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ABSTRACT. Sleep—wake cycles of 27 residents from the 800-bed Rambam hospital, which
serves the northern part of Israel, were investigated by wrist-womn actigraphs. Fifteen subjects
{aged 30.6£4.6) worked in wards with a “heavy” workload, and 12 (aged 35+2.6) in wards with
a “light” load. There were significant differences among the residents in sleep duration,
Residents working in the emergency room had the shortest sleep periods, and those working in
“light™ wards had the longest. There was no significant increase in sleep duration the day after
the night “on call.” Sleep duration was significantly negatively correlated with the number of
new admissions, and with the subjective daily assessment of work load. It is concluded that
residents working in wards with a heavy load suffer from chronic partial sleep deprivation,
which should be taken inlo consideration in residents’ work regulation.
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Recent years have seen a growing awareness and con-
cern regarding physicians’ long working hours. Physi-
cians’ work schedules have been sharply criticized be-
cause of inadequate consideration of sleep and rest
periods (1-5). In 1987, the New York grand jury in-
vestigating the Libby Zion death case placed part of
the blame on the exhaustion of a resident who had
been on call for 18 hours (6). This highly publicized
case led {0 a new legislation that has been adopted in
several states. It established limited hours for residents
working in the Emergency Ward as well as in other
loaded wards, to no more than 12 and 24 consecutive
hours, respectively (3,4).

In addition, the professional literature has often cit-
ed prolonged working hours and the consequent accu-
mulated sleep loss as the main reasons for deteriora-
tion in mood (7-11) and decreased performance (10—
16). However, previous data on performance measures
have been inconsistent. Although many studies using
cognitive tasks have convincingly shown deterioration
of residents’ performance afier a night ‘on call’ {10~
16), others have shown no change (8,9,17-20). One of
the main reasons for these inconsistencies is the lack
of an operational definition regarding the meaning of
“sleep loss.” All of the above-mentioned studies were
based on subjective reports of sleep duration. To date,
only a single study (21) has objectively documented
sleep loss in six hospital house-officers during night-
calf duty.

In spite of growing public interest and increased
concern in the professional literature, there is still very
little information on how much residents actually suf-
fer from sleep deprivation, and how this interacts with
workload in terms of new admissions, patients cared
for, etc. Recently, Sadeh et al. {22) showed that ambu-
latory measurements of body motility by miniature
wrist actigraphs provide an objective, reliable, and
valid assessment of sleep guantity. It has also proved
to be a tool for valid clinical assessment in children
and adult patient groups with a variety of sleep disor-
ders (23,24).

This study was undertaken to investigate slecp-
wake cycles in hospital residents by actigraphic
means, and to determine if sleep duration interacls
with workload.

MATERIALS AND METHODS

Twenty-seven residents from the 800-bed Rambam
hospital, which serves the northern part of Israel, par-
ticipated. Informed consent was obtained from all resi-
dents following a full explanation of our procedure.
Most of them had up to 3 years experience in night
shifts. All volunteered to participate after permission

Address for comespondence: Dr. P. Lavie, Sleep Labora-
tory, Gutwirth Building, Technion~Israel Institute of Tech-
nology, 32000 Haifa, Israel
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was obtatned from the director of the hospital and the
chairmen of the respective wards. Two groups of resi-
dents were recrutled, from wards with “heavy”™ and
“light” workloads, These will be referred 1o as groups
HWL and LWL. The distinction between them was
based on the number of hospitalized patients, the num-
ber of new admissions, the number of patients cared
for, and the number discharged {per day).

Group HWL comprised 15 residents (3 women
and 12 men, mean age 30.6+4.6 years, range 29-38 y)
who worked in Internal Medicine and General Sur-
gery wards; most of them worked night shifis in the
Emergency Room (ER) as well.

Group LWL comprised 12 residents (3 women and
9 men, mean age 35%2.6 years, range 30-39 y) who
worked in the following wards: oncology, dermatolo-
gy, ophthalmology, neurology, urology, otolaryngolo-
gy, and radiclogy.

Actigraphic Recordings

Sleep-wake cycles were monitored for at Jeast 9 con-
secutive days by a wrist-worn actigraph (AMI Lid,,
Ardsley, NY, USA), attached to the nondominant
hand. The actigraph conststs of a sensitive piezoelec-
iric accelerometer whose lower limit of sensitivity is
about (.1 g. Movements are sampled at a constant rate
of 10 Hz, and any supratireshold movement is regis-
tered in the actigraph’s 16 k memory. The number of
registrations was accumutated in 1 min bins continu-
ously. Actigraphic data were analyzed by an algorithm
developed previously in our laboratory (22). The fol-
lowing three variables were automatically derived for
each resident for every major bedtime: a) sleep dura-
tion — the length of sleep period as determined by the
automatic algorithm; b) time of sleep onset, and ¢)
sieep efficiency — the percentage of minutes defined
as sleep out of total bedtime.

In addition, the residents kept a diary of their daily
schedule and activities. Each day they registered sleep
hours, the time they removed the actigraph (for bath-
ing, swimming, etc.), and the type of working day
(Normal day — a 24 h period that did not include or
precede a might shift; Shift — a 24 h period that in-
cluded on-call night duty; After shift — a 24 h period
following a night shift).

Work Load Variables

We measured three workload variables: a) the number
of hospitalized patients; b} the number of new admis-
sions, and ¢) the number of patients cared for and dis-
charged. These variables were divided by the number
of residents on duty to account for the different num-
ber of residents in the different wards. In addition, at
the end of each working period, residents were asked
to rate their on-call workload on a 10-point scale. This
ranged from “very light” to “very heavy.”

Statistical Data
All variables were averaged for each resident by day
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type. Residents from group HWL were divided into
two subgroups: those who worked shifts in wards, and
those who worked in the ER. We used one-way analy-
sis of variance (ANOVA) with Duncan’s post hoc 1ests,
to compare these variables between and within groups
according to day type. Correlation between sleep dura-
tion and the workload variables was made by Pearson
correlation coefficients. Stepwise regression analysis
was used to determine the most important predictors
of work load scores.

EFFECTS OF WORKLOAD ON RESIDENTS' SLEEP DURATION

RESULTS

Residents had at least two on-cali nights per week,
Analysis of sleep durations revealed large differences
between groups HWL and LWL, particularly during
nightshifts. Fig. 1 presents a representative week of
acligraphic data of two residents from each group.
Fig. 1a clearly shows a considerable decrease in the
amount of sleep during night shifts in a resident from
the HWL group, while Fig. 1b shows an almost
unchanged sleep-wake cycle in a resident from the
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Fig. 1. One representative week of acligraphic data:

A) resident from the HWL group. B) resident from the LWL group. 8 = Night shift;
SE = night shift in the Emergency Room; D = day without night shift. Black peaks
represent the activity period.
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Fig, 2. Sleep-wake cycles shown by percentages of residents’ sleep epochs during a
24-h period for each day type. ~— heavy workload, ......, light workload

LWL group. Fig. 2 summarizes the percentages of
residents’ sleep epochs based on 24 h actigraphic
recordings for each day type. During night shifis,
although both groups had a single episode of sleep,
HWL residents retired to sleep 2 h later than LWL
residents (02:40+1:30 vs. 00:30+1:25: P <(.0001),
and almost 3 h later than their usual bedtime
[(00:00+1:25, P <0.0001). During the day after night
shifts, both groups retired to sleep at approximately
the same time (23:30+1:30). However, some of the
residents from the HWL group also took a nap during
the afternoon (15:50+1). Napping was unrelated to
sleep duration during the night and occurred only in
50% of the residents.

Table 1 summarizes the means (+ SD) of the acti-
graphically derived sleep durations for the two groups.
During night shifts both groups slept less than usual.
The decrease was significant, however only for group
HWL. In addition, the amount of sleep during night
shifts in HWL. wards was significantly shorter than
‘that in LWL wards (4:49+1:34 vs. 6:03+1:07 h
P<0.0005). The shortest duration of sleep was found
in ER residents who slept only 3:06+1 h. No signifi-
cant increase in total amount of sleep was found dur-
ing the 24 h after a night shift. However, albeit not
significantly so, residents in the ER subgroup had
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higher total amount of sleep than usual during the 24 h
after a night shift (8:49+1:43 h). It is notable that al-
though residents slept less during night shifis, sleep
efficiency remained unchanged (90%) for both
Zroups.

As expected (Table 2), overall the workload in the
HWL wards was significantly higher than in the LWL
wards. They had more hospitalized patients (31+11
vs. 1626; P <0.0001), and their subjective workload
*score’ was higher (6.3+2.5 vs, 5.342.3; P <0.02). The
mean number of new admissions per resident in the
ER was significantly higher than in either HWL or
LWL wards: 18+10 vs. 3+3 and 1+0.6 (P <0.0001).
The ER residents also had the highest subjective
workload ‘score’ (7.6+2.2).

Significant correlations -between sleep duration
and workload variables were found only for the night
shifts (Table 3). The workload variable with the
highest (negative) correlation with sleep duration was
the number of new admissions per docior (—0.48,
P<0.009). Subjective workload score and the number
of hospitalized patients were less significantly
correlated (-0.38, P <0.03 and 036, P <0.05,
respectively),

Stepwise regression analysis was used to deter-
mine which was the most important variable that pre-
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EFFECTS OF WORKLOAD ON RESIDENTS® SLEEP DURATION

Table 1. Comparison of sleep duration (hour:min) during different types of days between groups

Normal Night After Significant
day (D) shift (S) shift (A) difference
Heavy workload
Night sleep duration T:11£2:08 (15) 4:49+1:34 (12) T:4112:48 (9) NS
Total sleep duration T:42%1:59 (15) 5:00£1:48 (12) T7:4910:56 (9) S«<D,A®
Emergency room
Night sleep duration 3:06£1:00 (8) 7:15%1:05 (7} S<Ar
Total sleep duration 3:1741:09 (8) 8:49+1:36 (7) S<Ab
Light workioad
Night sleep duration 7:061:15 (11) 6:0311:07 (12) 6:37+1:29 (11} NS
Total sleep duration 7:24£1:26 (11) 6:3441:23 (12) 7:01£1:32 (11) NS

2 P<0.002; ®P <0.0001

Table 2. Comparison of number of new patients per doctor and workload scores between groups during

night shifts
No. of No. of new Subjective workload
observations patients per doctor score
HWL
ward 11 313 (6-1) 63425 (9.1-3.0)
ER 3 18:£10 (45-10) 7.612.2 (10.0-4.0)
LWL
ward 12 110.6 (4-0) 53423 (9.0-1.5)
Significant P <0.0001 NS
differences ER>>HWIL, LWL

HWL = heavy workload; LWL = light workload; ER = émcrgency rocm.

Table 3. Pearsonian correlation coefficients between sleep
duration and workload variables during night shifts

Workload variables - N r P
No. of new

admissions per doctor 29 0,48 P <0.005
Subjective workload

score a1 -0.38 P <003
No. of

hospitalized patients 20 -0.36 P <0.05

dicted subjective workload during nights on call. Only
the number of new admissions entered the predicting
equation, accounting for 24.1% of the variance (P
<0.006). Adding sleep duration to the model had a
minimal effect (R* = 30%).

DISCUSSION
Our results showed that during night shifts, residents
from loaded wards slept significantly less than usual,

especially when on duty in the emergency room. The
amount of recovery sleep during the day after night
shifts was higher than usual, though not significantly
s0. Therefore, there appeared to be no complete
compensation for the amount of sleep lost during
night shifts, Consequently, having two to three on-call
nights per week resulted in a chronic partial sleep loss.
Although residents in HWL are somewhat younger
than those in LWL (mean age 30.6 vs. 35.2 yr), this 5
year difference is too small to have any effect on sleep
duration. It is known that age is a risk factor for
coping with shiftwork, and this increases after the age
of 50 (25).

Previously, litle has been documented on the
sleep-wake cycles of residents: Most smidies have
relied on subjective reports. The only study where
sleep of house officers was documented objectively
was reported by Akerstedt et al. (21). They showed a
significant decrease in total sleep during night shift (4
hour/sleep)-of six house officers, However, contrary
to our results, in that study most of the sleep lost was
recovered within the subsequent 24 h. These incongru-
ent results may be explained by different work ron-
tines and workload in Israel and Sweden, as well as by
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the small number of participants in the Swedish study.
Other reports based on subjective evaluation of sleep
duration revealed variable amounts of decreases in
?leezp during night shift (sleep durations of 1.8-5.0 h)
7-20). .

Although we did not aim to study the influence of
sleep deprivation on residents’ mood and performance,
such deterioration in mood and performance has been
documented previously. However, these studies
mostly examined the influence of acute sleep
deprivation, while the influence of chronic sleep foss
is less known. Studies of other groups of volunteers,
particularly in the military, showed that chronic sleep
loss caused deterioration in mood, increased hostility
and aggression, and a tendency toward depression,
These changes may be accompanied by a decrease in
performance depending on the type of the specific
task (for an extensive review see Johnson, ref. 26).

Although it is difficult to generalize these observa-
tions to the hospital environment, there is evidence
that sleep duration may be the most important variable
determining subjective assessment of workload in res-
idents (27). Pediatric residents who reported short
sleep periods also perceived their workload as heavier,
and were also perceived by others to work much hard-
er. In contrast to the present results, in that study sleep
duration was the most important variable predicting
subjective workload. But the number of admissions in
that study was considerably lower than in the HWL
group in our study (only two per shift). In our study,
the mean number of new admissions in the ER was
ninefold higher (18+10). Thus, the lack of sleep in the
pediatric wards possibly reflected individual differ-
ences in work style rather than new admissions, which
also influence the perception of others regarding the
resident’s workload.

Recently, legislative action has been taken, and
changes have been made in residents’ training pro-
grams. The fact that residents sleeping approximately
2-3 h per night are required to continue their daily ac-
tivities as if they had had a normal sleep raises the
question of patients’ safety and well-being. More stud-
ies are needed to determine what the accumulated f-
fects of partial chronic sleep loss on residents’ perfor-
mance are, and how they interact with workload. It
seems imperative, however, that residents working in
emergency rooms, who sleep very little during their
night duty, will be prohibited to continue working the
following day without first having an appropriate rest
period. Such a change in residents’ working condi-
tions should not wait for a repetition of the tragic case
of Libby Zion before being implemented.

This study was carried out in partial fuifillment of
requirements towards the M.D degree of Nave Tov, and
supported by a grant from The Committee for Research and
Prevention in Occupational Safety and Health.
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