Name of Journal: World Journal of Clinical Cases
Manuscript NO: 63819
Manuscript Type: ORIGINAL ARTICLE

Observational Study
Association of overtime work and obesity with needle stick and sharp injuries in medical practice

Chen YH et al. Overtime work and obesity with NSIs

[bookmark: OLE_LINK54][bookmark: OLE_LINK55]Yong-Hsin Chen, Chih-Jung Yeh, Gwo-Ping Jong

Yong-Hsin Chen, Department of Occupational Safety and Health, Chung Shan Medical University Hospital, Taichung 40201, Taiwan

Yong-Hsin Chen, Chih-Jung Yeh, Department of Public Health, Chung Shan Medical University, Taichung 40201, Taiwan

Gwo-Ping Jong, Department of Internal Medicine, Chung Shan Medical University Hospital and Chung Shan Medical University, Taichung 40201, Taiwan

Author contributions: Chen YH and Yeh CJ conceived and designed this manuscript; Jong GP and Yeh CJ analyzed and interpreted the data of this study; Chen YH wrote the original draft; Jong GP and Yeh CJ reviewed and edited the manuscript; Jong GP and Yeh CJ also share equal contribution; all authors were contributed to drafting and/or revising the article, and all authors approved the final version to be published.

Corresponding author: Chih-Jung Yeh, PhD, Associate Professor, Department of Public Health, Chung Shan Medical University, No. 110 Section 1, Chien-Kuo Road, Taichung 40201, Taiwan. alexyeh@csmu.edu.tw

Received: February 3, 2021
Revised: July 22, 2021
Accepted: September 7, 2021
Published online: December 16, 2021


Abstract
BACKGROUND
[bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK56][bookmark: OLE_LINK57]Needle stick and sharps injuries (NSIs) may cause infections among medical personnel. Obesity and overtime work among medical personnel increase the incidence of work injuries.

AIM
To investigate whether overtime work and obesity increase the risk of NSIs.

METHODS
This cross-sectional study used the data of 847 hospital personnel, including 104 doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and nine surgical assistants. Of them, 29 participants notified the hospital of having at least one NSI in 2017. The data collected included age, overtime work, body mass index, medical specialty such as doctor or nurse, and professional grade such as attending physician or resident. The 2 and Fisher’s exact tests were used to compare categorical variables. Multiple logistic regression analysis and the Sobel test were used to assess the risk of NSIs.

RESULTS
Overtime work, body weight, and medical specialty were significantly associated with NSIs (P < 0.05). After adjustment for risk factors, heavy overtime work was an independent risk factor for NSIs, and healthy body weight and nursing specialty were independent protective factors against NSIs. After adjustment for risk factors, medical personnel with healthy body weight has half as many NSIs as those with unhealthy body weight; the proportion of NSIs in doctors with healthy body weight was 0.2 times that in doctors with unhealthy body weight; the proportion of injuries among residents was 17.3 times higher than that among attending physicians; the proportion of injuries among junior nurses was 3.9 times higher than that among experienced nurses; the proportion of injuries among nurses with heavy overtime work was 6.6 times higher than that among nurses with mild overtime work; and the proportion of injuries among residents was 19.5 times higher than that among junior nurses. Heavy overtime work mediated the association of medical specialty with NSIs.

CONCLUSION
In addition to promoting the use of safety needles and providing infection control education, managers should review overtime schedules, and medical personnel should be encouraged to maintain a healthy weight.
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[bookmark: OLE_LINK58][bookmark: OLE_LINK59]Core tip: Needle stick and sharp injuries (NSIs) are complex multifactorial processes that are commonly observed in physical, psychological, and environmental fields. Therefore, preventing NSIs in medical personnel remains a critical health issue. To reduce the risk of NSIs, other factors affecting their incidence, such as medical specialty and body weight, should be analyzed. We investigated whether overtime and obesity increase the risk of NSIs. We also aimed to provide insights into the development of more effective prevention plans for NSIs. To the best of our knowledge, these findings have never been reported.

INTRODUCTION
Needlestick and sharp injuries (NSIs) carry the risk of various infections, such as hepatitis B, hepatitis C, and human immunodeficiency virus (HIV) infections[1,2]. In 2000, occupational exposure to percutaneous injuries caused by medical personnel resulted in 16 000 cases of hepatitis C, 66 000 cases of hepatitis B, and 1000 cases of HIV worldwide[3]. The mean number of NSIs per 100 occupied beds per year was 4.8–7.6 from 2009 to 2011 in Japan[4]. Poor organizational climate and high workloads are associated with NSIs and near-misses in nurses[5]; however, the incidence of NSIs remains higher among doctors, commonly due to stress or overwork, followed by careless attitude[6]. This careless attitude can be effectively reduced by providing preventive education[7-10] and supplying protective equipment for procedures such as intravenous access or blood draws[5]. Some occupational factors, such as long working hours and overtime, can increase the risk of NSIs among medical personnel[11,12]; the risk of work-related injuries due to overtime has also been observed in other occupations[13]. According to the Survey of Occupational Injuries and Illnesses compiled by the United States Department of Labor, overtime work increased the injury hazard rate by 61%. In particular, the injury hazard rate was increased by 37% and 23% for work that lasted more than 12 h daily and 60 h, respectively, per week[13]. To ensure that medical services are promptly delivered, medical personnel routinely extend their working hours in cases of personnel shortage or sudden spikes in demand at the medical site. In Taiwanese hospitals, medical personnel working overtime mainly comprise doctors, 40% of whom work more than 60 h per week. In particular, 97% and 83% of doctors in medical centers and regional hospitals, respectively, work overtime[14].
[bookmark: OLE_LINK116][bookmark: OLE_LINK117]Obesity has been significantly associated with diseases such as type 2 diabetes, cardiovascular diseases, and several forms of cancer[15] and occupational injuries[16]. Occupational injuries caused by obesity generally comprise sprains, strains, lower limb injuries, and falls[17]. However, a study found no significant relationship between obesity and contact with sharp material agents without adjusting for medical specialty and overtime work[16]. Male health workers were found to be 10 times more likely than female health workers to encounter NSIs[18]. Furthermore, low work experience was associated with high NSI incidence among nurses[9], and resident doctors (RDs) have a higher incidence of NSIs than do attending physicians (APs)[19]. NSI incidence among doctors differed from that among nurses[7], and RDs had a higher incidence than APs and nurses[19].
NSIs are complex multifactorial processes that are related to physical, psychological and environmental fields. Therefore, preventing NSIs in medical personnel remains a critical health issue. To further reduce the risk of NSIs, other factors affecting NSI incidence should be analyzed, such as medical specialty and body weight (BW), and an effective prevention plan should be developed accordingly.

MATERIALS AND METHODS
[bookmark: OLE_LINK118][bookmark: OLE_LINK119]This cross-sectional study used data regarding doctors, nurses, and medical laboratory scientists working in Chung Shan Medical University Hospital, Taichung, Taiwan, recorded during 2017. The following data were collected: sex, age, height, weight, intensity of overtime work, medical specialty (doctor, nurse, medical laboratory scientist, specialist, or surgical assistant), professional level (AP or RD for doctors and N, N1, N2, N3 or N4 for nurses based on The Guidelines of Nursing Clinical Ladder System Program in Hospital). In this study, nurses with the professional level of N, which represents < 1 year of clinical work, were categorized as junior nurses (JNs) and nurses with higher levels were categorized as experienced nurses. We defined a medical laboratory scientist as a professional technician (excluding pathology laboratory personnel), a specialized technician as a specialist nurse in some medical specialty, and a surgical assistant as a person who assists a doctor in performing a surgical operation.
[bookmark: OLE_LINK131][bookmark: OLE_LINK132][bookmark: OLE_LINK133][bookmark: OLE_LINK129][bookmark: OLE_LINK130][bookmark: OLE_LINK137][bookmark: OLE_LINK138]This study included 847 participants (104 doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and nine surgical assistants). Among them, 29 notified the hospital of having at least one NSI in 2017; NSIs were recorded by the hospital’s occupational safety and health department. In this study, the aforementioned data were analyzed after depersonalization. Body weight was classified according to the definition of overweight or obesity by the Health Promotion Administration, Ministry of Health and Welfare. Specifically, body mass index (BMI) between 18.5 and 24.0 was considered a healthy BW (HBW), and any other BMI outside this range was considered an unhealthy BW (UHBW). Overtime work was classified according to the workload levels in the Guidelines for Prevention of Diseases Caused by Abnormal Workloads (Second Edition) from the Occupational Safety and Health Administration, Ministry of Labor. Specifically, extra work (both overtime and non-overtime) was categorized as slight (< 45 h/mo), moderate (45–80 h/mo), and heavy (> 80 h/mo) overtime work, respectively.
All statistical analyses were conducted using SAS v6.1 (SAS Institute, Cary, NC, United States). In addition, the 2 and Fisher’s exact tests were used to compare categorical variables. Multiple logistic regression analysis was used to analyze the correlation of NSI with the study’s main variables. The mediation effect was determined using the following approach proposed by Baron and Kenny (1986)[20]: (1) The independent variable (IV) significantly affects the mediator (first-stage effect); (2) The IV significantly affects the dependent variable (DV) in the absence of the mediator; (3) The mediator has a significant unique effect on the DV (second-stage effect); and (4) The effect of the IV on the DV decreases upon the addition of the mediator to the model. Finally, the Sobel test[21] was conducted to determine the significance of this mediation effect, for which the sample size was required to be at least 200[22]. Before performing the Sobel test, if the IV, mediator, or DV was not continuous, the logistic regression coefficient was standardized: X is an independent variable, Y is a dependent variable and M is an adjusting variable (mediating factor) in a simple mediating model. a is the unary logistic regression coefficient of X against M when M is the dependent variable and X is the independent variable. b is the logistic regression coefficient of M against Y in a simple mediating model. c is the unary logistic regression coefficient of X against Y, and c' is the logistic regression coefficient of X against Y with M as the adjusting variable. Moreover, Sa and Sa were the standard errors of a and b, respectively. Mediation analysis for categorical variables was conducted following the method recommended by Iacobucci (2012)[23].
[image: 文本

描述已自动生成]
The original Sobel test formula was modified as follows:
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It was considered significant at the α = 0.05 Level if its value exceeded |1.96| (for a two-tailed test with α = 0.05). In this study, statistical significance was indicated by P < 0.05.
This study was approved by Institutional Review Board of Chung Shan Medical University Hospital on December 2, 2019 (CSMUH No: CS19137).

RESULTS
Table 1 presents the participant characteristics, including sex, body weight, and level of overtime work. If the 2 test’s assumptions were violated, Fisher’s exact test was performed. Medical personnel were classified as doctors, nurses, and others (which included medical laboratory scientists, specialist nurses, and surgical assistants). Different types of medical personnel differed significantly in terms of NSI, sex, age, and moderate or heavy overtime (Table 1). Among them, the proportion of NSIs was the highest among doctors (7.7%). Furthermore, our cohort had an exceptionally low proportion of male nurses, with 95.9% of nurses being female; by contrast, the proportion of female doctors was lower (26.9%). Among the medical specialties, nurses were the youngest, with a mean age of 33.6 years. Moreover, no significant differences were observed in HBW between the three groups. The proportions of moderate and heavy overtime work among doctors (29.8% and 16.3%, respectively) were significantly higher than those among nurses and others.
Among doctors, APs and RDs differed significantly in terms of NSIs, sex, age, and moderate and heavy overtime, but not in terms of HBW. The proportion of NSIs among RDs (21.2%) was considerably higher than that among APs (21.2% vs 1.4%, P < 0.01). The significant difference in age between RDs and APs was expected due to the training system (45.5 vs 31.0, P < 0.0001). The proportion of moderate overtime was higher among APs than RDs (31.0% vs 27.3%, P < 0.01) but that of heavy overtime was considerably higher among RDs than APs (33.3% vs 8.5%, P < 0.01).
Nurses of different professional grades (N1–N4) differed significantly in terms of age (P < 0.0001) and moderate overtime (P < 0.05). Nurses with the professional level of N had the highest proportion of NSIs (6.2%). Age increased with the professional grade, which was expected due to the nursing clinical ladder system. Among nurses, nurses with the professional level of N had the highest proportion of moderate overtime work (32.6%), but the proportion of heavy overtime work was not the highest in this group (4.7%).
As presented in Table 2, the proportion of NSIs in participants with HBW was 0.5 times [odds ratio (OR) = 0.5, P < 0.05] that in participants with UHBW in the M1 model of all participants. The proportion of NSIs in doctors with HBW was 0.2 times (OR = 0.2, P < 0.05) that in doctors with UHBW in the M2 model of doctors. In addition, the proportion of NSIs in nurses with HBW was 0.5 times that in nurses with UHBW, but the difference was not significant.
Table 2 presents a clear effect of heavy overtime work on NSIs: medical personnel with heavy overtime work were 4.3–5.7 times more likely to experience an NSI than those with mild overtime work, and the difference was significant. Similarly, NSIs occurred 5.4 times more proportion in doctors with heavy overtime work (OR = 5.4, P < 0.05) than in those with slight overtime work; however, this effect could be explained by the other effects such as HBW (OR = 0.2, P < 0.05) and RDs (OR = 17.3, P < 0.05). Although nurses with heavy overtime work experienced more NSIs (OR = 3.7 and 3.8) than others, the difference was not significant.
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]Doctors experienced more NSIs incidence than other types of medical personnel, but the difference was nonsignificant (OR = 1.3–2.1, P > 0.05). After adjustment for other variables (M1 model), the nurse specialty was identified as an independent protective factor for NSIs (OR = 0.3, P < 0.05). Among doctors, regardless of whether adjustments were made for other variables, being an RD was an independent risk factor for NSIs (OR = 18.9, P < 0.01 and OR = 17.3, P < 0.05). Similarly, among nurses, being a JN was also an independent risk factor for NSIs regardless of whether adjustments were made for variables (both OR = 3.9, P < 0.01).
Consequently, RDs and JNs were added to the logistic regression model in Table 3 for further exploring the relationships of BW and overtime work with NSI in professional experience. HBW was a protective factor against NSI occurred regardless of whether adjustments were made for variables (M0, M1, and M2). However, after adjustment for HBW and RD effects, the effect of heavy overtime work was no longer significant (M2, OR = 1.9, P > 0.05). The proportion of NSIs among RDs was 4.1 times (M1, OR = 4.1, P < 0.05) higher than that among JNs without adjustment for variables; this increased to 19.5 times (M2, OR = 19.5, P < 0.05) after adjustment for sex, age, overtime work, and body weight. Therefore, UHBW was determined to be an independent risk factor for NSIs in RDs and JNs.
Table 4 presents the results of multiple logistic regressions after adjusting for age for NSI because experienced nurses have a wider age distribution. The results indicated that the proportion of NSIs among nurses with heavy overtime work was 6.6 times (OR = 6.6, P < 0.05) higher than that among nurses with mild overtime work, and the difference was significant. However, the proportion of NSIs in nurses with HBW was 1.2 times (M1, OR = 1.2, P > 0.05) that of nurses with UHBW, but the difference was not significant.
Table 5 illustrates the significant mediation effects (Zm = 2.5, P < 0.05) of heavy overtime work on the relationship between NSIs and doctors. No mediation effects were noted for the other five combinations.

DISCUSSION
A cross-sectional study evaluating NSI incidence among 29 doctors and 51 nurses demonstrated that the proportion of NSIs among nurses was 0.2 times that among doctors[6]. A study including NSI data from 2002 to 2007 in a university hospital in Pakistan demonstrated that the number of NSIs has higher in junior doctors than in nurses[7]. The differences between doctors and nurses may stem from differences in their work patterns or attitudes. For example, doctors often experience NSIs during wound irrigation, sutures, incisions, handling body fluids, and tissue sample collection. By contrast, for nurses, injuries often occur during injections, intravenous infusions, heparin cap sealing, intravenous connections, and venous or arterial blood collection[24]. In addition, some studies have determined that the NSI risk is affected by education and work experience[9,10,25] among nurses and by stress and carelessness[6] among doctors. Consistent with this finding, our study indicated that doctors experienced more NSIs than nurses did (7.7% vs 2.6%). In addition, nurses who intensively contact patients were the protective factor of NSIs (OR = 0.3, P < 0.05). Our analysis revealed that the proportion of NSIs 4.1 times (OR = 4.1, P < 0.05) higher among RDs than among JNs; this increased to 19.5 times after adjusting for age and overtime work. Therefore, the NSI risk among RDs may be more serious than expected and has often been ignored in the past.
A cross-sectional survey of staff physicians, RDs, staff dentists, nurses, and laboratory technicians illustrated that RDs were significantly associated with NSIs; NSIs were three times more common among RDs than among APs[19]. The present data indicate a difference of 17.3 times between RDs and APs (21.2% vs 1.4%), which was markedly higher than in past studies. This may be because the numbers of NSIs among APs were low (n = 1), which may have led to the overestimation of this result. Nevertheless, the risk of NSIs among RDs was higher than that among other types of medical personnel; for example this risk was 19.5 times higher in RDs than that in JNs.
Nurses with less work experience have a higher risk of NSIs[5,9]; in particular, nursing work experience of < 5 years was associated with significantly more NSIs than nursing work experience of > 5 years[5,11]. Consistent with these results, our study demonstrated that JNs have a higher risk of NSIs (OR = 3.9, P < 0.001) than experienced nurses after adjustment for other variables.
A cohort study including 11 728 employees revealed that claims costs were 7–11 times higher among those with BMI ≥ 40 compared with those within the recommended weight range[26]. A prospective cohort study of nearly 70 000 public sector employees demonstrated that, compared with employees whose BMI was in the healthy range, overweight or obese employees had an 11%–62% excess risk of occupational injury[16]. In addition, a study involving 7690 employees aged 18–65 years of an aluminum manufacturing company in the USA revealed that the proportion of injuries of participants with overweight or obesity was 1.3–2.2 times higher than those with normal weight[27]. The present results were in agreement with these findings and revealed that the proportion of NSIs among medical personnel with HBW was 0.5 times (OR = 0.5, P < 0.05) that among medical personnel with UHBW. Although we observed a relationship between NSIs and BW, the present study structure and data collected was insufficient to illustrate how BW affects NSIs. However, studies have demonstrated that fatigue increases the risk of NSIs among nurses and medical interns[28,29], and studies on grip strength have identified that, all things being equal, young people with obesity use more energy, have reduced endurance, and have accelerated power loss compared with nonobese young people. However, these obesity-related differences were not observed in the older age group[30]. These studies may explain the positive correlation between obesity and NSIs; obese people are more likely to use their poorer muscle strength improperly and be more prone to fatigue when performing clinical tasks, thus increasing their risk of NSIs.
A strong dose–response effect was noted between work hours and hazard rate[13], and working hours before injury will increase significantly compared to the past[31]. The positive trend between work hours and NSIs was observed in medical personnel: nurses with work hours of > 8 h/d[11] or > 40 h/wk[8] had higher risk of NSIs than those working < 8 h/d or < 40 h/wk. Our study found that the proportion of NSIs in participants with heavy overtime work was 4.3 times (OR = 4.3, P < 0.05) that in those with mild overtime work, but moderate overtime work effect (OR = 1.2, P > 0.05) was not significant; therefore, only heavy overtime work increased the risk of NSIs. Heavy overtime work was a risk factor for NSIs among doctors (OR = 5.4, P < 0.05) without adjustment for any variable, but this relationship was not significant when adjustments were made for sex, overtime work, professional grade, and BW; this was probably due to the higher proportion of heavy overtime work in RDs (33.3%) than in APs (8.5%). A dose–response effect was also noted between overtime work and NSIs for nurses, but it was not significant. However, experienced nurses engaged in heavy overtime work had 6.6 times (OR = 6.6, P < 0.05) more NSIs than those engaged in mild overtime work (Table 4); the effect of moderate overtime work on NSIs was not significant. Therefore, even among experienced nurses, only heavy overtime work affected the risk of NSIs. The proportion of NSIs was related to overtime work, but this relationship was not significant among nurses (Table 2); however, the association between NSIs and overtime work (OR = 6.6–7.0, P < 0.05) was significant among experienced nurses (Table 4). In addition, the mediation analysis (Table 5) demonstrated that heavy overtime work mediated (Zm= 2.5, P < 0.05) the relationship between NSIs and medical specialty, confirming the impact of heavy overtime work on NSI. However, heavy overtime work and HBW were not mediation factors for the relationship between NSIs and experience level for doctors or nurses, indicating that low experience among medical personnel might itself be the cause of NSIs. A study indicated that the incidence of NSIs among first-year RDs was higher than expected—more than 60% during the first 6 mo[32]—implying that education and training may influence the risk of NSIs. Burnout also increases the risk of occupational accidents and its sequelae[33], and it was also a factor influencing NSIs among nurses[34]. Burnout decreases with an increase in professional experience[35]; this may also explain by burnout why RDs experience higher NSIs incidence than Aps. Future studies should comprehensively assess the burnout level of participants.
Because this study only collected data from one hospital, its findings are limited by the data collection method, sample size, as well as the hospital’s environmental facilities, education, and training systems. In addition, because the number of reported NSIs was low, slight variations in the sample could have considerable influence on the conclusions. Moreover, factors such as hospital employees’ work patterns, workload, burnout level, work stress, and willingness to report occupational injuries were not considered in this study. These factors should be incorporated in the questionnaire design of future studies to further control for and discuss these effects on NSI risk. Although our results regarding NSI risk were consistent with those of past studies, this study compared the NSI risk between doctors and nurses, which has been rarely discussed in the literature. The findings can guide NSI prevention strategies in the medical practice.

CONCLUSION
This study revealed that heavy overtime work and low professional experience were associated with an increased NSI risk, particularly among RDs. Moreover, the present data indicated that HBW may reduce the risk of NSIs, which has rarely been evaluated in other studies. Maintaining an HBW had a protective effect against NSI for RDs and JNs. Therefore, in addition to promoting the use of safety needles and strengthening education and training related to infection control, the overtime schedule of medical personnel should be regularly reviewed; long work hours and excessive overtime should be avoided. Furthermore, strategies aimed at promoting the maintenance of HBW among employees should be implemented, which could further reduce NSI incidence.

ARTICLE HIGHLIGHTS
Research background
Needle stick and sharp injuries (NSIs) may cause infections among medical personnel. Obesity and overtime work among medical personnel increase the incidence of work injuries.

Research motivation
The associations of overtime work and obesity with NSIs are unclear.

Research objectives
The study aimed to investigate whether overtime work and obesity increase the risk of NSIs.

Research methods
This cross-sectional study used the data of 847 hospital personnel, including 104 doctors, 613 nurses, 67 medical laboratory scientists, 54 specialist technicians, and nine surgical assistants. Of them, 29 participants notified the hospital of having at least one NSI in 2017. The 2 and Fisher’s exact tests were used to compare categorical variables. Multiple logistic regression analysis and the Sobel test were used to assess the risk of NSIs.

Research results
Overtime work, body weight (BW), and medical specialty were significantly associated with NSIs. After adjustment for risk factors, heavy overtime work was an independent risk factor for NSIs, and healthy BW (HBW) and nursing specialty were independent protective factors against NSIs. Also, after adjustment for risk factors, medical personnel with HBW had half as many NSIs as those with unhealthy BW (UHBW); the proportion of NSIs in doctors with HBW was 0.2 times that in doctors with UHBW; the proportion of injuries among residents was 17.3 times higher than that among attending physicians; the proportion of injuries among junior nurses was 3.9 times higher than that among experienced nurses; the proportion of injuries among nurses with heavy overtime work was 6.6 times higher than that among nurses with mild overtime work; and the proportion of injuries among residents was 19.5 times higher than that among junior nurses. Heavy overtime work mediated the association of medical specialty with NSIs.

Research conclusions
Heavy overtime work and low professional experience were associated with an increased NSI risk, particularly among resident doctors. Maintaining HBW had a protective effect against NSI for resident doctors and junior nurses.

Research perspectives
In addition to promoting the use of safety needles and providing infection control education, managers should review overtime schedules, and medical personnel should be encouraged to maintain an HBW.
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[bookmark: OLE_LINK53][bookmark: OLE_LINK52]
Table 1 Characteristics of study participants according to their medical specialty and professional grade
	Variable
	Total
n
	NSIs
	Female
	Age
	HBW
	Moderate OT
	Heavy OT

	[bookmark: _Hlk59474631]
	
	n
	%
	P1
	n
	%
	P1
	[bookmark: OLE_LINK107]mean ± SD
	P2
	n3
	%
	P1
	n
	%
	P
	n
	%
	P1

	Profession groups
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Doctors
	104
	8
	7.7
	a
	28
	26.9
	c
	40.9 ± 10.4
	c
	53
	51.0
	ns
	31
	29.8
	b
	17
	16.3
	c

	Nurses
	613
	16
	2.6
	
	588
	95.9
	
	33.6 ± 8.3
	
	354
	57.8
	
	147
	24.0
	
	28
	4.6
	

	Others
	130
	5
	3.9
	
	95
	73.1
	
	40.6 ± 7.1
	
	64
	49.2
	
	15
	11.5
	
	0
	0.0
	

	Profession grade (doctor)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	AP
	71
	1
	1.4
	b
	14
	19.7
	a
	45.5 ± 9.3
	c
	33
	46.5
	ns
	22
	31.0
	b
	6
	8.5
	b

	RD
	33
	7
	21.2
	
	14
	42.4
	
	[bookmark: OLE_LINK108][bookmark: OLE_LINK109]31.0 ± 2.9
	
	20
	60.6
	
	9
	27.3
	
	11
	33.3
	

	Profession grade (nurse)
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N
	129
	8
	6.2
	3
	119
	92.2
	ns
	25.3 ± 3.3
	c
	78
	60.5
	ns
	42
	32.6
	a
	6
	4.7
	ns

	N1
	134
	1
	0.8
	
	128
	95.5
	
	[bookmark: OLE_LINK110][bookmark: OLE_LINK111]29.0 ± 4.9b
	
	70
	52.2
	
	35
	26.1
	
	3
	2.2
	

	N2
	145
	3
	2.1
	
	140
	96.6
	
	34.6 ± 6.7
	
	84
	57.9
	
	24
	16.6
	
	9
	6.2
	

	N3
	143
	4
	2.8
	
	140
	97.9
	
	40.5 ± 6.5
	
	86
	60.1
	
	29
	20.3
	
	6
	4.2
	

	N4
	62
	0
	0
	
	61
	98.4
	
	42.3 ± 4.8
	
	36
	58.1
	
	17
	27.4
	
	4
	6.5
	


[bookmark: OLE_LINK135][bookmark: OLE_LINK136]aP < 0.05. 
bP < 0.01. 
[bookmark: OLE_LINK153][bookmark: OLE_LINK154]cP < 0.0001. 
ns: Not significant.
1Chi-square test or Fisher’s exact test. 
2Moderate overtime work is 45–80 h/mo, and heavy overtime work is > 80 h/mo. 
3Overweight/Obesity. 
OT: Overtime; NSIs: Needle stick and sharps injuries.

[bookmark: OLE_LINK160][bookmark: OLE_LINK161]Table 2 Main effects on needle stick and sharps injuries in different models for all participants
	Main effect
	ORs of NSIs for All participants
	ORs of NSIs for doctors
	ORs of NSIs for nurses

	
	[bookmark: OLE_LINK157][bookmark: OLE_LINK158][bookmark: OLE_LINK159]N
	n
	M0
	M1
	N
	n
	M0
	M2
	N
	n
	M0
	M2

	Body weight level
	HBW
	471
	11
	0.5ns
	0.5a
	53
	2
	0.3
	0.2a
	354
	7
	0.6
	0.5

	
	UHBW
	376
	18
	1.0
	1.0
	51
	6
	1.0
	1.0
	259
	9
	1.0
	1.0

	OT work
	Heavy
	45
	6
	5.7b
	4.3a
	17
	4
	5.4a
	2.0
	28
	2
	3.7
	3.8

	
	Moderate
	193
	7
	1.4
	1.2
	31
	1
	0.6
	0.5
	147
	5
	1.7
	1.4

	
	Mild
	609
	16
	1.0
	1.0
	56
	3
	1.0
	1.0
	438
	9
	1.0
	1.0

	Type of medical personnel
	Doctors
	104
	8
	2.1
	1.3
	-
	-
	-
	-
	-
	-
	-
	-

	
	Nurses
	613
	16
	0.7
	0.3a
	-
	-
	-
	-
	-
	-
	-
	-

	
	Others
	130
	5
	1.0
	1.0
	-
	-
	-
	-
	-
	-
	-
	-

	Professional grade (Doctors)
	RD
	-
	-
	-
	-
	33
	7
	18.9b
	17.3a
	-
	-
	-
	-

	
	AP
	-
	-
	-
	-
	71
	1
	1.0
	1.0
	-
	-
	-
	-

	Professional grade (Nurses)
	Junior
	-
	-
	-
	-
	-
	-
	-
	-
	129
	8
	3.9b
	3.9b

	
	experiencing
	-
	-
	-
	-
	-
	-
	-
	-
	484
	8
	1.0
	1.0


aP < 0.05. 
bP < 0.01. 
cP < 0.0001. 
ns: Not significant.
[bookmark: _Hlk60065107][bookmark: OLE_LINK155][bookmark: OLE_LINK156]Odds ratio = 1.0 indicates the reference; ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; M0: Model only including main effect; M1: Model adjusted for sex, age, overtime work, and medical specialty; M2: Model adjusted for sex (only doctors), overtime work, professional grade, and body weight; HBW: Healthy body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries. 




[bookmark: OLE_LINK120][bookmark: OLE_LINK121][bookmark: OLE_LINK126][bookmark: OLE_LINK122][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK125]Table 3 Main effects on needle stick and sharps injuries in various models for resident doctors and junior nurses
	Main effect
	
	N
	ORs for NSIs

	
	
	
	n
	M0
	M1
	M2

	Body weight level
	HBW
	95
	3
	0.1b
	0.1b
	0.1b

	
	UHBW
	52
	12
	1.0
	1.0
	1.0

	OT work
	Heavy
	13
	4
	4.5a
	4.5a
	1.9

	
	Moderate
	46
	5
	1.6
	1.6
	1.7

	
	Mild
	88
	6
	1.0
	1.0
	1.0

	Professional subfield
	RD
	26
	7
	4.1a
	12.7b
	19.5a

	
	JN
	121
	8
	1.0
	1.0
	1.0


aP < 0.05. 
bP < 0.001. 
[bookmark: OLE_LINK149][bookmark: OLE_LINK150][bookmark: OLE_LINK139][bookmark: OLE_LINK140]Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; N: Participants; n: Participants for needle stick and sharps injuries; M0: Model only including the main effect; M1: Model adjusted for sex and age; M2: Model adjusted for sex, age, and main effects; RD: Resident doctor; JN: Junior nurse; HBW: Healthy body weight; UHBW: Unhealthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries. 


[bookmark: OLE_LINK127][bookmark: OLE_LINK128][bookmark: OLE_LINK134]Table 4 Main effects on needle stick and sharps injuries for experienced nurses
	Main effect
	Participants
	
	ORs for NSIs

	
	
	n
	M0
	M1

	Body weight level
	HBW
	276
	5
	1.3
	1.2

	
	UHBW
	208
	3
	1.0
	1.0

	OT work
	Heavy
	22
	2
	7.0a
	6.6a

	
	Moderate
	105
	1
	0.7
	0.7

	
	Mild
	357
	5
	1.0
	1.0


aP <0.05. 
[bookmark: OLE_LINK147][bookmark: OLE_LINK148][bookmark: OLE_LINK145][bookmark: OLE_LINK146]Odds ratio = 1.0 indicates the reference. ORs: Odds ratios; HBW: Healthy body weight; OT: Overtime; NSIs: Needle stick and sharps injuries; n: Participants for needle stick and sharps injuries; M0: Model only including the main effect; M1: Model adjusted for age, sex, body weight, and overtime work.


[bookmark: OLE_LINK141][bookmark: OLE_LINK142]Table 5 Mediation effect of heavy overtime work and healthy body weight for needle stick and sharps injuries and the main effect
	IV
	Mediator factor

	
	Heavy OT work4
	HBW5

	
	c
	c’
	a
	sa
	b
	sb
	Zm
	c’
	a
	sa
	b
	sb
	Zm

	All participants
	
	
	
	
	
	
	
	
	
	
	
	
	

	Doctors1
	1.1a
	0.8
	1.6c
	0.3
	1.4b
	0.5
	2.5*
	1.0a
	-0.2
	0.2
	-0.7ns
	0.4
	0.8

	Doctors effect
	
	
	
	
	
	
	
	
	
	
	
	
	

	RD2
	2.9b
	2.6a
	1.7b
	0.6
	1.1
	0.8
	1.2
	3.3b
	0.6
	0.4
	-1.8a
	0.9
	-1.1

	Nurse effect
	
	
	
	
	
	
	
	
	
	
	
	
	

	JN3
	1.4b
	1.4b
	0
	0.5
	1.2
	0.8
	0
	1.4b
	0.1
	0.2
	-0.6
	0.5
	-0.4


aP < 0.05.
bP < 0.01.
cP < 0.0001.
ns: Not significant. 
1Reference variable includes nurses and others.
2Reference variable is Aps.
3Reference variable is experienced nurses.
4Reference variable includes moderate overtime and slight overtime.
[bookmark: OLE_LINK151][bookmark: OLE_LINK152]5Reference variable is unhealthy body weight. 
[bookmark: OLE_LINK143][bookmark: OLE_LINK144]IV: Independent variable; RD: Resident doctor; JN: Junior nurse; HBW: Healthy body weight.
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