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The effects of acute sleep deprivation
on performance of medical residents in
a regional hospital: prospective study
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Objective. To evaluate the effects of acute sleep deprivation on the level of per-
ceived occupationa stressand cognitive functioning in agroup of medical residents.
Design. Prospective study.

Setting. Regional hospital, Hong Kong.

Participants. Twenty-one residents who had regular in-hospital on-call duties.

Main outcome measures. From January to April 2002, participants were asked
to complete the Raven Advanced Progressive Matrices (sets | and 11) and Occu-
pational Stress Inventory—Revised tests at the beginning of an on-call day. They
then repeated the tests towards the end of their on-call duties on their next on-
call day, at a mean (standard deviation) interval of 8.9 (2.3) days. Occupational
Stress Inventory—Revised test scores were transformed into T-scores to provide
information about an individual’s scores rel ative to the scores of participantsin a
normative sample.

Results. The group slept for amean (standard deviation) of 2.9 (1.0) hours dur-
ing 29.3 (3.8) hours of on-call duties. Before the on-call duties, participants

mean T-scores for the Occupational Stress Inventory—Revised test ranged from
50.6 to 54.5 for the Occupational Role Questionnaire, 52.0 to 57.0 for the Per-
sonal Strain Questionnaire, and 37.3 to 52.3 for the Personal Resources
Questionnaire. After on-call duties, apart from a slight increase in Role Insuffi-
ciency T-scores (50.6 [5.9] versus 52.1 [6.0]; P=0.044), there was no significant
changein all other scales of the Occupational Stress Inventory—Revised test. The
scores of the Raven Advanced Progressive Matrices test remained stable after
the on-call duties (11.3[1.2] versus 11.5[0.8], P=0.129 for set |; 29.9 [5.5] ver-
sus 30.2 [6.3], P=0.2 for set 11).

Conclusion. Acute sleep deprivation among medical residents was not associ-
ated with any significant changesin both cognitive functioning and level of stress
perceived.
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Introduction

Modern society depends on the continuous operation of a
diverse array of services, including health care services.
Many workforces have a rotating work schedule, in which
people are engaged in night-shift or on-call work?; but after
8 hours of work, an individual’s performance declines, the
ability to concentrate decreases, and the risk of motor and
cognitive errors increases.?2 Working at night and working
hours that restrict sleep opportunity have been implicated
in compromised safety at work.®

Long hours of work have always been regarded as an
integral part of the medical profession, including training.*
Many hospitals schedules are structured in such away that
residents need to be on-call at nights and sometimes need to
work very long hours. Sleepiness is common among house
staff: 10% of residents perceive slegpiness as an dmost daily
occurrence.® However, physicians have to perform complex
problem-solving, which includes obtaining relevant clinic-
al information, generating a differential diagnosis, and
formulating atreatment plan. Thus, whether physicians are
affected by sleep deprivation after on-call duties is of
utmost importance to the quality of health care. It has been
suggested that coping mechanisms could play arolein the
ability of caregiversto resist sleepiness, especially during
night shifts.® It isalso apparent that tolerance of disturbances
in circadian and social rhythm varies a lot between
individuals.

Storer et a” evaluated residents’ procedural skills, such
as endotracheal intubation and vein and artery
catheterization, as well as their performance in a written
test consisting of 30 board examination questions. Com-
pared with rested residents, sleep-deprived residents required
slightly longer to catheterize umbilical arteries; however,
no differences in the other measures were found. Beatty et
al® used a 50-minute simulated monitoring task and Denisco
et al® used a 30-minute simulated videotape to evaluate the
vigilance of anaesthesiologists under rested and sleep-
deprived conditions. Both studies showed decreasesin per-
formance after anight on-call.

Because of difficultiesin trying to measure how clinica
performance is affected by sleep deprivation, researchers
have used psychomotor and neuropsychological tests as
proxy measures, although the validity of these approaches
is not known.1® The majority of these tests last only sev-
eral minutes and assess manual dexterity, reaction times,
and recall tasks; consequently, most studies do not show a
deterioration in test results after one night’s sleep loss.'?
It remains uncertain whether tests that require sustained
concentration and attention would be able to reveal any
detrimental effects of acute sleep deprivation on the
functioning of doctors.

Although long working hours and sleep deprivation tend
to occur together, high levels of stress and depression
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(leading to decrements in mood and performance) seem to
be related to loss of deep rather than to long hours of work.12
When deprived of deep, interns may feel significantly more
fatigue and sadness and perceive themselves to develop
numerous psychophysiological abnormalities.”® It is appar-
ent from the literature that data on the sources of stressin a
physician’s work environment, the psychological strains
experienced by physicians as aresult of work stressors, and
the coping resources available to combat the effects of
stressors are scarce.

In our department, normal office hours apply on
Monday to Friday. We have five on-call residents working
intwo levels (iefirst- and second-call levels) every day and,
on average, they are on-call within the hospital once every
6to 7 days. In this study, we examine whether internal medi-
cineresidents performance in tasks requiring higher-level
thinking skills declines after working on-call overnight. We
also assess how levels of perceived occupational stress,
experienced psychological strain, and coping skills differ
between rested and sleep-deprived doctors. Because
residentsin our department were not expected to be chronic-
ally deprived of sleep, only the effects of acute sleep
deprivation were evaluated.

Methods

Participants

Medical residents at first- and second-call levelsin the
Department of Medicine and Geriatrics at the Kwong Wah
Hospital were considered eligible for evaluation and invited
to participate in the study. The typical in-hospital on-call
period begins at 9:00 am and finishes by 1:00 pm the next
day, followed by a half-day off. However, if residents have
scheduled duties on the afternoon post-call, they will have
to work until about 6:00 pm to 7:00 pm and will have their
half-day off some other day. The total number of working
hoursfor an on-call day could thus be as many as 34. Of the
residents invited, 21 agreed to participate.

Participants were asked to complete two tests—the
Raven Advanced Progressive Matrices (APM | & 11)* and
the Occupational Stress Inventory—Revised (OSI-R)*—at
the beginning of one of the on-call days. The APM test
assesses eductive mental activity, which involves making
meaning out of confusion; developing new insights; going
beyond the given to perceive that which is not immediately
obvious; and forming largely non-verbal constructs to
facilitate the handling of complex problemsinvolving many
mutually dependent variables.*® Accurate perception and
attention to detail are important.’® The test requires problem
identification, reconceptualisation of a situation, and
monitoring of tentative solutionsto achieve consistency with
al theavailableinformation.’® It is apparent that these factors
represent the higher levels of functioning that a clinician
requiresin clinical practice. The OSI-R provides measures
for an integrated theoretical model that links sources of
stress in the work environment, the psychological strains
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experienced by individuals as a result of work stressors,
and the coping resources available to combat the effects
of stressors and to alleviate strain.'® For each of these
domains, questionnaire scales measure specific attributes
of the environment or individual that represent important
characteristics of occupational adjustment.

Participants repeated the tests towards the end of their
on-call duties on the next on-call day. The interval between
testswas at least 7 days (mean, 8.9 days, standard deviation
[SD], 2.3 days). On the day of the repeated test, participants
were asked post-call to record the time they started work
and the time they finished their work. The total sleep time
during the entire on-call period was also obtained. The total
number of working hours was then cal culated by subtracting
the total sleep time during call from the total time on call.

Study protocol

All participants gave informed consent. When the tests
were administered, the importance of answering all items
and the need for choosing only one response per item
was emphasised. Participants were told they needed to
concentrate and try to ensure that there were no interruptions,
including telephones and pagers, during the tests.

The APM is composed of two sets of questions. Set |
consists of 12 problems,*® and is generally used to establish
afield of thought for respondents and to provide them with
training in the method of working. Set | is normally fol-
lowed immediately by set 11.2° The 36 itemsin set Il are
identical in presentation and argument with those in set I,
but they steadily become more difficult and complex. We
used both sets in this study. Participants were told that the
upper diagram in each question was a shape with a piece
cut out of it, and only one of the lower diagrams represented
the cut-out piece. They were told that the test was untimed
and that accurate work counted.*

The OSI-R uses a Likert-type scale, in which some
items are reverse-scored—that is, arating of “never” scores
1 on someitems and 5 on others.®® The item scoresfor each
of the 14 scales (the raw scores) were transferred to a gen-
eric profile form (for professionals) to facilitate calculation
of T-scores.’ T-scores are linear transformations of raw
scores, derived to have a mean of 50 and an SD of 10. T-
scores provide information about the individual’s scores
relaive to the scores of participants in the normative sample.s

Statistical analysis

The values of parameters are given as mean (SD) where
appropriate. Differences between groups were assessed by
the Mann-Whitney U test, and differencesin scores between
pre-call and post-call tests were compared using the paired
Wilcoxon's test. Correlations between parameters were
assessed by Spearman’srank correlation. The cut-off level
for statistical significance was taken as P=0.05 (two-tailed).

Results

All 21 residents completed the study. It took them, on
average, half an hour to finish the OSI-R and 50 minutes to
finish both sets of the APM. Some participants commented
that the tests were lengthy, especially at a time when they
could have left the office post-call. There were, however,
no dropouts. They all chose only one response per item.

The group consisted of five women and 16 men; seven
were on first call and 14 were on second call. The mean
(SD) age of the group was 28.7 (2.6) years. The second-call
doctors were on average older than those on first call
(29.8 [2.5] versus 26.6 [1.3]; P=0.002). The average length
of service among the first-call doctors was 2.6 (1.3) years
(range, 1-4 years) and that of the second-call doctors was
5.8 (2.5) years (range, 2-10 years). Nevertheless, the two
groups had comparable durations of on-call duty, sleep
times, and durations of work on the day of test (Table 1).
Thus, the two groups were exposed to similar levels of deep
deprivation and could be treated as a homogeneous group
for the analysis of the effects of acute sleep loss.

Baseline data

On the day of the repeated test, the residents had slept
2.9 (1.0) hours during 29.3 (3.8) hours of on-call duty.
Before the on-call duties, the average T-scores of the OSI-R
ranged from 50.6 to 54.5 (Occupational Role Questionnaire
scales), 52.0to 57.0 (Personal Strain Questionnaire scales),
and 37.3t0 52.3 (Persona Resources Questionnaire scales).
The scores of sets| and Il of the APM were 11.3 (1.2) and
29.9 (5.5), respectively (Table 2).

Changein test parameters pre- and post-call

After the on-call duties, there was no significant change
in most of the scales of the OSI-R, except for adlight in-
crease in role insufficiency T-scores (from 50.6 [5.9] to
52.1 [6.0], P=0.044) [Table 2]. The scores of the APM

Table 1. Participants’ baseline characteristics, and duration of on-call duty, sleep, and work on the day of the post-call test

First-call residents, n=7 Second-call residents, n=14 P value*
Mean (SD) Mean (SD)

Sex (M:F) 16:5

Age (years) 26.6 (1.9) 29.8 (2.5) 0.002
Length of service (years) 2.6 (1.3) 5.8 (2.5) 0.002
Total duration of on-call duty (hours) 27.3 (3.3) 30.3 (3.7) 0.091
Total duration of sleep (hours) 2.9 (0.9 2.93 (1.1) 0.938
Total duration of work (hours) 24.4 (3.4) 27.4 (4.4) 0.166
Interval between baseline and repeated tests (days) 8.9 (2.3)

* Mann-Whitney U test
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Table 2. Comparison of test parameters at the end of on-call duties with those pre-call

Pre-call, n=21 Post-call, n=21 P value*
Mean (SD) Mean (SD)

Occupational Stress Inventory—Revised '
Occupational Role Questionnaire
Role overload 54.4(7.2) 55.4 (6.3) 0.229
Role insufficiency 50.6 (5.9) 52.1(6.0) 0.044
Role ambiguity 54.1 (5.5) 54.6 (6.1) 0.599
Role boundary 52.6 (5.6) 52.9 (5.6) 0.642
Responsibility 54.5 (6.8) 54.4 (6.3) 1.0
Physical environment 54.1 (9.5) 53.0 (8.0) 0.154
Personal Strain Questionnaire
Vocational strain 57.0(10.0) 58.6 (10.0) 0.21
Psychological strain 56.1(11.2) 56.2 (11.4) 0.669
Interpersonal strain 55.5(10.7) 54.1(8.7) 0.677
Physical strain 52.0(8.0) 52.3(8.4) 0.656
Personal Resources Questionnaire
Recreation 52.3(9.0) 50.7 (7.7) 0.14
Self-care 44.2 (5.9) 45.7 (6.8) 0.086
Social support 49.0(7.9) 47.8 (8.4) 0.123
Rational/cognitive coping 37.3(13.4) 38.1(12.6) 0.797
Raven APM* | 11.3(1.2) 11.5(0.8) 0.129
Raven APM || 29.9 (5.5) 30.2 (6.3) 0.2

* Paired Wilcoxon'’s test
T T-score
# APM  Advanced Progressive Matrices

remained stable after the on-call duties (11.3 [1.2] versus
11.5[0.8], P=0.129 for set I; 29.9 [5.5] versus 30.2 [6.3],
P=0.2 for set Il) [Table 2].

Comparison of changesin test parameters between
first- and second-call residents

With a comparable level of sleep deprivation, the two
groups of residents had no significant differences with
regard to the changes of APM scores, and most of the
scales of the OSI-R. The only exceptions were the role
insufficiency (+3.43 [1.72] versus +0.50 [3.20]; P=0.026)
and the interpersonal strain scales (+3.14 [2.91] versus
-3.64 [6.21]; P=0.005) [Table 3].

Correlations between total duration of work and
changesin test parameters

The total number of working hours on the on-call day
(without sleep) was negatively correlated with the role
overload scale (r= —0.6675, P=0.0009) and all four scales
of the Personal Strain Questionnaire (vocational strain,
r=-0.4918, P=0.023; psychological strain, r=—-0.4828,
P=0.026; interpersonal strain, r=-0.4391, P=0.046; physical
strain, r= —-0.5107, P=0.018). There were no correlations
between the total number of working hours and changesin
results of either set of the APM (Table 4).

Discussion

Previous studies that assess the functioning of physicians
have not adequately addressed the higher levels of func-
tioning, such as clear thinking and problem identification.
Physicians with little sleep may be able to react quickly
and to perform tasks previously mastered, but may have
difficulties making key decisions and solving complex
problems often presented in clinical practice.” In addition,
studies investigating the effects of sleep deprivation on the

psychological and functional performance of on-call medical
staff have shown conflicting results.”1*18 Differences in
participants' specialties, definitions of sleep deprivation,
psychological tests used, timing of tests, and different shift
patterns may explain this variability.1*2

This study aimed at assessing how sleep deprivation
aflects aresident’s ahility to perform hisor her job. Clinical
performance is very difficult to measure, especially when
there is no standard means of doing it.}*** The APM test
assesses eductive mental activity, which is the higher-level
functioning that a clinician requiresin clinical practice.!®
Timed testing penalises those who work more slowly and
carefully; untimed testing tends to yield more useful results
in terms of intellectual capacity.* Occupational stress has
been defined as job characteristics that pose a threat to the
individual, and occupational strain as a deviation from a
normal response that an individual would experiencein a
given situation.*® Furthermore, coping skills*?? are critical
in the definition of occupational stress and are included in
the occupational stress inventory development.®®

In this study, we have prospectively studied the effects
of acute sleep deprivation on the level of stress and cogni-
tive functioning of medical residents using two tests. To
maximise the effects of acute sleep deprivation, repeated
tests were performed towards the end of the on-call period.
We considered the amount of time required to take the ser-
ies of tests (70-90 minutes) to be sufficient to evaluate
parameters, such as sustained concentration,*?* which has
been regarded by Asken and Raham? to be vulnerable to
sleep deprivation. The standard error of measurement (SEM)
of atest isbased on atest’sreliability and SD, both of which
vary with the population tested.** Although it can be
expected that the APM is atest with relatively high dis-
criminative power and reliability, with an SD of 8.8 and a
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Table 3. Comparison of score changes (from pre- to post-call) in test parameters between first- and second-call residents

First call, n=7 Second call, n=14 P value*
Mean (SD) Mean (SD)

Occupational Stress Inventory—Revised'
Occupational Role Questionnaire
Role overload +1.14 (2.67) +1.00 (6.35) 0.4
Role insufficiency +3.43 (1.72) +0.50 (3.20) 0.026
Role ambiguity +0.71 (2.79) +0.43 (3.34) 0.881
Role boundary +1.43 (5.35) -0.21 (4.63) 0.653
Responsibility -3.14 (4.88) +1.36 (3.69) 0.059
Physical environment -3.14 (2.54) -0.14 (5.13) 0.187
Personal Strain Questionnaire
Vocational strain +17.1 (2.69) +1.50 (6.26) 0.85
Psychological strain +2.00 (2.71) -0.86 (5.64) 0.078
Interpersonal strain +3.14 (2.91) -3.64 (6.21) 0.005
Physical strain +0.57 (2.51) +0.21 (3.81) 0.625
Personal Resources Questionnaire
Recreation -4.00 (4.90) -0.50 (3.03) 0.09
Self-care +0.57 (3.31) +1.86 (3.74) 0.366
Social support -3.14(3.18) -0.35(3.71) 0.124
Rational/cognitive coping +1.43 (5.62) +0.43 (7.21) 0.82
Raven APM?* | +0.29 (0.95) +0.21 (0.58) 0.92
Raven APM I +0.43 (3.95) +0.36 (1.86) 0.341

* Mann-Whitney U test
T T-score
* APM  Advanced Progressive Matrices

commonly reported reliability of 0.9, the SEM of the APM
set 11 according to British standardisation isabout 2.5. Hence,
about one in three of a random sample of people who are
retested would get a score that differs from their first score
by morethan 2.5.* If the tests are repeated, the overall set 11
scores would increase by an average of 3 points.** Thus, we
retested the residents after an interval of 8.9[SD, 2.3] days,
trying to diminish any impact of practice effect on retesting.
We admit that there is no evidence to show that we
completely eliminated such an effect in the study.

Compared with the data from the 1992 British Stand-
ardisation and the 1993 Standardisation in Des Moines,
lowa,* residents’ baseline scoresin our study correspond to
the 90th percentile in both contexts for sets| and Il. The
average results of the residents compare favourably with
those of Zhang's series of adultsin the People’s Republic of
China and college undergraduates from other countries.™

It might be expected that high scores on occupational
stress and personal strain scales (Occupational Role Ques-
tionnaire and Personal Strain Questionnaire) are not
surprising given the nature of medical residents’ work. The
average profile from the baseline study did not present the
picture of agroup under considerable burden of responsi-
bility and undesirable physical work conditions. None of
the Occupational Role Questionnaire and Personal Strain
Questionnaire scales exceeded the normal range (40-59
T-score).®® It is also true that the levels of the group’s
coping resources (Personal Resources Questionnaire scales)
were generally adequate (40-59 T-score). The rational/
cognitive coping scale had a mean T-score of 37.3 and thus
suggested mild deficits in these skills.®> With reference to
the nature of doctors work, it is not surprising that doctors
might not be able to put their jobs completely out of mind
after aday’swork. Such adeficiency in cognitive skillsmight
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Table 4. Correlations between total duration of work and
changes in test parameters from pre- to post-call

Correlation P value*
coefficient
Occupational Stress Inventory—Revised
Occupational Role Questionnaire
Role overload -0.6675 0.0009
Role insufficiency -0.2236 0.308
Role ambiguity -0.3686 0.1
Role boundary -0.3043 0.18
Responsibility 0.3573 0.112
Physical environment 0.1587 0.492
Personal Strain Questionnaire
Vocational strain -0.4918 0.023
Psychological strain -0.4828 0.026
Interpersonal strain -0.4391 0.046
Physical strain -0.5107 0.018
Personal Resources Questionnaire
Recreation 0.2285 0.319
Self-care 0.1209 0.602
Social support -0.0492 0.832
Rational/cognitive coping 0.1182 0.61
Raven APM' | -0.0341 0.883
Raven APM | -0.0535 0.818

* Spearman’s rank correlation
T APM  Advanced Progressive Matrices

alsoindicate that residents had not set and followed priorities,
or re-examined and re-organised their work schedule
optimally.

Whereas the total duration of work correlated with
changes in some scales of the OSI-R (role overload scale
and scales in the Personal Strain Questionnaire—Table 4),
the performance in both the APM set 11 and OSI-R did not
change significantly with acute sleep loss among residents
who had slept 2.9 hours only during 29.3 [SD, 3.8] hours of
on-call duties. This observation echoesthe findings of Bartle
et a,® who had also used the APM, and is reassuring in that
cognitive function is an integral part of aphysician’sjob.



There are possible explanations for our apparently
negative results. VValidation studies have shown that theAPM
test can predict about 10% of the variance in performance
within awide range of occupations, including professionals.**
However, we understand the limited discriminative power
of psychological tests.** In fact, the real-life performance
of people with marginally different scores would be
indistinguishable, and there could be enormous variation
between performances of people with the same score. Thus,
it is possible that the tests used were not sufficiently sensi-
tive to discriminate between rested and sleep-deprived
residents.

Another possibility isthat residents may perform aswell
in acute sleep-deprived condition as they do when well
rested. Webb and Agnew? have shown that adaptation to
reduced sleep is possible. Moderate fatigue could be
associated with a state of high, rather than low, arousal,?”
and the tests used in this study may have stimulated an
arousal state.

Previous studies of sleep loss in residents have shown
that the severity of neurobehavioural impairment may be
similar in both short-term sleep loss (recent 24-hour
complete deep loss) and chronic partial sleep restriction (<6
hours of deep per night for at least 1 week).™ One study found
that performance testing of vigilance (responsiveness to
simple repeated tasks) and serial mathematical calculations
were equally affected by 24 hours of total sleep lossand 1
week of sleep restriction to 5 hours of sleep per night. %
Because we did not include an assessment of sleep both
before the study or in between the pre- and post-call tests,
there is no way that we could have excluded the possibility
that the residents studied were indeed chronically deprived

of sleep.

Yet another possible explanation for the findings is
that the level of sleep deprivation in this study (<3 hours of
sleep in a29.3-hour period) was not severe enough to in-
duce changesin performance. However, although sleep was
possible during on-call duty, it would have been frag-
mented. A longer duration of acute sleep deprivation might
have produced different results.

Other variables that may affect performance after sleep
loss include intake of caffeine or other stimulants, physical
exertion,®3*2 ambient temperature,® body temperature,* and
recent food intake.® Thus, studies evaluating the effects of
sleep loss on neurobehavioural performance should ideally
be carefully controlled for such factors.

Although the results of this study suggest that acute
moderate sleep deprivation may not adversely affect
residents’ performance, Wilkinson et al*® asked British house
officers in a survey: “Do you think your hours of
duty are so long as to impair your ability to work with
adequate efficiency?’ Of the 2452 respondents, about 3%

Acute sleep deprivation of medical residents

answered “always”, 34% answered “often”, 48%
answered “occasionally”, 12% answered “rarely”, and 3%
answered “never”.

The baseline data from the OSI-R test showed that the
residents were working under anormal dose of occupational
stress and psychological strain. At the same time, they had
an average level of coping resources. These results, and the
fact that there was no significant deterioration with acute
dleep deprivation, are encouraging. The relationship between
loss of sleep, long hours of work, and psychological stress
isacomplex one. Night-shift work resulting in loss of sleep
certainly produces stress reactions. But the anxiety result-
ing from the stress could lead to insomnia. To some extent,
the relationship between these variables depends on the
experience and personality of the individual doctor.®”

We expected and found no correlations between changes
in the two sets of test parameters when they were used to
assess different areas of functioning. In terms of changesin
test parameters in the first- and second-call residents, the
two groups tended to behave similarly. After the on-call
work, there was no significant change in the role insuffi-
ciency score for the second-call residents, but there was an
increase of 3.43 among those on first call. Similarly, there
wasadiscrepancy in the changes of interpersonal strain score
of the two groups (Table 3). Thus, the feeling of a poor fit
between their skills and the job they were performing, and
the level of interpersonal strain might have been affected by
aresident’s experience.

Conclusion

Thisisasmall study that attempted to answer a complex
question with a simple experimental design. It cannot,
however, definitively answer the critical questions
regarding the relationship between work hours, sleep
deprivation, and work performance. With thisin mind, we
have used areasonable “real-life” design with standardised
tests that measure cognitive performance and stress. The
results of this study did not support the hypothesis that
acute sleep deprivation negatively affects a medical
resident’s performance in the domains of eductive ability
and psychological stress and strain. We understand that
circadian timing of the testing, practice effects, differences
in accumulated sleep debt, and previous training
experiences would have been potential confoundersin the
study. Further evaluation should be undertaken to
determine the effects of sleep deprivation on more subtle
levels of performance, especially those specifically related
to residency duties.
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