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Background: Nurses are the largest group of employees in hospitals yet their working environment and
conditions are not always optimal. Moreover, nurses may be convinced that the physical activity they per-
form during working hours is sufficient to maintain a healthy lifestyle.
Objectives: The study aimed tomeasure the number of steps, the distance and the energy expenditure dur-
ing a 12-hour shift in the intensive care unit and for nurse anaesthetists in selected hospitals in Poland.
Methods: Data were collected via a pedometer and a socio-demographic interview. The project was mul-
ticentre, data were collected from 11.11.2013 to 04.05.2014.
Results: The median number of steps taken by nurse anaesthetists within the operating room was 7404
(IQR 4461–9443) while in the ICU it was 7358 (IQR 4705–9101). During the day in the operating and
recovery room, both nurse anaesthetists (IQR 3.90–6.26) and ICU nurses (IQR 3.54–6.39) reached themed-
ian distance of five kilometres. There were significant differences in the distance covered during day and
night between ICU (p = 0.0003) and anaesthetic staff (p = 0.0001) as well as the number of steps (ICU
p = 0.0002; ANEST p = 0.0001) and energy expenditure (ICU p = 0.0004; ANEST p = 0.0001).
Conclusion: The professional activity of nurses alone is insufficient to meet the recommendation of taking
10,000 steps daily, which would contribute to improved quality of life.

� 2019 Elsevier Ltd. All rights reserved.
Implications for clinical practice

� The assessment of both health and lifestyle for healthcare professionals may be helpful in the development of health plans and pro-
grammes aimed at the health situation of medical care providers.

� A pedometer as a simple tool, can very easily evaluate participants’ physical activity and motivate them to increase the number of
steps taken during the day (including working and non-working days).

� Physical activity at work very often does not reflect the real recommended activity of 10,000 steps per day.
� It would be recommended to prepare a special preventive training programme that would focus on health issues for the nursing staff.
Introduction

Many scientists have long been interested in the work environ-
ment of nursing staff. The existing publications pay particular atten-
tion to the relationship between the number of nursing staff and
patient safety (Lang et al. 2004), between the working environment
of nurses and the occurrence of adverse events (Aiken et al. 2011)
and between physical load and the increased risk of the occurrence
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of osteoarticular disease (Menzel et al. 2004). Few of the existing
studies have however drawn attention to the fact that the work of
the nursing staff requires a lot of physical effort (Croteau, 2017).

The problem of significant physical overload of the nursing staff
is extremely important, particularly in a situation where, according
to statistics, the nursing profession is highly feminised (Chief
Council of Nurses and Midwives, 2016). Another important issue
raised while discussing the problems of workload is the rather
broad definition of health of the healthcare professionals. It follows
from multiple reports from the World Health Organization (WHO)
that healthcare workers, like no other profession, are neglected in
terms of health programmes promoting a healthy lifestyle and
physical activity. Many healthcare professionals struggle with
numerous health problems such as obesity, hypertension, osteoar-
ticular diseases, depression and occupational burnout (Menzel
et al. 2004; Croteau, 2017; Chief Council of Nurses and Midwives,
2016; Cho et al. 2006). Unfortunately, many of these problems par-
ticularly affect nursing staff (Chiou et al. 2014). The WHO recom-
mends that each healthcare facility should be a special place, not
only in terms of saving human lives but also of promoting a healthy
lifestyle and physical activity, not only for the patients but also for
their employees (WHO Report, 2004).

In Poland, in accordance with the regulation of the Ministry of
Health, a nurse anaesthetist is a nurse who has completed a spe-
cialisation or has received a qualification in the field of anaesthesi-
ology and intensive care nursing (Regulation of Minister of Health,
2016).

The work of a nurse anaesthetist in an operating room (OR) or
intensive care unit (ICU) is regarded as very burdensome. This is
associated with the need for constant attention, systematic assess-
ment of a patient’s condition, the need for making numerous and
sudden decisions, frequent contact with death and the inability
to alleviate patients’ suffering. Their workload does not only result
from the nature of their duties but also from working conditions
(Cudak and Dyk, 2007; Cudak and Dyk, 2010).

In the ICU, the nurse-patient ratio is of key importance to
ensure the appropriate quality of care and reduce patients’ mortal-
ity (Cudak and Dyk, 2010) as well as to counter nurse fatigue. Daily
patients’ care and transport to diagnostic departments often
involve coverage of significant distances which may lead to an
increased level of fatigue, overload of joints and exposure to inju-
ries and other ailments (Yip 2004; Welton et al. 2006).

The aim of the study was to measure the number of steps, the
distance and the energy expenditure in a 12-hour shift of ICU
nurses in selected hospitals in Poland.
Methods

Design and collection

The research project was multi-centre. Data were collected
from 11.11.2013 to 04.05.2014. The study was quantitative and
comparative in nature with no participation of a control group.
Consents were obtained from the directors of particular facilities.
Two hundred nurse anaesthetists working a 12 – hour shift system
(day or night) in operating rooms, post-anaesthesiology recovery
rooms and the ICU participated in the project. The day shift began
at 07:00 and lasted until 19:00hrs; the night shift lasted from 19.00
to 07:00hrs. Prior to starting duty, the nurse participating in the
study was given a socio-demographic questionnaire and a
pedometer set to zero. Each new user was instructed by the
researcher on how to attach the device. At the beginning of the
study, each participant was asked to take 10 steps to calibrate
the pedometer in accordance with the assumptions of study con-
ducted by Welton et al. (2006). At the end of the shift, the
researcher in the presence of a respondent entered all data into
the final column of the completed survey questionnaire.

The ICU at the University Hospital had the biggest number of
intensive care beds (12), other medical facilities had from 5 to 8
intensive care beds. The wards had a mixed structure. The size of
ICU, recovery rooms and anaesthesiology stations are specified in
detail by regulations and the guidelines of the Polish Society of
Anaesthesiology and Intensive Care (Regulation of Minister of
Health 2016; Kusza et al. 2012). In the ICU a single bed room
should be at least 25 m2, while for multi-bed rooms it should be
at least 20 m2. All facilities participating in the project met the
above requirements. According to the regulations, the number of
nursing staff in the ICU should fall within a range of one nurse
per 1.2–1.5 beds. When it comes to the hospitals that participated
in the research project, one intensive care nurse was assigned to
1.5 to 2 intensive care beds in every hospital unit.

The number of operating rooms ranged from 5 to 10. The
University Hospital had the biggest number of them (10). Consid-
erable intensity of work associated with the functioning of operat-
ing rooms was from 07:00 to 19:00hrs, when both planned and
emergency surgery were performed. The night shift, i.e. from
19:00 to 07:00hrs, was dedicated to urgent surgery only and to
medicine and equipment supply. In accordance with national reg-
ulations, the surface area of a patient’s room in a post-anaesthesia
recovery unit should be at least 18 m2 for a single-bed room or at
least 16 m2 for a multi-bed room. In the participating hospitals the
number of beds ranged from 5 to 8. All stations met the organisa-
tional standards. In accordance with the applicable laws, one
anaesthesiology nurse cared for four patients. Both the guidelines
of the Polish Society of Anaesthesiology and Intensive Care and
separate provisions of law clearly indicate that any transport of a
patient within the operating room and outside the intensive care
unit requires the constant presence of an anaesthesiologist and a
nurse anaesthetist.

Participants

Nurses from the anaesthesiology wards and ICUs from Pomors-
kie and Warminsko-Mazurskie areas were invited to be involved in
the study. Each participant was informed that the research was
anonymous, and that its results would o be used only for scientific
purposes. It was planned to conduct the study including
200 respondents.

Instruments

Socio-demographic data were collected based on an original
interview questionnaire.

In order to measure the distance covered during a 12-hour duty
and to estimate the energy (caloric) expenditure, an indirect
calorimetry device (a pedometer) was used, a simple device mea-
suring the number of steps and the distance covered (Turner
et al. 2012). The pedometer used in the study was adjusted to
the calculation of energy (caloric) expenditure based on the cov-
ered distance T-Dista (model no: 03A09). The T-Dista pedometer
used in the study was a readily available device in Poland. The
equipment registered similar results to Yamax pedometer used
in research of Welton and Schneider. (Schneider et al.2004;
Welton et al. 2006). The measurement of the distance covered
was possible thanks to the presence of sensors recording the move-
ment. The distance covered [km], the number of steps taken during
the duty and the energy expenditure value [kcal] were measured.

In order to properly estimate the energy expenditure based on
the covered distance, each participant’s body weight had to be
entered into the device prior to the beginning of the study. The
weight was measured before the start of the research. After all data



Fig. 1. Pedometer.
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were confirmed, the pedometer was horizontally attached to a belt
(of a nurse’s uniform, trousers or skirt) (Fig. 1). After correctly affix-
ing the device, the pedometer automatically recorded movement.

Ethical considerations

The study was approved by the Institutional Ethics Committee
at the Medical University of Gdansk (NKEBN/45/2009). Each
respondent gave consent to the involvement in the project. Partic-
ipation was voluntary and anonymous and every nurse had the
right to withdraw from the study at any stage.

Statistical analysis

All analysis was performed using the StatSoft, Inc. statistical
package (2013) STATISTICA version 13 www.statsoft.com and the
Excel (Microsoft Office� Professional Plus 2016). Quantitative vari-
ables are reported as a median, interquartile range [IQR]. Variables
of the qualitative type are presented as quantity and percentages.
Table 1
Socio-demographic characteristics of the nursing staff in anaesthesiology and intensive ca

Variable Anaesthe

n

Sex
F 59
M 6

Age (years)
24–30 3
31–35 8
36–40 18
>41 36

Education
medical secondary school 24
post-secondary school of nursing 15
bachelor’s degree nursing college 14
master’s degree nursing college 12

Supplementary course
None 58
qualification course in anaesthesiology and intensive care 2
specialization in anaesthesiology and intensive care 3
other 2

Type of duty
12-hour day shift 41
12-hour night shift 24

Source: Q 1–3 of the survey questionnaire (part one).
* Chi-square (x2) test, significance level p < 0.05.
y Significance of differences between the study groups.
� Test chi-square with Yates correction.
To check if a quantitative variable originated from a population
with normal distribution, a Shapiro-Wilk test was applied, Stu-
dent’s test and Welchs’s test were performed in the absence of
homogeneity of variance. The Mann-Whitney-U test was used for
not normally distributed variables. The significance of differences
between more than two groups was checked using ANOVA test,
or by Kruskal-Wallis test in case of non-fulfilment of ANOVA appli-
cability conditions. Where statistically significant differences
between groups were obtained, post hoc tests were applied
(Tukey’s test for R, Dunn’s test for Kruskal-Wallis).

A significance level of p < 0,05 was adopted for all calculations.
Results

Socio-demographic characteristics of the study group

A total number of 160 nurses eventually participated in the
study of which 158 were included in the further analysis. The study
group was internally divided in terms of the place of work into
anaesthesiology (n = 65; 41%) and intensive care (n = 93; 59%).
Most participants (n = 150, 95%) were female. The participants’
sociodemographic characteristics are presented in Table 1. The
median work experience of the anaesthesiology ward nurses was
21 years (IQR 15–27) while for the ICU staff it was 16 years (IQR
10–21; p = 0.0001).
A test using a pedometer and a questionnaire for fatigue assessment

The median number of steps of all nurses (n = 158) was 7369
(interquartile range, IQR 4674–9292), distance covered 4.04 km
(IQR 2.64–5.48) and energy expenditure 248.5 kcal (IQR 151–
340) (Table 2). A detailed analysis suggested that 12 out of 65
anaesthesiology nurses (18.5%) exceeded 10,000 steps during their
duties. Very similar results were demonstrated for the intensive
care nurses 16.1% (n = 15). The calculation presents that about
26.2% (n = 17) of anaesthesiology nurses reached from 6001 to
re units – sex, place of living, education, type of duty (n = 158).

siology ICU p-value

% n %

90.8 91 97.7 0.1�

9.2 2 2.2

4.5 17 18.3
12.2 24 25.8 <0.001*,y

27.7 24 25.8
55.4 28 30.1

36.8 42 45.2
23.1 21 22.6 0.7*

21.4 18 19.4
18.5 12 12.9

89.3 78 83.8
3.1 8 8.6 0.2*

4.5 1 1.1
3.1 6 6.5

63.1 58 62.4
36.8 35 37.6 0.9*



Table 2
Energy expenditure (kcal), the number of steps, the distance (medians, IQRs) –
anesthesiology versus ICU nurses.

Anaesthesiology
(n = 65)

ICU
(n = 93)

All nurses
(n = 158)

Energy expenditure (kcal)
IQR 165–317 149.0–347 151–340
median 249 239 248.5

Number of steps
IQR 4461–9443 4705–9101 4674–9292
median 7404 7358 7369

Distance (km)
IQR 2.73–5.38 2.61–5.52 2.64–5.48
median 4.22 3.94 4.04
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9001 steps per shift (Table 3). A detailed analysis showed that
24.2% (n = 24) of all nurses took 10,000 to 15,000 steps during their
day shift (Fig. 2).

A post hoc Dunn’s test indicated that in the group of anaesthe-
siology staff working in the operating room during the day, the
median values of number of steps (8891) during day shifts were
significantly greater than for nurses working night shifts (4041;
p = 0.0001).

During a day shift in the operating and the recovery room, nurse
anaesthetists reached the median distance of 5.0 kms (IQR 3.90–
6.26). The intensive care unit nurses also covered 5.0 km (IQR
3.54–6.39). During a night shift these values decreased to 2.4
(IQR 1.2–2.9) and 2.7 kms (IQR 2.1–3.9) respectively. The distances
Table 3
Percentage distribution of the number of steeps – anaesthesiology vs ICU nurses.

Number of steps Anaesthesiology
(n = 65)

N

<1000–3000 8
3001–6000 19
6001–9000 17

90001–10000 8
10001–15000 12

>15000 1
Total 65

Fig. 2. Percentage distribution of the nu
covered during the day shift were significantly longer for both
nurses anaesthetists working in the operating room (p = 0.0001)
and in ICUs (p = 0.0003).

The median energy expenditure during the day shift was
239 kcal (IQR 243–389) in the ICUs and 249 kcal (IQR 165–317)
in anaesthesiology wards. During the night shift, these values
decreased to 135 kcal (IQR 67–180) and 156 kcal (IQR 119–252).
More than 75% of respondents burned 340.75 kcal during a 12-
hour work. Median and energy expenditure ranges (IQR) for the
day and night shifts of all the participants together with the num-
ber of steps and distance covered are reported in Table 4.

Discussion

The aim of the study was to measure the number of steps, the
distance and the energy expenditure in a 12-hour shift of ICU
nurses in selected hospitals in Poland. Our study showed that the
number of steps taken during a 12-hour shift depends on many
factors including the type of shift. Nevertheless, the physical activ-
ity of the nursing staff was still inadequate. Only a small group of
nurses reached the recommended 10,000 steps during their shift.

The sociodemographic characteristics of the respondents were
another important issue raised during the study. As confirmed by
scientific reports on the age and sex structure of nursing staff both
in Poland and in other European countries (Chief Council of Nurses
and Midwives, 2016) and as demonstrated by the sample in the
current study, the nursing staff is highly feminised profession. This
means that they are also at high risk of physical inactivity. The lat-
est WHO data published in The Lancet Global Health showed that
ICU
(n = 93)

% N %

12.3 7 7.5
29.2 30 32.3
26.2 31 33.3
12.3 7 7.5
18.5 15 16.1
1.5 3 3.2
100 93 100

mber of steeps – day vs night shift.



Table 4
Energy expenditure (kcal), the number of steps, the distance covered during the day and night duty (medians, IQRs).

Anaesthesiology ICU P-value

D N D N

Energy expenditure (kcal)
IQR 243–389 67–184 200–366 119–252 0.0001*
median 297 136.5 287.5 156 0.0004*

Number of steps
IQR 996–10651 2313–4674 6007–10625 3784–6735 0.0001*
median 8891 4041 8169 4947 0.0002*

Distance (km)
IQR 3.90–6.26 1.22–2.94 3.54–6.39 2.11–3.9 0.0001*
median 5.0 2.4 5.0 2.8 0.0003*

Legend: D – day shift N – night duty.
yStatistically significant p-value.

* Kruskal–Wallis test by ranks, p < 0.05.
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women are less active (32%) compared with men (23%). This obser-
vation confirmed that physical inactivity is also strongly correlated
with age and country income (Guthold et al., 2018).

The analysis of the level of education of respondents showed
that the vast majority of nurses (89.3%, n = 53) have not completed
the required courses and specialisations in the field of anaesthesia
and intensive care required by law. According to Polish regulations,
nursing staff should have aligned their professional qualifications
by 31 December 2018 (Regulation of Minister of Health, 2016).
Another issue is the fact that to undertake specialist education in
the field of anaesthesia and intensive care, a nurse should have
an appropriate length of work experience in the profession of nurs-
ing. In case of a qualification course, six months of experience are
required and for a specialisation at least two years (The Nurses and
Midwife Professions Act, 2011). Undoubtedly, it can have an
impact on the results obtained at work. A significant part of nurs-
ing staff could have been during the specialisation or course, In
case of nursing graduates they have to achieve legal requirements
to undertake such education.

Physical activity, distance covered and energy expenditure of nursing
staff during their professional duties

Research shows that regular and appropriate physical activity
(PA) is the main factor in the prevention of the growing global bur-
den of chronic and non-communicable diseases (NCDs). According
to the WHO, the recommended level of sufficient PA for adults
aged 18–64 years old is at least 150 min with aerobic PA of mod-
erate intensity throughout the week, or at least 75 min of energetic
aerobic PA during a week, or an equivalent combination of moder-
ate activity and energetic intensity. This recommendation is equiv-
alent to the broadly applied pedometer of 10,000 walking steps per
day (World Health Organization, 2010; Tudor-Locke and Bassett,
2004; Tudor-Locke et al. 2008; Tudor-Locke et al 2011). The health
benefits of the PA include a reduced risk of NCDs, premature death,
obesity, cardiovascular diseases, insulin dependent diabetes and
osteoporosis. As a result of improved mood PA also contributes
to enhancing quality of life and to longevity. Physical inactivity is
an increasingly serious worldwide health problem and has been
attributed to an increase in the risk of the global occurrence of
non-communicable diseases. The WHO report (World Health
Organization, 2019) states that at least 80% of people worldwide
do not reach the minimum recommendation for sufficient PA. Lack
of physical activity is now the fourth main risk factor for global
mortality. The rapid progress of civilisation has nearly completely
eliminated all forms of PA and simple physical effort from every-
day work, and only leaves monotonous actions which put uneven
strain on particular parts and systems of the human body. Previous
studies demonstrated that healthcare professionals (HCPs) are at
high risk of NCDs, sedentary lifestyle, overweight, obesity, muscu-
loskeletal disorders related to work and working conditions that
lead to physical inactivity (World Health Organization, 2010).
Healthcare professionals are perceived as pioneers and statutory
advocates for a healthy lifestyle. They are expected to support PA
through leadership, so that their patients, customers and the soci-
ety will follow. This is why communities expect them to set a good
example, and assume that such behaviour should be common
among them. However, this perception remains questionable, as
there is no good empirical evidence to confirm it. The analyses
showed that professional activity connected with the physical
effort of nursing staff does not meet the recommendations for daily
physical activity, which can significantly affect health and well-
being.

The data obtained using pedometers clearly show that the num-
ber of steps taken during a 12-hour shift, both within the operating
room and in the intensive care unit, is below the recommended
value. The results have shown that only small groups of nurses
reached the minimum, recommended amount of physical effort
of 10,000 steps per day. The results of previous studies using a
pedometer indicate that undertaking a physical activity at a level
exceeding 12,913 steps per day may contribute to an improvement
in the quality of sleep and rest and to a more efficient dealing with
stressors, including in the work environment (Lavoie-Tremblay
et al., 2004). Moreover, increasing physical activity, particularly
in the context of women suffering from hypertension, can signifi-
cantly contribute to reducing and regulating blood pressure
(Moreau et al. 2001).

In the present study, the median energy expenditure of nurses
in the ICU was 239 kcal (IQR 243–389) during the 12-hour duty
and 249 kcal (IQR 165–317) in the anaesthesia ward with post-
anaesthesia room. There were significant differences in the energy
expenditure according to the type of shift (day shift vs night shift).
The energy expenditure incurred by the nursing staff of anaesthe-
siology departments, as well as ICUs was greater during the day-
time than the night shift. These results differ from the results of
Irimagawa and Imamiya (1993), who conducted a study among a
small group of 12 nurses from various hospital departments using
a pedometer and electrocardiograph during an 8-hour working day
and after the end of the shift for another 8 h (total time of 16 h). It
showed that the average value of energy expenditure during the
16-hour observation was 341.2 kcal (SD ± 110.9). A different
research model from the one used in our study was implemented,
which may explain such divergent results. Another method was
used in a study conducted by Ksykiewicz-Dorota et al. (1992).
There, the energy expenditure of nursing staff was measured by
the tabular-timing method, during the 8-hour duty period. The
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average energy expenditure in the surgery ward reached 857.7 kcal
and 770.7 kcal in the internal ward. Thereby, these results which
by far exceed the energy expenditure measured in our study.

The work of nursing staff is extremely demanding in terms of
the physical effort. This was confirmed by many studies, both qual-
itative and quantitative (Croteau, 2017; Geiger-Brown et al. 2004).
Although general physical exhaustion and joint pain occurring
after the end of a shift (Geiger-Brown et al. 2004) could indicate
excessive physical activity, the results of the conducted research
indicate that physical activity connected with nursing profession
is still insufficient in terms of the recommended number of steps.
Without doubts, nurses have a physically demanding work which
requires them to spend a lot of time on their feet. The research
led by Welton et al. (2006) proved that the distance reached by
nurses during a shift mainly depends on patient’s needs and the
unit design. All surgical nurses who took part in the Welton’s
research project reached between 4.1 and 4.6 miles per the 12-
hour shift. These results differ from the results of our study but
the characteristics of the ICU and post – operative care units are
more complex and require more advanced and specialist medical
treatment.
Limitations

This study has its limitations. The most important one is that
nurses carried the pedometer only during a single shift. The
method of choosing the convenience sampling might be another
important barrier. Nurses who have participated in the study were
recruited from only two regions of Poland. Therefore, the nurse
sample might have been too homogeneous to draw general conclu-
sions regarding the whole population. Research in a more diverse
group of respondents would be recommended.
Conclusions

During a 12-hour day shift, nurses anaesthetists, both in the
anaesthesiology ward and intensive care unit, take more steps than
during night shifts, which is related to the increase of distance and
energy expenditure. The effort incurred by nurses is quite large,
however, from the perspective of a healthy lifestyle, it is not a rec-
ommended form of a physical activity. Although nurses have
reached the number of steps close to the recommended quantity,
it should be emphasized that the workload is not a beneficial phys-
ical exercise.

Occupational activity of the nursing staff is not related to the
physical activity that contributes to the improvement of health
or the quality of life of nurses. Taking into account the decreasing
number of the nursing staff, it is crucial to introduce programmes
that would promote a healthy lifestyle, particularly physical activ-
ity. For this reason, nursing manager should consider creating an
environment that supports healthy lifestyle choices, especially
non – work related physical activity.
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