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Abstract
Background  In recent years, our understanding of the various stress factors affecting the mental well-being of 
medical trainees during on-call work has grown. Although we have developed a general understanding, we still lack 
insight into the underlying interrelationships and causal effects of these factors, necessary to address and prioritize 
the mental health needs of young doctors.

Objectives  We aimed to measure the causal effects of selected stress factors related to on-call work contributing to 
occupational stress among General Practitioners (GPs) in training.

Methods  We identified key stress factors through a literature review and group discussion. Furthermore, we built a 
Directed Acyclic Graph (DAG) for each identified factor to draw valid causal inferences based on data collected from 
an observational survey.

Results  Our analysis indicated that GPs in training experience interruptions to leisure time, fear of potential work-
related errors, and anticipatory and vigilant behaviour towards potential patient complaints as key contributors to 
elevated stress levels during on-call work.

Conclusion  Our study revealed the importance of psychological or emotional stressors during an on-call shift 
encountered by GPs in training, encouraging preventive measures.

Trial registration  Not applicable.
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Background
Physician well-being is a growing concern within the 
medical profession. In recent years, the incidence of 
mental health problems among physicians has been 
increasing significantly [1–3]. Particularly, medical train-
ees appear to experience severe work-related stress and 
burnout. Dyrbye et al. [4] recognize the impact of work-
related stress on trainees’ professional development, 
the ideation of suicidal intentions and on the safety of 
patient care. Although physician well-being is frequently 
discussed, research into the causes and risk factors of 
occupational stress is not given enough priority [5]. Con-
sidering its widespread prevalence and serious reper-
cussions, preventive measures are needed to tackle this 
problem.

Research reveals that out-of-hours services signifi-
cantly contribute to occupational stress among General 
Practitioners (GPs) in training [6, 7]. For instance, related 
work states that on-call duty in unfavorable working con-
ditions is associated with medical errors, decreased well-
being, fatigue, and burnout [6–8]. Nevertheless, on-call 
services remain necessary and inevitable for maintain-
ing continuity of care. Therefore, it is essential to identify 
the various factors that increase occupational stress dur-
ing out-of-hours services among GPs in training to gain 
a better and more detailed understanding of the drivers 
of stress in this context, which can then inform effective 
prevention strategies.

Previous research in secondary care has identified sev-
eral characteristics of on-call shifts influencing occupa-
tional stress. In addition, demographic factors such as 
being female have been associated with mental fatigue 
and burnout, while younger age has been linked to lower 
job control and higher levels of experienced job strain [5, 
7, 9]. Underlying mechanisms, such as physicians’ rumi-
nations about interruptions to family or leisure time, 
concerns about missing a call, pre-planning for future 
calls and the inability to make plans, have been clarified 
[10]. On the other hand, organizational justice [7], the 
presence of a recovery period post-call [11, 12], social 
support [5], a healthy team climate [7, 11] and a support-
ing supervisor available [7, 13] proved to be effective job 
resources balancing the experienced on-call demands 
and stress.

Although we have a general understanding of the 
various factors contributing to occupational stress on-
call in widespread medical specialties, we lack insight 
into the key stress factors, their interrelations and indi-
vidual causal effect on occupational stress, insights that 
are essential for developing effective preventive strate-
gies. Within primary healthcare, particularly in GPs in 
training who frequently undertake on-call shifts, there 
remains a lack in research addressing the unique needs of 
young doctors. For this reason, we set out to measure the 

causal effects of stress factors of interest, as determined 
in a literature review and group discussion. We conduct 
an observational survey among GPs in training in order 
to obtain data on the retained stress factors in relation to 
occupational stress during a weekend on-call shift. Fur-
thermore, we use a Directed Acyclic Graph (DAG) for 
each identified stress factor to draw valid causal infer-
ences based on observational data.

Methods
Identification of stress factors
We identified potential stress factors contributing to 
occupational stress during on-call shifts, based on a lit-
erature review and a group discussion with experience 
experts. A literature review was conducted by consulting 
Google Scholar and the PubMed database for English-
language papers published since 2004 to comprehend the 
key stressors. A detailed search strategy is provided in 
Appendix 1. The identified stress factors were then pre-
sented to a group of 11 GPs in training with experience in 
performing on-call shifts, to gather clinical experiences 
that validate the literature findings and, if necessary, 
complement them with other relevant factors that may 
have been missed previously through literature search 
alone. The buildup of the group discussion was based 
on recent recommendations from Mortelmans D. and 
Steenhuyzen S. et al [14, 15] and is provided in Appendix 
2. Eventually, 22 factors were retained as eligible stress 
factors during an on-call shift and consequently included 
in the observational survey.

Observational survey
Study protocol and measurements
We set out to conduct an observational study to obtain 
data on these retained stress factors. As shown in Fig. 1, 
GPs in training were asked to complete two question-
naires during a scheduled weekend on-call shift. The 
first questionnaire, available in Appendix 3, evaluated 
the properties and characteristics of the on-call shift, 
measuring the 22 factors that were previously identi-
fied through literature review and group discussion. The 
second questionnaire assessed the level of occupational 
stress respondents experienced during this shift using the 
validated short form 6a ‘TBI-CareQOL Caregiver Strain,’ 
as detailed in Appendix 4 [16]. The questionnaire had 
to be completed as soon as possible, within a maximum 
timeframe of three days post-call.

Study setting and participants
The survey was conducted from October 2023 to Febru-
ary 2024, collecting data from different GP cooperatives1 

1 A GP cooperative is a large-scale organization of about 15 to more than 
250 GPs. GPs rotate shifts to provide out-of-hours care for the combined 
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in Flanders (Belgium), mainly in the cities of Gent, 
Brugge, Antwerpen and Vlaams-Brabant. Our inclusion 
criteria encompassed all GP trainees (first, second, or 
third year) scheduled for a weekend on-call shift in the 
aforementioned regions. Specifically, participants had to 
be healthy, mentally competent individuals capable of 
providing consent for the study. Only trainees with an 
atypical training trajectory, such as part-time employ-
ment, were excluded.

Causal effect estimation
Based on the obtained observational data, we aim to 
uncover the causal effect of 9 stress factors of interest. 
These factors were selected based on (i) the frequency 
with which they were mentioned in literature, (ii) the 
frequency with which they were brought up by partici-
pants in group discussion, as well whether they were dis-
cussed at length and whether participants agreed on their 
importance, and (iii) expert input. To this end, we built a 
separate DAG for each factor. DAGs offer an innovative 
approach to identify confounding variables and estimate 
causal effects in applied health research [18]. Although 
the importance of DAGs in causal research is widely 
recognized, the key guidelines and recommendations 
providing specific steps for DAG development remain 
limited and inconsistent. We used a strategy proposed by 

patient population of all participating GPs. Such GP cooperatives are typi-
cally observed in countries like Belgium, the Netherlands, Germany, and 
other parts of Europe [17].

Poppe et al. consisting of six steps to build causal DAGs 
[19].

The constructed DAGs and their descriptions were pre-
sented to a domain expert, a GP who was familiar with 
the framework of DAGs but otherwise not involved in 
this study. He reviewed the DAGs critically and proposed 
some adaptations to cluster nodes, to add ancestors and 
refine the terminology used. Furthermore, the factors 
and interrelations that remained subject to discussion 
were evaluated through a brief questionnaire by a group 
of 14 GPs in training who were not otherwise involved 
in the study. Feedback from the domain expert, as well 
as from the 14 GPs in training were integrated, finalizing 
the DAGs. We used DAGitty version 3.12 to create edit-
able DAGs and provide coding details, accessible to read-
ers at ​h​t​t​p​​s​:​/​​/​d​a​g​​i​t​​t​y​.​​n​e​t​​/​m​a​b​​y​R​​K​J​G​P. Next, we used our 
DAGs to identify minimally sufficient adjustment sets 
needed to estimate a causal effect of a factor of interest X 
on the outcome Y (occupational stress) without bias from 
confounders or improper adjustment. We used the fol-
lowing strategy to test the causal effect of each variable 
of interest. 

1.	 Designate the variable for which we want to 
estimate a causal effect as the exposure variable X. 
On-call stress remains the outcome variable Y.

2.	 Identify a minimal adjustment set. This is a set of 
variables that we can adjust for in order to block all 
paths from exposure X (candidate stress factor) to 

2 ​h​t​t​p​​s​:​/​​/​d​a​g​​i​t​​t​y​.​​n​e​t​​/​d​a​g​​s​.​​h​t​m​l

Fig. 1  Overview of study protocol

 

https://dagitty.net/mabyRKJGP
https://dagitty.net/dags.html
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outcome Y (stress). We refer to these variables as C 
(confounders).

3.	 Fit a linear regression model for the outcome Y, 
regressing variables X and C.

4.	 The p-value of X according to the Analysis of 
Variance (ANOVA) test tells us whether there is a 
significant effect of X on Y when controlling for C. If 
so, the coefficients of the various categories of X in 
the regression model inform us by how many units 
stress is increased or decreased on a total of 30 units 
in the ‘TBI-CareQOL Caregiver Strain’ scale per 
category, as a result of X.

Results
First, we present the obtained demographic data and out-
comes from the observational survey on the 22 initially 
retained stress factors. Subsequently, in Identified stress 
factors section, we guide through the nine key stress fac-
tors during an on-call shift which we selected as most 
relevant based on (i) the frequency with which they were 
mentioned in literature, (ii) the frequency with which 
they were brought up by participants in group discus-
sion, as well whether they were discussed at length and 
whether participants agreed on their importance, and 
(iii) expert input. Finally, in Causal analysis  section, we 
built a DAG for each of these 9 stress factors of interest 
to enable the inference of valid causal conclusions.

Demographic features and survey outcomes
A total of 76 participants answered our email invita-
tion to participate in the study, with 69 of these partici-
pants eventually completing the observational study. We 
excluded five participants in total: two because they com-
pleted the questionnaire during a weekday shift instead 
of a weekend shift, and another three who misinterpreted 
the questionnaire. 64 respondents were included in the 
final analysis, of which Table 1 displays the demographic 
characteristics. Note that ‘work environment’ is limited 
to a single category of the weekend on-call center setting 

at GP cooperatives. Restricting the data instances to a 
single type of work environment implies controlling for 
that variable by design, indicated further in the DAGs as 
a white node. The assessed stress factors, response cat-
egories provided to the respondents and distribution of 
the results are illustrated in Table 2. The factors identified 
as the most prominent stressors contributing to occupa-
tional stress in an on-call setting, and used in the causal 
analysis, are highlighted in bold.

Identified stress factors
In total, we selected nine factors as the most prominent 
stressors contributing to occupational stress in an on-
call setting based on literature review and group discus-
sion: interruptions to family or leisure time; anticipating 
action; potential errors; hourly caseload; post-call recov-
ery; sex; experience; unfair questions and demanding 
behaviour. Of these, five were initially recognized in lit-
erature and afterwards supported by the group discus-
sion (interruptions to family or leisure time; anticipating 
action; potential errors; experience; post-call recovery). 
Two additional factors appeared exclusively in litera-
ture (sex; hourly caseload) but were not confirmed in 
the discussion. The last two factors were noticed during 
the group discussion alone (unfair questions; demanding 
behaviour). We provide a description and further details 
of the selected stress factors, illustrated by quotes (trans-
lated from Dutch to English) and literature references in 
Appendix 5.

Anticipatory behaviour prior to future calls or patient 
visits, the experienced interruptions to leisure time due 
to an on-call shift and the fear of possibly making medical 
errors emerged initially as key contributors to elevated 
stress levels in literature and overlapped with the content 
of the group discussion [6, 10, 20]. For instance, respon-
dents expressed constant vigilance over their phones and 
fear of missing a call. During breaks between patients, 
they struggle to relax and remain alert, making sleep dif-
ficult. Additionally, they anticipate scheduled patient vis-
its and preoccupy themselves considering the potential 
differential diagnoses beforehand.

‘It might sound odd, but your phone can ring at any 
moment. This leads to a lot of practical issues, for 
instance questions such as “Should I go to the bath-
room now?”, “When should I eat?”, “When should 
I change clothes and brush my teeth?” Being con-
stantly aware and vigilant burdens me, it even trig-
gers anxiety.’

Also, the physician’s gender and experience proved 
important. As an example, Vincent et al. found that 
female on-call workers appeared to exhibit more antici-
patory behaviour, such as thinking about the likelihood of 

Table 1  Demographic features of respondents
Characteristic Number Per-

cent-
age, 
%

Gender Male 11 17.2
Female 53 82.8
Non-binary 0 0

Experience 1st or 2nd year 34 53.1
3rd year 30 46.9

Work environment On-call center setting 64 100
Area of GP 
cooperative

Gent 26 40.6
Brugge 10 15.6
Antwerpen 15 23.4
Vlaams-Brabant 13 20.3
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Table 2  Responses to questionnaire items
Stress factor of interest Assessed categories Number %
Hourly caseload Busy 36 56.3

Average 16 25.0
Calm 12 18.8

Post-call recovery I have all day to recover 33 51.6
I have to work the whole day as usual 25 39.1
I have some hours recovery time 6 9.4

Interruptions to leisure time Experiencing some interruptions 34 53.1
Experiencing many interruptions 26 40.6
Experiencing few interruptions 4 6.3

Unfair questions Rather unjustified registrations 44 68.8
Rather valid registrations 20 31.3

Demanding behaviour Little patients were demanding 49 76.6
Some patients were demanding 14 21.9
Many patients were demanding 1 1.6

Potential errors Rather worried about potential errors 27 42.2
Sometimes worried about potential errors 25 39.1
Little worried about potential errors 12 18.8

Anticipating action Highly recognizable 39 61.0
Recognizable to a limited extent 25 39.1

Medical support Well supported 44 68.8
Average 13 20.3
Limited support 7 11.0

Interruptions to social activities Experiencing some interruptions 38 59.4
Experiencing many interruptions 20 31.3
Experiencing few interruptions 6 9.4

Unknown medical records Accessible but complicated 41 64.1
Easy access 18 28.1
No access 5 7.8

A driver The driver proved to be very useful 29 45.3
The driver proved useful 17 26.6
Neutral 9 14.1
No driver present 6 9.4
Driver present but not very useful 3 4.7

A secretary’s office The secretary office proved useful 30 46.9
The secretary office proved to be very useful 26 40.6
Neutral 8 12.5

Unsafe situations No unsafe situations encountered 61 95.3
I have felt unsafe to a limited extent 3 4.7

Practical barriers No problems experienced 28 43.8
Experiencing problems to a limited extent 21 32.8
Experiencing some problems 15 23.4

A medical triage Medical triage proved to be of little use 55 86.0
The medical triage proved useful 9 14.1

Tolerance level Calm and controlled towards patients 32 50.0
Neutral 21 32.8
Irritable and not very tolerant of patients 11 17.2

Hospital resources Average 27 42.2
Well supported 24 37.5
Limited support 13 20.3

Socio-economic state (SES) Middle/high SES 46 71.9
Low SES 18 28.1

We depict the assessed on-call stress factors in the questionnaire (first column, the corresponding questions used in the survey are available in Appendix 3), with 
the possible response options provided to the respondents alongside (second column). The distribution of answers is shown in the third and fourth column. The 
response options used in the questionnaire were administered in Dutch, the respondents’ native language, and had been translated here from Dutch to English. The 
factors identified as the most prominent stressors contributing to occupational stress in an on-call setting, and used in the causal analysis, are highlighted in bold



Page 6 of 14Deberdt et al. BMC Primary Care           (2026) 27:22 

being called and reporting thoughts about pre-planning 
their visits [10]. Notably, some participants mentioned 
that these ruminations evolved depending on the number 
of years of experience.

‘The stress before a shift does get better with expe-
rience. I still remember my first shift, “hallelujah”, 
whereas now I believe I have more knowledge. You 
trust yourself a lot more. I know what I need to do, 
and if I do not trust it, then I’ll triage to the emer-
gency department. If I was a first-year trainee Gen-
eral Practitioner, I would have panicked more.’

Furthermore, literature highlights the importance of 
a recovery period after shifts as a valuable resource for 
balancing the demands of on-call work [11, 12]. Respon-
dents confirmed that a post-call recovery period would 
provide relief, however many noted the strong taboo still 
surrounding this topic.

‘In my opinion, recovery time would be a relief! 
Sometimes, I’ve had a busy night, which affects my 
sleep for several days afterwards. It’s indeed unfor-
tunate that there exists such a taboo, especially con-
sidering that we’ve already worked continuously for 
24 hours. Moreover, recovery time is actually stipu-
lated in our contract.’

In addition, numerous studies highlighted the association 
between an increasing hourly caseload on-call, defined 
as the number of patients or cases presenting each hour 
during the on-call shift, and mental fatigue or occupa-
tional stress [5, 9, 21]. Through the group discussion, we 
identified the importance of two final stress factors. On 
the one hand, participants highlighted that some patients 
exhibit demanding behaviour. On the other hand, they 
noted unjustified patients’ complaints, citing exam-
ples such as earwax removal or administrative requests 
related to disability certificates.

‘While accessibility is important, General Practitio-
ners are not to be taken advantage of.’

Causal analysis
Results from the causal analysis are depicted in Table 3. 
The calculations were performed based on the con-
structed DAGs created for each stress factor of interest, 
as shown in Fig. 2. The exposure X is represented in the 
first column, alongside the corresponding regression 
model built with the confounders we have to account 
for. Subsequently, we represent the p-value assigned to 
the exposure in the ANOVA test. The coefficients cor-
responding to the various categories of each exposure 
variable and their 95%-Confidence Intervals (CIs) are 
provided in the last two columns. The coefficients are 
measured in units of stress based on the ‘TBI-CareQOL 
Caregiver Strain’ scale, with a maximum of 30 units. Note 
that each category is plotted against a reference or base-
line category indicated in parentheses. Only the stress 
factors ‘interruptions to leisure time’, ‘anticipating action’ 
and ‘potential errors’ have a significant effect on the out-
come according to our analysis. For these variables, we 
examine which categories are associated with elevated 
stress levels. For ‘post-call recovery’, ‘hourly caseload’, 
‘sex’, ‘experience’, ‘unfair questions’ and ‘demanding 
behaviour’ the p-values were respectively 0.40, 0.54, 0.86, 
0.52, 0.99, and 0.64, indicating no significant effect on 
stress.

Resting on the assumption that our DAG is correct, we 
report the following findings regarding the causal effects 
on stress: 

1.	 Doctors experiencing many interruptions in leisure 
time due to an on-call shift have a stress level that 

Table 3  The table presents the results from the causal analysis 
for relevant exposure variables, listed in the first column
Exposure X 
(Reference)

Model p-value 
(ANOVA)

Coefficients 95 % CI

Interruptions 
to leisure time 
(Ref:Experienced 
some 
interruptions)

On-call stress 
∼ Interruptions 
to leisure time 
+ Anticipating 
action + Experi-
ence +Hourly 
caseload + Post-
call recovery + 
Sex +Tolerance 
level

0.0026 Experienced 
many inter-
ruptions = 
2.4959

[0.799, 
4.193]

Experienced 
little inter-
ruptions = 
−1.1616

[−4.800, 
2.477]

Anticipat-
ing action 
(Ref:Only slightly 
recognizable)

On-call stress 
∼ Anticipating 
action + a Driver 
+ a Secretary’s 
office + Experi-
ence + Hourly 
caseload + 
Medical support 
+ Potential er-
rors + Sex

0.0002 Easily rec-
ognizable = 
2.9372

[0.933, 
4.942]

Potential errors 
(Ref: Rather 
worried

On-call stress 
∼ Experience + 
Hospital resourc-
es + Medical 
support + Sex + 
Tolerance level + 
Unknown medi-
cal records

0.0295 Slightly 
worried = 
−2.8845

[−5.730, 
−0.039]

Occasionally 
worried = 
−1.3633

[−3.663, 
0.936]

The second column indicates the model used, which is a regression model of 
on-call stress as a function of exposure and required confounders. The p-value 
for each exposure is reported to indicate the presence of significant differences 
in on-call stress among the different categories of the exposure. The fourth 
column shows the difference in mean values of the indicated categories of the 
exposure variable with respect to the reference category (column Coefficients; 
reference mentioned in parentheses). These differences are measured in units 
of stress, with a total of 30 units on the ‘TBI-CareQOL Caregiver Strain’ scale. The 
right-most column provides the corresponding 95% confidence interval
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Fig. 2  Constructed DAGs representing the causal structure for the association between a stress factor of interest and occupational stress on-call. The light 
green node represents the exposure (i.e. stress factor of interest), the surrounded blue node represents the outcome (occupational stress), other blue 
nodes represent ancestors of the outcome and the white node represents an adjusted factor ‘work environment’ controlled for the on-call center setting. 
DAGs are represented for the stress factors Interruptions to family/leisure time (a), Anticipating action (b), Potential errors (c), Hourly caseload (d), Post-call 
recovery (e), Sex (f), Experience (g), Unfair questions (h), and Demanding behaviour (i), respectively
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is 2.5 units higher in comparison with doctors 
experiencing only some interruptions.

2.	 Doctors who easily recognize a feeling of 
anticipating future events during their on-call shift 
experience a stress level that is 2.9 units higher than 
doctors who only slightly recognize this feeling.

3.	 Doctors who are only slightly worried about the 
potential errors they may make during the on-call 
shift have a stress level that is 2.9 units lower than 
doctors who are rather worried about potential 
errors.

Discussion
Main findings and interpretation
We aimed to examine causal effects of specific stress fac-
tors of interest based on data from an observational sur-
vey. Resting on the assumption that our causal DAGs 
are correct, we found that stress factors stemming from 
psychological or emotional sources within the physi-
cian, contribute significantly to a feeling of stress or 
tension. Specifically, the experienced interruptions to 
leisure time due to an on-call shift, the fear of possibly 
making medical errors, and anticipatory behaviour in 
response to future calls or patient visits, emerged as key 
contributors to elevated stress levels in GPs in training. 
However, it is necessary to interpret these findings with 
caution, as a greater variability in participants’ responses 
to other stress factors may limit our ability to measure 
their significance accurately. Other stress factors, such as 
patients’ questions that are not appropriate for an urgent 
care setting or demanding behaviour from patients, were 
highlighted as important factors during group discussion. 
Additional data collection is required to further investi-
gate these factors.

Comparison of findings with existing literature
The demands of on-call work and its impact on the well-
being of physicians have been the focus of other studies as 
well. Articles encountering GPs or specialist physicians, 
identified similar stress factors as in our study conducted 
with GPs in training, such as interference with family or 
leisure time [6, 10], anticipatory behaviour prior to pos-
sible patient contacts [10] and concerns regarding poten-
tial errors [20]. For instance, Vincent et al. support our 
findings, noting that on-call workers in both primary and 
secondary care mainly ruminated about interruptions to 
leisure or family time, the risk of missing calls, or were 
preoccupied with anticipating future calls. Especially 
female on-call workers appeared to exhibit more antici-
patory behaviour, such as thinking about the likelihood of 
being called and reporting thoughts about pre-planning 
their visits [10]. Nevertheless, our study did not find any 
significant effect of gender on the above mentioned stress 
factors.

Similar to our findings, Zahrai et al. revealed that 
concerns about medical errors or patient death were 
the main work-related issues for residents during night 
shifts, highlighting the need for accessible supervisory 
support [20]. These results emphasize the need to include 
physicians’ voice in organizational decisions in order to 
arrange on-call duties according to their specific needs. 
Finally, Heponiemi et al. explored demographic features 
among physicians to assess whether there are groups 
who are more vulnerable to on-call work. Female gender, 
age and specialization status appeared to be important 
demographic factors [7]. Since we could not yet dem-
onstrate a significant effect of any demographic factor 
on occupational stress on-call in our analysis, further 
research is still needed.

Furthermore, the existing literature identified addi-
tional stress factors which, however, were not found to 
be significant in our study. An increasing hourly caseload 
[5, 9, 21], an increasing number of shifts per month [9, 
16, 22, 23], or number of hours per shift [7, 8, 11, 24] has 
been associated with mental fatigue, burnout or occupa-
tional stress. Also time pressure [7] and little educational 
value [11] were stated as stress factors, but were not 
explored in our survey. On the other hand, organizational 
justice [7], the presence of a recovery period post-call 
[11, 12], social support [5], a healthy team climate [7, 11] 
and a supporting supervisor available [7, 13] proved to 
be effective job resources balancing the experienced on-
call demands and stress. Notably, while post-call recov-
ery and hourly caseload were identified as relevant, they 
did not demonstrate a statistically significant effect on 
stress in our study. These differences in study results can 
be attributed to variations in study design (e.g. weekday 
versus weekend shift) or to differences in on-call systems 
across countries or within the same on-call system. Also, 
differences between hospital and primary care settings 
contribute to these discrepancies. This suggests the need 
to examine differences in stress factors depending on the 
specific context, or compared to those found in hospital 
settings.

Strengths and limitations
Strengths and innovativeness of the study
To our knowledge, there are currently no other stud-
ies that utilize DAGs as a methodological strategy to 
infer causal effects from observational data in the con-
text of out-of-hours care. Although DAGs are increas-
ingly popular as an evidence-based strategy to guide 
study design, they remain relatively uncommon within 
the broader scope of applied health research. Tennant et 
al. [18] identified a knowledge gap in developing DAGs 
and highlighted the need for practical guidance. While 
mastering the use and development of DAGs demands 
some training, their scientific merit is well established in 
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the available evidence. DAGs encouraged critical reflec-
tion on our research questions and offered a transparent 
structure to integrate insights from literature, group dis-
cussion and domain experts. As noted by Fleischer et al. 
[25], the strength of DAGs lies in making simplifications 
of reality explicit and open to scrutiny. Finally, DAGs pro-
vide a formal framework to control for confounding in 
causal analysis. In conclusion, the use of DAGs has con-
tributed to the ‘Open Science Movement’, which empha-
sizes research quality and innovation characterized by 
transparency, rigor, reproducibility and replicability [26].

In addition to the methodological innovation, the 
study’s novelty also lies in its population. Until now, most 
research has focused primarily on general practitioners 
or specialized hospital physicians. Since there has been 
growing attention to the existing stress factors of young 
doctors, we have specifically tailored our research ques-
tion to GPs in training who frequently undertake on-call 
shifts.

Limitations
The limitations of our study include the following. First, 
the literature review does not meet all criteria required 
for a systematic literature review, as it was restricted to 
a limited scientific database. We used primarily PubMed 
with supplementary use of Google Scholar, in contrast to 
the current recommendation to involve multiple relevant 
databases, as this increases the reliability of the assess-
ment. Since it was not our primary goal to conduct a 
systematic review, we found this to be a pragmatic strat-
egy. This allowed to obtain a comprehensive overview to 
approximate saturation on the most often published risk 
factors for occupational stress during out-of-hours care. 
Readers should keep in mind that the inclusion of a cer-
tain variable in our causal diagram may be based on lim-
ited evidence. Second, the sample size used in the survey 
was rather small, considering we worked with categori-
cal variables which typically necessitate larger datasets 
compared to continuous variables. Third, our sample 
consisted of GPs in training who voluntarily chose to par-
ticipate, potentially introducing selection bias.

Implications for policy and clinical practice
The results of our study can point towards possible 
improvements of clinical practice and education of GPs 
in training, prioritizing their mental health. Given the 
finding that internal stress factors have proven to be 
significant predictors of the occupational stress expe-
rienced during the on-call shift, there is a need to focus 
on coping mechanisms and resilience training in physi-
cians’ education. This finding underlines the importance 

of maintaining a healthy work-life balance to be able to 
commence an on-call shift in balanced, well-rested men-
tal condition, an aspect that should already receive con-
siderable attention during medical school. To inform 
decisions to be made at the regulatory level, it would 
be wise to conduct a larger follow-up study focusing on 
those stress factors, stemming from psychological or 
emotional sources within the physician.

Multiple strategies to tackle such internal stress factors 
may be devised. Firstly, the presence of an external confi-
dential contact person with whom physicians can share 
threatening encounters or mental health problems, might 
be valuable to explore in future research. Moreover, the 
merit of a triage system was repeatedly mentioned dur-
ing the group discussion. A triage system can function 
as a filter to avoid unnecessary patient encounters and 
inappropriate questions, thereby reducing the caseload 
during on-call shifts, and thus associated anticipatory 
actions. As a result, physicians would be less fatigued 
after their shift, experiencing less interruptions to leisure 
time.

Literature suggests that the competitive nature of medi-
cal school, imposing a perfectionist attitude and a perfor-
mance pressure, creates a lot of stress during the clinical 
years [27]. As such, we might cautiously hypothesize that 
such an educational culture might contribute to the fear 
of making potential errors or to anticipatory behavior. 
Further research is needed to investigate this hypothesis. 
Additionally, since GPs in training perform a substantial 
amount of out-of-hours care, it would be helpful if they 
had a voice in policy making and organization of the on-
call system. This way, important stressors and preventive 
strategies might be revealed.

During the group discussion, participants agreed on 
the need to educate patients to enhance their health liter-
acy and knowledge about the appropriate use of the out-
of-hours service. Providing patients with guidelines on 
when to visit the emergency room or a GP cooperative 
on-call center, will reduce the number of patient visits 
and unnecessary concerns. If possible, such health skills 
or feedback on the appropriateness of the visit could be 
provided to patients after their visit. Finally, as physi-
cians, we should make clear guidelines across different 
GP cooperative on-call centers, regarding which advices 
or practices can be performed in an on-call setting to 
achieve uniformity and clarity to patients.

Conclusion
This study presents an investigation into the causal effects 
of key stress factors experienced by GPs in training dur-
ing an on-call shift. We found that internal psychological 
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and emotional factors were the main contributors to 
occupational stress in our study, emphasizing the need 
to raise awareness about the challenges faced by GPs in 
training, and to promote effective preventive measures in 
healthcare.

Appendix 1: Search strategy
The following terms were used in Mesh and free-text 
searches, targeting two main topics: 

1.	 “On-call modalities”[Mesh] OR “Night call”[Mesh] 
OR “Weekend call”[Mesh] OR “Out-of hours 
primary care”[Mesh]

2.	 “Stress factors”[Mesh] OR “Stress”[Mesh]Inclusion 
criteria: The inclusion criteria comprised studies 
evaluating the impact of stress factors, whether 
shift-related or personal to healthcare professionals, 
on the outcome measure of occupational stress 
during on-call work. Given the scarcity of 
results, we included studies conducted with both 
primary care and specialist physicians (emergency 
medicine, internal medicine and surgical or 
interventional disciplines). Studies with nurses 
or other paramedical professions were excluded. 
We considered various on-call modalities such as 
a night float system, a traditional 24 h call or an 
evening call. The outcome measure was restricted to 
occupational stress experienced during or in the first 
days following the on-call shift.

Selection and Data Extraction: Study selection was per-
formed using a multi-stage approach. First, we checked 
titles to assess whether the articles were valuable to the 
research question. Subsequently, the abstracts of the 
remaining studies were examined and any articles that 
were not appropriate to answer the research question or 
failed to meet the inclusion criteria, were eliminated at this 
stage. Finally, all reports of studies identified as potentially 
eligible were assessed in full text. Additionally, we reviewed 
the reference lists of identified publications for other rel-
evant studies that may have been missed previously.

Appendix 2: Buildup of the group discussion
Participants were briefed on the procedure and purpose 
of the group discussion, as well as on the anonymity and 
confidentiality of data processing. The discussion was 
conducted in Dutch and consisted of a welcoming word, 
an introduction of the study protocol, a warm-up exer-
cise and four open-ended questions scheduled for 1 hour 
in total. The detailed buildup of the group discussion 

in depicted in Table  4 in Appendix 2. Participants were 
encouraged to share their clinical experiences. The first 
author led the discussion, supported by an external 
moderator who paid attention to nonverbal cues and 
dynamics to ensure that no opinion was overlooked. 
The discussion was voice recorded and transcribed ver-
batim afterwards. Eventually, the transcript was coded 
via NVIVO3, with similar stress factors assigned the 
same code. This enabled the identification of all men-
tioned stress factors related to on-call work in the group 
discussion.

Table 4  Overview of the used structure in the group discussion
Phase Duration Discussion
Phase 1: Introduction 
and informed consent

5 min

Phase 2: Opening 
question/icebreaker

5 min ‘It is Friday evening. You look 
at your schedule and notice 
that you’re on call on Sunday 
from 8 am to 7 pm. What is 
the first thought that crosses 
your mind?’

Phase 3 : Key 
questions

10 min ‘What are the most tiring or 
demanding aspects of being 
on call for you?’ ‘What are your 
primary concerns during on-
call shifts?’

10 min ‘Literature review has shown 
that following factors induce 
stress during on-call duties. 
What are the most significant 
ones for you, and why?’

10 min ‘There are various types of on-
call duty shifts across Europe. 
Which type of on-call duty 
would feel the most challeng-
ing for you and why?’ ‘Which 
type of duty would feel the 
safest for you and why?’

10 min ‘If you were allowed to 
change one thing about the 
organization of the on-call 
schedule, what would help to 
reduce the stress?’

Phase 4: Closing 
question

5 min ‘Have we overlooked any-
thing during the discussion?’, 
‘Does anyone want to add 
anything to this?’

Phase 5: Closing 
remarks

5 min

3 ​h​t​t​p​s​:​​​/​​/​l​u​m​i​v​​e​r​​​o​.​c​o​​​m​/​p​​r​o​​d​u​c​​t​s​/​n​v​i​v​o​/

https://lumivero.com/products/nvivo/
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Appendix 3: Survey assessing the on-call stress 
factors

Table 5  Questionnaire assessing on-call stress factors with corresponding questions used in the survey
Assessed on-call stress factors Corresponding assessment questions used in the survey
Hourly caseload How busy did you experience the on-call shift?
Medical support How well did you feel medically supported during the on-call shift (by supervisor, colleagues,...)?
Post-call recovery If the day after your on-call shift is a working day... Do you have to work the day after your on-call shift, or do you 

have recovery time?
Experience In which of the three years of specialized GP training are you currently?
Sex What is your gender?
Anticipating action To what extent did you recognize any anticipatory actions during the on-call shift? Examples include:  

‘I constantly keep an eye on my phone.’, ‘Between calls, I usually cannot relax well but remain alert.’, ‘I anticipate upcom-
ing patient consults and think about the complaints.’, ‘During on-call shifts, I cannot sleep well, even if I am not called.’

Interruptions to family time To what extent did you engage in fewer activities with family or friends as a result of being on-call?
Interruptions to leisure time To what extent did you experience interruptions in leisure time due to this on-call shift?
Potential errors To what extent did you worry about making medical errors or potentially missing serious diagnoses during the 

on-call shift?
Unknown medical records What was your level of access to the patient’s medical records (e.g. medical history, medication list, and 

allergies...)?
Unfair questions In your opinion, were patients’ chief complaints justified for an urgent on-call setting?
A driver If a driver was present, how useful was the driver?
A secretary’s office If a secretary’s office was present, how useful was the secretary?
Unsafe situations Did you feel unsafe during this on-call shift due to threatening, aggressive, or demanding patient interactions?
Practical barriers Did you experience any practical/technical issues during this on-call shift? For example, in processing technical 

examinations (nasal swabs, blood samples, urine samples...) or completing the payment procedure.
Demanding behaviour In your opinion, how demanding were the patients during the on-call shift? Examples include patients with exces-

sively high expectations or patients who were critical or suspicious towards your recommendations as a physician.
Medical triage If a medical triage was present, how useful was the medical triage?
Tolerance level How did you feel when you left home for the on-call shift?
Hospital resources How well did you feel supported by the secondary care during the on-call shift? This entails not only the avail-

ability of technical resources such as a lab/rapid tests or imaging, but also the intercollegiate collaboration with 
emergency physicians or specialists.

Geography In which region did you perform this on-call shift?
SES In your opinion, what seemed to be the average SES of the patients at the on-call center?
Work environment Where does the on-call shift take place?
The questionnaire used in the survey was administered in Dutch, the respondents’ native language, and has been translated here from Dutch to English

Appendix 4: TBI-CareQOL Caregiver Strain

Table 6  TBI-CareQOL Caregiver Strain – Short Form 6a [16]
Always Never Rarely Sometimes Usually

I feel that there are not enough hours in the day to get everything done. 1 2 3 4 5
I feel stressed when it comes to providing care for the person with the 
injury.

1 2 3 4 5

I feel that stress makes it difficult to start anything new. 1 2 3 4 5
I feel drained by my responsibilities as a caregiver. 1 2 3 4 5
I cannot handle any more responsibility when it comes to providing care for 
the person with the injury.

1 2 3 4 5

I feel burdened with the responsibility of caring for the person with the 
injury.

1 2 3 4 5
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Appendix 5: Summary of literature review

Table 7  Summary of literature review
Nr. Factor Author (year) Main findings Study design Statistics
1. Hourly caseload Çalişkan Tür, F. et al. 

(2016) [5]
Number of patients taken care of by physicians work-
ing night shifts was found as a significant job stressor.

Cross-sectional 
questionnaire study

p < 0.05

Davenport, M. S. et 
al. (2010) [21]

Increasing cases/hour were significantly and inde-
pendently associated with increased resident-faculty 
discrepancy rates.

Prospective cohort 
study

p < 0.001 
Odds Ratio 
= 1.6 [1.5 − 1.7]

Zhou, Y. et al. 
(2017) [22]

The number of calls per night shift was significantly 
associated with burnout.

Cross-sectional 
questionnaire study

p = 0.035

2. Post-call recovery Scott, O. et al. 
(2019) [11]

Data suggest that the extent of the off-call period 
is an important determinant of burnout and is 
instrumental in maintaining both mental and physical 
well-being.

Qualitative research 
with focus group 
discussion

NA

Rose, M. et al. 
(2008) [12]

Residents were significantly sleepier after an on-call 
shift. Fatigue continued to recover the second and 
third day after the on-call shift.

Prospective cohort 
study

p < 0.05

3. Sex Çalişkan Tür, F. et al. 
(2016) [5]

Job stress was higher in female physicians. Cross-sectional 
questionnaire study

p < 0.001

Saksvik, I. et al. 
(2011) [28]

In a recent review, it was concluded that male shift 
workers tend to sleep better and experience less 
fatigue and sleepiness when working shifts than 
women.

Systematic review p < 0.05

Heponiemi, T. et al. 
(2015) [7]

Women had more time pressure and stress related to 
team work compared with men. Women had lower 
levels of job control and organizational justice than 
men.

Cross-sectional 
questionnaire study

p < 0.001

Zhou, Y. et al. 
(2017) [22]

In a multi-variable analysis, female gender was found 
to be an independent factor associated with burnout 
in the pulmonary physicians in this study.

Cross-sectional 
questionnaire study

p = 0.018

Vincent, G. E. et al. 
(2021) [10]

The odds of workers pre-planning and thinking about 
interruptions to leisure/family time were 2 times 
higher for females than males.

Cross-sectional 
questionnaire study

p < 0.05

4. Experience Çalişkan Tür, F. et al. 
(2016) [5]

Statistically significant weak negative correlation was 
found between age and job strain.

Cross-sectional 
questionnaire study

p < 0.05

Vincent, G. E. et al. 
(2021) [10]

The odds of workers pre-planning were 88% lower for 
those aged 35-44 years than those aged 18-24, 86% 
lower for those aged 45-54 years than those aged 
18-24 years, and 84% lower for those >55 years than 
those aged 18-24 years.

Cross-sectional 
questionnaire study

p < 0.05

Heponiemi, T. et al. 
(2015) [7]

It has been found that younger workers have better 
shift work tolerance regarding subjective sleepiness, 
performance tests, recovery after work, and sleep 
time. Older respondents had higher levels of stress 
related to patient information systems and teamwork 
than younger respondents.

Cross-sectional 
questionnaire study

p = 0.006

5. Anticipating action Vincent, G. E. et al. 
(2021) [10]

On-call workers rated pre-planning in case of a 
call and fear of missing a call as main reasons for 
rumination.

Cross-sectional 
questionnaire study

p < 0.05

6. Interruptions to 
family/leisure time

Vincent, G. E. et al. 
(2021) [10]

On-call workers rated interruptions to family/leisure 
time as one of the main reasons for rumination.

Cross-sectional 
questionnaire study

p < 0.05

Heponiemi, T. et al. 
(2014) [6]

Work interference with family was significantly associ-
ated with all the outcomes (distress, job satisfaction 
and work ability).

Prospective cohort 
study

p < 0.05

7. Potential errors Zahrai, A. et al. 
(2011) [20]

With regard to work-related stressors, “concern 
regarding potential errors" was the only significant 
work-related problem at 6 months for residents on 
the night float program.

Prospective cohort 
study

p = 0.022

We retained seven stress factors as most prominent after literature review, outlined with corresponding article references, study findings, design and statistics
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