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ABSTRACT
Objective Healthcare workers (HCWs) are at high risk
of experiencing stress and fatigue due to the demands
of their work within hospitals. Improving their physical
and mental health and, in turn, the quality and safety
of care requires considering factors at both individual
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and wards, where interventions to reduce stress and
fatigue should be focused. These interventions could
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INTRODUCTION

There is a growing research interest about stress
in healthcare workers (HCWs), as the prevalence
of nurses affected by negative mental states is
high.1 2 A recent meta-analysis including 45 539
nurses worldwide in 49 countries across multiple
specialties estimated 11.2% prevalence of burnout
among global nurses.3
There is a vast literature exploring occupational
predictors of both stress and fatigue among HCWs,

WHAT IS ALREADY KNOWN ON THIS TOPIC
⇒ Healthcare workers (HCWs) have high levels
of perceived stress and fatigue, particularly in
medical fields highly exposed to infectious risks.
⇒ Previous studies show that the high physical
and mental demands, as well as unfavourable
work environment and organisation, can
increase stress and fatigue levels of HCWs.
⇒ However, there is a lack of studies exploring the
complex dynamics of the link between working
conditions and HCW health, using multilevel
design (HCWs nested within wards), including
ward/organisational level predictors.
WHAT THIS STUDY ADDS
⇒ The ward-level environment significantly
influences the stress and fatigue of HCWs
in addition to individual factors and time
variations.
⇒ Supervisors providing low social support and
with low safety culture, work overcommitment,
sickness presenteeism and working in smaller
wards were identified as predictors of both high
stress and fatigue of HCWs.
⇒ Negative life events (whether occurring in
personal or in professional life), low support
from colleagues and breaks frequently cancelled
due to work overload are specific predictors of
high level of stress. While commuting duration,
frequent use of interim staff and working in a
medical ward were associated with high level
of fatigue of HCWs.
HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY
⇒ In this study, we can identify some areas for
improvement to better prevent stress and
fatigue for HCWs. High stress and fatigue
can be reduced through mutual and specific
organisational intervention strategies.

including studies with cross-sectional, longitudinal
and experimental designs. Low social support from
supervisors and colleagues, as well as younger age
and being female, was found to be predictors of
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stress among HCWs.4–6 In addition, several studies highlight the
importance of job satisfaction and favourable work environment
in order to prevent stress of HCWs. Indeed, unacceptable work
schedule, work overcommitment and shift work appeared to
lead to higher stress of HCWs.7–9 Also, being highly committed
to the organisation was associated with both role and work overload and work-related stress.9
Similarly, several studies explored the relationship between
HCWs fatigue and some aspects of working conditions such as
low social support from supervisor and colleagues, older age as
well as carrying for both children and elders.10–12 Psychological
job demands and unfavourable work environment (including
shift work organisation and work schedule characteristics) also
emerged as significant predictors of fatigue among HCWs.10 13
In addition, HCWs with higher levels of overcommitment were
more prone to experience chronic fatigue syndrome.14
As HCWs are responsible for playing their role in keeping
patient safety, observing safety principles while delivering daily
care can lead to a decrease in adverse events and damages.15
Negative HCW perception of patient safety can also have a
detrimental effect on stress and fatigue, as suggested by recent
studies reporting negative correlations between patient safety
culture and the level of stress and fatigue.16 17
HCWs fatigue and mental health are important elements to
monitor for continued HCWs well-being and patient safety.18
Stress and fatigue in the workplace negatively impact productivity and increase absenteeism of HCWs19 and may result in
non-optimal quality of care for patients in healthcare settings.20
For instance in 2020, the average absenteeism rate in French
public hospitals was estimated 9.5% among a representative
sample of 300 hospitals21 versus 5.1% nation wide (https://www.
ayming.fr/wp-content/uploads/sites/11/2020/09/Barometre-
absenteisme-2020-Ayming.pdf).
Still, a better and more global understanding of how individual-
level and organisational-level factors interacts with stress and
fatigue of HCWs in hospitals is needed, especially in the French
context where studies on hospital staff stress and fatigue are
scarce. The originality of our study comes from its multilevel
design. We designed the study longitudinally to observe the
possible evolutions of fatigue and stress regarding the organisational factors that may vary over time in order to better identify
the levers of organisational control that could reduce stress and
fatigue.
Here, we propose a three-
level longitudinal analysis using
individual and organisational/ward factors related to stress and
fatigue of HCWs, using a 1-year longitudinal data collected from
730 individuals in 32 French hospital wards.

MATERIAL AND METHODS
Study design and data collection

We designed a multicentre study on the individual and organisational predictors of stress and fatigue among HCWs at the
Hospitals of Paris, the STRIPPS (Stress au Travail et Risque Infectieux chez les Patients et le Personnel Soignant) study.22 The study
was conducted between February 2018 and July 2019 and data
were collected on midwives, registered and auxiliary nurses.
An auxiliary nurse, also known as a healthcare assistant, works
closely with healthcare professionals (nurses and physicians,).
He/she performs duties such as washing and dressing patients, or
making beds, in healthcare facilities. HCWs were recruited from
four voluntary French University general care hospitals. Eight
wards per participating hospital were drawn at random among
wards employing at least 30 HCWs.
2

Data were collected longitudinally every 4 months during 1
year by two different interviewers for all included participants
as follows: t0, corresponding to the first collection during the
HCWs inclusion visit; t1, t2, t3, corresponding to follow-up visits
at 4 months, 8 months and 12 months. For the first data collection (t0), dates and times of visits by an interviewer were drawn
randomly for each participating ward. For later data collections,
individual appointments were made with each included HCWs.
Data were collected through questionnaire-based interviews at
both levels (ward and individual levels).

Individual-level variables

To collect individual-level variables, HCWs of included wards
were interviewed individually at 4 times of visits (t0, t1, t2 and
t3). The individual questionnaire collected demographic and
occupational characteristics, including age, sex, professional
status, contractual situation, experience in the hospital and daily
working hours. Individual data related to work organisation,
including schedule, nightshift, extra hours, mealtimes and rest
periods, were also collected. Social support from colleagues
and from supervisor was also assessed using the social support
dimension of the Job Content Questionnaire (JCQ), which
was developed and validated by Karasek et al.23 Social support
dimension includes eight 4-points Likert scale items (from 1 to
4), with a resulting score ranging from 8 to 32 (from very low
to very high social support). In addition, work overcommitment
was measured using the work overcommitment dimension of
the Effort-Reward Imbalance questionnaire (ERI).24 This dimension includes six 4-points Likert scale items (from 1 to 4), with
a resulting score ranging from 6 to 24. Low total score indicates low work overcommitment. The reliability statistics results
showed that Cronbach’s alphas for social support and work
overcommitment were 0.79 and 0.76, respectively, indicating
acceptable scale reliability. Finally, the management support for
patient safety dimension was measured using the French version
of the hospital survey on patient safety culture.25

Ward-level variables

To collect data for each of the 32 wards, the hospital health executives (nurse managers) were interviewed at t0 only regarding
the following characteristics: medical specialty, number of
beds per ward, proportion of double rooms, frequency of tasks
performed outside the ward, patient/physician ratio, patient/
paramedics ratio and use of external healthcare service providers
(ie, interim staff).

Outcome variables

Two primary outcomes were considered:
1. Perceived stress, assessed with the Perceived Stress Scale 10-item
scale (PSS-10), was developed by Cohen et al26 and validated in
French.27 The PSS-10 questionnaire includes 10 5-point Likert
items (from 0 to 4), with a resulting score ranging from 0 to
40 (from very low to very high perceived stress). The reliability
statistics results showed that Cronbach’s alpha for PSS-10 scale
was 0.85, indicating acceptable scale reliability.
2. Fatigue, assessed with the Pichot Fatigue Scale.28 The Pichot
Scale includes eight 4-point Likert items (from 1 to 4), with
a score ranging from 8 to 32 (from very low to very high fatigue). Cronbach’s alpha for Pichot scale was 0.91, indicating
acceptable scale reliability.

Why study stress and fatigue together

Although stress and fatigue are distinct phenomena, both can
be considered as mediating factors of behavioural consequences,
Daouda OS, et al. Occup Environ Med 2022;0:1–9. doi:10.1136/oemed-2022-108220
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including absenteeism, turnover and productivity loss of
HCWs.29 30 Earlier studies considered both stress and fatigue
together as outcomes.31 Here, we assumed that both may result
from the high physical and mental demands to which HCWs are
exposed, with possible consequences in terms of patient safety.
Identifying factors associated with both high stress and fatigue
may, therefore, help improve HCW physical and mental health
and patient care.

on the total number of staff working in the participating wards
was 695/2473=28.1%. In addition, the mean number of observations per ward decreases across time points. We observed 22.8
observations at t0, 21.25 at t1, 19.1 at t2 and 18.5 at t3.
An auxiliary nurse failed to answer any of the four questions
of social support from supervisor of the Karasek questionnaire
and was, thus, excluded from all analyses.

HCW characteristics
Missing data imputation

For missing data, multiple imputations were performed on validated questionnaire items only (JCQ, PSS-10, Pichot and ERI
questionnaires). Data were imputed using multiple imputation,
using the R mice package.32 The mice package allows performing
imputation of continuous and categorical variables in a context
of multilevel and longitudinal data. For all questionnaire items
included in the imputation model, missing data were assumed to
be missing at random.

Statistical analysis and modelling

We conducted analyses to identify predictors of stress and
fatigue levels of participating HCWs. First, in order to validate
the use of a three-level longitudinal model, we built two unconditional models (ie, null models, with no independent variables)
with two levels (ie, time and individual levels) and three levels
(ie, time, individual and ward levels), for each outcome. Indeed,
before conducting multivariate multilevel models, performing
null models is strongly encouraged.29 We then compared the
two unconditional models using the Akaike’s Information Criterion (AIC).30 Lower AIC for three-level unconditional models
validated the using of three-level models to predict stress and
fatigue. In addition, using null models, intraclass correlations
were computed, in order to quantify how much response variable variance is shared, across different combinations of levels.
Due to the large number of explanatory variables and to avoid
collinearity with some of them, we proceeded to two steps of
selection. Specifically:
1. First, univariate analyses were performed for all individual-
level variables in order to reduce the number of variables to
include in the multivariate model. Then, any variables with
univariate associations with p values ≤0.20 were included in
the multivariate model. This cut-off was chosen to exclude
variables of questionable importance.33 Despite the fact
that the study was longitudinal, univariate analysis was performed at baseline. This technique is often used and allows
to capture the maximum of information on the variables and
the outcome.34 Indeed, the response rate at the baseline is
naturally higher than at follow-ups.
2. Second, we developed a three-level multivariate model on
each outcome, using the AIC for variable selection, using
only variable retained in the first step. All data analyses were
conducted using the R software.35

RESULTS
Response rate

Overall, the response rate for all included HCWs who answered
the questionnaires at the four visits was 73.5% (510 out of 694),
corresponding to 2040 responses in total for all visits. In total,
695 HCWs were included at t0, 644 at t1, 578 at t2 and 556
at t3, with an overall of 2473 observations. A general response
rate at t0 is impossible to compute due to the voluntary participation of HCWs present at the time of inclusion in the study.
However, at the time of inclusion, the participation rate based
Daouda OS, et al. Occup Environ Med 2022;0:1–9. doi:10.1136/oemed-2022-108220

The final study sample consisted of 694 HCWs as follows:
registered nurses (n=384) (55.3%), auxiliary nurses (n=299)
(43.1%) and midwives (n=11) (1.6%). Overall, the female/male
gender ratio was 5.5, with 588 (84.7%) female respondents.
The majority of HCWs were permanent staff members (n=616)
(88.9%) compared with temporary (n=58) (8.4%) and contractual (n=19) (2.7%) staff members. The average number of years
of experience was 9 years (9.6), and more than a half of the
respondents had supervising responsibilities (n=365) (52.6%)
(table 1).

Ward characteristics

In total, 32 wards were included from various medical fields as
follows: 14 (43.8%) in surgery and obstetrics, 11 (34.4%) in
‘other medical specialty wards’ and 7 (21.9%) in intensive care
unit (ICU) and reanimation. The average number of beds per
ward was 35.5 (SD=18.5), and the proportion of double rooms
was approximately 20% (table 2).
In participating wards, the average patient/physician ratio was
2.9 (4.0), whereas the patient/paramedics ratio was 0.8 (0.3). In
the vast majority of participating wards, work was organised in
3 to 8-hour shifts, while 16% of wards worked in 2 to 12-hour
shifts.

Mean-level change across 1 year of survey

The trajectories for each participant across the total sample from
baseline to the last time point are presented in online supplemental table 1 for time-varying individual-level factors. Significant differences among the four times of visits were observed for
schedule assignment frequency, number of nightshifts on duty
over the last months, irregularity of mealtimes, number of breaks
cancelled due to work overload, number of visits to the occupational safety and health department, sickness presenteeism and
social support from supervisor.

Outcome characteristics

The distribution of PSS-10 (stress) and Pichot (fatigue) scores in
the whole sample are presented in figure 1, respectively, in (A)
and (B). The overall mean score is equal to 16.5 (7.0) out of 40
points for stress, and 11.0 (7.9) out of 32 points for fatigue. For
fatigue only, we observed an increasing trend (p=0.028) of the
means across the time of visits (online supplemental table 2).
For both stress and fatigue, significant differences were observed
between the four hospitals (p<0.001) (online supplemental table
3). Figure 2A describes the trend of stress and fatigue level across
time of visits and hospital. Additional figures on the distribution
of stress and fatigue by hospital are available at online supplemental figures 1 and 2, respectively.
According to unconditional models, AICs from three-
level
unconditional models are lower than those from two-
level
unconditional models for both stress and fatigue (online supplemental table 4). Hence, the results obtained validate the use of
the three-
level models to analyse both outcomes. Additional
information on intraclass correlations is available under online
3
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Table 1

Characteristics of individuals at the time of inclusion t0

Table 1

continued

Total (N=694)

Total (N=694)

Age (years)

 Do not agree

377 (54.4%)

 ≤25

125 (18.0%)

 Missing

1

 26–35

236 (34.0%)

HSOPSC item-9‡

 36–45

143 (20.6%)

 Agree

465 (67.2%)

 46–55

126 (18.2%)

 Neutral

92 (13.3%)

 >55

64 (9.2%)

 Do not agree

135 (19.5%)

 Missing

2

Gender
 Female

588 (84.7%)

HSOPSC item-10§

 Male

106 (15.3%)

 Agree

405 (58.4%)

 Neutral

116 (16.7%)

Profession
 Registered nurses

384 (55.3%)

 Do not agree

172 (24.8%)

 Auxiliary nurse (AS)

299 (43.1%)

 Missing

1

 Midwives

11 (1.6%)

Support from colleagues

Years of work in the hospital
 Mean (SD)

 Mean (SD)
9.0 (9.6)

13.2 (2.0)

Support from hierarchy

Professional status

 Mean (SD)

11.7 (2.7)

 Temporary/contractual CDD

58 (8.4%)

Work overcommitment

 Contract/contractual CDI

19 (2.7%)

 Mean (SD)

 Permanent/titulaire

616 (88.9%)

 Missing

1

*HSOPSC item-1: from the Hospital Survey on Patient Safety Culture. ‘Hospital
management provides a work climate that promotes patient safety’.
†HSOPSC item-8: from the Hospital Survey on Patient Safety Culture. ‘The actions of
hospital management show that patient safety is a top priority’.
‡HSOPSC item-9: from the Hospital Survey on Patient Safety Culture. ‘Hospital
management seems interested in patient safety only after an adverse event
happens’.
§HSOPSC item-10: from the Hospital Survey on Patient Safety Culture. ‘Hospital
units work well together to provide the best care for patients’.

Supervising responsibility
 No

329 (47.4%)

 Yes

365 (52.6%)

Weekly working hours
 Mean (SD)

36.8 (4.2)

Knowledge of the schedule
 Never

13 (1.9%)

 Sometimes

74 (10.7%)

 Always

607 (87.5%)

supplemental table 4). A summary of missing values according to
the four validated scales, by time of visits, is available in online
supplemental table 5).
The best three-level multivariate models identified after model
selection using AIC are described in table 3 along with model fit
measures.

Participation to the schedule
 Never

321 (46.3%)

 Sometimes

266 (38.3%)

 Always

107 (15.4%)

48 hours weekly rest
 No

295 (42.6%)

 Yes

398 (57.4%)

 Missing

1

Individual and organisational-level predictors of stress

At individual level, negative life events (whether occurring in
personal or in professional life), frequent cancellation of breaks,
low social support from supervisor and colleagues, low perception of hospital management attitude towards patient safety
culture, work overcommitment, as well as sickness presenteeism,
were significantly associated to high perceived stress of HCWs.
At ward-level, medical specialty (with less stress in ICU than
in surgical and obstetrical units or wards with other medical
specialties), and number of beds (with more stress in smaller
wards) emerged as significant predictors of perceived stress.

Number of breaks per day
 Mean (SD)

1.8 (1.0)

Total duration of breaks per day (min)
 Mean (SD)

15.3 (9.3)

 Transportation
 Personal car

357 (51.4%)

 Public transportation

286 (41.2%)

 Other (walking, bike, motorbike)

51 (7.3%)

Commuting time to work
 <1 hour

290 (41.8%)

 1 hour–2 hours

305 (43.9%)

 >2 hour

99 (14.3%)

Individual and organisational-level predictors of fatigue

HSOPSC item-1*
 Agree

213 (30.7%)

 Neutral

106 (15.3%)

 Do not agree

375 (54.0%)

HSOPSC item-8†
 Agree

220 (31.7%)

 Neutral

96 (13.9%)
continued

4

15.5 (2.7)

At individual level, gender (with more fatigue in female participants), longer commuting time to work, low social support from
supervisor, low perception of hospital management attitude
towards patient safety culture, work overcommitment, as well
as sickness presenteeism, emerged as significant predictors of
high level of fatigue of HCWs. Significant predictors of fatigue
at ward level were medical specialty (with more fatigue in wards
with other medical specialties), higher rates of interim use and
number of beds in the ward (with more fatigue in smaller wards).
High fatigue level was also associated to time-level variable (time
of visit, with an increasing trend over 12-month period).
Daouda OS, et al. Occup Environ Med 2022;0:1–9. doi:10.1136/oemed-2022-108220
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Table 2

Characteristics of included wards
Total (N=32)

Specialty
 Surgery/obstetrics

14 (43.8%)

 Other medical specialties*

11 (34.4%)

 ICU/reanimation

7 (21.9%)

Number of beds
 Mean (SD)

35.5 (18.5)

Proportion of double bedrooms
 Mean (SD)

0.2 (0.2)

Going outside the ward
 Never

1 (3.2%)

 Sometimes

11 (35.5%)

 Fairly often

14 (45.2%)

 Always

5 (16.1%)

 Missing

1

Ratio patient/physician
 Mean (SD)

2.9 (4.0)

Use of external healthcare services
 Never

8 (25.0%)

 Sometimes

17 (53.1%)

 Fairly often

7 (21.9%)

Ratio patient/paramedics
 Mean (SD)

0.8 (0.3)

Time schedule
 2*12 hours

5 (15.6%)

 3*8 hour

27 (84.4%)

*Other medical specialties: cardiology, geriatrics, gastroenterology, infectious
diseases, internal medicine, nephrology, oncology, pulmonology, rheumatology,
urology.
ICU, intensive care unit.

DISCUSSION
Main findings

In this longitudinal study, we identified various individual and
organisational risk factors of stress and fatigue of HCWs. In
particular, a supervisor providing low social support, low safety
culture, work overcommitment, sickness presenteeism and
working in smaller wards were identified as predictors of both
high stress and fatigue.
In addition, breaks frequently cancelled due to work overload,
negative life events (whether occurring in personal or in professional life), low social support from colleagues and working in
non-
surgical/obstetrical wards are specific predictors of high
stress. However, longer commuting duration and frequent use of
interim staff were associated with high level of fatigue.

Comparison with the literature

Many of our findings are consistent with those reported in
previous studies investigating the determinants of stress or
fatigue of HCWs.
In particular, the influence of the low social support from
supervisor on both stress and fatigue was underlined in an earlier
French study.31 Consistently with our results, this same study also
showed higher fatigue in small to medium hospital wards, and in
work environments where staff frequently had to go outside the
ward as well as lower energy levels and more frequent sleep difficulties when use of interim staff was frequent.31 Safety climate
perceptions were found to be significantly related to HCW stress
and fatigue in several recent studies.36
Daouda OS, et al. Occup Environ Med 2022;0:1–9. doi:10.1136/oemed-2022-108220

Moreover, our finding that work overcommitment and sickness presenteeism, another indicator of overcommitment, were
significant predictors of stress and fatigue, is supported by a
recent French study in which overcommitment was found to
favour emotional exhaustion and increase the risk of burnout in
French HCWs.37
However, some other factors including younger age, being
female, shift work as well as unacceptable work schedule were
previously reported in the literature as associated with stress,
but not in our results.5 7 38 Regarding fatigue, factors previously
reported in the literature but not found in our results were
support from colleagues, and work schedule characteristics such
as total working hours working, overtime number of monthly
night (if at least half of the working hours are between midnight
and 8:00) and evening (if more than half of the shift hours are
between the hours of 16:00 and midnight) shifts and shift length
(12 hours vs 8 hours).31 This latter could be explained by a
potential lack of power due to the moderate sample size, there
were a few wards with 12-hour shifts compared with those with
an 8-hour shifts.
Interestingly, our results showed some factors associated with
stress and/or fatigue not previously reported in the literature.
Regarding stress, associated factors were negative life events,
breaks cancelled due to work overload, in line with role overload, which a well-known factor of stress. Regarding fatigue,
associated factors were longer commuting duration and frequent
use of interim staff in the ward. Indeed, temporary contracts
require dedicated time for staff training for managers, leading to
fatigue. Another factor related to stress and fatigue is the number
of beds (higher stress and fatigue in smaller wards). This could
be explained by the fact that strain of working on understaffed
wards is harder to manage in smaller wards. In addition, smaller
wards are associated to lower level of management and HCWs
staff, who are required to perform a wide variety of tasks.

Strengths

First, one strength of this study is its longitudinal nature. A few
studies explored stress and fatigue longitudinally; however,
the majority of currently available studies are cross-sectional.
Furthermore, the high response rate of wards and HCWs, as well
as the large sample size and the inclusion of wards of different
size and activity, represent strength of this study. In addition,
the large panel of sociodemographics, health and occupational
characteristics of HCWs collected over time allow performing
robust and well-adjusted multivariate analysis.
Second, stress and fatigue were explored together. To our
knowledge, no previous study had proposed a single model to
identify factors associated with high levels of combined stress
and fatigue while accounting for time in hospital setting. In fact,
a previous study conducted in French ICU attempted to predict
stress and fatigue using demographic and occupational was based
on cross-sectional survey.31
Finally, the power of the model used, which takes into account
the complexity of the data, namely, the longitudinal design and
the multiwards collection of the data. In recent years, these types
of models have been frequently used39 considering the idea that
longitudinal data could be analysed at three levels of nesting (eg,
repeated measures (level 1), collected across individuals (level 2)
and within different wards (level 3)).

Limitations
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However, our study has some limitations. First, only
four
hospitals
https://www.sciencedirect.com/topics/
5

Figure 1 Distribution of PSS-10 and Pichot scores, respectively in (A) and (B) among the whole sample. The vertical dotted lines represent the mean of the
PSS-10 and Pichot scores. PSS-10, Perceived Stress Scale 10-item scale.
nursing-and-health-professions/tertiary-care-center in Paris-
area were included, which is not representative for other areas
of France. In fact, only services in public Paris-area hospitals
were included in the study, so results may not be generalisable
to wards in private hospitals or outside the Paris region, Future

studies including HCWs and more hospitals from other cities in
France are needed to verify the results generated in this study.
Second, due to the in-person interview, a risk of bias could be
present due to the discomfort from having to reply face-to-face
to some sensitive questions; however, ensuring anonymity of the

Figure 2 PSS-10 and Pichot scores means, respectively in (A) and (B), by hospital and time of visits. PSS-10, Perceived Stress Scale 10-item scale.
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Table 3

Final three-level models for outcomes (perceived stress and fatigue) using a stepwise approach with AIC criterion
Stress (PSS-10) (n=2422)*

Fatigue (Pichot) (n=2431)*

Estimates

CI

P value

Estimates

CI

P value

−0.00

−0.16 to 0.16

0.957

0.48

0.31 to 0.66

<0.001

1.62

0.85 to 2.40

<0.001

−0.36

−1.47 to 0.76

0.531

−0.83

−1.73 to 0.06

0.068

−1.52

−2.63 to −0.40

0.008

 26–35

1.26

0.09 to 2.44

0.035

 36–45

0.50

−0.79 to 1.78

0.450

 46–55

−1.01

−2.37 to 0.35

0.147

 >55

−2.83

−4.49 to −1.17

0.001

 >2 hour

1.82

0.80 to 2.83

<0.001

 1 hour–2 hours

0.30

−0.37 to 0.96

0.382

Fixed effects†
 Time
 Interviewer (ref=1 (for hospitals A and C))
 2 (for hospitals B and D)
HCW-l evel variables
Gender (ref=female)
 Male
Age (ref=<25)

Commuting time to work (ref=>1 hour)

Personal life event (ref=no)
 Yes, negative

2.27

1.81 to 2.74

<0.001

 Yes, positive

0.46

−0.19 to 1.12

0.164

 Yes, negative

1.62

1.11 to 2.12

<0.001

 Yes, positive

0.40

−0.34 to 1.14

0.289

 Almost never

1.04

0.27 to 1.82

0.008

 Quite often

1.54

0.77 to 2.32

<0.001

 Very often

1.78

0.92 to 2.65

<0.001

Professional life event (ref=no)

Break cancelled due to work overload (ref=never)

Professional status (ref=temporary CDD)
 Contract (contractuel CDI)

2.23

−0.53 to 4.99

0.114

 Permanent (titulaire)

0.45

−1.04 to 1.93

0.554

<0.001

Knowing work schedule in advance (ref=never)
 Sometimes

−2.30

−4.81 to 0.22

 Always

−1.87

−4.23 to 0.49

0.074
0.121

Support from colleagues—Karasek subscale

−0.12

−0.24 to −0.01

0.035

Support from supervisor—Karasek subscale

−0.23

−0.33 to −0.13

<0.001

−0.34

−0.45 to −0.24

 Neutral

0.00

−1.01 to 1.02

0.995

0.70

−0.52 to 1.91

0.260

 Not agree

0.81

−0.10 to 1.71

0.082

1.76

0.81 to 2.70

<0.001

 Neutral

0.46

−0.58 to 1.51

0.385

 Not agree

0.96

0.07 to 1.84

0.034

Work overcommitment—Siegrist subscale

0.71

0.63 to 0.78

<0.001

0.65

0.56 to 0.73

<0.001

 Almost never

0.04

−0.48 to 0.57

0.871

0.63

0.04 to 1.22

0.037

 Quite often

1.04

0.45 to 1.63

0.001

2.48

1.82 to 3.15

<0.001

 Very often

1.61

0.55 to 2.66

0.003

4.03

2.84 to 5.22

<0.001

 Other medical specialties¶

−0.36

−1.30 to 0.59

0.459

1.59

0.24 to 2.94

0.021

 ICU/reanimation

−1.08

−2.01 to −0.15

0.023

−0.24

−1.60 to 1.13

0.733

 Number of beds per ward

−0.03

−0.05 to −0.01

0.009

−0.04

−0.07 to −0.00

0.024

 Sometimes

1.28

−0.87 to 3.43

0.243

0.98

−2.09 to 4.04

0.533

 Often

1.53

−0.70 to 3.76

0.178

0.86

−2.30 to 4.03

0.592

 Always

1.87

−0.44 to 4.18

0.112

2.59

−0.70 to 5.89

0.123

0.05

−0.81 to 0.91

0.915

−0.36

−1.59 to 0.88

0.571

HSOPSC item-1‡ (ref=agree)

HSOPSC item-8§ (ref=agree)

Sickness presenteeism (ref=never)

Ward-level variables
Specialty (ref=surgery/obstetrics)

Going outside the ward (ref=never)

Use of interim nurses (ref=never)
 Sometimes

continued
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Table 3

continued
Stress (PSS-10) (n=2422)*

 Often
2( )
Random effects σ σ *

Fatigue (Pichot) (n=2431)*

Estimates

CI

P value

Estimates

CI

P value

0.96

−0.14 to 2.06

0.088

1.96

0.35 to 3.56

0.017

 Level 1—time

17.80 (4.23)

22.04 (4.69)

 Level 2—healthcare worker

12.30 (3.51)

19.69 (4.44)

 Level 3—ward

0.00 (0.00)

0.50 (0.70)

 Marginal R²/Conditional R²**

0.507/NA

0.299/0.634

 AIC

14 743.16

15 433.57

*The slightly different samples for each outcome refer to the difference between the factors included in the final model for each outcome, following the variable selection.
Indeed, the number of missing values per variable has an impact on the number of observations that will be considered in the final mode.
†In multilevel models, fixed effects are usually equivalent to the regression coefficients, while random effects usually account for the underlying structure of the data and
characterised by estimates of variability σ2(σ). Fixed effects can be interpreted as slopes in the traditional sense.
‡HSOPSC item-1: item-1 from the Hospital Survey on Patient Safety Culture. ‘Hospital management provides a work climate that promotes patient safety’.
§HSOPSC item-8: item-8 from the Hospital Survey on Patient Safety Culture. ‘The actions of hospital management show that patient safety is a top priority’.
¶The marginal R² considers only the variance of the fixed effects, while the conditional R² takes both the fixed and random effects into account.
AIC, Akaike information criterion; CDD, Fixed-term contract; CDI, Permanent employment contract; HCW, healthcare worker; ICC, intra-class correlation coefficient; ICU, intensive
care unit; PSS-10, Perceived Stress Scale 10-item scale.

participants was used to minimise such bias. Another possible
source of bias in data collection is the presence of two different
interviewers assigned to two hospitals each. However, we were
able to consider this bias as we included this interviewer-related
variable into the multilevel model. In the stress model, there was
a significant interviewer effect, with higher stress in hospitals B
and D. However, interviewer effect was not significant in the
fatigue model.
Third, we were not able to investigate stress and fatigue
outcomes for the physicians given low response rates, as questions regarding work organisation were less adequate than for
nurses. Therefore, physicians were excluded from our sample
of HCWs.

writing—review and editing, visualisation, validation; KAB: methodology,
formal analysis, writing—review and editing, visualisation, validation; KM:
conceptualisation, writing—review and editing, visualisation, validation; AE-
E: investigation. FE: conceptualisation, supervision, project administration; DS:
conceptualisation, supervision, project administration; AC: conceptualisation,
supervision, project administration; SN: conceptualisation, supervision, project
administration; AN: conceptualisation, visualisation, funding acquisition, validation;
PA: conceptualisation, methodology, formal analysis, writing—review and editing,
visualisation, supervision, funding acquisition, validation; LT: conceptualisation,
methodology, formal analysis, writing—review and editing, visualisation,
supervision, funding acquisition, validation; MNH: conceptualisation, methodology,
formal analysis, writing—review and editing, visualisation, supervision, funding
acquisition, validation.

Insights for designing potential interventions

Competing interests None declared.

From these models, we can identify some areas for improvement
to better prevent stress and fatigue of HCWs: (1) perception of
the hierarchy (low social support from supervisor, low perception of hospital management attitude towards patient safety
culture), (2) work overcommitment and (3) sickness presenteeism. Breaks frequently cancelled due to work overload and
low social support from colleagues were also found as significant
as specific predictors for stress level. For fatigue specifically, long
commuting duration and use of external staff are also identified
as predictors. Mutual and specifics preventive programmes for
reducing stress and fatigue of HCWs could be implemented in
order to reduce this burden, targeting on the most at-risk groups.

CONCLUSION

This research question is important given the influence on
quality of patient care of high stress work environments.18 Our
results may (1) help identify at-risk HCWs and wards, where
interventions to reduce stress and fatigue could be focused. (2)
These interventions could include manager training to favour
better staff support and overall safety culture among HCWs.
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Supplementary table 1. Characteristics of individuals and missing values at the times of visits (t0, t1, t2 and t3)
Two-sided ANOVA tests were performed for continuous variables and Chi square tests were performed for qualitative variables

Work schedule of last months
Daily
Nightly
Day and Night
Schedule assignment
frequency
Mostly
Always
Missing
Nightshift/duty on last
months
No
Yes
Missing
Number of nightshift/duties
Mean (SD)
Missing
Work schedule variation
Never
Fairly often
Almost Never
Very often
Overtime hours
Never
Fairly often
Almost Never

t0 (N=694)

t1 (N=644)

t2 (N=578)

t3 (N=556)

Total
(N=2472)

458 (66.0%)
198 (28.5%)
38 (5.5%)

436 (67.7%)
185 (28.7%)
23 (3.6%)

381 (65.9%)
170 (29.4%)
27 (4.7%)

357 (64.2%)
168 (30.2%)
31 (5.6%)

1632 (66.0%)
721 (29.2%)
119 (4.8%)

p value
0.636

< 0.001
76 (11.0%)
618 (89.0%)
0

47 (7.3%)
597 (92.7%)
0

23 (4.0%)
555 (96.0%)
0

36 (6.5%)
519 (93.5%)
1

182 (7.4%)
2289 (92.6%)
1
< 0.001

564 (81.4%)
129 (18.6%)
1

380 (59.1%)
263 (40.9%)
1

324 (56.2%)
252 (43.8%)
2

319 (57.7%)
234 (42.3%)
3

1587 (64.4%)
878 (35.6%)
7

0.6 (1.7)
4

1.3 (2.2)
5

1.5 (2.3)
2

1.5 (2.4)
3

1.2 (2.2)
14

404 (58.2%)
122 (17.6%)
146 (21.0%)
22 (3.2%)

360 (55.9%)
123 (19.1%)
132 (20.5%)
29 (4.5%)

334 (57.8%)
94 (16.3%)
133 (23.0%)
17 (2.9%)

319 (57.4%)
100 (18.0%)
114 (20.5%)
23 (4.1%)

1417 (57.3%)
439 (17.8%)
525 (21.2%)
91 (3.7%)

238 (34.3%)
205 (29.5%)
173 (24.9%)

209 (32.5%)
209 (32.5%)
180 (28.0%)

177 (30.6%)
208 (36.0%)
149 (25.8%)

179 (32.2%)
189 (34.0%)
139 (25.0%)

803 (32.5%)
811 (32.8%)
641 (25.9%)

< 0.001

0.762

0.098

3
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Very often
Irregularity of meal time
Never
Fairly often
Almost Never
Very often
Missing
Number of canceled breaks
Never
Fairly often
Almost Never
Very often
Number of visits to the
Occupational safety and
health (OSH) department
Mean (SD)
Personal life events
No
Yes, negative
Yes, positive
Missing
Professional life events
No
Yes, negative
Yes, positive
Missing
Sickness presenteeism
Never
Fairly often
Almost Never
Very often
Missing
Marital status

Occup Environ Med

78 (11.2%)

46 (7.1%)

44 (7.6%)

49 (8.8%)

217 (8.8%)

41 (5.9%)
191 (27.6%)
62 (8.9%)
399 (57.6%)
1

51 (7.9%)
182 (28.3%)
55 (8.5%)
356 (55.3%)
0

34 (5.9%)
188 (32.5%)
63 (10.9%)
293 (50.7%)
0

37 (6.7%)
175 (31.5%)
69 (12.4%)
275 (49.5%)
0

163 (6.6%)
736 (29.8%)
249 (10.1%)
1323 (53.5%)
1

48 (6.9%)
279 (40.2%)
129 (18.6%)
238 (34.3%)

75 (11.6%)
266 (41.3%)
128 (19.9%)
175 (27.2%)

67 (11.6%)
229 (39.6%)
152 (26.3%)
130 (22.5%)

65 (11.7%)
221 (39.7%)
162 (29.1%)
108 (19.4%)

255 (10.3%)
995 (40.3%)
571 (23.1%)
651 (26.3%)

0.047

< 0.001

< 0.001
0.3 (0.5)

0.2 (0.5)

0.1 (0.4)

0.2 (0.5)

0.2 (0.5)

408 (58.8%)
217 (31.3%)
69 (9.9%)
0

383 (59.6%)
192 (29.9%)
68 (10.6%)
1

350 (60.6%)
166 (28.7%)
62 (10.7%)
0

337 (60.6%)
141 (25.4%)
78 (14.0%)
0

1478 (59.8%)
716 (29.0%)
277 (11.2%)
1

488 (70.5%)
151 (21.8%)
53 (7.7%)
2

463 (71.9%)
139 (21.6%)
42 (6.5%)
0

390 (67.6%)
137 (23.7%)
50 (8.7%)
1

381 (68.6%)
123 (22.2%)
51 (9.2%)
1

1722 (69.8%)
550 (22.3%)
196 (7.9%)
4

159 (22.9%)
218 (31.4%)
275 (39.6%)
42 (6.1%)
0

192 (29.9%)
178 (27.7%)
242 (37.7%)
30 (4.7%)
2

122 (21.1%)
174 (30.2%)
251 (43.5%)
30 (5.2%)
1

154 (27.7%)
148 (26.7%)
235 (42.3%)
18 (3.2%)
1

627 (25.4%)
718 (29.1%)
1003 (40.6%)
120 (4.9%)
4

0.148

0.557

0.005

0.371
4
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Couple
Single
Missing
Commuting time to work
<1 h
>2h
1-2 h
Support from colleagues
Mean (SD)
Support from hierarchy
Mean (SD)
Work overcommitment
Mean (SD)

Occup Environ Med

382 (55.0%)
312 (45.0%)
0

360 (55.9%)
284 (44.1%)
0

336 (58.3%)
240 (41.7%)
2

328 (59.4%)
224 (40.6%)
4

1406 (57.0%)
1060 (43.0%)
6

290 (41.8%)
99 (14.3%)
305 (43.9%)

270 (41.9%)
91 (14.1%)
283 (43.9%)

253 (43.8%)
54 (9.3%)
271 (46.9%)

243 (43.7%)
60 (10.8%)
253 (45.5%)

1056 (42.7%)
304 (12.3%)
1112 (45.0%)

13.2 (2.0)

13.1 (2.0)

13.1 (2.0)

13.0 (2.0)

13.1 (2.0)

11.7 (2.7)

11.5 (2.5)

11.4 (2.6)

11.1 (2.8)

11.4 (2.7)

15.5 (2.7)

15.4 (2.7)

15.3 (2.6)

15.3 (2.6)

15.4 (2.7)

0.109

0.476
< 0.001
0.558
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Supplementary table 2: Means and ranges of outcomes variables (PSS-10 and Pichot scores), by
time of visits
t0 (N=694)

t1 (N=644)

t2 (N=578)

t3 (N=556)

Total (N=2472)

p_value
0.126

PSS-10 score
Mean (SD)
Range
Pichot score

17.0 (7.0)
0.0 - 38.0

Mean (SD)
Range

10.4 (7.8)
0.0 - 32.0

16.5 (7.0)
0.0 - 38.0

16.3 (7.0)
1.0 - 40.0

16.2 (7.1)
0.0 - 39.0

16.5 (7.0)
0.0 - 40.0
0.028

11.5 (8.0)
0.0 - 32.0

10.9 (7.9)
0.0 - 32.0

11.4 (7.9)
0.0 - 32.0

11.0 (7.9)
0.0 - 32.0

Supplementary table 3: Outcomes (PSS-10 and Pichot scores), and missing values by hospital
A (N=610)

B (N=538)

C (N=801)

D (N=523)

Total (N=2472)

PSS-10 score
Mean (SD)
Missing
Pichot score

16.0 (7.2)
4

17.0 (7.2)
12

15.3 (6.8)
2

18.6 (6.6)
4

16.5 (7.0)
22

Mean (SD)
Missing

11.4 (8.0)
0

p_value
< 0.001

< 0.001
10.3 (7.9)
0

10.1 (7.3)
2

12.8 (8.3)
1

11.0 (7.9)
3

Supplementary table 4: Unconditional 2 and 3-level models for outcomes of perceived stress and
fatigue

Intercept
Random effects - 𝝈𝟐 (𝝈)*
Level 1 – Time
Level 2 – Healthcare worker
Level 3 – Ward
AICa
ANOVA test p-value
a

Stress – PSS-10 Score
2-level
3-level
16.7(0.23)
16.9 (0.38)

Fatigue – Pichot Score
2-level
3-level
11.2 (0.25)
11.4 (0.5)

28.9 (5.3)
28.94 (5.3)

23.9 (4.8)
39.12 (6.3)

20.9 (4.6)
25.9 (5.1)
3.2 (1.8)
15762.86
15737.24
< 2e-16

23.8 (4.9)
35.1 (6)
4.6 (2.1)
15922.34
15896.45
2.25 x 10e-07

AIC Akaike Information Criterion

Intra-class correlation coefficient (ICC) calculation

Using the 3-levels null models, ICC were computed, in order to quantify how much
response variable variance is shared, or correlated, across different combinations of levels.
ICC has been defined as “. . . an estimate of the expected (population) correlation between
6
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two randomly chosen elements in the same group” [33]. As such, three different ICCs could
be calculated to assess the influence of ward on change in level of stress and fatigue over
time.
The level of stress and fatigue variance has been partitioned at all three levels. It can
be easily shown that, the PSS-10 score and the Pichot score variations occurred due to
temporal fluctuations (level 1, 42% for stress and 37.4% for fatigue), inter-individual
heterogeneity (level 2, 52% for stress and 55.5% for fatigue) and ward-level specificities
(level 3, 6% for stress and 7.2% for fatigue). In addition, these partitioned variances can be
used to compute three different ICCs to assess the influence of ward on change in stress and
fatigue level over time.
First, for the stress level, one level 3 ICC already estimated above (0.06), is interpreted
as the expected correlation between two stress level drawn completely at random (from any
time point), from two healthcare workers within the same service. Second, an alternative level
3 ICC estimate can be calculated as (3.2 / (3.2+25.9) = 0.11%) and interpreted as the expected
correlation between the mean (i.e., averaged across all repeated measures) stress levels from
two healthcare workers drawn completely at random from the same service. Finally, a level 2
ICC could also calculate by (3.2 + 25.9 / (3.2+25.9+20.9) = 0.58) and is interpreted as the
expected correlation between two repeated measurements sampled from the same healthcare
workers. In the same way, 3 ICCs for fatigue are calculated and correspond to 0.07% for ICC
level 3, 0.12 for the second ICC level 3 and 0.45 for the ICC level 2.

Supplementary table 5: Summary of missing values according to validated scales, by time of visits
t0

t1

t2

t3

Total

PSS-10 score - Stress

7

3

5

7

22

Pichot score - Fatigue

1

0

2

0

3

Karasek score - Support from colleagues

6

4

1

1

12

Karasek score - Support from hierarchy

23

5

1

0

29

Siegrist score - Work overcommitment

1

1

0

1

3

In the whole sample (n =2472), high number of missing values were observed on support from the
hierarchy and perceived stress, respectively 29 and 22 values. The lowest number of missing values
were observed on fatigue and work overcommitment, all two 3 missing values. We count 12 missing
values in the whole sample for the support from colleague’s variable. Before proceeding with the 3levels analyses, missing values were imputed.
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