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Abstract
Background
The physical job demands of hospital nurses are known to be very high. Although many studies have measured the physical activities of nurses subjectively using questionnaires, it remains necessary to quantify and measure nurses’ physical activity at work using objective indicators. This study was conducted to address this gap in the literature by analyzing nurses’ physical activity using both objective measurements and subjective perceptions. The number of steps, distance traveled, and actual work hours were measured during work, and the influence of related factors was analyzed.

Methods
Using a cross-sectional design, survey and activity tracking data were collected from nurses who worked in three shifts in two tertiary hospitals located in the capital region of South Korea. The participants comprised 117 nurses working in four different units (medical ward, surgical ward, intensive care unit, emergency room), and data from 351 shifts were used in the final analysis. Between-group differences in the main variables were analyzed using the t-test, the Mann–Whitney test, analysis of variance, or the Kruskal–Wallis test, as appropriate. The relationships were examined through multiple linear regression analysis.

Results
The average number of steps and distance traveled were greatest for nurses working in the emergency room, followed by the intensive care unit, surgical ward, and medical ward (in descending order). Younger nurses and those with shorter unit experience tended to have the greatest number of steps and distance traveled.

Conclusion
Using activity trackers, this study derived physical activity measures such as number of steps and distance traveled, enabling an objective examination of physical activity during shifts. Nurses’ level of physical activity differed depending on the type of nursing unit, nurses’ age, and unit experience. These results suggest the need for support programs that are specific to the job demands of specific nursing units.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12960-022-00768-3.
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Background
Nurses have a very complex work environment with a wide variety of job demands, encompassing physical, mental, psychological, and social aspects [1]. Physical demands are directly related to hospital nurses’ provision of direct patient care. Since nursing work should be performed rapidly and accurately [2], the physical demands are expected to be very high.
The primary physical activities nurses perform while on duty can be classified as standing [3], walking, running [3, 4], lifting objects, moving objects or devices and items, moving patients, changing patient positions, supporting patient ambulation, dragging wheelchairs, providing hygienic care to patients, and changing bed sheets [5, 6]. Walking and running are basic physical activities that are required in all nursing units and occur while going back and forth between the patient's bed and the nursing station [7]. A previous study that examined the workload and physical activity of nurses by measuring the number of steps and distance traveled during their work confirmed that during 12 h of work, nurses walked a number of steps corresponding to the daily step count of healthy adult men and women who were quite active [4]. Since that study only analyzed measurements made during working hours [4], which are limited in time and space, it is reasonable to predict that the number of steps per day of nurses will be significantly higher than that of adults of the same age.
In a study that analyzed the physical demands of nurses in relation to a more diverse range of activities, a significant difference was found in the degree of back pain of nurses as the intensity of physical activity increased [5]. It has also been reported that musculoskeletal disorders in nurses are related to occupational physical demands [8], and nurses who had more complex musculoskeletal pain with leg or foot disorders reported a higher intention to leave [9]. Additionally, a high quantity of job demands makes nurses feel unhealthy and increases their turnover intention [2]. Because it is reasonable to expect that an increased quantity of work would lead to increased physical activity, nurses' work performance and physical activity should be managed on the basis of more detailed analyses. Since the amount and intensity of physical activity at work are related to nurses’ health, especially musculoskeletal health, having musculoskeletal disorders might make it difficult for nurses to continue working. In addition, if nurses perform physically active tasks in an unhealthy state, fatigue could be accumulated and negatively affect patient safety [6].
One of the typical characteristics of nurse work is shift work, since nurses have a 24-h direct care presence [6]. Nurse’s shift work is an important factor because it is known to be closely associated with job performance [10], job satisfaction [11, 12] and health [12–14]. In previous studies analyzing physical activity among nurses working shifts, the intensity of physical activity differed across shifts, and there were also differences according to the sequence of shifts [6, 15]. These previous studies [6, 15] attempted to analyze the characteristics of nurses' shift work and physical activity using objective indicators, but it was not possible to investigate detailed aspects of the work content or intensity, such as nurse staffing or patients’ needs. In addition, most previous studies focused on comparing day and night shifts, without consideration of nurses’ 24-h, three-shift work nature [3, 6, 16, 17].
In addition, although relatively few studies have used objective indicators to quantify nurses’ physical activity at work, there has been an overall increase in studies using objective indicators within the last 10 years [6]. For example, studies using devices such as pedometers or activity trackers [4, 7, 15–21] and using observational methods [3] have been conducted to collect data from nurses in objective ways. However, many studies related to nurses’ job demands, including physical activity, have analyzed subjective measurements obtained using self-reporting questionnaires [1, 2, 5, 22–26]. Subjective perceptions are reliable when they are measured using a validated tool [27], but questionnaires are subject to limitations such as recall bias and social desirability bias [6]. Therefore, it is necessary to conduct research that can overcome these limitations by identifying differences or homogeneity between data sources by collecting both subjective data and objective data for a comparative analysis. Indicators of physical activity that could be commonly used in all nursing units, such as the number of steps and distance traveled, can be compared and analyzed according to nurses’ personal characteristics and the characteristics of nursing units. It will also be possible to calculate the time input according to nurses’ physical activity in the future and use this information to calculate the appropriate nursing workforce.
Therefore, in this study, an activity tracker was used to measure physical activity in terms of the number of steps and distance traveled for each shift, and nurses’ perceptions of physical demands were investigated at the same time. The aims of this study were to examine the relationship between nurses’ objective physical activity and their subjective perceptions, and to elucidate the differences in physical demands by shift (day, evening, and night) and factors associated with differences in physical activity.
Methods
Study design
This cross-sectional, descriptive study was conducted to examine nurses’ physical activity at work and related factors.
Setting and participants
The subjects of this study were registered nurses working three shifts, and the survey was conducted at two tertiary hospitals located in the capital region of Korea. The two tertiary hospitals that participated in the study were selected to be similar in size and operational characteristics (private hospital, educational hospital, team nursing, etc.) to minimize variation between hospitals. In South Korea (hereafter Korea), hospitals are classified into hospitals (primary hospitals), general hospitals (secondary hospitals), and tertiary hospitals. A tertiary hospital must have at least 500 beds and sufficient staff, equipment, and facilities to treat seriously ill patients [28]. In addition, the Ministry of Health and Welfare designates tertiary hospitals through an assessment considering the composition of patients by disease group and the level of medical services. The two tertiary hospitals that participated in this study had 1179 and 765 beds as of the time of participation in the study, respectively (Additional file 1). Both of them were university hospitals involved in student education. Although there was a difference in bed size between the two hospitals, it was judged that the composition and severity of patients were similar, and accordingly nurses’ workloads were expected to be similar. In the two selected hospitals, the medical ward, surgical ward, intensive care unit, and emergency room, which are representative nursing units that perform three-shift work, were selected in consultation with the nursing department of each hospital, and nurses from a total of eight nursing units participated. The survey included all staff nurses who were dedicated to direct patient care in the nursing units; therefore, nursing managers were not included in the survey.
An attempt was made to obtain an even distribution of participants in terms of length of experience in each ward (less than one year, between one and three years, more than three years). The selection criteria also included possession of a personal smartphone, the ability to use an activity tracking application, and the possibility of working three different shifts during the data collection period. In addition to those who did not satisfy the above criteria, nurses who did not provide direct patient care were excluded from the study participation.
The required sample size for this study was calculated by setting an effect size of 0.15, a significance level of 0.05, and a power of 0.95 in the G*Power program. This yielded a result of 107. Considering a dropout rate of about 10%, a total of 120 nurses (15 from each of the eight wards) were recruited. During the process of data collection through the activity tracker and completion of a questionnaire, three people discontinued participation in the study, and data from 117 participants were included in the final analysis.
Data collection
Subjects were recruited with the cooperation of the nursing department from two tertiary hospitals. Nurses from the four nursing units selected by each hospital were asked to participate in the study voluntarily. Data collection was conducted directly by the researchers for about two months from January 3, 2017 to March 15, 2017.
Four surveys were administered to subjects. The first survey investigated nurses’ general characteristics, workplace characteristics, and perceived physical demands through a questionnaire before wearing the activity tracker. In the second to fourth surveys, the number of steps and distance traveled were measured for each of the three shifts by wearing an activity tracker, and nurses were asked to fill out a questionnaire immediately after work on the day when measurements were made. The nurses wore an activity tracker according to their work schedules during a period of about a month and measured the number of steps and distance traveled during working hours. The measured data were recorded through a mobile phone application, and the nurses directly sent them to the researcher as a photo file. Although no direct requests were made related to the order of shifts (day, evening, and night), the participants were encouraged to avoid abnormal schedules or sudden changes in work schedules as much as possible. Therefore, data from 351 shifts were collected, corresponding to day, evening, and night shifts worked by each of the 117 participants.
Measures
The initial questionnaire was used to gather general characteristics of the subjects, including gender, age, education level, unit experience, and type of nursing unit. To measure perceived physical demands, the nurses were asked to respond to the following question: “If you use 100 points as the standard for physical effort (energy) you put in during your day shift, please record the scores (0–100 points) of physical demands for your evening and night shifts.”
A smart band worn on the wrist was used as an activity tracker to measure the total number of steps and distance during shifts [29]. The smart band used in the survey was linked to a mobile phone application through Bluetooth, even if there was a certain distance from the mobile phone. The number of steps and distance traveled were recorded for each time period using the smart band’s accelerometer. A previous study confirmed that this smart band had an accuracy of 85% or more for measuring the number of steps, except when individuals walked with a cane [30]. To prevent differences or errors in measurement methods among participants, the researcher met the study subjects one-on-one and explained how to wear the smart band and how to use the mobile phone application. The participants were asked to transmit the number of steps and distance results measured immediately after their day, evening, and night shifts to the researcher as they were recorded in the application. The researcher reviewed the results and, if there was a possibility of error, discarded the data and asked participants to measure it again on the next shift to prevent the inclusion of erroneously measured data. Errors that actually occurred in measurements made using the activity tracker included situations where the step recording stopped as the link between the activity tracker and the mobile phone application was cut off while a nurse was working wearing a smart band, and where measurements were not performed due to a malfunction of the smart band device.
Data analysis
The general characteristics of nurses were analyzed as frequency, percentage, mean, and standard deviation. Nurses’ total working hours, total number of steps, total distance traveled, and perceived physical demands were analyzed as mean and standard deviation values for each of the three shifts, and differences were compared using the Kruskal–Wallis test, followed by a post hoc test with the Bonferroni correction. Associations between nurses’ general characteristics and the total number of steps and total distance traveled during three shifts were tested by analysis of variance, the Kruskal–Wallis test, the t-test, or the Mann–Whitney test, followed by the Bonferroni post hoc test, as appropriate. The factors related to the total number of steps and distance traveled on the three shifts were analyzed through multiple linear regression. The average number of steps and distance traveled according to the three shift types (day, evening, and night) were used as dependent variables for multiple regression analysis. The independent variables, such as type of nursing unit, age, education level, and unit experience, were included in the multiple regression because they were statistically significant in the simple regression analysis, which was conducted before the multiple regression analysis.
Ethical considerations
The study received institutional review board approval from Seoul National University (IRB No. 1701/001–002) before data collection was conducted. Nurses participated in the study on a voluntary basis and completed a written consent form prior to answering the survey questionnaires. In the consent form, the purpose of the research and confidentiality were presented. In particular, although the survey was conducted under the cooperation of the nursing department, it was stated that the responses of individual nurses were not disclosed at all and that confidentiality was thoroughly maintained. Participants were also informed that they could discontinue participation in the survey at any time without any disadvantage. Their personal information was managed in a master file separately from the datasets used for analysis.
Results
The general characteristics of the study subjects are presented in Table 1. The subjects of this study were 117 nurses working three shifts. Most of them were women (94.0%) and the average age was 26.2 ± 3.3 years. Most of the participants had a bachelor's degree (83.8%). There was a relatively even distribution of participants across the medical ward (23.1%), surgical ward (25.6%), intensive care unit (25.6%), and emergency room (25.6%). The average unit experience was 2.9 ± 3.1 years.Table 1Demographic characteristics of participants (N = 117)


	Characteristics
	M ± SD
	n (%)

	Gender
	 	 
	 Female
	 	110 (94.0)

	 Male
	 	7 (6.0)

	Age (year)
	26.2 ± 3.3
	 
	 22–24
	 	45 (38.5)

	 25–27
	 	40 (34.2)

	 ≥ 28
	 	32 (27.4)

	Education
	 	 
	 Associate degree
	 	17 (14.5)

	 Bachelor’s degree
	 	98 (83.8)

	 Master’s or higher
	 	2 (1.7)

	Unit type
	 	 
	 Medical ward
	 	27 (23.1)

	 Surgical ward
	 	30 (25.6)

	 Intensive care unit
	 	30 (25.6)

	 Emergency room
	 	30 (25.6)

	Unit experience (year)
	2.9 ± 3.1
	 
	 < 1
	 	37 (31.6)

	 1 ≤  < 3
	 	43 (36.8)

	 ≥ 3
	 	37 (31.6)


M mean, SD standard deviation



Nurses’ actual working hours including overtime, number of steps, distance traveled, and perceived physical demands when working in three shifts are presented in Table 2. Data from 351 shifts were analyzed, corresponding to three shifts each from the 117 participants. The average working hours of the nurses were 9.13 ± 1.07 h on the day shift, 9.09 ± 0.94 h on the evening shift, and 9.81 ± 1.25 h on the night shift. The difference in working hours was statistically significant among shifts (p < .001).Table 2Actual work hours, total number of steps, distance traveled, and perceived physical demands during work by shift (351 shifts from 117 nurses)


	Variables
	Shift
	M ± SD
	Min.
	Max.
	H
	p
	Bonferroni

	Actual working hours including overtime
	Daya (n = 117)
	9.13 ± 1.07
	8.00
	12.50
	63.53
	 < .001
	a,b < c

	Eveningb (n = 117)
	9.09 ± 0.94
	8.00
	12.00

	Nightc (n = 117)
	9.81 ± 1.25
	9.00
	14.00

	All
	9.44 ± 0.73
	8.00
	14.00
	 	 	 
	Total number of steps during the shift (1000 steps)
	Daya (n = 117)
	9.78 ± 3.72
	3.26
	20.49
	10.33
	.006
	a,b > c

	Eveningb (n = 117)
	9.72 ± 4.07
	2.91
	22.22

	Nightc (n = 117)
	8.58 ± 4.01
	2.64
	19.66

	All
	9.36 ± 3.55
	2.64
	22.22
	 	 	 
	Total distance traveled (1000 m)
	Daya (n = 117)
	5.97 ± 2.32
	1.30
	12.60
	8.29
	.016
	a,b > c

	Eveningb (n = 117)
	6.07 ± 2.73
	1.70
	15.60

	Nightc (n = 117)
	5.32 ± 2.51
	1.64
	13.00

	All
	5.79 ± 2.20
	1.30
	15.60
	 	 	 
	Perceived physical demands
	Daya (n = 117)
	100
	 	 	57.66
	 < .001
	a,b > c

	Eveningb (n = 117)
	96.75 ± 31.14
	50.00
	300.00

	Nightc (n = 117)
	90.09 ± 22.44
	50.00
	200.00


a, b, and c were indicated for group comparison of the Bonferroni test



The total number of steps during working hours was 9784 ± 3716 steps on the day shift, 9720 ± 4072 steps on the evening shift, and 8576 ± 4009 steps on the night shift; this difference was statistically significant (p = .006).
The distance traveled during working hours was 5971 ± 2323 m on the day shift, 6065 ± 2726 m on the evening shift, and 5321 ± 2512 m on the night shift. The shifts showed a statistically significant difference for this parameter (p = .016). The average distance traveled across all three shifts was 5786 ± 2197 m.
The physical demands for each shift perceived by nurses were relative scores for the evening and night shifts compared to a score of 100 for the day shift. The average score for the evening shift was 96.75 ± 31.14 points and that of the night shift was 90.09 ± 22.44 points. Perceived physical demands showed a statistically significant difference among the three shifts (p < .001).
The number of steps and distance traveled during three shifts were compared according to the general characteristics of the nurses, as presented in Table 3. The number of steps on all three shifts was highest in the emergency room (11,801 ± 4216), followed by the intensive care unit (10,277 ± 2872), medical ward (8081 ± 2097), and surgical ward (7153 ± 2587), and the difference was statistically significant (p < .001). Younger age showed a statistically significant association with a higher number of steps on all shifts (p < .001). Nurses with a bachelor's degree or higher had a higher number of steps on all three shifts, and this difference was significant for the night shift (p = .015) and all shifts (p = .049). Shorter unit experience was associated with a significantly higher number of steps on all three shifts (p < .001).Table 3Number of steps and distance traveled during the shift according to nurses’ general characteristics


	Characteristics
	Number of steps during the shift (1000 steps)
	 	 	 	Distance traveled during the shift (1000 m)
	 	 	 
	 	Day (n = 117)
	Evening (n = 117)
	Night (n = 117)
	All shifts (N = 351)
	Day (n = 117)
	Evening (n = 117)
	Night (n = 117)
	All shifts (N = 351)

	 	M ± SD
	 	 	 	M ± SD
	 	 	 
	Unit type
	 	 	 	 	 	 	 	 
	 Medical warda
	8.66 ± 2.53
	8.51 ± 2.58
	7.07 ± 2.68
	8.08 ± 2.10
	5.28 ± 1.56
	5.18 ± 1.62
	4.31 ± 1.71
	4.92 ± 1.33

	 Surgical wardb
	8.00 ± 3.08
	7.14 ± 2.86
	6.32 ± 2.91
	7.15 ± 2.59
	4.96 ± 1.97
	4.42 ± 1.85
	3.94 ± 1.84
	4.44 ± 1.68

	 Intensive care unitc
	10.97 ± 3.27
	10.20 ± 2.94
	9.66 ± 3.48
	10.28 ± 2.87
	6.91 ± 2.17
	6.48 ± 1.95
	6.09 ± 2.15
	6.49 ± 1.86

	 Emergency roomd
	11.40 ± 4.55
	12.91 ± 4.96
	11.10 ± 4.70
	11.80 ± 4.22
	6.67 ± 2.81
	8.10 ± 3.49
	6.85 ± 2.94
	7.20 ± 2.51

	 F/H/U(p)
	16.8 (< .001)†
	33.0 (< .001)†
	28.4 (< .001)†
	33.0 (< .001)†
	15.5 (.001)†
	32.6 (< .001)†
	28.9 (< .001)†
	33.4 (< .001)

	 Bonferroni
	a, b < d, b < c
	a, b, c < d, b < c
	a, b < c, a, b < d
	 	a, b < c, b < d
	a, b c < d, b < c
	a, b < c, d
	 
	Age (year)
	 	 	 	 	 	 	 	 
	 22–24a
	10.97 ± 3.80
	10.60 ± 4.26
	10.01 ± 3.77
	10.86 ± 3.50
	6.57 ± 2.39
	7.28 ± 3.01
	6.19 ± 2.40
	6.68 ± 2.13

	 25–27b
	9.94 ± 3.07
	8.72 ± 3.34
	8.31 ± 3.65
	8.99 ± 2.87
	6.10 ± 1.88
	5.40 ± 2.15
	5.18 ± 2.25
	5.56 ± 1.79

	 ≥ 28c
	7.91 ± 3.69
	8.33 ± 3.72
	6.88 ± 4.14
	7.71 ± 3.60
	4.97 ± 2.45
	5.19 ± 2.38
	4.28 ± 2.62
	4.81 ± 2.32

	 F/H/U(p)
	14.7(< .001)†
	17.7(< .001)†
	16.8(< .001)†
	19.2(< .001)†
	12.0(.003)†
	15.9(< .001)†
	16.4(< .001)†
	17.9(< .001)†

	 Bonferroni
	a, b > c
	a > b, c
	a > c
	 	a > c
	a > b, c
	a > c
	 
	Education
	 	 	 	 	 	 	 	 
	 Associate degree
	9.10 ± 3.50
	8.55 ± 3.97
	6.73 ± 3.61
	8.13 ± 3.35
	5.55 ± 2.09
	5.15 ± 2.43
	4.12 ± 2.17
	4.94 ± 2.02

	 Bachelor’s degree or higher
	9.90 ± 3.76
	9.92 ± 4.07
	8.89 ± 4.01
	9.57 ± 3.55
	6.04 ± 2.36
	6.22 ± 2.75
	5.53 ± 2.52
	5.93 ± 2.20

	 F/H/U(p)
	886.0 (.369)††
	811.0 (.141)††
	684.0 (.015)††
	745.0 (.049)††
	− 0.8 (.424)
	783.0 (.092)††
	687.5 (.016)††
	726.0 (.035)††

	Unit experience (year)
	 	 	 	 	 	 	 	 
	 < 1a
	11.58 ± 3.78
	11.74 ± 4.12
	10.86 ± 3.93
	11.39 ± 3.43
	7.18 ± 2.36
	7.32 ± 2.78
	6.67 ± 2.41
	7.05 ± 2.15

	 1 ≤  < 3b
	10.19 ± 3.46
	9.94 ± 4.15
	8.81 ± 4.03
	9.65 ± 3.46
	6.04 ± 2.16
	6.24 ± 2.85
	5.53 ± 2.59
	5.94 ± 2.09

	 ≥ 3c
	7.52 ± 2.72
	7.45 ± 2.60
	6.02 ± 2.31
	6.99 ± 3.46
	4.68 ± 1.78
	4.61 ± 1.70
	3.73 ± 1.48
	4.34 ± 1.42

	 F/H/U(p)
	24.0 (< .001)†
	21.8 (< .001)†
	29.8 (< .001)†
	32.1 (< .001)†
	22.6 (< .001)†
	20.3 (< .001)†
	29.3 (< .001)†
	31.7 (< .001)†

	 Bonferroni
	a, b > c
	a, b > c
	a > b, c, b > c
	 	a < b, c, b > c
	a, b > c
	a, b > c
	 

†Kruskal–Wallis test, ††Mann–Whitney test, M = mean, SD = standard deviation
a, b, c, and d were indicated for group comparison of the Bonferroni test



Significant differences in distance traveled were found by unit for the day (p = .001), evening (p < .001), and night (p < .001) shifts. On the day shift, the longest distance traveled was found for the intensive care unit (6911 ± 2172), followed in descending order by the emergency room (6667 ± 2807), medical ward (5278 ± 1557), and surgical ward (4957 ± 1970). However, on the evening and night shifts, the longest distance traveled was found in the emergency room, followed in order by the intensive care unit, medical ward, and surgical ward. Older age was significantly associated with distance traveled on the day (p = .003), evening (p < .001), and night (p < .001) shifts. Educational level only showed a significant difference on the night shift (p = .016), although nurses with a bachelor's degree or higher traveled a longer distance on all shifts. Shorter unit experience was significantly associated with a longer distance traveled on all three shifts (p < .001 for all).
Multiple linear regression was performed to confirm the factors related to the number of steps per shift, and the results are as follows (Table 4). The intensive care unit (β = 2.03, p = .025) and the emergency room (β = 2.41, p = .007) showed significant positive associations compared to the medical ward on the day shift. The emergency room showed a significant association (β = 4.10, p < .001) on the evening shift, while significant positive relationships were found for the intensive care unit (β = 1.95, p = .034) and emergency room (β = 3.78, p < .001) on the night shift. No factors showed a statistically significant effect according to education level on any of the three shifts. Significant negative associations were found with nurses’ unit experience on the day (β = − 0.05, p = .004), evening (β = − 0.04, p = .022), and night (β = − 0.06, p = .001) shifts.Table 4Relationships between steps during three shifts and characteristics of nurses: regression coefficients (N = 117)


	Characteristics
	Number of steps during the shift

	Day
	Evening
	Night

	Coefficient (95% CI)
	SE
	p
	Coefficient (95% CI)
	SE
	p
	Coefficient (95% CI)
	SE
	p

	Unit type (vs. medical ward)
	 	 	 	 	 	 	 	 
	 Surgical ward
	− 0.07 (− 1.82, 1.68)
	0.88
	.938
	− 0.91 (− 2.71, 0.88)
	0.91
	.317
	− 0.16 (− 1.94, 1.62)
	0.90
	.860

	 Intensive care unit
	2.03 (0.26, 3.80)
	0.89
	.025
	1.26 (− 0.56, 3.08)
	0.92
	.172
	1.95 (0.15, 3.75)
	0.91
	.034

	 Emergency room
	2.41 (0.67, 4.15)
	0.88
	.007
	4.10 (2.32, 5.89)
	0.90
	 < .001
	3.78 (2.01, 5.55)
	0.89
	 < .001

	Age
	0.24 (− 0.15, 0.64)
	0.20
	.225
	0.20 (− 0.21, 0.60)
	0.20
	.337
	0.38 (− 0.02, 0.78)
	0.20
	.061

	Educational level (vs. associate degree)
	− 0.30 (− 1.97, 1.38)
	0.84
	.727
	0.81 (− 0.91, 2.52)
	0.87
	.354
	1.14 (− 0.57, 2.84)
	0.86
	.188

	Unit experience
	− 0.05 (− 0.09, − 0.02)
	17.44
	.004
	− 0.04 (− 0.08, − 0.01)
	0.18
	.022
	− 0.06 (− 0.09, − 0.02)
	0.02
	.001


SE standard error, CI confidence interval



The factors related to the distance traveled on shifts were also confirmed through multiple linear regression, and the results are presented in Table 5. The intensive care unit (β = 1.44, p = .012) and emergency room (β = 1.22, p = .031) showed significant positive relationships on the day shift, the emergency room (β = 2.74, p < .001) demonstrated a positive relationship on the evening shift, and significant positive associations were found for the intensive care unit (β = 1.41, p = .016) and emergency room (β = 2.34, p < .001) on the night shift. No factors showed a statistically significant association according to education level across the three shifts. Significant negative relationships were found with nurses’ unit experience on the day (β = − 0.04, p = .002), evening (β = − 0.03, p = .024), and night (β = − 0.04, p = .002) shifts.Table 5Relationships between distance traveled during three shifts and characteristics of nurses: regression coefficients (N = 117)


	Characteristics
	Distance traveled during the shift

	Day
	Evening
	Night

	Coefficient (95% CI)
	SE
	p
	Coefficient (95% CI)
	SE
	p
	Coefficient (95% CI)
	SE
	p

	Unit type (vs. medical ward)
	 	 	 	 	 	 	 	 
	 Surgical ward
	0.08 (− 11.03, 1.18)
	0.56
	.890
	− 0.46 (− 1.68, 0.76)
	0.62
	.456
	− 0.002 (− 1.12, 1.12)
	0.57
	.997

	 Intensive care unit
	1.44 (0.32, 2.56)
	0.56
	.012
	0.99 (− 0.24, 2.23)
	0.62
	.113
	1.41 (0.27, 2.54)
	0.57
	.016

	 Emergency room
	1.22 (0.12, 2.31)
	0.55
	.031
	2.74 (1.53, 3.95)
	0.61
	 < .001
	2.34 (1.27, 3.50)
	0.56
	 < .001

	Age
	0.20 (− 0.05, 0.45)
	0.13
	.108
	0.14 (− 0.13, 0.42)
	0.14
	.305
	0.23 (− 0.02, 0.48)
	0.13
	.073

	Educational level (vs. associate degree)
	− 0.30 (− 1.36, 0.76)
	0.539
	.576
	0.65 (− 0.52, 1.81)
	0.59
	.275
	0.63 (− 0.44, 1.70)
	0.54
	.246

	Unit experience
	− 0.04  (− 0.06, − 0.01)
	0.01
	.002
	− 0.03 (− 0.05, − 0.004)
	0.01
	.024
	− 0.04 (− 0.06, − 0.14)
	0.01
	.002


SE standard error, CI confidence interval



Discussion
This study investigated nurses’ physical demands at work using both objective and subjective measurement methods. Nurses’ number of steps and distance traveled on each shift were measured objectively using an activity tracker, and the subjective perceptions of nurses' physical demands for each shift were surveyed through questionnaires. Measurements of the number of steps and the distance traveled for three shifts were made for all nurses who participated in this study. Accordingly, it was possible to include data from the evening shift in the comparative analysis in this study, unlike previous studies [4, 16, 17]. In order to overcome the limitations of a previous study that used a pedometer [4], physical activity was measured using a reliable smart band [30] that was light enough for nurses to wear while working.
The average number of steps that nurses walked while working an average of 9.4 h per shift was 9360 steps, and the distance traveled was 5.79 km, which is consistent with the results of a study [4] that measured the number of steps and walking distance for nurses. The previous study suggested that the nurses’ workflow was related to their workload and found significant differences between day and night shifts and depending on the number of patients nurses were responsible for [4]. Another previous study measured the walking distance of nurses during 10 h of work and showed a shorter measured value than the walking distance measured in this study [7]. However, the present study is consistent with earlier research in that it found a longer walking distance on the day shift than on the night shift [4, 7, 16]. In a previous study that measured physical activity in the general public, the average number of steps per day was 8385 steps for women in general and 8875 steps for women aged 20 to 39 [31]. In another similar study, an average of 7500 to 9999 steps per day was classified as somewhat active, 10,000 to 12,499 steps as active, and 12,500 or more steps as very active; in that study, the average number of steps for women per day was 6486 [32], indicating that the average physical activity of nurses was higher compared to the general population.
This study found that nurses worked long hours on night shifts and walked more than 8000 steps. The number of steps and the distance traveled during the night shift were lower than those of the day and evening shifts despite the significantly longer working hours. A previous study found that the average number of steps that nurses walked during the night shift was about 4000, whereas the number of steps during the day was more than 8000 [16]. In comparison, the number of steps walked during the night shift in this study was substantially higher. Even when compared with a study of shift workers in other occupations [33], nurses’ physical activity during the night shift was found to be higher. A comprehensive comparison of the results of the present study to those of previous studies [16, 33] showed that nurses' night shifts required considerable physical activity, as perceived by nurses themselves.
In this study, the highest number of steps was found for the day shift, followed in descending order by the evening and night shifts. In general, since treatment and surgery are performed during the daytime, it can be expected that nurses will be more physically active. However, these results were not consistent for all nursing units. Unlike other nursing units, the emergency room had the highest number of steps on the evening shift, followed in descending order by the day and night shifts, and by the night and day shifts for distance traveled. The emergency room involves a substantial amount of unpredictable work rather than routine work; therefore, it is reasonable to assume that nurses’ physical workload will increase when unpredictable patients more frequently visit the emergency room. Of note, while both the number of steps and distance traveled were higher on the evening shift, contradictory trends were found between the day and night shifts for these parameters, which means that a high number of steps do not always correspond to a long distance. Depending on the details of the job, nurses may have to take many steps in a narrow space, or they may have to walk a long distance to carry out their tasks with a wider stride. To further clarify the difference between the number of steps and the distance traveled, further research should investigate the association between nurses’ specific work tasks and physical activity.
The objectively measured results for the number of steps and distance traveled using an activity tracker showed the same pattern as the physical activity scores perceived by nurses. When the score for physical activity during the day shift was set to 100 points and nurses were asked to score the physical activity of the other shifts relative to the day shift, the scores for the evening and night shifts were 96.75 and 90.09 points, respectively. The corresponding ratios using the actual measured number of steps were 99.35 for the evening shift and 87.65 for the night shift, showing close alignment between the subjective and objective measurements. A previous study that measured and compared the physical activity of nurses with objective and subjective indicators found that while nurses overestimated their walking time, their standing time was underestimated [19]. It was reported that the time nurses worked while standing was about four times higher than the time that they actually walked, and that when providing nursing care beside of the patients, they were more likely to perceive themselves as walking even when they were only taking a few steps while standing [19]. Even considering that nurses are likely to confuse walking with standing during work, it is nonetheless clear that nurses’ subjective perceptions of their physical activity during work are relatively accurate.
In the present study, the emergency room had the highest number of steps and distance traveled compared to other nursing units, followed by the intensive care unit. These units had significantly higher values than were measured in the general ward. Although it might be reasonable to predict that nurses in general wards, who care for more patients and are required to move throughout a larger area, the present study instead found that nurses in special care units with a limited space walked much more than those in the general wards. Because nurses’ jobs require a variety of physical activities that depend on the occupational setting [5], it is necessary to investigate and compare the types and intensities of physical activities to reveal differences in physical activity and nursing performance according to nursing department and nursing content. However, this study only investigated and compared the physical activities required in general. Therefore, additional research is needed for a more specific analysis of physical activities in specialized wards such as emergency rooms and intensive care units.
In addition, it was found that the number of steps and distance traveled was higher among younger nurses and those with less work experience. The average number of steps for nurses with less than one year of unit experience was 11,000 or more, whereas it was only about 7000 steps for those with three years or more of experience, meaning that the least experienced nurses walked about 40% more than nurses with three or more years of experience. This discrepancy can be accounted for by differences in competency and roles according to career years. For example, nurses with less than one year of experience are more likely to spend more time in direct nursing care than nurses with longer experience, and may need to walk back and forth between the nursing station and patient rooms more frequently if they miss necessary items due to a lack of experience. Multiple regression analysis in the present study also confirmed that the number of steps and distance traveled were significantly higher in the emergency room and intensive care unit than in the medical ward on all three shifts, as well as in nurses with shorter unit experience. In the comparative analysis between groups, participants with a higher education level showed significantly higher number of steps and distance traveled. However, in the multiple regression analysis, the education level did not significantly affect nurses’ steps and distance traveled. Collectively, these findings indicate that nurses’ physical activity, such as the number of steps and distance traveled, is most directly affected by the specificity of the nursing unit and the nurse's unit experience.
Previous studies have examined the relationships between nurses’ job demands and health [2, 8, 10, 11, 13, 14, 34, 35]. Consistent reports from around the world have found that nurses suffer from musculoskeletal problems related to nursing work [5, 8, 19, 34, 36]. Since musculoskeletal problems are particularly likely to be linked to physical activity, it is necessary to conduct further analyses according to the characteristics and intensity of various physical activities during nurses’ work. A detailed list of physical activities should be compared with consideration of the nursing unit, nursing content, and individual characteristics in order to predict and manage the health risks related to physical activity. Scales such as the Therapeutic Intervention Scoring System (TISS-28 Scale) and Nursing Activity Score (NAS) have been developed to measure nurses' activities, mainly by quantifying nursing intensity from the patient's side [37]. Accordingly, those scales have limitations insofar as they can only measure major nursing activities related to the patient's condition. Therefore, through development of a scale that can comprehensively measure nurses’ actual work activities, physical demands and consequent physical and mental fatigue would enable a more accurate analysis. For example, a time-motion study could inform the development of a scale that would measure the time taken according to a list of all nurses' activities and score them by applying the intensity according to the patient's condition. Such a scale could be used to measure activity and fatigue for individual nurses, thereby providing data to understand the health status of nurses and manage their health. Through such initiatives, it would be possible to develop a health management program to reduce accumulated fatigue in body parts that are frequently used at work. This information could also be used for nursing managers to designate a working pattern or shift type suitable for nurses according to their health conditions and to supplement human resources in advance or to allocate them efficiently in the field.
There are several limitations of this study. First, although seven male nurses were included in the study, gender-related differences were not included in the analysis. Second, cautious interpretation is needed for the results of this study because the nurses who participated in the study were relatively young and the survey period was short. Third, this study was conducted at two tertiary hospitals, limiting the generalizability of the results. Because tertiary hospitals are substantially different from other hospital types in the number of beds, staff, facility size, and patient severity, further research is needed that would compare nurses’ physical demands according to the hospital category. Furthermore, even in the same nursing unit, there may be differences in nurses’ number of steps depending on the size of the unit and the number of nursing staff (Additional file 2). The results of this study should be interpreted with caution because all these points were not considered in detail and the classification was made according to the nursing unit. Fourth, although the smart band used in this study was easy to wear and light enough not to influence nurses’ ability to move, there is a possibility that wearing an activity tracker might affect nurses’ intention to walk more, thereby leading to measurements that suggest inaccurately intense physical demands in some areas. Fifth, because nurses from various nursing units participated, the number of participants in each group may not be sufficient to compare the results of nurse groups between units. In order to analyze differences between units in the future, additional studies with more subjects are required.
Conclusions
In this study, physical activity was measured objectively as the number of steps and distance traveled, using an activity tracker, as has become common in real-life contexts in recent years. The number of steps and distance traveled showed differences according to the nursing unit, nurses’ age, and nurses’ unit experience throughout the three shifts. Based on these results, we suggest that nurses’ work-related physical activities should be predicted and managed with appropriate consideration of the work characteristics of nursing units, nurses’ age, and nurses’ career experience.
Follow-up studies using activity trackers can objectively measure and evaluate physical indicators such as changes in heart rate and the quantity and quality of sleep while working as a nurse would help to articulate the relationship between nurses' physical activity and health more accurately. In addition, it is expected that medical institutions can use activity trackers to collect and analyze the physical activity data of nurses in real time on a long-term basis, which could be used in decision-making regarding placement and supplementation of the nursing workforce.
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