with those from the group without a stumbling incident.

Significant differences were identified for age, grip
strength, FRT, and TUG between individuals with and
without a history of falls within the manufacturing
group. Compared with those in the non-fall group, those
in the fall group were considerably older (mean age
57.8 years), had lower grip strength (mean 38.5 kg),
shorter FRT distances (mean 34.4 cm) and took longer
to complete the TUG test (mean 6.3 s) (Table 4).

For both self-noted stumbling and falling in those
within the construction industry, a significant difference
was observed only in age. Those in the stumbling group
(mean 54.1 years) and the falling group (mean 55.4
years) were considerably older than their respective
counterparts who did not report stumbling or falling
(Table 5).

For individuals within the transportation group,
both those with and without self-reported stumbling
or falling, significant differences were observed in the
repeated chair stand test, the FRT, the TUG, and the
TMTA results. Compared with those who did not report
stumbling, those who did report stumbling performed
significantly fewer repetitions in the chair stand test
(mean 20.2), had significantly shorter FRT distances
(mean 30.2 cm), and took significantly longer to
complete both the TUG (mean 6.4 s) and TMTA (mean
116.6 s). No significant differences were identified in
any continuous variables between the fall and non-fall
groups in the transportation industry (Table 6).

Five variables were found to be statistically
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significantly associated with self-reported stumbling in
logistic regression analyses: age (p = 0.048), exercise
habit (p = 0.020), seated stepping test results (p =
0.002), TMTA time (p = 0.018), and TMTB time
(p = 0.020). Positive associations were observed for
age (odds ratio (OR) 1.04; 95% confidence interval
(CI) 1.00-1.07), exercise habit (OR 1.68; 95%
CI 1.08-2.60), and TMTA time (OR 1.01; 95% CI
1.00-1.02). Negative associations were identified for
the number of repetitions in the seated stepping test (OR
0.94; 95% CI: 0.91-0.98) and the TMTB time (OR
0.99; 95% C10.98-1.00) (Table 7).

We found three variables to be significantly
associated with falling (Table 8): age (p < 0.001),
occupation in construction or manufacturing (p =
0.016), and exercise habit (p = 0.005). Positive
associations were observed for age (OR 1.09;
95% CI 1.04-1.15), occupation in construction or
manufacturing (OR 2.41; 95% CI 1.18-4.95), and
exercise habits (OR 2.55; 95% CI 1.33-4.89).

IV. Discussion

This study examined, by occupation, whether work-
related accidents involving the risk of stumbling or
falling are associated with measures for physical and
cognitive function, as well as various questionnaire
items. Individuals who are older, frequently engaged
in on-site work, experience high psychological stress,
perform poorly on the seated stepping test, or complete
TMTB in a shorter time are more prone to stumbling[5].
Additionally, older age, high psychological stress, lack
of regular exercise, and smoking were associated with a
higher risk of falling. However, the relationship between
stumbling or falling accidents and physical or cognitive
function measures, as well as questionnaire responses,
has not yet been thoroughly investigated by occupation.
Few studies have explicitly focused on occupational
differences in this context.

Kono et al.[6] conducted a study comparing the
results of physical function tests, including grip strength,
sit-ups, trunk flexion, standing on one leg with eyes

closed, whole-body reaction time, and maximum

oxygen uptake, between manufacturing workers and
those in other occupations. Except for those in their
50s, manufacturing workers had poorer grip strength.
Manufacturing workers in their 40s and 50s performed
better in sit-ups. There was no significant difference
in trunk flexion between manufacturing workers and
those in other occupations, whereas manufacturing
workers across all age groups performed poorly for
standing on one leg with eyes closed. There was no
significant difference in whole-body reaction time
among workers in their 50s, but manufacturing workers
in their 40s performed worse. Manufacturing workers
had better maximum oxygen uptake than those in other
occupations. However, in that study, manufacturing
was compared with a heterogeneous group of other
occupations, thus not providing a pure occupational
comparison.

Furthermore, cognitive function was not compared
by occupation. In the present study, we compared
physical and cognitive functions across industries,
specifically manufacturing and construction,
manufacturing and transportation, and construction
and transportation. This detailed industry comparison
revealed significant differences in cognitive and physical
function by occupation.

Edwin et al.[13] conducted a large-scale Norwegian
study involving over 7,000 participants, evaluating
the level of cognitive stimulation associated with
occupations from ages 30 to 60, and examined the
risk of mild cognitive impairment (MCI) after age
70. They found that occupations involving low
cognitive stimulation (e.g., cleaning and postal work)
were associated with a 66% higher risk of cognitive
impairment, whereas those involving high cognitive
demand (e.g., teaching, management, law, and
healthcare) were associated with a lower risk. Their
results highlighted that occupations with low cognitive
stimulation (e.g., cleaners, postal workers) had a 66%
higher risk of cognitive impairment, whereas highly
cognitively demanding professions (e.g., teachers,
managers, lawyers, healthcare professionals) exhibited
lower risk. It is well known that cognitive function

varies across different occupations. In the present study,
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transportation workers outperformed manufacturing
and construction workers on the TMTA time, while
manufacturing workers outperformed transportation
workers on the TMTB time. This finding suggests that
occupational differences influence cognitive function.
These and other studies confirm that differences in
cognitive and physical function exist by occupations, as
was also observed in the present study. Future research
that expands this survey to other industries and explores
the relationship between occupational accidents and
cognitive and physical function will help to elucidate
industry-specific characteristics. This strategy will
ultimately facilitate more appropriate job placement that
is tailored to individual capabilities.

Mann—Whitney U tests were conducted on
continuous variables within the manufacturing group
to compare the stumbling and non-stumbling groups.
Significant differences were observed in both the Seated
Stepping Test and the TUG test, with the stumbling
group performing significantly worse than the non-
stumbling group in both tests. Similarly, Mann—Whitney
U tests comparing the falling and non-falling subgroups
within the manufacturing group revealed significant
differences in terms of age, grip strength, the FRT, and
the TUG. The falling group was older and performed
markedly worse than the non-falling group in terms of
grip strength, the FRT, and the TUG. In the construction
group, Mann—Whitney U tests comparing the stumbling
and non-stumbling groups, as well as the falling and
non-falling groups, highlighted a significant difference
only in age. Both the stumbling and falling groups
were considerably older than their respective non-
incident counterparts. Finally, within the transportation
industry, Mann—Whitney U tests highlighted significant
differences between the stumbling and non-stumbling
groups in the Repeated Rise Test, the FRT, the TUG,
and the TMTA, with the stumbling group performing
significantly worse. However, when comparing the
falling and non-falling groups in the transportation
group, no significant differences were observed.

It is believed that stumbling is influenced by the
ability to perceive changes in floor level, as well as by

the agility and functional capacity of the lower limbs

required to respond appropriately. Yoshiko et al.[14]
highlighted that a higher number of repetitions in the
Seated Stepping Test was associated with superior
lower limb strength and function, specifically knee
extension and flexion strength. By contrast, Ikezoe et
al.[15] investigated the relationship between multiple
physical functions and falls among older women living
in care facilities, as well as screening methods to
effectively identify older adults at high risk of falling.
They concluded that quadriceps muscle strength, FRT,
the standing step test, and the chair stand test were
significant predictors of falls among institutionalized
older adults. However, the Seated Stepping Test was
not identified as a significant factor. In the present
study, associations were identified between the Seated
Stepping Test and both stumbling and falling. This
discrepancy may be due to differences in the study
populations. Ikezoe et al. focused on participants with
a mean age of 82 years[15], whereas the present study
focused on men aged 40 to 69 years.

Yamamoto et al. [16] found that, among individuals
aged 60 years and older, those who engaged in strength
training at least twice a week exhibited significantly
higher knee extension strength, indicating a correlation
between exercise habits and lower limb strength. This
result suggests a correlation between exercise habits
and lower limb strength, which could help to prevent
stumbling. Furthermore, a systematic review and meta-
regression analysis by Sherrington et al.[17], based
on 88 randomized controlled trials involving 19,478
community-dwelling older adults, noted that exercise
reduced the incidence of falls by 21%. These findings
support the association between exercise habits and a
reduced risk of stumbling and falling. In the present
study, the stumbling group was considerably older
than the non-stumbling group and performed worse on
TMTA. This finding may reflect a decline in cognitive
function, including the inability to perceive small
changes in floor level. When comparing the functional
levels of individuals aged 55-59 with a baseline of
individuals aged 20-24, significant declines occur in
individuals in their late 50s. This decline encompasses

sensory functions, such as vision and hearing, as well
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as physical functions, including balance, and cognitive
functions, including learning ability and memory
[18]. Similarly, Weerdesteyn et al.[19] compared
neuromuscular responses to unexpected obstacles during
treadmill walking between young and older adults. They
identified that while the onset of muscle activation in
young adults occurred at approximately 104-111 ms,
older adults highlighted an average delay of about 10 ms
and had lower obstacle avoidance rates. These findings
suggest that aging leads not only to physical decline but
also to cognitive decline, increasing the likelihood of
stumbling even over small elevation changes.

Although TMTA performance was poorer in the
stumbling group (as anticipated), the stumbling group
performed significantly better on TMTB compared
with the non-stumbling group. Because TMTB requires
higher-order cognitive functions than TMTA, it was
initially expected that the stumbling group would
also perform worse on TMTB. However, this inverse
result aligns with findings from Smith, who conducted
a 6-year prospective cohort study involving 906
community-dwelling older adults aged 65-69 years in
Lausanne, Switzerland. Their study noted no significant
differences in TMTA scores between fallers and non-
fallers, but the group with the worst TMTB scores had
significantly fewer noted minor falls. This has been
interpreted as potentially reflecting compensatory
behaviors, such as increased caution while walking
[20]. Similar trends were observed in the present study,
lending further support to these findings.

While the stumbling group performed worse on
the TMTA (as expected), they performed better on the
TMTB. TMTB requires higher-order cognitive functions
than TMTA, so it was expected that the stumbling group
would perform worse on TMTB. However, the opposite
result is in line with a previous report involving 906
community-dwelling older adults aged 65-69 years in
Switzerland[20]. The study found that there were no
major differences in TMTA scores between the groups
that fell and those that did not. However, the group with
the worst TMTB scores had significantly fewer minor
falls. This finding suggests that they were more careful

while walking. The same trends were seen in the present

study, which supports these findings.

Regarding falling, significant differences were
observed in three variables: age, occupation (construc-
tion vs. manufacturing), and exercise habits. Those
in the falling group were older, had fewer exercise
habits, and construction workers were more likely to
experience fallings compared to manufacturing workers.
Although few studies have examined the causes
of falls and fall-related accidents, Wang et al.[21]
analyzed fall accidents at construction sites and they
categorized the causes into organizational and human
factors. As human factors, they identified low safety
awareness, non-compliance with work procedures, and
unqualified workers performing tasks at height as major
contributors. However, that study did not account for
individuals' baseline cognitive or physical function.
Hoon-Yong Yoon et al.[22] investigated fall rates by
occupation in the United States and noted that during
the three-year period from 1999 to 2001, the number
of construction workers experiencing falls was the
highest, with 38.3 to 40.0 cases per 10,000 workers.
By contrast, in the manufacturing sector, the number of
fall incidents was significantly lower, at 6.9 to 7.1 per
10,000 workers. The second-highest rate was identified
in the transportation sector, with 21.0 to 24.8 cases per
10,000 workers. These findings are consistent with
the present study, which also identified a significantly
higher likelihood of falling among construction workers
compared to those in manufacturing, suggesting that
susceptibility to falls may differ depending on occupa-
tion.

Like stumbling, falling is likely influenced by the
ability to perceive unstable or uneven surfaces, balance
ability, lower limb agility, and overall lower limb
function. Aging and a lack of regular exercise may lead
to declines in perceptual function, balance, and agility,
thereby increasing the likelihood of falls. However, in
the present study, no significant occupational differences
were observed in balance ability or lower limb agility, as
assessed by the one-leg stance test with eyes closed and
the seated stepping test. An increase in sample size is

needed to confirm these findings.
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Limitations

A limitation of this study is the exclusion of data
from female workers from the analysis. This exclusion
was due to an insufficient number of female workers to
achieve a statistically valid sample size. Future research
to include data from female workers to investigate
whether cognitive and physical functions, as well as
lifestyle habits, vary by occupation and are linked
to specific occupational injuries in this population is
warranted.

This study is a cross-sectional study. In cross-
sectional designs, it is difficult to determine the
temporal sequence of events—whether declines in
cognitive and physical function are causes of falls and
falls from height, or whether such declines occur as a
consequence of previous fall-related injuries. Therefore,
it is considered necessary to extend this research to a
longitudinal study that follows the same participants
over time to observe changes in cognitive and physical

function and the occurrence of falls or falls from height.

Conclusions

Occupational accidents are associated with not only
cognitive and physical function and lifestyle habits
but also with the type of occupation. Susceptibility to
occupational accidents varies depending on occupation,
cognitive and physical function, and lifestyle habits.
Individuals at higher risk for occupational accidents
can be identified by implementing assessment and
questionnaire items specific to each industry. Providing
targeted warnings and interventions for these individuals
may effectively reduce the incidence of occupational

accidents.
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