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Objective

Many doctors report working excessively demanding schedules that comply with the European
Working Time Directive (EWTD). We compared groups of junior doctors working on different schedules in
order to identify which features of schedule design most negatively affected their fatigue and well-being in
recent weeks.

Methods Completed by 336 doctors, the questionnaires focused on the respondents’ personal circumstances,
work situation, work schedules, sleep, and perceptions of fatigue, work–life balance and psychological strain.

Results Working 7 consecutive nights was associated with greater accumulated fatigue and greater work–life
interference, compared with working just 3 or 4 nights. Having only 1 rest day after working nights was associated with increased fatigue. Working a weekend on-call between 2 consecutive working weeks was associated
with increased work–life interference. Working frequent on-calls (either on weekends or during the week) was
associated with increased work–life interference and psychological strain. Inter-shift intervals of <10 hours
were associated with shorter periods of sleep and increased fatigue. The number of hours worked per week was
positively associated with work–life interference and fatigue on night shifts.

Conclusion The current findings identify parameters, in addition to those specified in the EWTD, for designing
schedules that limit their impact on doctors’ fatigue and well-being.

Key terms

European Working Time Directive; health; medical worker; physician; risk; shift work; sleep;
work–life interference.

The phased implementation of the European Working Time Directive (EWTD) (1) in junior doctors’
worktime arrangements has brought about a radical
reorganization of the way trainee doctors work in the
UK. The implementation of the Directive took place
between 2004–2009. Prior to 2004, doctors were able
to work very long duty periods, including periods of
on-call working running contiguously with normal duty
hours (up to 56 hours of continuous duty at weekends).
However, the European Court of Justice judged this
“residency on-call” practice to be in contravention of
the EWTD and ruled that being asleep while on-call
counts as working because the doctor is required to
1
2
3
4
5
6

be on-site (2, 3). This was a key factor leading to the
introduction of rotating shift systems that have now
largely replaced the traditional arrangements. One of
the key aims of the new worktime arrangements was to
reduce excessive fatigue among junior doctors, thereby
enhancing patient safety and doctors’ own well-being.
However, the implementation of the EWTD has not
led to an improvement in the situation in all cases,
with highly demanding, yet EWTD-compliant work
schedules commonly reported by junior doctors (4).
Shift work, and night working in particular, impacts
sleep, family, social life, mood, vigilance, job performance, and mental and physical health (5–8). The
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design of shift rotas (eg, the particular sequences of
shifts worked, the lengths of individual shifts) moderates the impact of shift working on the individual (9).
Several studies have identified the impact of doctors’
work schedules on their cognitive performance (10),
susceptibility to making medical errors (11, 12), and
their well-being (13, 14). However, no studies have
examined the relative impact of the broad range of shift
systems that have been introduced in the wake of the
implementation of the EWTD.
The aim of our study was to examine the impact of
various schedule features by studying groups of doctors working on different rotas. We sought to determine
the impact of particular aspects of shift system design
on four dependent variables: fatigue, sleep duration,
psychological strain, and work–life interference. The
schedule features to be examined were identified from
a series of interviews and focus groups involving junior
doctors and hospital managers [reported elsewhere (4)]
and from a review of the relevant literature on shift
work. The schedule features identified for examination
were: (i) the number of night shifts worked consecutively, (ii) the length of night shifts, (iii) the number of
scheduled rest days following a block of night shifts, (iv)
the number of consecutive shifts (of any sort) worked
without a break, (v) the frequency of weekends on-call,
(vi) the frequency of daytime on-call shifts (Monday to
Friday), (vii) the length of daytime on-call shifts, (viii)
shorter intervals between the end of one shift and the
start of the next (“quick returns”), (ix) and the number
of hours worked per week.

Methods
Ethics
Ethical approval for the conduct of the survey was
obtained from the Multi-Centre Research Ethics Committee for Wales (Ref: 07/MRE09/18).
Sample
Two questionnaire surveys were conducted six months
apart, in December 2007 and June 2008. (The second
survey served to improve the response rate obtained
in the first.) The target population comprised all junior
doctors working in specialties undertaking acute medicine throughout Wales. Questionnaires and pre-paid
return envelopes were distributed by post to the target
population. Additionally, participants in the second survey were given the option to complete the questionnaire
online. A total of 363 questionnaires were received, after
excluding respondents who did not work a shift system

or undertake out-of-hours work. A further 27 responses
to the first survey were excluded as they had come from
individuals who had also responded to the second survey.
Thus the final sample size for the analyses was 336 out of
725 individuals who were sent a questionnaire in either
the first or the second survey (ie, 46%).
Work schedules
When working normal day shifts, junior doctors usually
work between 09:00–17:00 hours, Monday to Friday.
Night shifts usually start between 21:00–22:00 hours
and are worked once every 4–6 weeks, if working 3
or 4 consecutive nights, or once every 8–12 weeks if
working 7 consecutive nights. On-call shifts are used
to cover the hours between the end of the normal day
shift and the start of the night shift and also to provide
weekend cover.
Materials
The questionnaire was partly based on items taken from
the standard shift work index (9) and comprised four
sections. The first section covered personal details (ie,
gender, age, marital status, number of dependants, use of
hospital accommodation, job grade, time since qualification, hospital location, whether studying for exams). Two
additional items asked respondents to rate themselves in
terms “being a morning person” and “being able to sleep
easily at unusual times or in unusual places” (9-point
scales; 1=definitely not, 9=definitely yes).
The second section ascertained details of the respondent’s recent shift schedule (ie, weekly work hours,
length of day shifts when on-call, number of inter-shift
intervals of <10 hours in the last 7 days, number of
nights off before starting night shifts, length of rest following the end of night shifts, length of a single night
shift, number of days worked consecutively before last
day off, number of consecutive night shifts, frequency
of daytime on-call shifts, frequency of weekends oncall). Four additional items asked respondents to rate
their schedule in terms of possibilities for swapping
shifts, control over start and finish times (5-point scale;
1=none, 5=complete), predictability of shifts (5-point
scale; 1=highly predictable, 5=highly unpredictable),
and regularity of shift pattern (5-point scale; 1=highly
regular repeating pattern, 5=does not repeat in any regular manner). Averages of the first two items were calculated (as an estimate of internal consistency, the correlation between the two items was rho=0.14, P<0.01)
and the second two items (rho=0.61, P<0.01) to give two
overall scores, namely “control over work hours” and
“predictability and regularity of schedule”.
In the third section, respondents were asked to indicate how long they had slept between different types
Scand J Work Environ Health 2010, vol 36, no 6
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of shifts in recent weeks (ie, normal day shifts, on-call
day shifts, the 1st and 3rd shift in a block of nights, and,
if appropriate, the 5th and 7th shifts in a block of nights).
These ratings represented the dependent variable “sleep
duration”. For each type of shift, they were also asked
to rate their on-shift alertness (9-point scale; 1=very
alert, 9=very sleepy, fighting sleep), susceptibility to
making minor errors (9-point scale; 1=very unlikely,
9=very likely), and confidence in their ability to drive
home safely (9-point scale; 1=very confident, 9=very
unconfident). Scores on these three items were averaged to give an overall score of fatigue for each type of
shift. These ratings represented the dependent variable
“fatigue”. (For each shift, internal consistency measures
were calculated for the three items, giving Cronbach’s α
ranging between 0.49–0.90).
In the fourth section, respondents were asked to rate
their perceived workload on a normal day, on-call, and
during night shifts (9-point scale; 1=extremely light,
9=extremely heavy). They were also asked to rate how
much their work schedule interfered with their social
and home life, personal relationships, and other commitments (9-point scale, 1=not at all, 9=very much). Scores
on these four items were averaged (Cronbach’s α=0.91)
to give an overall work–life interference score. These
ratings represented the dependent variable “work–life
interference”. Respondents were also asked to complete
a measure of psychological strain: the General Health
Questionnaire (15). The 12 items variously referred
to the respondent’s emotional state and coping ability
experienced over the past few weeks. Individual item
scores were summed (Cronbach’s α=0.86), giving possible total scores ranging from 0 (very low strain) to
36 (very high strain). These ratings represented the
dependent variable “psychological strain”. [For comparison purposes, scores for a sample of employees in
an engineering plant were: males, mean=8.80 (standard
error [SE] 0.17); females, mean=8.53, (SE 0.40) (16).]
Data analysis
Analyses were conducted using a combination of univariate and repeated measures, analysis of variance and
co-variance [ANOVA/ANCOVA (employing the Bonferroni correction for multiple post hoc comparisons where
appropriate)], as well as multiple regressions where
appropriate. The analyses that compared between groups
controlled for a range of individual and circumstantial
differences. These were the variables from the first section of the questionnaire listed above, plus patient load
(ie, the patient-to-doctor ratio), first or second survey,
perceived workload, control over work hours, and predictability and regularity of schedule. The variables to
be used in the analyses were screened for outliers and
distributional assumptions were checked (17). For the
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sake of parsimony, the description of the results that
follow focuses only on significant (and marginally nonsignificant) effects of shift system features (P<0.05).

Results
The average age of respondents was 28.7 years [standard
deviation (SD) 4.8]. Of the entire sample, 50% were
female, 59.5% were married/living with partner, 39%
were single and 0.6% were separated/widowed. Three
quarters reported having no dependants (eg, children)
living with them. A series of analyses were conducted
to determine whether the distributions within the sample
differed from the distributions within the target population. The sample was compared to the target population
in terms of the distributions of (i) gender; (ii) medical sub-specialties in which respondents worked; (iii)
location (ie, hospital); and (iv) training grade. The first
three analyses indicated that the distributions were representative of the target population. The fourth analysis
indicated that senior grades (specialist registrars) were
somewhat under-represented and so data in the analyses
that follow were weighted accordingly.
Number of consecutive night shifts
When working night shifts, the majority of respondents
worked either 7 consecutive shifts (N=118), or they
alternated between working 3 and 4 consecutive shifts in
a block of nights (N=136). Figure 1 illustrates the length
of sleep obtained before day and night shifts. In the first
analysis, a single-factor repeated measures ANOVA
compared sleep durations for the 3rd, 5th and 7th night (ie,
sleep taken during the day before the night shift), in the
group that worked 7 consecutive night shifts. There was
a significant increase over the 3 periods of sleep (F=6.22,
P=0.002). A second comparison indicated that the last of
these sleep periods (ie, the sleep taken before the 7th night
shift) was significantly shorter than the night sleep taken
when working day shifts (F=43.39, P<0.001).
Figure 2 illustrates the levels of fatigue associated
with day and night shifts. Median values of risk scores
were: day=2.3, 1st night=4.8, 3rd night=5.0, 5th night=6.0,
7th night=6.7. In comparison, a survey of aircraft maintenance workers using the same measure obtained median
values of: day shift=3.0, night shift=4.8 (18).
A two-factor repeated measures ANCOVA, comparing fatigue scores in the two groups on their 1st and
3rd night shifts, indicated that there were no significant
main effects, nor was there a significant interaction.
That is to say, there was no increase in fatigue from
the 1st to the 3rd night shift in either group. A second
analysis comparing the two groups on their 1st and last
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other groups [3 or 4 nights followed
4 nights) indicated that there were no significant main
by >1 day rest: N=29, mean=3.29 (SE 0.32); 7 nights
effects, but that the interaction term was significant
followed by >1 day rest: N=85, mean=3.39 (SE 0.19);
(F=12.55, P<0.001). Post hoc simple main effects
F=13.43, P<0.001].
Figure analyses
2: Fatigue associated
each
shift
(mean
and standard
error) reported by those working 3
indicatedwith
that
the
two
groups
only differed
or 4 consecutive night shifts and those working 7 consecutive nights.
significantly on their last night shift (ie, their 3rd and
Number of consecutive shifts without a break
7th night shift, respectively; F=4.54, P=0.034).
A univariate ANCOVA indicated that work–life
The majority of respondents reported having worked
interference was lower among those who worked 3 or 4
either 5 days prior to their last break or 11–12 days. The
nights at a time than among those working 7 conseculatter group are assumed to have worked a weekend ontive nights [3 or 4 nights mean=5.65 (SE 0.13); 7 nights
call between 2 successive working weeks. A univariate
mean=6.09 (SE 0.14); F=4.60, P=0.033].
ANCOVA indicated that this group reported more work–
life interference and somewhat greater psychological
strain, although the latter difference was marginally
Number of rest days following a block of nights
non-significant (see table 1).
Some of those working 3 or 4 consecutive nights
reported getting only 1 rest day following their block
Frequency of weekends on-call
of nights, while others got ≥2 rest days after their
night shifts. Of those working 7 consecutive nights,
Regression analysis indicated that more frequent weekvirtually all got ≥2 rest days after their night shifts. A
end working [mean=1 weekend every 5.82 weeks (SE
univariate ANCOVA indicated that respondents in the
0.16)] disrupted life outside work [mean=5.86 (SE
first group (3 or 4 nights followed by only 1 day rest)
0.17); b=-0.15, D R2=0.02, P=0.007] and was associated
st
reported greater fatigue on their 1 day shift followwith higher psychological strain [mean=12.45 (SE 0.29);
ing a block of nights [N=100, mean=4.62 (SE 0.17)],
b=-0.12, D R2=0.01, P=0.039].
Scand J Work Environ Health 2010, vol 36, no 6
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Frequency of daytime on-call shifts (Monday–Friday)
Regression analysis indicated an association between
the frequency of weekdays on-calls [mean=1 on-call
every 8.76 days (SE 0.44)] and work–life interference
[mean=5.81 (SE 0.10); b=-0.16, D R2=0.02, P=0.005],
as well as between frequency and psychological strain
[mean=12.43 (SE 0.30); b=-0.15, D R2=0.02, P=0.013].
Additional analysis indicated that the greatest differences were between those who worked >1 on-call per
week and those working ≤1 per week (see table 1).
Quick returns

Table 1. Comparision of the number of consecutive shifts worked
and the frequency of weekday on-calls.
N

Work–life interference

Psychological strain

		
Mean Standard
Mean Standard
			
error		
error
Number of days
since last rest break
5 days
142
11 or 12 days 86

5.41
5.94

Main effect

0.13
0.17

F=5.45, P=0.021

12.04
13.24

F=3.26, P=0.072

Frequency of
weekday on-calls
>1 in 7
≤1 in 7

97
170

6.18
5.61

Main effect

0.15
0.11

F=8.30, P=0.004

13.54
11.81

Table 2. Comparison of experience of quick returns.

Number of hours worked per week

Quick return (<10 hours)
in the last 7 days?

Discussion
The main features of the EWTD for junior doctors are:
an average of 48 hours worktime each week, measured
over a reference period of 26 weeks; 11 hours continuous rest in 24 hours; 24-hour continuous rest in 7 days
(or 48 hours in 14 days); a 20-minute break in work periods of >6 hours; 5.6 weeks annual leave; and an average
of ≤8 hours of night work in any 24-hour period, over
the reference period (19). Important as these requirements are, the current findings highlight a number of
additional parameters that need to be considered when
seeking to reduce excessive fatigue and safeguard doctors’ well-being.
Working 7 consecutive nights resulted in an accumulation of fatigue to levels substantially higher than
experienced by those working just 3 or 4 nights in row.
This accords with previous research (7) indicating that
accident risk increases in an approximately linear fashion
across successive night shifts. One of the prime causes
of such an accumulation of fatigue is suggested by the
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N
		

Sleep after
on-call shift

0.46
0.34

F=8.42, P=0.004

Some respondents reported having had at least 1 quick
return (ie, interval of <10 hours between the end of
one shift and the start of the next) in the last 7 days. A
univariate ANCOVA indicated that these respondents
reported shorter sleeps following long day shifts (ie,
on-call shifts) and greater fatigue on normal day shifts,
compared to those who had had no quick returns (see
table 2).

Univariate ANCOVA, in which respondents were
banded into quartiles in terms of their weekly work
hours, indicated significant effects of weekly hours on
night shift fatigue and work–life interference (see table
3). The main differences were apparent between those
working ≤48 hours per week and those working more.

0.39
0.51

Fatigue on
normal day shift

		
Mean Standard
Mean Standard
			
error		
error

No quick returns
≥1 quick return

231
60

Main effect

6.87
6.44

0.06
0.13

F=8.39, P<0.001

2.36
2.70

0.07
0.14

F=4.67, P=0.032

Table 3. Comparison of the length of working weeks.
N
		

Mean nightshift fatigue

Work–life
interference

		
Mean Standard
Mean Standard
			
error		
error
Hours worked in
last 7 days
<44 hours
45–48 hours
49–60 hours
>60 hours
Main effect

81
83
74
72

4.75
4.59
5.25
5.29

0.20
0.20
0.20
0.20

F=3.00, P=0.032

5.37
5.48
5.78
6.13

0.17
0.17
0.18
0.18

F=3.66, P=0.013

current sleep data. Sleep periods during the day between
night shifts were >1 hour shorter than night sleep periods
between successive day shifts. Some doctors say they
prefer working 7 consecutive nights because they find it
to be less disruptive of their life outside work. (4) However, this did not appear to be the majority view within
the current sample, as working 7 consecutive nights
was associated with greater work–life interference. In
conclusion, it is prudent to recommend on the grounds
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of patient safety that sequences of no more than 3 or 4
consecutive night shifts be favoured over scheduling 7
night shifts in row, in all but exceptional cases.
Recent evidence from an intervention study reported
by Cappuccio et al (12) suggests that further reductions
in risk may be achieved by reducing the span of nights
even further (ie, to spans of 2 or less often 3 consecutive nights). However, the two-shift systems in that
study differed on several important parameters. Thus
it is difficult to identify precisely which aspects of the
intervention schedule’s design significantly contributed to the 33% reduction in medical errors that was
observed. That intervention also involved cutting night
shifts from 12.5 to 9–11 hours. In contrast to the suggestion from that study that the length of night shift
contributes to a reduction in risk related to fatigue, the
current analyses identified no significant effects of
the length of night shifts (or daytime on-call shifts). It
is possible that the sensitivity of the current analyses
was impaired by the restricted range, with 86% of the
current sample working night shifts of between 12–13
hours in duration.
The length of rest after a block of night shifts
affected levels of fatigue experienced on the return to
day shifts. Guidelines issued by the UK’s Royal College of Physicians suggest that for every 2 nights on
duty, ≥1 whole day off should be scheduled (20). The
current analysis indicated that 1 day of rest following a
block of 3 or 4 nights resulted in the spillover of fatigue
effects into the first subsequent day shift. Fatigue on the
return to day work was higher among those working a
sequence of 3 or 4 days followed by 1 rest day than it
was among those that had ≥2 rest days after their block
of night shifts. These findings support earlier research
indicating that 1 rest day is insufficient for full recovery
from night work (21, 22).
Working frequent on-call shifts restricts the time
available for non-work activities, resulting in increased
stress, particularly for those with extra-curricular commitments (eg, families, studying for exams). While
a degree of work–life conflict may be inevitable for
doctors working on-call, if it is allowed to become too
much of a problem it can be harmful to psychological
health, with doctors becoming more likely to quit (23).
Long on-calls also reduce the time available for sleeping
between shifts. The EWTD specifies a minimum break
between shifts of 11 hours. However a small number
of respondents reported having had ≥1 inter-shift interval of <10 hours (a quick return) in the last 2 weeks.
(Respondents are unlikely to have been scheduled to
work outside the limits specified by the EWTD. Instead,
they probably worked for longer than the official duty
period, thereby reducing the interval between leaving
work and returning for the next shift.) These individuals
reported shorter sleep periods after their on-call shifts,

suggesting that quick returns are especially likely to
occur after an on-call shift. The restricted sleep that
results from a short inter-shift interval means that there
is a risk of insufficient recovery, resulting in greater
fatigue experienced the next day. This was reflected
in the increased fatigue ratings associated with quick
returns (fatigue on the day following an on-call shift was
not measured directly). These findings are concordant
with previous research which suggests that quick returns
are associated with restricted sleep (24), reduced alertness (25), and increased risk of accidents (26).
Longer weekly hours were associated with both
greater fatigue on the night shift and greater work–life
interference. It is also notable that those who worked
>48 hours in the last week experienced markedly more
negative effects than those who had worked for ≤48
hours. These findings accord with those of the previously cited intervention study (12) in which doctors
working a 48-hour work week demonstrated a substantial reduction in medical errors, compared to doctors on
a 56-hour work week.
Our study featured a cross-sectional design and thus
care is required when inferring causal relationships
from the pattern of results observed. It relied entirely
on self-report measures and thus may have been affected
by issues of common-method variance (27, 28). Furthermore, respondents who like or dislike their shift system
for whatever reason (eg, the impact on life outside
work) may deliberately or subconsciously distort their
responses to other items (eg, ratings of fatigue) accordingly. It was necessary for the purposes of producing a
concise questionnaire to use some measures that have
not been validated against objective criteria and so
caution is needed when extrapolating from such selfreports. The current study deliberately focused exclusively on junior doctors working in specialties undertaking acute medicine. By examining trends within a large
relatively homogeneous group rather than a selection of
many different specialties, the effects related to work
schedule features were less likely to be masked by
extraneous variables, such as differences between work
routines. However, this means that care should be taken
when seeking to generalize to other areas (eg, surgery,
accident and emergency). Our study focused exclusively
on the impact of work schedules on the individual doctor. It did not seek to examine broader issues that may
impact on patient care, such as service cover and staffing
levels. Hence the current findings need to be considered
alongside the requirements of schemes such as “Hospital
at Night” (29). Our study failed to obtain information
regarding on-shift napping, meaning that an important
determinant of night shift fatigue could not be taken
into account. Finally, the number of participants varied
between the analyses, meaning that the power to detect
differences will have also varied.
Scand J Work Environ Health 2010, vol 36, no 6
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The current findings are based on a higher response
than previous surveys (30, 31) and provide a more
detailed and comprehensive analysis of how shift
schedule design features impact on junior doctors.
They have highlighted a number of areas of concern
in the design of EWTD-compliant shift rotas. When
the EWTD was first implemented for junior doctors,
some of the newly designed schedules not only failed
to eliminate problems of fatigue, but sometimes exacerbated them (32). It was tempting for some to blame
the heightened problems on the EWTD itself. However,
it could also be argued that the Directive alone was
not directly responsible for doctors working excessive
night hours. Rather, the situation arose because of the
way in which employers responded in their attempts
to comply with the EWTD. Although the new work
schedules conformed to the Directive’s stipulations (eg,
a minimum daily rest period of 11 hours), they failed
to take into account other parameters that, although
not covered by the EWTD, are nevertheless vital considerations in the management of fatigue. The current
findings highlight some of these additional parameters,
building upon previously published recommendations
regarding the design of doctors’ working hours and
provision of services (20, 33, 34). One of the unique
and crucial contributions of this study is its provision
of evidence to support such recommendations, based
on junior doctors own experiences of working on
EWTD-compliant shift rotas.
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