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Abstract

Sleep disturbances are frequently reported in victims following burn injuries. This prospective study was designed to assess sleep quality
and to examine its daily relationship to pain intensity within the first week of hospitalization. Twenty-eight non-ventilated patients were
interviewed during 5 consecutive mornings (number of observations = 140) to collect information about perceived quality of sleep (visual
analogue scale, number of hours, number of awakenings, presence of nightmares). Pain intensity was assessed at rest (nighttime, morning,
during the day) and following therapeutic procedures using a 0—10 numeric scale. Seventy-five percent of patients reported sleep disturbances
at some point during the study although, in most patients, sleep quality was not consistently poor. Pooled cross-section regression analyses
showed significant temporal relationships between quality of sleep and pain intensity such that a night of poor sleep was followed by a
significantly more painful day. Pain during the day was not found to be a significant predictor of poor sleep on the following night. These
results support previous findings that perceived quality of sleep following burn injury is poor. Moreover, they show a daily relationship
between quality of sleep and acute burn pain in which poor sleep is linked to higher pain intensity during the day. © 2001 International

Association for the Study of Pain. Published by Elsevier Science B.V. All rights reserved.
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1. Introduction

Hospitalized patients often complain of sleep distur-
bances (Jones et al., 1979; Lauri et al., 1997). These may
be caused by a variety of exogenous factors such as envir-
onmental noise, bright lighting and repetitive staff interven-
tions, or endogenous factors such as delirium, post-
traumatic stress symptoms, depression, general anxiety,
stress, inability to lie comfortably and pain (Miller et al.,
1976; Rosenberg et al., 1994; see Phillips and Cousins,
1986; Wooten, 1994 for reviews).

Although the functions of sleep still remain unknown, it is
widely thought to be a necessary restorative and energy
conservation process (Zepelin and Rechtschaffen, 1974;
Adam and Oswald, 1983; Berger and Phillips, 1995). There-
fore, poor sleep can have serious detrimental effects on
health and recovery from illness. Sleep deprivation can
lead to sleepiness, increased fatigue, negative mood and
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periods of misperception and disorientation (Johnson,
1969; Bonnet, 1994; Totterdell et al., 1994). It can also
produce a decrease in the secretion of growth hormone
(Takahashi et al., 1968; Sassin et al., 1969) which promotes
anabolic activity, regulates body growth and stimulates
tissue restoration (Adam and Oswald, 1977). Poor sleep
may also be a contributing factor in lowering pain threshold,
thereby altering pain perception (Cooperman et al., 1934;
Ross, 1965; Johnson, 1969; Bonnet, 1994; Lentz et al.,
1999).

Most research investigating relationships between sleep
and pain has focused on either chronic pain patients
(Pilowsky et al., 1985; Atkinson et al., 1988; Mahowald et
al., 1989; Moldofsky 1993; Affleck et al., 1996; Drewes et
al., 1998; Morin et al., 1998; Smith et al., 2000) or healthy
volunteers exposed to experimental pain stimulation
(Drewes et al., 1997; Lavigne et al., 2000). Whether pain
and poor sleep are causally linked remains unknown
(Lavigne et al., 2001). Nevertheless, taken together, such
studies support the notion of an intimate relationship
between chronic pain and poor sleep where pain may lead
to sleep difficulties which, in turn, may exacerbate pain. To
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our knowledge, no study has investigated these relationships
in acute pain situations in hospitalized patients.

Patients hospitalized for burn injuries experience severe
pain on a daily basis. Pain is not only associated with the
burn injury itself, but also with daily therapeutic procedures
such as dressing changes, debridement and physiotherapy.
Although sleep disturbances have often been observed in
hospitalized burn patients (Miller et al., 1976; Blumenfield
and Reddish, 1987; Courtemanche and Robinow, 1989;
Silva et al., 1991; Helm, 1992; Ehde et al., 1999), very
few studies have investigated the frequency and duration
of these problems. There have been reports that burn
patients are sleep deprived (Dotson et al., 1986) and have
persistent sleep disturbances such as insomnia, frightening
dreams and nightmares (Kravitz et al., 1993; Lawrence et
al,, 1998). Only one study (Gottschlich et al., 1994)
measured sleep objectively with polysomnography in burn
patients noting a decrease of rapid eye movement sleep and
an almost total absence of slow-wave sleep. However, this
study was limited to a small sample (n = 11) of children
who were mechanically ventilated.

In light of the above findings, we suspect that a large
proportion of patients who are hospitalized for burn injuries
suffer from sleep difficulties, that these disturbances can
lead to increased pain intensity, and that increased pain
intensity, in turn, can affect sleep quality. The goal of the
present study was thus to measure interrelationships
between sleep quality and pain intensity among a sample
of adult burn patients during the first week following admis-
sion to hospital.

2. Methods
2.1. Subjects

Adult patients were recruited among successive admis-
sions to the burn centers of the Hotel-Dieu du Centre hospi-
talier de 1I’Université de Montréal (CHUM) and the Centre
hospitalier affilié universitaire de Québec (CHA)- Pavillon
St-Sacrement, between 1998 and 1999. Patients were
selected for participation in this study if they were admitted
within 72 h of their burn injuries, expected to be hospita-
lized for at least 7 days, conscious, alert, and capable of
answering questionnaires in French. Because of age-related
changes in sleep architecture, participants over 50 years old
were excluded. Patients requiring assisted mechanical venti-
lation or suffering from a diagnosed active neurological,
substance abuse and/or psychiatric disorders (i.e. depres-
sion, chronic insomnia) were excluded.

Forty patients fitting the selection criteria were
approached. Of these, 33 consented to participate. Five
patients were subsequently dropped because of intubation
(n = 1), amputation (n = 1), delirium related to alcohol
withdrawal (n = 2), and voluntary withdrawal from the

study (n = 1), leaving a total sample size of 28 patients
who completed the study.

2.2. Procedure

The protocol was approved by the Ethics Committee of
both institutions. Patients were approached within 96 h of
their injuries by the first investigator (I.R.) or one of the
trained research assistants to explain the procedures of the
study. Patients signed the consent form and were then admi-
nistered the Sleep Questionnaire for Adults to identify pre-
existing sleep disturbances.

During the 5 following days, structured interviews were
conducted every morning between 05:00 and 07:30 just
after the patient woke up. These were to collect information
on sleep during the preceding night, dream content (data not
reported here) and pain levels. Interviews lasted 10—15 min
and were taped on microcassette. Whether the patient stayed
in a private or semi-private room each night was also noted.
During the day, the treating nurse assessed pain levels at rest
every 4 h with a 0-10 intensity scale routinely employed on
the burn unit. In addition, the first investigator or the
research assistant met with the patient within 30 min follow-
ing a dressing change or other painful therapeutic proce-
dures to assess average pain level with the same
numerical pain scale.

2.3. Measures

2.3.1. Pre-existing sleep problems

Pre-existing sleep disturbances were assessed with the
Sleep Questionnaire for Adults (SQA; VitalAire Health-
care/Santé and Canadian Sleep Society, document FR BR
29, 1998). This 22-item self-report questionnaire,
constructed by an expert committee of the Canadian Sleep
Society, identifies symptoms of insomnia and several para-
somnias.

2.3.2. Quality of sleep

Subjective ratings of sleep quality were obtained with
four measures. (1) The patients were asked to rate how
they had slept the previous night using a visual analogue
scale (VAS) (Scott and Huskisson, 1976; McDowell and
Newell, 1996) consisting of a 10-cm horizontal line where
the leftmost extreme corresponded to ‘slept very poorly’ and
the rightmost to ‘slept very well’. Also, patients estimated
(2) the total number of hours slept, (3) the number of
awakenings during the night and (4) the presence or absence
of nightmares. Although subjective ratings of sleep quality
are not as reliable as objective polysomnographic (PSG)
measures, it has been reported that patients’ estimates of
sleep parameters shift in the same direction as objective
measures (Lewis, 1969; Baekeland and Hoy, 1971) and
that sleep quality VAS scores parallel changes detected
with PSG recordings (Terzano and Parrino, 1992; Terzano
etal., 1997). Moreover, facial burns prevent the use of elec-
trodes for PSG recordings in most burn patients.
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2.3.3. Pain

Pain intensity was measured with a 0—10 numeric scale
where O represented ‘no pain at all’ and 10 ‘unbearable
pain’. Numerical rating scales are sensitive, reliable and
simple to apply (Jensen et al., 1986; Guyatt et al., 1987,
Jensen and Karoly 1992; Cleeland and Ryan 1994).

2.4. Medication and other medical information

Analgesic medication was administered to the patients
according to a standardized protocol in both burn centers.
Every patient was provided with two prescriptions, one for
pain at rest (background pain) and one for pain during ther-
apeutic procedures such as dressing changes (procedural
pain). The first prescription consisted of a continuous intra-
venous (i.v.) infusion or oral sustained-release formulation
of morphine along with rescue doses given as needed.
Procedural pain was controlled with i.v. bolus of morphine
or oral short-acting morphine. Pain intensity, measured
every 4 h at rest and after each painful therapeutic procedure
was charted in patients’ medical files and used to adjust their
analgesic medication. Anxiolytic medication consisted of
lorazepam or oxazepam and was administered as needed
during the day, at bedtime and/or during the night.

A research nurse reviewed all patients’ medical charts to
record information about analgesic and anxiolytic medica-
tions administered on data collection days (type, dose,
route). The analgesic medication data were transformed
into morphine equivalent doses using an oral/parenteral
ratio of 2:1 (American Pain Society, 1999). Information
about burn type and severity (expressed in percent of total
body surface area) was also extracted from medical charts.

2.5. Data analysis

Patients’ characteristics, medication data and sleep and
pain measures were analyzed with descriptive statistics.
Data obtained as continuous variables are presented as
mean * SD. Pooled cross-section regression analyses (Diel-
man, 1989) were conducted with the Econometrics compu-
ter program to examine interrelationships between sleep
quality and pain intensity in a temporal sequence across
the 5 days. This statistical method is based on ordinary
least-squares regression while removing autocorrelations
unique to each cross section (i.e. subjects). This adjustment
allows each within-subjects observation to be treated as an
independent assessment, thereby generating a much larger
sample and increasing statistical power.

3. Results
3.1. Patient characteristics
Twenty-four men and four women aged between 17 and

50 years (34.8 = 10.0) completed the study. Burn size
varied from 3.5 to 64%, with an average TBSA of

15.5% = 13.5 and average length of hospitalization of
16.6 = 9.7 days (range 5—40). Burns were all due to thermal
injuries except for three that were caused by electrical
(n = 2) and chemical (n = 1) agents.

3.2. Sleep quality

On average, data collection began 39.9 h (£21.2) follow-
ing the burn injury. Thirty-six percent of the patients
reported pre-existing insomnia symptoms on the SQA.
None reported any prior medical condition that was likely
to influence sleep reports. Eight patients slept in a private
room for the duration of the study, 11 in a semi-private room
whereas the others slept in both types of room. Patients
reported sleeping an average of 6 h per night (*2.1), with
frequent awakenings (4.3 = 4.7). Thirty-nine percent of
patients reported at least one nightmare during the study
period. Scores on the sleep quality VAS ranged from 0 to
10 (5.4 = 2.6). For descriptive purposes, the VAS ratings
were recorded in the following three categories: poor sleep
(0-4), average sleep (4.1-6) and good sleep (6.1-10).
Frequencies for these categories are shown in Fig. 1. It
can be seen that most patients (93%) experienced at least
one night of good sleep and 75% experienced at least one
night of poor sleep during the 5 days of the study.

Sleep quality VAS scores, hours of sleep and number of
awakenings were all significantly (P < 0.01), though
moderately, correlated in the expected directions, that is,
patients reporting better sleep on the VAS also tended to
report more hours of sleep and fewer awakenings (see Table
1). The average number of nightmares was significantly
correlated only with the number of awakenings.

3.3. Pain intensity

Fig. 2 shows the mean pain levels reported by patients at
different times of the day during the 5 study days. When
these scores were averaged across the study period and
submitted to analysis of variance (one-way with repeated
measures) and post hoc mean comparisons (Tukey HSD
test), the pain levels during therapeutic procedures
(4.2 =2.0) as well as during the night (3.9 = 2.6) were
found to be significantly higher than those reported at rest
(2.5 = 1.3; P =0.0002 and P = 0.0006, respectively) and
upon awakening (2.8 = 1.7; P = 0.0007 and P = 0.0091,
respectively); (F = 12.077; P < 0.0001).

3.4. Medication

Morphine was administered to all patients except one
who was also given fentanyl due to uncontrollable side
effects of morphine. The fentanyl doses were transformed
into morphine equivalents (100 pg of fentanyl = 10 mg of
morphine) (American Pain Society, 1999). In all cases,
analgesic medication was administered by i.v. route.
Seven patients were switched from i.v. to the oral route
during the study period. Across the 5 days of the study,
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Fig. 1. Percentage of patients reporting good and poor sleep across the 5 days of the study. Open bar, poor sleep; hatched bar, good sleep.

patients received an average of 58.3 * 36.4 mg of morphine
per day for controlling pain at rest and during therapeutic
procedures. When the amount of morphine given for proce-
dural pain was excluded from the calculation, a slight but
statistically significant difference was found between the
quantities of morphine given at rest during the day and at
night ( = 3.4; P < 0.001). The mean dose given per hour
was slightly higher during the day (2.5 £ 1.8 mg/h) than at
night (2.0 = 1.5 mg/h). Approximately two-thirds of the
patients were given anxiolytic medication (0.5-2.0 mg of
lorazepam or 15-30 mg of oxazepam) at some point during
the study period (5% only during the day, 32% only at
bedtime or during the night, 63% at both times).

3.5. Interrelationships between pain and sleep

Two sets of pooled cross-section analysis were carried
out to examine the interrelationships between sleep and
pain. The first set was aimed at predicting sleep quality.
Separate analyses were conducted for three sleep variables,
i.e. sleep quality VAS, estimated hours of sleep and number
of awakenings. Independent variables were: pain intensity
during the night and during the previous day (at rest and
during therapeutic procedures), morphine dosage (in mg)
and benzodiazepine administration (yes/no) at night and
during the previous day, and whether or not the patient
slept in a private room. Age, burn severity (TBSA) and
prior sleep disturbances were also included in the model.
Results of the regression analysis and partial correlations are
summarized in Table 2. Not all patients completed all rating

Table 1
Pearson correlations between sleep variables®

scales at each time of observation therefore sample size
varied between 100 and 140 observations depending on
the variable. Bonferroni adjustments were applied to the
primary outcome of the regression analyses to control
alpha inflation. Throughout the first set of analyses, P <
0.017 was used as the threshold for statistical significance.
High pain levels at night showed the strongest association
with poor sleep quality. Furthermore, patients who received
higher doses of morphine during the night tended to report
better sleep. None of the variables assessing pain intensity
earlier in the day predicted sleep quality.

Table 3 shows the results of the second set of analyses
aimed at predicting pain intensity. Independent variables
entered into the model were the sleep variables measured
during the night: sleep quality VAS, hours of sleep, number
of awakenings, and report of nightmares (yes/no), along
with the other predictors included in the previous analysis.
Separate regression analyses were conducted for pain during
the night, and pain upon awakening, at rest and during ther-
apeutic procedures measured on the following day. Again,
Bonferroni adjustments were applied to the primary
outcome and throughout this second set, P < 0.0125 was
used as the threshold for statistical significance.

Reports of prior sleep disturbances showed the strongest
association with higher levels of pain during the night, upon
awakening, and during therapeutic procedures. High pain
scores at night and during the day were predicted by either
low scores on the sleep VAS, more awakenings or by the
absence of nightmares. Patients who reported more pain
during the night received more morphine and those who

Sleep quality VAS

No. of hours

No. of awakenings Nightmares

Sleep quality VAS - -

No. of hours 0.607* -
No. of awakenings —0.266* —0.324*
Nightmares —0.109 —0.058

0.301* -

* VAS, visual analogue scale. *P < 0.01.
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Fig. 2. Mean pain levels across the 5 days of the study. A, pain at rest; @, pain upon awakening; W, pain during procedures; X, pain during the night.

reported more pain at rest and during therapeutic procedures
received benzodiazepines more often during the day.

4. Discussion

This study is the first to demonstrate interrelationships
between pain and sleep in patients hospitalized for burn
injuries. Sleep disturbances were observed in about 75%
of the patient sample, confirming earlier observations with
hospitalized patients (Dlin et al., 1971; Johns et al., 1974;
Orr and Stahl, 1977; Broughton and Baron, 1976; Jones et
al., 1979; Kavey and Altshuler, 1979; Aurell and Elmqvist,
1985; Lauri et al., 1997). However, in most patients, sleep
quality was not consistently poor. Almost all patients
reported at least one good night of sleep and close to 50%
reported as many as three good nights across the 5-day
duration of the study. The diminished sleep quality that
was observed did not appear to be related to pre-existing
sleep disturbances (e.g. insomnia symptoms). All patients,

Table 2

with or without a history of sleep problems, reported poor
sleep at one time or another during the first week of hospi-
talization.

Results from the regression analyses revealed that night-
time pain was a selective determinant of poor sleep. The
intensity of pain reported during the night predicted poor
sleep on all measures whereas daytime pain intensities at
rest and during therapeutic procedures did not. Daytime
pain in chronic pain patients (e.g. fibromyalgia) has been
reported to affect sleep on the following night (Affleck et al.,
1996). Therefore, it is possible that for hospitalized burn
patients the effects of daytime pain on sleep may not
become evident until several days or weeks have elapsed.
Nevertheless, our finding of a selective effect of nighttime
pain on sleep indicates that reduction of pain during the
night may promote better sleep, as patients who received
more analgesic medication did also report better sleep. Even
if opioids have been shown to have a negative effect on
sleep (Kay et al.,, 1969; Moote et al., 1989), this effect
was a baseline condition for all patients as they all received

Results of pooled cross-section regression analyses, with sleep quality measures as dependent variables®

Sleep quality VAS (+* = 0.34)*

No. of hours (% = 0.24)*

No. of awakenings = 027)*

Partial r pP= Partial r pP= Partial r pP=
Pain during the night —0.43 0.000001 —0.18 0.051 0.47 0.00000
Pain at rest” NS NS NS
Pain during procedures® NS NS NS
Morphine dosage: nighttime 0.24 0.009 0.36 0.00004 NS
Morphine dosage: daytime” NS —0.18 0.045 NS
Benzodiazepines: nighttime 0.19 0.034 NS NS
Benzodiazepines: daytime” NS NS NS
Type of room NS NS NS
Age NS NS NS
Burn severity NS NS NS
Prior sleep disturbances NS NS NS

2= percent of explained variance, *P = 0.017. NS, not significant.
® Variables measured on the preceding day.
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Table 3

Results of pooled cross-section regression analyses, with pain intensity measures as dependent variables®

Pain during the night Pain upon awakening Pain at rest Pain during procedures

(2 = 0.48)* (1 = 0.46)* (? = 0.38)* (? = 0.58)*

Partial r P= Partial r P= Partial r P= Partial r P=
Sleep quality VAS® -0.22 0.0176 —0.25 0.00569 NS —0.26 0.011
No. of hours® NS NS NS NS
No. of awakenings® 0.31 0.000562 0.22 0.0159 0.28 0.003 NS
Nightmares® —0.21 0.023 NS NS —0.33 0.001
Morphine dosage: nighttime” 0.30 0.00078 0.19 0.0349 NS NS
Morphine dosage: daytime NS NS 0.21 0.032 0.22 0.035
Benzodiazepines: nighttime” NS NS NS NS
Benzodiazepines: daytime NS NS 0.24 0.012 0.34 0.0007
Type of room” NS —0.26 0.000034 NS NS
Age NS NS 0.19 0.052 NS
Burn severity NS NS NS NS
Prior sleep disturbances 0.52 0.00000 0.37 0.0040 NS 0.56 0.00000

a2 = percent of explained variance, *P = 0.0125.

® Variables measured on the preceding night.

analgesics on a continuous basis, and so poor sleep was
probably induced by factors other than analgesic medica-
tion.

As expected in burn patients (Perry et al., 1981; Choi-
nicre, 1994), pain intensity ratings were significantly higher
for procedural pain than they were for background pain
during the day. However, patients reported higher levels
of background pain during the night than during the day.
It is unlikely that this difference was due to the fact that
patients received slightly less morphine during the night.
Although significant, the difference was small (0.5 mg/h).
Rather, the difference may be due to circadian variations in
pain perception since pain intensity is known to fluctuate
with circadian phase in other pain syndromes (see Labrec-
que et al., 1997 for review). Another possible explanation is
that pain perception may be enhanced by certain exogenous
factors only present during the night, e.g. being alone in the
dark, less nursing activity in the room. Regardless of the
explanation, the present results suggest that extra care be
taken to reduce patients’ pain during the night, if sleep
quality is to be improved.

The present findings also reveal that poor sleep quality
was a potent predictor of all aspects of pain in hospitalized
burn patients. Poor sleep during the night (low score on the
sleep quality VAS, frequent awakenings) was associated
with higher pain intensities on the following day. This
may indicate that treating sleep disturbances as an adjunct
symptom may help to lessen patient suffering during hospi-
talization. Such treatment may involve simple strategies to
improve sleep hygiene (e.g. less noise, fewer awakenings by
staff) and better control of pain at night as described in the
previous section.

Patients’ self-reports of pre-existing sleep disturbances
were found to be strong predictors of higher pain intensities
on some measures (during the night and during therapeutic
procedures). This relationship may reflect a chronic effect of

non-restorative sleep on pain sensitivity and may indicate
that non-restorative sleep has an immediate, as well as a
chronic, influence on pain perception. It is also possible
that the observed relationship between pre-existing sleep
problems and pain may simply reflect a general tendency
of some patients to complain more or to exaggerate symp-
toms, whether they be pain- or sleep-related in origin.
Measures of hypochondriacal personality attributes may
be needed to exclude this possibility in future studies.

An unexpected finding was that nightmare occurrence
was predictive of lower pain intensities. There is no ready
explanation for this finding, although some possibilities may
be proposed. Since nightmares usually arise from long unin-
terrupted episodes of rapid eye movement (REM) sleep
(Hartmann, 1984), it may be that their occurrence is an
indirect result of REM sleep rebound reflecting better
sleep, REM sleep consolidation, or perhaps sleep consolida-
tion more generally. If subjects are sleeping well enough to
experience lengthy nightmares, then perhaps they are draw-
ing benefits from more restorative sleep. Another possibility
is that nightmares serve some short-term adaptational func-
tion that affects pain perception. Dreaming in general has
been proposed to serve a desensitization function (Perlis and
Nielsen, 1993); nightmares may be viewed as an intensified
form of such desensitization that may alter pain perception.

In summary, our results indicate that: (1) patients hospi-
talized for burn injuries suffer from sleep disturbances; (2)
poorly controlled pain can worsen sleep quality; and (3)
sleep disturbances can exacerbate pain during the first
week of hospitalization. Although no causal relationships
can be drawn from this study, the findings clearly indicate
the need for judicious balance in the control of both pain and
sleep to alleviate the pain-sleep disruption cycle. Certainly,
all measures possible should be taken to improve sleep
hygiene and promote sleep which, in turn, may reduce
pain intensity the following day. In a complementary fash-
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ion, greater attention to the alleviation of pain at night may
directly improve sleep quality.
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