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A B S T R A C T

The epidemiology of injury among subgroups of minors, older adults, students, and athletes has
previously been investigated; however, studies investigating employee-related injuries are
limited. We aimed to retrospectively analyze the epidemiological characteristics and dynamic
change trends of injury among employees over a nine-year period in a coastal area in China to
provide a reference for formulating injury prevention and control measures among employees. All
14,168 employee injury cases registered in a hospital injury monitoring system were analyzed
from January 2013 to December 2021. The male-to-female sex ratio of the employee injury cases
was 3.52:1. The floating-to-registered residence population ratio was 2.05:1. March, May, July,
and September–October were peak months for employee injuries. Within the day, the injury cases
of employees reached five peaks at 0800, 1000, 1500, 1800, and 2000 h. The highest five causes
of injury were falling, blunt injuries, motor vehicle accidents, sharps injuries, and non-motor
vehicle accidents. The highest five injury types were fracture; concussion or contusion of the
brain; injury from a sharp instrument, bite, or open wound; contusion or abrasion; and sprain or
strain. The main locations of the injuries were roads and streets, industrial and building sites, and
homes. Vulnerable body regions included the upper limbs, lower limbs, head, trunk, and multiple
regions. The independent predictors of all outcomes were census register classification; age;
injury causes, locations and types; vulnerable body regions; and injury severity; on multivariate
logistic regression analysis (P < 0.05). The average durations of missed work in the different
injury outcome groups due to injuries among employees were 50.21, 42.57, 44.57, and 38.20
days, respectively. The average number of missed work days due to injuries was 49.77 days, with
an increasing annual trend (F = 79.872, P < 0.01). The average hospitalization cost for employee
injuries was ¥16250.37, with a decreasing annual trend (F = 4.621, P < 0.01). The average length
of hospitalization was 15.22 days, with a decreasing annual trend (F = 76.657, P < 0.01), and the
average number of days of missed work due to injuries was 49.77 days, with an increasing annual
trend (F = 79.872, P < 0.01). The correlation coefficients showed a significant positive corre-
lation between the average length of hospitalization and average hospitalization expenses, with
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an increasing trend from 2014 to 2021 (P < 0.05). Most employee injuries occurred in the male
and floating populations. Targeted intervention measures should be implemented according to
the epidemiological characteristics of injuries in relation to different populations, sexes, and ages
to prevent and control injuries.

1. Introduction

Injury is a serious threat to human health, an important public health issue, and a primary cause of death worldwide [1]. According
to Global Burden of Disease estimates, approximately 4.7 million injury-induced deaths (255.4 million life years) worldwide were
reported in 2016 [2]. In China, the high incidence of injuries requiring health resources results in a considerable disease burden to
society and families [3,4]. The incidence and mortality rates of injuries in China have decreased in recent years; however, 77.1 million
new injuries in 2017 resulted in >730,000 deaths, comprising 7.0 % of the total number of deaths in China. The direct and indirect
economic burdens owing to injuries in China are reported to be US 379.231 billion dollars and US 251.966 billion dollars, respectively
[5]. Beilun District, located in the coastal area of Ningbo City, Zhejiang Province, has the world’s largest cargo throughput at Beilun
Port. Beilun District has a permanent population of approximately 890,000 people, of which >50 % are migrants. The Zhejiang
University School of Medicine First Affiliated Hospital Beilun Branch is the largest tertiary comprehensive hospital in the Beilun
District, with 800 beds and the most comprehensive medical resources and technology in the entire district. As an injury monitoring
sentinel unit of Ningbo and National Trauma Treatment Center, the hospital is responsible for the treatment of injured patients
throughout the entire region, particularly patients who are critically ill and those with emergency injuries. According to the injury
monitoring sentinel unit in Beilun District, 25,375 injuries were reported between 2013 and 2021, of which 14,168 occurred among
employees, comprising 55.92 % of the total injuries. Several epidemiological studies on injury involving minors, older adults, students,
and athletes have been reported; however, research investigating employee-related injuries is limited. This study aimed to analyze the
epidemiological characteristics and dynamic change trends in relation to injury among employees over a nine-year period
(2013–2021), providing a reference for government departments to formulate corresponding prevention and control measures.

2. Methods

As the injury monitoring sentinel unit of Ningbo, the hospital utilizes an injury monitoring system uniformly formulated by the
Center of Disease Control of Ningbo. Attending physicians are required to report case information within 48 h post-discharge in
relation to all injured patients, including patient demographics (e.g., sex, age, occupation), hospitalization information (admission and
discharge time), injury-related details (cause, type, place of injury, activity type, vulnerable region), clinical information concerning
the injury (diagnosis, severity, outcome), and economic burden (hospitalization expenses and the duration of missed time at work).
When precise clinical diagnosis injury codes are beyond the scope of the International Classification for Disease-10th Revision (ICD-
10), upper-level clinical diagnosis ICD-10 codes are used.

The hospital employs dedicated functional department staff to verify the relevant data based on the hospitalized case system; thus,
ensuring accuracy and consistency in the reported information. Cases that were revisited owing to the same injury were excluded from
this study. Diagnoses are reported in terms of the ICD-10 Chinese modification (ICD-10-CM), with a single principle diagnosis related
to the injury, and with further diagnoses entered if required. Multiple search terms including ‘injury,’ ‘fracture,’ ‘closed injury,’
‘defects,’ ‘dislocation,’ ‘crush injury’ ‘bruise,’ ‘pressure injury,’ and ‘bone break’ were searched to obtain a maximum capture of in-
juries. In this hospital injury monitoring system, ‘location’ refers to where an injury occurs and the activity being undertaken at the
time of injury, including injuries that occur at work and those that occur in other circumstances, such as during leisure or domestic
activities.

All employee injury cases obtained from the hospital injury monitoring system were retrospectively analyzed to investigate
employee injuries from January 2013 to December 2021. An employee was defined as a person aged>14 years undertaking some type
of full- or part-time employment, including those employed by or contracted with a company, gig workers, household workers, and
public employees. Child workers were excluded. Data were analyzed regarding patient demographics, injury characteristics, and
economic burden.

2.1. Quality control

In accordance with Ningbo Hospital Injury Monitoring Quality Control Plan requirements, once-yearly business training, quarterly
on-site quality control supervision (including missing report investigation, card quality spot checks, self-inspection of data entry
quality, and qualitative interviews), and once-monthly online inspection of injury data were undertaken to ensure quality control. The
timeliness rate of the reporting, audit rate, and data integrity were all >95 %.

2.2. Statistical analysis

The hospital provided all clinical data pertaining to 14,168 injured employees between January 2013 and December 2021. Sta-
tistical analyses of the demographic information, basic injury situation, clinical information relating to the injury, and hospital costs
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were performed using SPSS (version 13.0; SPSS Inc., Chicago, IL, USA) software. Chi-squared and rank-sum tests were used to compare
demographic information, basic injury situation, and clinical information in relation to the injury (the rank-sum test was used for rank
data) among three age groups (15–44 years, 45–64 years, and≥65 years), while analysis of variance or a non-parametric test was used
to compare the economic burden (according to homogeneity based on the variance test). The least significant difference or a Kruskal-
Wallis test was used to compare the economic burden among these three age groups, and statistical significance was set at P < 0.05.

3. Results

3.1. Demographic characteristics of injured employees

The sentinel hospital in Beilun District reported 25,375 injuries between 2013 and 2021, of which 14,168 occurred among em-
ployees, comprising 55.92 % of the total injuries. Employee injuries in the 15–44 group (n = 7778) accounted for 54.90 % of all
employee injuries, with incidence rates decreasing yearly (highest in 2013 [59.09 %], lowest in 2020 [49.59 %]). Injuries in a middle-
to-older-aged group (45–64-group; n = 5488) accounted for 38.74 % of the injuries, with incidence rates increasing annually (highest
in 2020 [44.27 %], lowest in 2013 [33.38 %]). The male-to-female sex ratio was 3.52:1, comprising injuries to 11,031 male and 3137
female employees. The sex ratios of the 15–44-group, 45–64-group, and an older-adult group (≥65-group) were 3.95:1, 3.49:1, and
1.63:1, respectively. A statistically significant difference in sex ratios was observed among the three age groups (χ2 = 148.898, P <

0.01). The incidence rates of injuries among the floating and registered residence populations were 32.78 % and 67.22 %, respectively;
and the average migrant employee-to-registered residence ratio was 2.05:1. The ratios of employee injuries among the floating and
registered residence populations showed an increasing trend (highest proportion in 2021 [3.95 %], lowest proportion (1.44 %) in
2014; χ2 = 212.04, P < 0.01). Among the injured employees, the incidence rates among production operation-transportation
equipment personnel and professional and technical personnel were the highest, accounting for 30.63 % and 27.09 %, respectively,
followed by production personnel in agriculture-animal husbandry-fishery-water conservation, accounting for 20.60 %. The incidence
rates of injuries among professional and technical personnel increased annually, with the highest proportion (43.80 %) in 2021 and the
lowest proportion (13.16 %) in 2013. The incidence rates of injuries among production operation-transportation equipment personnel
showed a decreasing trend (35.28 % in 2013 and 15.83 % in 2021; χ2 = 1197.88, P < 0.01; Table 1).

3.2. Time of injury occurrence

Over 1 year, injury occurrence rates among employees increased during summer and decreased during winter. March, May, July,
and September–October were peak months for injury occurrence amongmale employees, whereas the incidence rates for injury among
female employees were stable in the other months (Fig. 1A). March, May, July, and September–October were peak months of injury in
the 15–44- and 45–64-year age groups. Injury occurrence in the≥65-year age group was stable, with no obvious peak (Fig. 1B). Within
a day, the number of injury cases among employees increased rapidly from 0600 h and reached five peaks at 0800, 1000, 1500, 1800,
and 2000 h. After 2000 h, the number of injured employees decreased rapidly, reaching the lowest point at 0300 h. The time dis-
tribution of injury occurrence was consistent among male and female employees (Fig. 1C). Differences in the time distribution of injury
occurrence were observed among the different age groups. The incidence of injury among the 45–64-group employees was higher at
night than in the other age groups. Injuries to employees in the ≥65-year age group tended to occur between 0900 and 1500 h
(Fig. 1D).

3.3. Causes of injury

The highest five causes of injury among employees were falls (29.43 %), blunt injuries (23.20 %), motor vehicle accidents (MVAs)
(21.78 %), knife or sharps injuries (10.76 %), and non-MVAs (10.74 %), comprising 95.91 % of all injuries. The incidence rates for
MVAs decreased annually (highest in 2013 [28.43 %], lowest in 2021 [18.37 %]; Table 2A). Falls were the leading cause of injury
among male employees in all age groups. The incidence rate for falls gradually increased with age. MVAs were the primary cause of
injuries among female employees in the 45–64- and≥65-year age groups. With increasing age, falls were the primary cause of injuries
among older female employees (comprising 65.31 % of injuries). Differences in the causes of injuries between different age groups
were statistically significant (χ2= 544.912, P< 0.01). There were statistically significant differences in the causes of injuries according
to sex in the same age group (χ2 = 50.603, 26.635, and 26.635, respectively; P < 0.01; Table 3B).

3.4. Injury types

The highest five types of employee injuries were fractures (59.23 %); brain contusions and lacerations (13.02 %); sharp instrument
injuries, bites, or open wounds (12.94 %); contusions or abrasions (6.94 %); and sprains or strains (3.37 %). These injuries comprised
95.50 % of all injuries. Fractures were the main type of injury across all age groups (Table 2B). Brain contusion and laceration rates
showed a decreasing trend, while sharp instrument injury, bite, or open wound rates increased annually and were significantly higher
among female employees. Differences in the types of injuries between the different age groups were statistically significant (χ2 =

185.995, P < 0.01). There were statistically significant differences in the types of injuries according to sex in the same age group (χ2 =
20.850, 45.182, and 36.276, respectively; P < 0.01, Table 3A).
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Table 1
The compositions of the injury occurrence among employees based on different demographic characteristics between 2013 and 2021 [N (%)].

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total χ2 P
value

Total 1474 1463 1413 1408 1774 1890 1750 1448 1548 14168
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)

Gender
Male 1126 1125 1108 1103 1399 1493 1330 1101 1246 11031 18.04 0.021

(76.39) (76.90) (78.41) (78.34) (78.86) (78.99) (76.00) (76.04) (80.49) (77.86)
Female 348 338 305 305 375 397 420 347 302 3137

(23.61) (23.10) (21.59) (21.66) (21.14) (21.01) (24.00) (23.96) (19.51) (22.14)
The sex ratio 3.24 3.33 3.63 3.62 3.73 3.76 3.17 3.17 4.13 3.52  
census register
Registered residence 570 599 519 507 599 569 543 425 313 4644 212.04 0.000

(38.67) (40.94) (36.73) (36.01) (33.77) (30.11) (31.03) (29.35) (20.22) (32.78)
Floating residence 904 864 894 901 1175 1321 1207 1023 1235 9524

(61.33) (59.06) (63.27) (63.99) (66.23) (69.89) (68.97) (70.65) (79.78) (67.22)
The ratio of floating population/registered residence 1.59 1.44 1.72 1.78 1.96 2.32 2.22 2.41 3.95 2.05  
Age
The young to middle-aged group (15year~) 871 782 755 783 1018 1084 943 718 824 7778 118.93 0.000

(59.09) (53.45) (53.43) (55.61) (57.38) (57.35) (53.89) (49.59) (53.23) (54.90)
The middle-aged to elderly group (45year~) 492 543 542 521 658 714 707 641 670 5488

(33.38) (37.12) (38.36) (37.00) (37.09) (37.78) (40.40) (44.27) (43.28) (38.74)
The elderly group (≥65year~) 111 138 116 104 98 92 100 89 54 902

(7.53) (9.43) (8.21) (7.39) (5.52) (4.87) (5.71) (6.15) (3.49) (6.37)
Occupation
The related personnel of the production operation-transportation

equipment
520 531 516 450 510 594 568 406 245 4340 1197.88 0.000
(35.28) (36.30) (36.52) (31.96) (28.75) (31.43) (32.46) (28.04) (15.83) (30.63)

Professional and technical personnel 194 173 232 382 678 631 398 472 678 3838
(13.16) (11.83) (16.42) (27.13) (38.22) (33.39) (22.74) (32.60) (43.80) (27.09)

Production personnel of agriculture-animal husbandry-fishery-water
conservancy

424 484 372 215 225 259 376 217 347 2919
(28.77) (33.08) (26.33) (15.27) (12.68) (13.70) (21.49) (14.99) (22.42) (20.60)

Commercial and Service Worker 151 184 149 185 204 216 203 188 166 1646
(10.24) (12.58) (10.54) (13.14) (11.50) (11.43) (11.60) (12.98) (10.72) (11.62)

Office staff 183 89 140 172 155 187 201 163 111 1401
(12.42) (6.08) (9.91) (12.22) (8.74) (9.89) (11.49) (11.26) (7.17) (9.89)

Soldier 2 2 4 4 2 3 4 2 1 24
(0.14) (0.14) (0.28) (0.28) (0.11) (0.16) (0.23) (0.14) (0.06) (0.17)
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3.5. Injury locations

The main locations of injuries among employees were roads and streets (39.46 %), industrial and building sites (37.15 %), and
homes (11.17 %) (Table 2C). The main locations of injury among male employees in the 15–44- and 45–64-year age groups were
industrial and construction sites. The main locations of injury among male employees in the ≥65-year age group were roads and
streets. The main locations of injury for female employees in the 15–44- and 45–64-year age groups were roads and streets. The main
site of injury among female employees in the≥65-year age group was the home. Differences in the places of injury occurrence between
different age groups were statistically significant (χ2 = 1042.924, P < 0.01). There were statistically significant differences in the
places of injury occurrence according to sex in the same age group (χ2 = 309.183, 151.453, and 109.651, respectively; P < 0.01;
Table 3C).

3.6. Types of injury-related activities

The types of injury-related activities in employees were paid activities (related to employment) (39.93 %), driving and riding in a
vehicle (30.10 %), and leisure activities (15.87 %). The rates of paid activities associated with injury occurrence increased annually,
with the lowest in 2014 (27.07 %) and the highest in 2021 (52.97 %). The injury rates in relation to driving and riding in a vehicle
decreased yearly (highest in 2014 [40.87 %], lowest in 2021 [21.06 %], χ2 = 665.414, P < 0.01; Table 2D). The activity types for
injuries in male and female employees in the 15–44- and 45–64-year age groups were primarily paid activities and riding in vehicles.
The injury activity types in male employees in the ≥65-year age group were mainly riding in vehicles and leisure activities, whereas
those in female employees were leisure and housework activities. There was a statistically significant difference in the activity types for
injury between the different age groups (χ2 = 642.843, P < 0.01). There were statistically significant differences in the activity types
for injury according to sex in the same age group (χ2 = 239.415, 157.956, and 93.499, respectively; P < 0.01; Table 3D).

Fig. 1. A. Monthly distribution of injuries among employees of different sex between 2013 and 2021; B. Monthly distribution of injuries among
employees of different age groups between 2013 and 2021; C. Time distribution of injuries among employees of different sex between 2013 and
2021; D. Time distribution of injuries among employees of different age groups between 2013 and 2021.
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Table 2
The compositions of the causes, types, places of injury, activity types, vulnerable parts, severity degree and outcomes of injury among employees between 2013 and 2021 [N (%)].

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total χ2 P value

Total 1474 1463 1413 1408 1774 1890 1750 1448 1548 14168
(100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00) (100.00)

A. The causes of the injury occurrence among employees
fall 491 519 499 406 412 471 474 467 430 4169 231.908 0.000

(33.31) (35.48) (35.31) (28.84) (23.22) (24.92) (27.09) (32.25) (27.78) (29.43)
blunt injury 257 239 273 29 482 486 476 320 459 3287

(17.44) (16.34) (19.32) 5 (20.95) (27.17) (25.71) (27.20) (22.10) (29.65) (23.20)
motor vehicle accident 419 399 316 374 392 361 324 266 235 3086

(28.43) (27.27) (22.36) (26.56) (22.10) (19.10) (18.51) (18.37) (15.18) (21.78)
knife/sharp injury 82 57 87 115 246 319 212 163 243 1524

(5.56) (3.90) (6.16) (8.17) (13.87) (16.88) (12.11) (11.26) (15.70) (10.76)
non-motor vehicle accident 177 210 187 174 162 172 166 146 128 1522

(12.01) (14.35) (13.23) (12.36) (9.13) (9.10) (9.49) (10.08) (8.27) (10.74)
others 18 3 12 13 50 35 45 45 34 255

(1.22) (0.21) (0.85) (0.92) (2.82) (1.85) (2.57) (3.11) (2.20) (1.80)
poisoning 16 13 12 9 9 13 31 27 8 138

(1.09) (0.89) (0.85) (0.64) (0.51) (0.69) (1.77) (1.86) (0.52) (0.97)
undefinable injury 9 17 19 10 13 20 15 7 3 113

(0.61) (1.16) (1.34) (0.71) (0.73) (1.06) (0.86) (0.48) (0.19) (0.80)
burn and scald 3 1 6 5 3 3 1 3 5 30

(0.20) (0.07) (0.42) (0.36) (0.17) (0.16) (0.06) (0.21) (0.32) (0.21)
firearm wound 1 1 1 4 2 4 4 4 3 24

(0.07) (0.07) (0.07) (0.28) (0.11) (0.21) (0.23) (0.28) (0.19) (0.17)
animalsinjury N/A 1 1 2 N/A 5 N/A N/A N/A 9

(0.07) (0.07) (0.14) (0.26) (0.06)
drowning 1 2 N/A 1 2 1 1 N/A N/A 8

(0.07) (0.14) (0.07) (0.11) (0.05) (0.06) (0.06)
asphyxiation/suspension N/A 1 N/A N/A 1 N/A 1 N/A N/A 3

(0.07) (0.06) (0.06) (0.02)
B. The types of the injury occurrence among employees
fracture 878 882 867 808 980 1066 1019 886 1006 8392 65.412 0.000

(59.57) (60.29) (61.36) (57.39) (55.24) (56.40) (58.23) (61.19) (64.99) (59.23)
brain contusion and laceration 264 265 221 201 232 193 184 151 134 1845

(17.91) (18.11) (15.64) (14.28) (13.08) (10.21) (10.51) (10.43) (8.66) (13.02)
sharp instrument injury/bite/open wound 80 55 85 148 330 393 297 191 255 1834

(5.43) (3.76) (6.02) (10.51) (18.60) (20.79) (16.97) (13.19) (16.47) (12.94)
contusion/abrasion 119 140 131 112 87 107 131 95 61 983

(8.07) (9.57) (9.27) (7.95) (4.90) (5.66) (7.49) (6.56) (3.94) (6.94)
sprain/strain 41 55 47 69 65 52 48 56 45 478

(2.78) (3.76) (3.33) (4.90) (3.66) (2.75) (2.74) (3.87) (2.91) (3.37)
the organ damage 80 64 45 49 40 51 48 46 15 438

(5.43) (4.37) (3.18) (3.48) (2.25) (2.70) (2.74) (3.18) (0.97) (3.09)
others 6 N/A 11 7 31 16 19 18 25 133

(0.41) (0.78) (0.50) (1.75) (0.85) (1.09) (1.24) (1.61) (0.94)
burn and scald 6 2 6 13 7 3 1 4 6 48

(0.41) (0.14) (0.42) (0.92) (0.39) (0.16) (0.06) (0.28) (0.39) (0.34)
undefinable types 0 0 0 1 2 9 3 1 1 17

(0.00) (0.00) (0.00) (0.07) (0.11) (0.48) (0.17) (0.07) (0.06) (0.12)
C. The places of the injury occurrence among employees

(continued on next page)
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Table 2 (continued )

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total χ2 P value

roads and streets 669 747 627 645 651 633 615 532 471 5590 766.271 0.000
(45.39) (51.06) (44.37) (45.81) (36.70) (33.49) (35.14) (36.74) (30.43) (39.46)

industrial and building sites 444 360 412 454 714 829 697 594 759 5263
(30.12) (24.61) (29.16) (32.24) (40.25) (43.86) (39.83) (41.02) (49.03) (37.15)

homes 160 167 163 149 184 199 236 157 167 1582
(10.85) (11.41) (11.54) (10.58) (10.37) (10.53) (13.49) (10.84) (10.79) (11.17)

public resident place 75 69 83 62 71 67 71 40 50 588 (4.15)
(5.09) (4.72) (5.87) (4.40) (4.00) (3.54) (4.06) (2.76) (3.23)

trade and service place 41 29 31 39 74 77 56 47 55 449
(2.78) (1.98) (2.19) (2.77) (4.17) (4.07) (3.20) (3.25) (3.55) (3.17)

schools and public places 14 17 23 26 25 28 17 14 15 179
(0.95) (1.16) (1.63) (1.85) (1.41) (1.48) (0.97) (0.97) (0.97) (1.26)

sports venues 22 13 10 19 22 20 25 21 17 169
(1.49) (0.89) (0.71) (1.35) (1.24) (1.06) (1.43) (1.45) (1.10) (1.19)

farmland 11 14 17 9 20 23 14 22 9 139
(0.75) (0.96) (1.20) (0.64) (1.13) (1.22) (0.80) (1.52) (0.58) (0.98)

undefinable places 32 44 45 2 N/A N/A N/A N/A N/A 123
(2.17) (3.01) (3.18) (0.14) (0.87)

others 6 3 2 3 13 14 19 21 5 86
(0.41) (0.21) (0.14) (0.21) (0.73) (0.74) (1.09) (1.45) (0.32) (0.61)

D. The activity types of the injury occurrence among employees
paid activities 454 396 443 479 788 890 747 640 820 5657 665.414 0.000

(30.80) (27.07) (31.35) (34.02) (44.42) (47.09) (42.69) (44.20) (52.97) (39.93)
driving and riding vehicle 549 598 493 481 499 455 451 413 326 4265

(37.25) (40.87) (34.89) (34.16) (28.13) (24.07) (25.77) (28.52) (21.06) (30.10)
leisure activities 208 262 238 250 238 296 309 223 224 2248

(14.11) (17.91) (16.84) (17.76) (13.42) (15.66) (17.66) (15.40) (14.47) (15.87)
undefinable activity types 141 128 137 118 112 109 75 51 39 910

(9.57) (8.75) (9.70) (8.38) (6.31) (5.77) (4.29) (3.52) (2.52) (6.42)
domestic chores 73 50 62 42 88 103 111 75 96 700

(4.95) (3.42) (4.39) (2.98) (4.96) (5.45) (6.34) (5.18) (6.20) (4.94)
physical activity 31 22 30 30 16 16 27 15 22 209

(2.10) (1.50) (2.12) (2.13) (0.90) (0.85) (1.54) (1.04) (1.42) (1.48)
others 18 7 10 8 33 21 30 31 21 179

(1.22) (0.48) (0.71) (0.57) (1.86) (1.11) (1.71) (2.14) (1.36) (1.26)
E. The vulnerable parts of the injury occurrence among employees
the upper limbs 276 259 291 412 746 826 723 578 751 4862 4.748 0.000

(18.72) (17.70) (20.59) (29.26) (42.05) (43.70) (41.31) (39.92) (48.51) (34.32)
lower limbs 381 398 415 371 392 436 400 344 338 3475

(25.85) (27.20) (29.37) (26.35) (22.10) (23.07) (22.86) (23.76) (21.83) (24.53)
head 443 431 356 319 327 287 303 232 184 2882

(30.05) (29.46) (25.19) (22.66) (18.43) (15.19) (17.31) (16.02) (11.89) (20.34)
trunk 264 242 234 181 182 203 204 160 184 1854

(17.91) (16.54) (16.56) (12.86) (10.26) (10.74) (11.66) (11.05) (11.89) (13.09)
multiple parts 40 79 59 81 73 53 65 77 63 590

(2.71) (5.40) (4.18) (5.75) (4.11) (2.80) (3.71) (5.32) (4.07) (4.16)
alimentary system 24 16 12 12 13 11 7 10 7 112

(1.63) (1.09) (0.85) (0.85) (0.73) (0.58) (0.40) (0.69) (0.45) (0.79)
respiratory system 7 10 9 8 8 26 23 16 3 110

(0.47) (0.68) (0.64) (0.57) (0.45) (1.38) (1.31) (1.10) (0.19) (0.78)

(continued on next page)
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Table 2 (continued )

Year 2013 2014 2015 2016 2017 2018 2019 2020 2021 Total χ2 P value

nervous system 19 9 12 10 11 11 15 12 11 110
(1.29) (0.62) (0.85) (0.71) (0.62) (0.58) (0.86) (0.83) (0.71) (0.78)

Extensive systemic injury 13 16 21 12 16 10 4 9 5 106
(0.88) (1.09) (1.49) (0.85) (0.90) (0.53) (0.23) (0.62) (0.32) (0.75)

others 7 3 4 1 6 22 4 8 2 57
(0.47) (0.21) (0.28) (0.07) (0.34) (1.16) (0.23) (0.55) (0.13) (0.40)

undefinable parts N/A N/A N/A 1 N/A 5 2 2 N/A 10
(0.07) (0.26) (0.11) (0.14) (0.07)

F. The severity degrees of injury among employees
Moderate injury 823 814 799 825 1051 1150 1092 916 1110 8580 193.856 0.000

(55.80) (55.64) (56.55) (58.59) (59.24) (60.85) (62.40) (63.26) (71.71) (60.56)
mild injury 454 410 438 403 563 535 428 336 334 3901

(30.80) (28.02) (31.00) (28.62) (31.74) (28.31) (24.46) (23.20) (21.58) (27.53)
Severe injury 197 239 176 180 160 205 230 196 104 1687

(13.40) (16.34) (12.46) (12.78) (9.02) (10.85) (13.14) (13.54) (6.72) (11.91)
G. The outcomes of injury among employees
returned home after treatment 1368 1339 1329 1327 1688 1797 1670 1372 1505 13395 86.461 0.000

(92.81) (91.52) (94.06) (94.25) (95.15) (95.08) (95.43) (94.75) (97.22) (94.54)
transferred to upper hospital 62 75 60 51 61 69 43 41 31 493

(4.21) (5.13) (4.25) (3.62) (3.44) (3.65) (2.46) (2.83) (2.00) (3.48)
others 26 25 15 14 14 13 19 24 10 160

(1.76) (1.71) (1.06) (0.99) (0.79) (0.69) (1.09) (1.66) (0.65) (1.13)
death 18 24 9 16 11 11 18 11 2 120

(1.22) (1.64) (0.64) (1.14) (0.62) (0.58) (1.03) (0.76) (0.13) (0.85)
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Table 3
The top five causes, types, places of injury, activity types and vulnerable parts for injury, and all severity degrees and outcomes of injury among employees of different age groups and sex between 2013
and 2021 [N (%)].

Age The young to middle-aged group (15year~) (N =

7778)
The middle-aged to elderly group (45year~) (N
= 5488)

The elderly group (≥65year~) (N = 902) Total χ2 P
value

Gender Male Female Male Female Male Female

A. The types of the injury occurrence
1 fracture 3599 fracture 925 fracture 2513 fracture 805 fracture 303 fracture 247 fracture 8392 185.995 0.000

(57.99) (58.84) (58.91) (65.88) (54.20) (72.01) (59.23)
2 sharp

instrument
injury/bite/
open wound

1011 brain
contusion
and
laceration

203 brain
contusion
and
laceration

619 brain
contusion
and
laceration

143 brain
contusion
and
laceration

137 brain
contusion
and
laceration

45 brain
contusion
and
laceration

1845
(16.29) (12.91) (14.51) (11.70) (24.51) (13.12) (13.02)

3 brain
contusion
and
laceration

698 sharp
instrument
injury/bite/
open wound

193 sharp
instrument
injury/bite/
open wound

493 sharp
instrument
injury/bite/
open wound

93 sprain/strain 40 sprain/strain 16 sharp
instrument
injury/bite/
open wound

1834
(11.25) (12.28) (11.56) (7.61) (7.16) (4.66) (12.94)

4 sprain/strain 419 sprain/strain 108 sprain/strain 317 sprain/strain 83 sharp
instrument
injury/bite/
open wound

36 the organ
damages

16 sprain/strain 983
(6.75) (6.87) (7.43) (6.79) (6.44) (4.66) (6.94)

5 contusion/
abrasion

203 contusion/
abrasion

63 contusion/
abrasion

134 contusion/
abrasion

60 the organ
damages

24 sharp
instrument
injury/bite/
open wound

8 contusion/
abrasion

478
(3.27) (4.01) (3.14) (4.91) (4.29) (2.33) (3.37)

χ2 20.850 45.182 36.276    
P value 0.000 0.000 0.000    
B. The causes of the injury occurrence
1 fall 1733 motor vehicle

accident
484 fall 1317 motor vehicle

accident
351 fall 217 fall 224 fall 4169 544.912 0.000

(27.92) (30.79) (30.87) (28.72) (38.82) (65.31) (29.43)
2 blunt injury 1716 fall 333 blunt injury 1010 fall 345 motor vehicle

accident
170 motor vehicle

accident
36 blunt injury 3287

(27.65) (21.18) (23.68) (28.23) (30.41) (10.50) (23.20)
3 motor vehicle

accident
1081 blunt injury 292 motor vehicle

accident
964 blunt injury 216 non-motor

vehicle
accident

75 non-motor
vehicle
accident

30 motor vehicle
accident

3086
(17.42) (18.58) (22.60) (17.68) (13.42) (8.75) (21.78)

4 knife/sharp
injury

851 non-motor
vehicle
accident

229 knife/sharp
injury

421 non-motor
vehicle
accident

201 blunt injury 35 blunt injury 18 knife/sharp
injury

1524
(13.71) (14.57) (9.87) (16.45) (6.26) (5.25) (10.76)

5 non-motor
vehicle
accident

587 knife/sharp
injury

163 non-motor
vehicle
accident

400 knife/sharp
injury

61 knife/sharp
injury

25 poisoning 14 non-motor
vehicle
accident

1522
(9.46) (10.37) (9.38) (4.99) (4.47) (4.08) (10.74)

(continued on next page)
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Table 3 (continued )

Age The young to middle-aged group (15year~) (N =

7778)
The middle-aged to elderly group (45year~) (N
= 5488)

The elderly group (≥65year~) (N = 902) Total χ2 P
value

Gender Male Female Male Female Male Female

χ2 50.603 26.635 26.635    
P value 0.000 0.000 0.000    
C. The places of the injury occurrence
1 industrial and

building sites
2730 roads and

streets
812 industrial and

building sites
1802 roads and

streets
654 roads and

streets
291 homes 186 roads and

streets
5590 1042.924 0.000

(43.99) (51.65) (42.24) (53.52) (52.06) (54.23) (39.46)
2 roads and

streets
2070 industrial and

building sites
375 roads and

streets
1656 industrial and

building sites
296 homes 136 roads and

streets
107 industrial and

building sites
5263

(33.35) (23.85) (38.82) (24.22) (24.33) (31.20) (37.15)
3 homes 498 homes 218 homes 388 homes 156 industrial and

building sites
53 Public

resident place
13 homes 1582

(8.02) (13.87) (9.10) (12.77) (9.48) (3.79) (11.17)
4 Public

resident place
336 Trade and

service place
54 Public

resident place
133 Public

resident place
40 farmland 34 Trade and

service place
7 Public

resident place
588

(5.41) (3.44) (3.12) (3.27) (6.08) (2.04) (4.15)
5 Trade and

service place
234 Public

resident place
48 Trade and

service place
106 Trade and

service place
39 Public

resident place
18 industrial and

building sites
7 Trade and

service place
449

(3.77) (3.05) (2.48) (3.19) (3.22) (2.04) (3.17)
χ2 309.183 151.453 109.651    
P value 0.000 0.000 0.000    
D. The activity types of the injury occurrence
1 paid activities 2891 driving and

riding
vehicles

645 paid activities 1911 driving and
riding
vehicles

514 driving and
riding
vehicles

207 leisure
activities

167 paid activities 5657 642.843 0.000
(46.58) (41.03) (44.80) (42.06) (37.03) (48.69) (39.93)

2 driving and
riding
vehicles

1574 paid activities 432 driving and
riding
vehicles

1271 paid activities 333 leisure
activities

164 domestic
chores

62 driving and
riding
vehicles

4265
(25.36) (27.48) (29.79) (27.25) (29.34) (18.08) (30.10)

3 leisure
activities

930 leisure
activities

259 leisure
activities

511 leisure
activities

217 paid activities 73 driving and
riding
vehicles

54 leisure
activities

2248
(14.99) (16.48) (11.98) (17.76) (13.06) (15.74) (15.87)

4 Undefinable
activity types

389 domestic
chores

98 Undefinable
activity types

296 domestic
chores

79 Undefinable
activity types

55 Undefinable
activity types

29 Undefinable
activity types

910
(6.27) (6.23) (6.94) (6.46) (9.84) (8.45) (6.42)

5 domestic
chores

226 Undefinable
activity types

89 domestic
chores

192 Undefinable
activity types

52 domestic
chores

43 paid activities 17 domestic
chores

700
(3.64) (5.66) (4.50) (4.26) (7.69) (4.96) (4.94)

χ2 239.415 157.956 93.499    
P value 0.000 0.000 0.000    
E. The vulnerable parts of the injury occurrence
1 The upper

limbs
2384 The upper

limbs
590 The upper

limbs
1340 The upper

limbs
424 head 178 The lower

limbs
131 The upper

limbs
4862 406.389 0.000

(38.41) (37.53) (31.41) (34.70) (31.84) (38.19) (34.32)
2 The lower

limbs
1517 The lower

limbs
380 The lower

limbs
1010 The lower

limbs
295 The lower

limbs
142 trunk 76 The lower

limbs
3475

(24.44) (24.17) (23.68) (24.14) (25.40) (22.16) (24.53)
3 head 1242 head 327 head 871 trunk 209 trunk 91 head 60 head 2882

(continued on next page)
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Table 3 (continued )

Age The young to middle-aged group (15year~) (N =

7778)
The middle-aged to elderly group (45year~) (N
= 5488)

The elderly group (≥65year~) (N = 902) Total χ2 P
value

Gender Male Female Male Female Male Female

(20.01) (20.80) (20.42) (17.10) (16.28) (17.49) (20.34)
4 trunk 636 trunk 148 trunk 694 head 204 The upper

limbs
79 The upper

limbs
45 trunk 1854

(10.25) (9.41) (16.27) (16.69) (14.13) (13.12) (13.09)
5 multiple parts 23 multiple parts 68 multiple parts 200

(4.69)
multiple parts 53 multiple parts 31 respiratory

system
10 multiple parts 590

0 (3.71) (4.33) (4.34) (5.55) (2.92) (4.16)
χ2 6.095 24.557 40.098    
P value 0.807 0.000 0.000    
F.The severity degrees of injury
1 mild injury 3689 mild injury 915 mild injury 2648 mild injury 781 mild injury 327 mild injury 220 Moderate

injury
8580 102.563 0.000

(59.44) (58.21) (62.07) (63.91) (58.50) (64.14) (60.56)
2 Moderat-e

injury
1843 Moderat-e

injury
509 Moderat-e

injury
1048 Moderat-e

injury
312 Moderate

injury
133 Severe injury 67 mild injury 3901

(29.70) (32.38) (24.57) (25.53) (23.79) (19.53) (27.53)
3 Severe injury 674 Severe injury 148 Severe injury 570 Severe injury 129 Severe injury 99 Moderat-e

injury
56 Severe injury 1687

(10.86) (9.41) (13.36) (10.56) (17.71) (16.33) (11.91)
χ2 5.788 6.740 7.155    
P value 0.055 0.034 0.028    
G.The outcomes of injury
1 returned

home after
treatment

5895 returned
home after
treatment

1501 returned
home after
treatment

4003 returned
home after
treatment

1150 returned
home after
treatment

517 returned
home after
treatment

329 returned
home after
treatment

13395 23.696 0.000
(94.99) (95.48) (93.83) (94.11) (92.49) (95.92) (94.54)

2 transferred to
upper
hospital

217 transferred to
upper
hospital

46 transferred to
upper
hospital

163 transferred to
upper
hospital

40 transferred to
upper
hospital

19 transferred to
upper
hospital

8 transferred to
upper
hospital

493
(3.50) (2.93) (3.82) (3.27) (3.40) (2.33) (3.48)

3 Others 53 death 15 Others 53 Others 26 Others 13 Others 5 Others 160
(0.85) (0.95) (1.24) (2.13) (2.33) (1.46) (1.13)

4 death 41 Others 10 death 47 death 6 death 10 death 1 death 120
(0.66) (0.64) (1.10) (0.49) (1.79) (0.29) (0.85)

χ2 3.476 9.618 6.742    
P value 0.324 0.022 0.081    
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Table 4
The independent risk predictors of the outcomes of injury by the multivariate logistic regression analysis [OR (95%CI)].

Variable Name Likelihood Ratio
Tests of the all
outcomes

Parameter Estimates for the outcome of upper
hospital

Parameter Estimates for the outcome of transferred
to death

Parameter Estimates for the outcome ofothers

Wald χ2 P value β SE(β) OR 95 % CI for OR β SE(β) OR 95 % CI for OR β SE(β) OR 95 % CI for OR

Intercept 442.864 0.000 − 5.194 0.483   − 20.627 2.031   − 8.207 0.840  
Gender 2.235 0.525 − 0.143 0.120 0.866 0.684,1.097 0.138 0.254 1.148 0.697,1.890 0.116 0.188 1.123 0.778,1.623
Census register 31.942 0.000* − 0.585 0.104 0.557 0.455,0.683* 0.140 0.237 1.151 0.723,1.831 0.027 0.186 1.027 0.713,1.480
Age 17.945 0.000* − 0.239 0.082 0.787 0.671,0.924* 0.168 0.168 1.183 0.851,1.645 0.361 0.132 1.434 1.107,1.859*
Occupation 6.507 0.089 0.064 0.031 1.066 1.004,1.132* 0.022 0.064 1.022 0.902,1.158 0.081 0.055 1.085 0.975,1.207
The causes of the injury occurrence 15.401 0.002* − 0.072 0.022 0.930 0.892,0.971* − 0.041 0.037 0.959 0.893,1.031 − 0.058 0.036 0.944 0.880,1.012
The places of the injury occurrence 8.036 0.045* 0.046 0.026 1.047 0.996,1.101 0.100 0.056 1.105 0.990,1.235 − 0.050 0.041 0.951 0.878,1.030
The activity types of the injury

occurrence
2.558 0.465 0.033 0.033 1.033 0.968,1.103 0.057 0.064 1.059 0.935,1.200 0.056 0.055 1.057 0.949,1.178

The types of the injury occurrence 106.686 0.000* 0.144 0.020 1.155 1.110,1.202* 0.304 0.042 1.355 1.248,1.470* 0.119 0.035 1.126 1.052,1.207*
The vulnerable parts of the injury

occurrence
24.324 0.000* 0.082 0.024 1.085 1.035,1.139* − 0.019 0.041 0.981 0.905,1.063 0.155 0.039 1.168 1.081,1.261*

The severity degrees of injury
occurrence

628.218 0.000* 1.143 0.080 3.136 2.682,3.668* 5.134 0.587 169.624 53.734,535.466* 0.727 0.134 2.070 1.592,2.690*
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3.7. Vulnerable body regions

The body regions most vulnerable to injury were the upper limbs (34.32 %), lower limbs (24.53 %), head (20.34 %), trunk (13.09
%), and multiple limbs (4.16 %) (Table 2E). The most common body regions vulnerable to injury in male and female employees in the
15–44- and 45–64-year age groups were the upper and lower limbs, respectively. In the ≥65-year age group, the most common parts
vulnerable to injury were the head and lower limbs in males and the lower limbs and trunk in females. Differences in the vulnerable
parts for injury between the different age groups were statistically significant (χ2 = 406.389, P < 0.01). There was no statistically
significant difference in the vulnerable parts for injury in the 15–44-year age group according to sex (χ2= 6.095, P= 0.807). However,
there were statistically significant differences in relation to vulnerable regions for injury in the 45–64-, and ≥65-year age groups
according to sex (χ2 = 24.557 and 40.098, respectively; P < 0.01; Table 3E).

3.8. Injury severity

In total, 60.56 % of the employees had moderate injuries. Mild and severe injuries comprised 27.53 % and 11.91 % of injuries,
respectively. The number of moderate injuries was lowest in 2013 (55.80 %) and highest in 2021 (71.71 %), indicating an increasing

Table 5
The distribution of the economic burden of injury (the average hospitalization expenses and the duration of missed work) on employees of the
different age groups and sex between 2013 and 2021 [x± s].

Year N x± s 95%Confidence
interval (95 %
CI)

Statistics Age group Genders N x± s 95%Confidence
interval (95 %
CI)

Statistics

A. The duration for missed work
Total 14168 49.77 ±

0.367
(49.05, 50.49)   Total 14168 49.77 ±

0.367
(49.05, 50.49) 

2013 1474 33.80 ±

1.137
(31.57, 36.03) F =

4.621
P =

0.000

The young to
middle-aged
group (15year~)

Male 6206 49.69 ±

0.540
(48.63, 50.75) F =

19.851
P =

0.000
2014 1463 36.78 ±

1.069
(34.68, 38.87) Female 1572 49.12 ±

1.091
(46.98, 51.26)

2015 1413 40.38 ±

1.219
(37.99, 42.77) Total 7778 49.57 ±

0.484a
(48.63, 50.52)

2016 1408 53.68 ±

1.551
(50.64, 56.72) The middle-aged

to elderly group
Male 4266 50.90 ±

0.689
(49.55, 52.25)

2017 1774 61.77 ±

0.978
(59.86, 63.69) Female 1222 53.09 ±

1.408
(50.33, 55.86)

2018 1890 54.16 ±

0.945
(52.30, 56.01) Total 5488 51.39 ±

0.621a
(50.17, 52.61)

2019 1750 54.33 ±

0.937
(52.49, 56.17) The elderly group

(≥65year~)
Male 559 42.82 ±

1.581
(39.71, 45.92)

2020 1448 51.64 ±

1.014
(49.65, 53.63) Female 343 39.51 ±

1.891
(35.79, 43.23)

2021 1548 56.22 ±

0.878
(54.50, 57.94) Total 902 41.56 ±

1.216a
(39.17, 43.94)

B. The average hospitalization expenses
Total 14168 16250.37

± 183.113
(15891.44,
16609.30)

F =

79.872
P =

0.000

The young to
middle-aged
group (15year~)

Total 14168 16250.37
± 183.113

(15891.44,
16609.30)

F =

25.284
P =

0.000
2013 1474 14900.59 ±

568.668
(13785.11,
16016.08)

Male 6206 15535.70 ±

266.664
(15012.94,
16058.45)

2014 1463 17349.10 ±

696.039
(15983.76,
18714.44)

Female 1572 13345.02 ±

424.180b
(12513.00,
14177.04)

2015 1413 16733.30 ±

569.180
(15616.78,
17849.83)

Total 7778 15092.94 ±

229.597
(14642.87,
15543.01)

2016 1408 18194.65 ±

571.606
(17073.35,
19315.94)

The middle-aged
to elderly group

Male 4266 17875.63 ±

364.016
(17161.97,
18589.29)

2017 1774 16266.51 ±

464.280
(15355.91,
17177.10)

Female 1222 16244.54 ±

581.833b
(15103.03,
17386.04)

2018 1890 16572.38 ±

505.224
(15581.53,
17563.24)

Total 5488 17512.44 ±

311.321c
(16902.12,
18122.75)

2019 1750 16730.94 ±

537.156
(15677.41,
17784.48)

The elderly group
(≥65year~)

Male 559 19392.52 ±

1238.525
(16959.78,
21825.26)

2020 1448 14815.01 ±

608.895
(13620.60,
16009.42)

Female 343 17182.73 ±

1009.289b
(15197.54,
19167.93)

2021 1548 14675.69 ±

424.429
(13843.17,
15508.21)

Total 902 18552.22 ±

858.518c
(16867.29,
20237.14)

Notes.
a : P < 0.05, comparison of the average duration of missed work between the different age groups.
b : P < 0.05, comparison of average hospitalization expenses in the same age group between the different sex.
c : P < 0.05, comparison of average hospitalization expenses between the other age groups and the middle to the older-aged group.
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trend. However, the number of severe injuries was highest in 2013 (16.34 %) and lowest in 2021 (6.72 %), indicating a decreasing
trend (χ2 = 193.856, P < 0.01; Table 2F). A statistically significant difference in the severity of injury was observed between the
different age groups (χ2= 102.563, P< 0.01). With increasing age, the incidence rates relating to severe injuries gradually increased to
10.57%, 12.74%, and 18.40% across the three age groups, respectively. There was no significant difference in incidence rates relating
to severity of injury between the 15–44-year age group employees compared with different sex (χ2 = 5.788, P > 0.05). However, the
severe injury rate was higher in male employees in the 45–64-year age group than in their female counterparts (χ2 = 6.740, P < 0.05).
The incidence rates of severe injury was lower in male employees in the ≥65-year age group than in their female counterparts (χ2 =
7.155, P < 0.05; Table 3F).

3.9. Injury outcomes

In total, 94.54 % of injured employees returned home after treatment, 3.48 % were transferred to a higher tertiary hospital and
rehabilitation hospital for further treatment, and 0.85 % died. Injury-related deaths were highest in 2013 (1.22 %) and lowest in 2021
(0.13 %), indicating a decreasing trend (χ2 = 86.461, P < 0.01; Table 2G). A statistically significant difference was observed in injury
outcomes between different age groups (χ2 = 23.696, P< 0.01). With increasing age, the injury-related death rate gradually increased
to 0.72 %, 0.97 %, and 1.22 % in the three age groups, respectively. No significant difference was observed in the number of deaths
owing to injury between male employees in the 15–44- and≥65-year age groups compared with female employees (χ2= 3.476, 6.742,
P < 0.01). However, the death rate due to injury was higher in male employees in the 45–64-year age group than in their female
counterparts (χ2 = 9.618, P < 0.05; Table 3G).

3.10. Independent predictors of injury outcomes

Multivariate logistic regression analysis results indicated that independent predictors of all outcomes were census register clas-
sification (registered or floating residence); age; injury cause, location, and type; vulnerable body regions; and injury severity (P <

0.05). Compared with the ‘discharged after treatment’ outcome, according to the odds ratio (OR) value (from highest to lowest), the
independent protective predictors of the ‘transferred to a tertiary hospital’ outcome were injury cause, census register classification,
and age. The independent risk predictors of ‘transferred to a tertiary hospital’ outcomes were injury severity, injury type, vulnerable
body regions, and occupation. The independent risk predictors of the ‘death’ outcome were degree of injury severity, injury type, and
injury occurrence (ORs 169.624 and 1.355, respectively). The independent risk predictors of the ‘others’ outcome were injury severity,
injury occurrence, age, vulnerable body regions, and injury types according to the OR (from highest to lowest) (Table 4).

3.11. Economic burden of injury

3.11.1. The duration of missed work owing to injury
The total duration of missed work due to injuries among employees between 2013 and 2021 was 705,097 days, and the average

duration of missed work was 49.77 days, showing an increasing annual trend (F = 79.8724.621, P < 0.01; Table 5A). The average
durations of missed work in the 15–44-, 45–64-, and≥65-year age groups were 49.57, 51.39, and 41.56 days, respectively. The average
duration of missed work was higher in the 15–44- and 45–64-year age groups than in the ≥65-year age group (F = 19.851, P < 0.01).
There was no statistically significant difference in the duration of missed work due to injuries according to sex within the same age
group (F = 0.227, 2.157, and 1.744, respectively; P > 0.05; Table 5A). The average durations of missed work in the different injury
outcome groups owing to injuries among employees between 2013 and 2021 were 50.21, 42.57, 44.57, and 38.20 days, respectively.
The average duration of missed work was longest in relation to the ‘discharged after treatment’ outcome. The average duration of

Table 6
The distribution of the duration of missed work of the different injury outcome groups on employees between 2013 and 2021 [x± s].

The outcomes of
injury

2013 2014 2015 2016 2017 2018 2019 2020 2021 Total

Total 33.80 ±

1.137
36.77 ±

1.06
40.37 ±

1.219
53.68 ±

1.551
61.77 ±

0.978
54.16 ±

0.945*
54.33 ±

0.937
51.64 ±

1.014
56.22 ±

0.878
49.77 ±

0.367
returned home

after
treatment

33.78 ±

1.167*
36.94 ±

1.12*
40.56 ±

1.258
54.26 ±

1.622
62.07 ±

1.002*
54.31 ±

0.975*
54.79 ±

0.961*
52.43 ±

1.042⋄
56.63 ±

0.887
50.21 ±

0.378

transferred to
upper
hospital

30.04 ±

7.300*
34.29 ±

4.85*
36.42 ±

6.276 *
49.61 ±

6.186*
58.36 ±

5.357
51.68 ±

4.551 *
46.30 ±

6.046*
34.88 ±

5.613*
41.68 ±

6.566*
42.57 ±

2.003*

death 52.76 ±

0.000
45.26 ±

3.520
47.01 ±

5.752
44.43 ±

4.524*
32.35 ±

6.973
42.24 ±

7.706
42.72 ±

4.251*
48.06 ±

4.706⋄
29.88 ±

22.882
44.57 ±

1.645*
others 30.58 ±

8.539*
27.32 ±

9.548
35.40 ±

11.056*
23.86 ±

9.110
64.29 ±

11.668*
55.92 ±

9.288 *
43.1 ±

9.311*
36.54 ±

8.426 *
44.60 ±

13.430*
38.20 ±

3.366
χ2 49.688 31.648 12.337 11.426 8.301 1.527 5.299 18.309 9.785 77.324
P value 0.000 0.000 0.006 0.010 0.040 0.676 0.151 0.000 0.020 0.000

Notes: *&⋄: P ≥ 0.05, comparison of the average duration of missed work between the different outcome groups of the injury.
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missed work was shortest in relation to the ‘others’ outcome. No statistically significant difference was observed in the duration of
missed work in relation to ‘transferred to tertiary hospital’ and ‘death’ outcomes (P > 0.05, Table 6).

3.11.2. Hospitalization costs relating to employees’ injuries
Total hospitalization expenses owing to employee injuries between 2013 and 2021 totaled￥230,235,257, with the average hos-

pitalization expenses being￥16250.37, which indicated a decreasing trend yearly (F = 79.872, P < 0.01; Table 5B). With increasing
age, the average hospitalization expenses gradually increased. The average hospitalization expenses in relation to the 15–44-, 45–64-,
and ≥65-year age groups were 15092.94, 17512.44, and 18552.22, respectively (F = 25.284, P < 0.01). The average hospitalization
expenses in the 15–44-year age group were lower than those in the 45–64- and ≥65-year age groups. No significant difference was
observed in the average hospitalization expenses between the 45–64- and ≥65-year age groups. The average hospitalization expenses
owing to injuries were higher for male employees than for female employees in the 15–44- and 45–64-year age groups (F= 14.707 and
4.754, respectively, P < 0.05). No statistically significant difference was observed in the average hospitalization expenses resulting
from injuries according to sex in the≥65-year age group (F = 1.562, P= 0.212; Table 5B). The total length of hospitalization owing to
employee injuries between 2013 and 2021 was 215,352 days and the average length of hospitalization was 15.22 days, indicating a
decreasing annual trend (F = 76.657, P < 0.01). A correlation analysis indicated that the total correlation coefficient between the
average length of hospitalization and average hospitalization expenses was 0.560, showing a significant positive correlation (P <

0.05). The correlation coefficients between the average length of hospitalization and average hospitalization expenses from 2014 to
2021 showed an increasing annual trend (Table 7).

4. Discussion

In addition to infectious and chronic non-infectious diseases, injury is another major public health issue globally [4,6]. To reduce
injury occurrence, injury control aims to determine the distribution, causes, and risks of injury occurrence for targeted prevention [7].
Beilun District is an economic region with a total regional gross domestic product of 263.084 billion yuan in 2022. With the world’s
largest port production economy in terms of throughput, transportation and industrial production are relatively well developed. At the
end of 2022, the permanent population of the entire district was 879,000 people, the registered residential population was 449,500,
and the floating population was approximately 429,500. Injury is the leading cause of death in this region. The Zhejiang University
School of Medicine First Affiliated Hospital Beilun Branch is the only injury-monitoring sentinel unit in Beilun District. Beilun District
People’s Hospital reported 25,375 injury cases between 2013 and 2021, of which 14,168 injuries occurred in employees, accounting
for 55.92 % of the total injury cases. With currently no data analysis on the epidemiology of injuries among employees having been
reported, this study analyzed the epidemiological characteristics and economic burden of employee injuries.

The study findings indicated that the incidence of injuries in males was significantly higher than that in females, possibly because of
differences in work exposure and the scope of social activities between the sexes, which is consistent with previous studies [5,8]. The
sex ratio was the highest in the 15–44-year age group, indicating that young men have a higher risk of injury than young women due to
more sports, excitability, work of higher relative risk, and higher exposure to risk factors, in keeping with a previous study analyzing
the characteristics of injuries from the Chinese National Injury Surveillance System [9]. Regarding age distribution, the injuries of
employees in the 15–44- and 45–64-year age groups accounted for >98 % of all employee injuries. These two age groups are the main
bearers of work and housework, with more social, entertainment, and sports activities; therefore, their exposure to injury risk factors is
higher [5]. The proportion of injuries in the 45–64-year age group has increased annually, suggesting that middle- and older-aged
employees are likely to be the key population for injury intervention [10,11]. Middle- and older-aged employees are engaged in
varying types of production labor. With increasing age, the body responds more slowly and has poorer strain capacity, making
accidental injuries more likely to occur [12]. The proportion of injuries among migrant employees was considerably higher than that
among the registered residential population, increasing annually possibly because of a poor living environment and a lack of practical
and occupational protection knowledge. This finding suggests that corresponding occupational protection security mechanisms and
strengthened training in injury intervention knowledge should be provided to migrant employees.

The time distribution of injuries among employees showed a clear trend, increasing during summer and decreasing during winter

Table 7
The correlation of the length of hospitalization and hospitalization expenses of the injury on employees between 2013 and 2021 [x± s].

Year N The average hospitalization expenses
(x± s)

Statistics The average length of hospitalization
(x± s)

Statistics Correlation
Coefficient

P
value

Total 14168 16250.37 ± 183.113 F =

79.872
P = 0.000

15.22 ± 15.251 F =

76.657
P = 0.000

0.560 0.000
2013 1474 14900.59 ± 568.668 17.42 ± 20.784 0.710 0.000
2014 1463 17349.10 ± 696.039 16.40 ± 14.518 0.467 0.000
2015 1413 16733.30 ± 569.180 17.37 ± 20.191 0.542 0.000
2016 1408 18194.65 ± 571.606 19.05 ± 18.869 0.475 0.000
2017 1774 16266.51 ± 464.280 17.50 ± 13.759 0.628 0.000
2018 1890 16572.38 ± 505.224 16.39 ± 12.738 0.631 0.000
2019 1750 16730.94 ± 537.156 12.89 ± 11.420 0.600 0.000
2020 1448 14815.01 ± 608.895 10.70 ± 10.320 0.645 0.000
2021 1548 14675.69 ± 424.429 9.52 ± 8.774 0.631 0.000
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each year. This may be because of more holidays taken, less protective wear, fatigue, dizziness owing to hot weather, or other factors
that increase the risk of injuries. The peak times of injury occurrence during the day were 0800, 1000, 1500, 1800, and 2000 h,
possibly owing to commuting rush hours, heavier traffic conditions, more exposure to work, or engaging in fighting during night
activities, which is consistent with a previous analysis in the Songjiang District of Shanghai [13].

The primary cause of injuries in young to middle-aged and middle to older-aged female employees was MVAs, which is consistent
with a report from Songjiang District of Shanghai [11]. Falls were the primary cause of injuries among female employees in the
≥65-year age group and male employees in all age groups [14]. However, with increasing age, the proportion of falls among male
employees gradually increased, which may be explained as due to men being mostly engaged in high-altitude work and in the con-
struction industry [15]. These findings indicate that MVAs and falls are serious issues threatening the District’s residents’ health, and
relevant departments should focus on preventing such injuries. There was an increase in the proportion of blunt injuries, indicating
that personal security in relation to fighting-related injuries should also be considered.

Fractures were the primary injury type in all age groups. The proportion of fracture injuries among female employees was
significantly higher than that amongmale employees owing to the physiological characteristics of female employees [15]. The primary
location of injury for male employees in the 15–44- and 45–64-year age groups was industrial and building sites, mainly because of the
high risk of injury caused by increased exposure at work. The primary location of injury for male employees in the≥65-year age group
was roads or streets, primarily owing to MVAs. The main locations of injury for female employees in the 15–44- and 45–64-year age
groups were roads and streets. The main location of injury for female employees in the ≥65-year age group as at home because older
adult women were mostly engaged in housework. This indicates that where an injury occurred was closely associated with activities
that caused the injury.

The activity types for injury occurrence in male and female employees in the 15–44- and 45–64-year age groups were mostly paid
activities and driving and in riding vehicles. The activity types for injury occurrence in male employees in the ≥65-year age group
mostly involved driving, riding in vehicles, and leisure activities, whereas those for injury occurrence in female employees in the ≥65-
year age group involved leisure and housework activities. This suggests that older employees should pay more attention to falls during
leisure time, which is consistent with Lu et al.‘s findings [16]. This indicates that interventions focusing on home injuries should be
emphasized to prevent falls at home and during leisure activities.

The development of medical technology has improved the effectiveness of injury treatment. Of the injured employees, 94.54 %
were discharged after treatment and only 0.85 % died. While the number of deaths owing to injury showed a decreasing trend, death
avoidance remains important. Multivariate logistic regression analysis findings indicated that the independent risk predictors of death
as an outcome were the degree of injury severity and injury type (ORs 169.624 and 1.355, respectively), which is consistent with other
research findings [17]. In this study, 60.56 % of employees had moderate injuries. Mild and severe injuries accounted for 27.53 % and
11.91 % of injuries, respectively. While the proportion of patients with severe injuries decreased, the incidence rates concerning severe
injury were higher for male employees in the 45–64-year age group than for their female counterparts, and the incidence rate for severe
injury was lower in older adult male employees. Meanwhile, the incidence rates for brain contusion and laceration, and sharp in-
strument injury/bite/open wound were higher in male employees. The incidence rate for fractures was higher in female employees.
Among middle-aged and older employees, greater attention needs to be paid to both male and female employees in relation to severe
brain damage and fractures, respectively.

The total hospitalization expenses due to employee injury between 2013 and 2021 demonstrated an annual decreasing trend. This
is inconsistent with reports on injuries in Gansu Province between 2014 and 2018 [18]. This contrasting finding may be due to the
implementation of diagnosis-related groups in Ningbo in recent years [19], thus decreasing the average hospitalization expenses.
Furthermore, average hospitalization expenses gradually increased with age, possibly because of the recurrence of underlying diseases
and complications resulting from injuries to older employees. The average hospitalization expenses of male employees were higher
than those of female employees, possibly because of a severer degree of injury [20]. Correlation analysis indicated the total correlation
coefficient between the average length of hospitalization and the average hospitalization expense was 0.560, showing a significant
positive correlation, consistent with findings reported in a previous study [21]. Reducing the length of hospitalization is an effective
strategy for controlling hospitalization expenses while ensuring the safety and effectiveness of medical treatment.

The total duration of missed work due to injuries among employees between 2013 and 2021 showed an increasing annual trend.
The average durations of missed work in the different injury outcome groups due to injuries among employees between 2013 and 2021
were 50.21, 42.57, 44.57 and 38.20 days, respectively. The average duration of missed work was longest in relation to the ‘discharged
after treatment’ outcome because recovery needed more time. No differences were observed between the sexes; however, the average
days of missed work in the 15–44- and 45–64-year age groups were greater than that in the≥65-year age group. Therefore, the indirect
economic losses in relation to individuals and families, and the socioeconomic consequences due to missed work need to be considered
as employees in the 15–44- and 45–64-year age groups comprise the main labor force in the family and in society.

This study had several limitations. The data utilized in this study were retrospectively gathered from a pre-existing database. The
database is not specifically designed for a detailed investigation of employee injuries. The diagnoses and injury details were limited to
those captured correctly in the database. The method of recording data in the hospital injury monitoring system may have resulted in
mis-representation of employee injuries due to erroneous data entry. While we sought to ensure that our sample included only cases
related to employees, it is possible that other injury types in other populations were incorrectly included owing to the nature of the
coding system. We exclusively investigated injuries present in this database and did not include data on minor injuries that did not
require medical treatment. However, relevant information concerning the prevalence, characteristics, and economic burden in relation
to these types of patients has not been gathered. Extrapolation of the results requires more data to further verify our findings.
Therefore, future studies are needed to elucidate injuries that do not require medical treatment.
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5. Conclusion

This study analyzed data concerning 14,168 injuries among employees from the hospital injury monitoring system of a sentinel
hospital, comprising the largest cohort in the current literature. We highlighted the prevalence and characteristics of injuries among
employees, with fractures, brain contusions, lacerations, sharp instrument injuries or bites, and open wounds representing the most
common injuries. The primary sites of injury in male employees were industrial and building sites, roads, and streets. The main lo-
cations of injury among male employees in the older age group were roads and streets. The main sites of injury in female employees
were roads, streets, and homes. While focusing on the prevention and control of injuries among registered residents, injuries among the
floating population should also be addressed [22,23]. Attention needs to be paid to the commuting rush hour and to work safety in
terms of alleviating heavy traffic conditions and reducing the risk of industrial accidents that result in severe injuries and deaths.
Although hospitalization expenses due to employee injury between 2013 and 2021 demonstrated a decreasing annual trend annually,
the duration of missed work showed an increasing annual trend annually, particularly in the 15–44- and 45–64-year age groups, which
comprise the main labor force. Therefore, reducing the length of hospitalization is an effective strategy for controlling hospitalization
expenses and the duration of missed work.

This study was conducted in the coastal county of Zhejiang Province. Targeted intervention measures should be implemented to
prevent and control injuries and reduce the economic burden caused by injuries according to the epidemiological characteristics of
various injuries in different populations, sexes, and age groups. This study also provides a reference for research on injuries among
employees in other coastal and inland areas.
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