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Abstract

Restorative sleep is an important component of quality of life. Disturbances in sleep after burn
injury were reported but all based on uncontrolled or nonstandardized data. The occurrence and
the effect of long-term sleep problems in young adult burn survivors have not been well defined.
This 5-year (2003-2008) prospective multicenter longitudinal study included adults with burn
injuries ages 19 to 30 years who completed the Young Adult Burn Outcome Questionnaire
(YABOQ) up to 36 months after injury. The items measured 15 patient-reported outcomes
including physical, psychological, and social statuses and symptoms such as itch and pain. Scores
of these 15 YABOQ outcome domains were standardized to a mean of 50 and a SD of 10 based
on an age-matched nonburned reference group of young adults. Sleep quality was assessed using
the item "How satisfied are you now with your sleep," rated by a 5-point Likert scale. Patients
responding with very and somewhat dissatisfied were classified as having sleep dissatisfaction and
the remaining as less or not dissatisfied. The associations between sleep dissatisfaction (yes/no)
and YABOQ outcome domains were analyzed longitudinally using mixed-effect generalized linear
models, adjusted for %TBSA burned, age, gender, and race. Generalized estimating equations
were used to take into account correlated error resulting from repeated surveys on each patient
over time. One hundred and fifty-two burn survivors participated in the YABOQ survey at
baseline and during the follow-up who had at least one survey with a response to the sleep item.
Among them, sleep dissatisfaction was twice as prevalent (76/152, 50%) when compared with the
nonburned reference group (29/112, 26%). The likelihood of a burn survivor being dissatisfied
with sleep was reduced over time after the burn injury. Sleep dissatisfaction following burns

was significantly associated, in a dose-dependent manner, with increasing burn size (P=.001).
Better sleep was associated with better outcomes in all domains (P < .05) except Fine Motor
Function, and this association was significantly more apparent in the longer term compared with
the shorter term with the same domains (P < .05). Dissatisfaction with sleep is highly prevalent
following burn injuries in young adults. Lower satisfaction with sleep is associated with poorer
scores in nearly all quality of life measures. Satisfaction with sleep should be addressed during
the long-term clinical follow-up of young adults with burn injuries. Further research should be
undertaken to understand the components of sleep quality that are important to burn survivors and
which ones might be modified and tested in future intervention studies.

Restorative sleep is an important component of quality of life, particularly for young adults.
Sleep deprivation in young adults can affect well being, performance and even public safety,
and impair executive function.23 In college students, lower performance in health-related
physical fitness assessments is associated with poor sleep quality and decreased total sleep
time.# In young adults, sleep is also important for psychosocial function.® Sleep restriction
also can alter the body’s response to stress by promoting an inflammatory response
including alterations in interleukin-6, tumor necrosis factor-a, and peak cortisol secretion.2:6
Conversely, improving sleep is associated with decreased inflammation.3
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Sleep disturbance is almost universal in patients of every age group with medical and
surgical problems in acute care settings. Severe symptoms of sleep deprivation occur in the
burn intensive care unit.”:8 One week after discharge from their acute burn hospitalization,
73% adults studied reported a problem with sleep including frequent nighttime awakenings
(87%), napping during the daytime (65%), sleeping alone (64%), experiencing pain during
the night (62%), and difficulties with sleep onset (62%).° Lawrence reported 40% of adults
experienced continued sleep disturbance 2 months post discharge.1? Masoodi et all! studied
alterations in sleep architecture in 818 adults after burn injury at 1 year when compared with
600 nonburned adults using the Pittsburgh Sleep Quality Index Questionnaire and showed
that 61% of burn survivors had poor sleep compared with 39% of a nonburned population.
Sleep problems included difficulty falling asleep attributed to abnormal positions from
contractures and pain, nightmares, sleep interrupted by frequent awakening, and difficulty
breathing. These studies suggest that sleep disturbance is not only subsequent to an acute
illness but, in the case of burns, continues long after acute recovery. In a retrospective study
of burned children with acute stress disorder, 60% of subjects suffered from nightmares
and 56% had difficulty falling asleep.12 In a prospective study, nightmares and/or difficulty
falling asleep were reported by nearly all of the 25 participants.1® In young patients burned
as children, Mayes et al4 found dramatic reductions in rapid eye movement sleep, slow
wave sleep, and poorer sleep efficiency compared with nonburned controls, persisting for
years after the burn. This has been attributed in part to symptoms related to posttraumatic
stress disorder (PTSD) over the long term in childhood extending to young adulthood.
Actigraphy has also shown dramatic reductions in overall total sleep time in teenage burn
survivors, averaging 10.5 years post injury, and these data suggested an average total sleep
time of only 5.25 hours.1®

These studies in children and adults after burns suggest that poor sleep is a long-term
problem. There are no controlled data on the occurrence and persistence of sleep disturbance
in young adult burn survivors and the relationship of sleep with important domains

of patient-centered outcomes. In this study, we use the Young Adult Burn Outcome
Questionnaire (YABOQ) databasel6 to study self-reported sleep problems in burn injury.
We explore the effect of sleep disruption on the multidimensional recovery of young adult
burn survivors and compare this with an age-matched cohort without burn injuries. The
hypothesis of this work is that young adult burn survivors experience greater dissatisfaction
with sleep than their age-matched nonburned peers; that this problem permeates areas
outside of their surgical and medical care settings and extends to the home, workplace,

and affects other social aspects of their functioning. Furthermore, we hypothesize that
sleep problems can persist for years after the injury. Following the course of recovery in
young adult burn survivors with rich cohort data will pave the way to understanding the
important points in the course of recovery where future clinical and social interventions can
be implemented during the recovery process to impact on problems with sleep.
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The YABOQ Database

Assessment

Association

This 5-year (2003-2008) prospective multicenter study included 152 adults with burn
injuries ages 19 to 30 years who completed the Young Adult Burn Outcome Questionnaire
(YABOQ) from 0 to 36 months after traumatic burn injuries. Inclusion criteria for the burn
group were all English speaking patients with burns that occurred on or after their 17th
birthday. Burn subjects were approached in outpatient burn clinics after informed consent
had been obtained. Questionnaires were administered on enrollment6 and repeated at 2
weeks, 6, 12, 24, and 36 months. Medical records were reviewed for clinical information.
Subjects in the reference group were recruited from the community at each of the five
study sites distributed across the country (California, Maryland, Massachusetts, Nebraska,
and North Carolina). The YABOQ measured 15 domains including: pain, itch, fine

motor function, physical function, social function limited by physical function, perceived
appearance, social function limited by appearance, sexual function, emotion (persistent
anger and sadness), family function, family concern, satisfaction with symptom relief,
satisfaction with role, work reintegration, and religion (religion as source of strength and
comfort, spiritually oriented, and feeling closeness to a supreme being). Domain scores were
standardized to a mean of 50 and a SD of 10 based on an age-matched reference group
without burn injuries. Higher scores denote better health, or a return toward or above the
age-matched norm-based score for each domain.

The original study protocol was approved by each site’s institutional review board.
Permission to review the deidentified YABOQ dataset was approved by the hospital
institutional review board.

of Sleep Dysfunction

Sleep quality was assessed using the YABOQ item, “How satisfied are you now with your
sleep,” rated by a 5-point Likert scale. This item is part of the original “satisfaction with
symptom relief” domain of the YABOQ. Patients responding with “very” and “somewhat
dissatisfied” were classified as those dissatisfied with sleep and the remaining as less or not
dissatisfied. The original dataset also asked whether there were sleep problems before the
burn injury, with a response of “yes” or “no.”

of Sleep Satisfaction with Demographic Characteristics and YABOQ Domains

Patients’ demographic and clinical characteristics and preexisting comorbidities before the
burn injury were compared between subjects with sleep dissatisfaction and those without.
Pvalues for statistical comparisons were derived from the #test of two means, the x 2 test
or Fisher’s exact test of two proportions, whichever was appropriate. Prevalence rates using
ratio and percentage of burn survivors who were dissatisfied with sleep were calculated for
survivors with TBSA burned less than 20% (small burn) and those greater than or equal to
20% (large burn) by months since burn.

The associations between postburn sleep dissatisfaction (yes/no) and 14/15 YABOQ
domains were analyzed longitudinally using mixed-effect generalized linear models
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(GENMOD) assuming a binomial distribution. Furthermore, the generalized estimating
equation technique was used to take into account correlated error resulting from repeated
surveys on each patient over time. The models were adjusted for % TBSA burned, age,
gender, and race. The GENMOD results were presented as odds ratio (OR) of sleep
dissatisfaction for each 1 SD (ie, 10 points) improvement in the YABOQ domain score.
These ORs were tabulated at 6 and 36 months since burn injuries with 95% confidence
intervals and Pvalues. A significantly lower value of OR below 1 is an indication of positive
association between satisfaction with sleep and the YABOQ domain scores. The domain
“satisfaction with symptom relief” was not analyzed because the sleep item is part of this
particular domain. Furthermore, detailed recovery patterns over time in the OR of sleep
dissatisfaction were reported graphically.

One hundred and fifty-two burn survivors participated in the YABOQ surveys. Among them,
76 (50%) subjects showed sleep dissatisfaction at least once during the study period. It was
almost twice of that reported by the age-matched, nonburned reference population (29/112,
26%). For the burn survivors who reported sleep dissatisfaction, the mean age at burn injury
for these patients was 23.6 + 3.5 years; mean TBSA burned was 12.5 + 16%; 57 (75%) were
male; 48 (64%) were white, 9 (12%) black, 7 (9%) Hispanic, and 11 (15%) others (Table 1).
These compared with the rest of the burn survivor group who never reported dissatisfaction
with sleep (N = 76; 50%): the mean age at burn injury, 24.8 + 3.4 years; mean TBSA,

9.7 £ 11.4%; 54 (71%) male; 45 (60%) white, 9 (12%) black, 8 (11%) Hispanic, and 13
(17%) others. No significant differences resulted in these parameters other than age at burn
(P=.04), indicating that the survivors who had sleep dissatisfaction were slightly younger.
Medical conditions before burn were compared between those burn survivors with postburn
dissatisfaction with sleep and those without (Table 2). Again, no significant differences were
found except for epilepsy (P = .04). There was no significant association between those
survivors who reported sleep problems before the injury and those with sleep dissatisfaction
after the injury (P=.77).

The Effect of Burn Size on Sleep Dissatisfaction

The occurrence of sleep dissatisfaction was associated with increasing burn size (Table 3).
During the baseline (0-6 months since burn injury), a total of 56 of 172 (33%) survey
records showed sleep dissatisfaction, 32% of those with less than 20% TBSA and 43% of
those with greater than or equal to 20% TBSA (P =.30; Table 3). During the next 6 months,
however, the percent dissatisfaction with sleep showed significant disparity between these
two TBSA groups: 9% vs 57% (£ < .0001) for TBSA less than 20% vs greater than or equal
to 20%, respectively. The disparity persisted after 12 months since burn injury in which 10%
of surveys indicated sleep dissatisfaction among burn survivors with TBSA less than 20%,
much lower than 38% of surveys among those with TBSA greater than or equal to 20% (P=
.0148).
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Associations Between Sleep Dissatisfaction and YABOQ Burn Outcome Domains at
Baseline and Up to 6 Months After Burn Injury

Sleep dissatisfaction was associated with all YABOQ burn outcome domains except “fine
motor function” during the first 6-month baseline period. More specifically, a score
improvement in the associated domain resulted in a decreased odds for sleep dissatisfaction.
For example, for the pain domain, a 1 SD better score yielded an OR of 0.59 (95%
confidence limits, 0.48-0.72; £<.0001) of sleep dissatisfaction, representing a reduction of
0.41 (=1-0.59) in the odds of risk of sleep dissatisfaction (Table 4). It should be noted that
1 SD better score is equivalent to 10 points better in the standardized score as described in
the Methods section. The OR of sleep dissatisfaction when the domain score is better by 1
SD varied from 0.49 (0.40-0.60, satisfaction with role) to 0.87 (0.82-0.93, social function
limited by physical function) for all domains, with P value ranged from less than .05 to less
than .0001, except fine motor function.

Examining the Changes in Sleep Dissatisfaction After Burns Over Time

Table 4 displays the OR of sleep dissatisfaction if a domain score is better by 1 SD at the
end of the study period: 36 months since the burn injury. As an example using the pain
domain, the OR at the baseline was 0.59, which decreased to 0.49 (95% confidence limits,
0.38-0.63) at 36-month follow-up, a reduction of 0.1 in the OR (P < .01). The amount of
OR reduction from 6 to 36 months post burn varied, ranging from 0.08 (P < .05, social
function limited by physical function) to 0.15 (£ < .001, family concern), excluding fine
motor function. This indicates that the affect of improvement in sleep, related to better
scores in each YABOQ domain was significantly more apparent in the longer term compared
with the shorter term with the same domains (P < .05). Detailed recovery patterns over time
in the OR of sleep dissatisfaction were reported graphically for 0.5, 1, 1.5, and 2 SDs better
for a domain score (Figure 1). For example, the OR recovery curves for pain domain showed
that a better domain score by 0.5, 1, 1.5, or 2 SDs was associated with the change in the OR
of sleep dissatisfaction from 0.77 to 0.70, 0.59 to 0.49, 0.45 to 0.34, or 0.35 to 0.24 over the
36-month period, respectively.

DISCUSSION

Sleep dissatisfaction in young adults after burn injuries occurred in half of the population

36 months post injury, and this was twice that in the nonburned, age-matched reference
group. The prevalence of a burn survivor being dissatisfied with sleep was reduced over
time from when the burn injury occurred. Sleep dissatisfaction after burns was associated,

in a dose-dependent manner, with increasing burn size. Better sleep was associated with
better outcomes in all domains except fine motor function. Specifically, while controlling
for demographics including age, sex, race, and burn size, significant associations were found
between dissatisfaction with sleep and the domains of pain, itch, physical function, social
function limited by physical function, perceived appearance, social function limited by
appearance, sexual function, emotion (persistent anger and sadness), family function, family
concern, satisfaction with role, work reintegration, and religion, indicating the pervasive
nature of this symptom on a range of quality of life domains in young adult burn survivors.
Improvements in domain scores were associated with improvement in sleep dissatisfaction,
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and this association became stronger with time. It is not possible to know from this work
whether the sleep dissatisfaction was because of dysfunction occurring within a particular
domain (such as increased pain, itch, or poor family function) or whether it was the poor
sleep that made these functional domains worse. It is possible, perhaps likely, that these
associations are bidirectional. It is also possible that multiple domains affect sleep at the
same time, for example, pain, itch, and emotion. This is the first controlled study to show
the multidimensional effect of sleep dissatisfaction over time from burn injury. Given the
prevalence of sleep problems and the interaction with multiple other functional domains,
sleep quality should be assessed as part of routine longitudinal care after burn injury.

Increasing burn size is known to have a profound negative effect on long-term
multidimensional recovery from burn injuries in young adults.1” In this study, sleep
disturbance was associated with multidimensional effects after accounting for the effects
of burn size. Masoodi et al'! also found that burn size was a significant risk factor for poor
sleep in adults at 1 year from acute hospital discharge as measured by the Pittsburg Sleep
Quality Index. Further analysis of the Pittsburg Sleep Quality Index questionnaire results
revealed that one of the most troublesome aspects of patients’ sleep was the inability to get
to sleep because of abnormal positions due to contractures. Increasing burn size is associated
with increasing odds of developing a major joint contracture.18 Although burn size itself

is not a parameter that can be changed once the accident has happened, it is possible that
reconstructive surgery addressing problematic contractures contributing to abnormal sleep
positioning or severe neck contractures associated with sleep apneal® could improve sleep
quality.

Dissatisfaction with sleep was associated with worse scores in the domain of physical
function. The presence of contractures makes physical activity more difficult and lack of
physical activity can make resting difficult at night. In fact, vigorous exercise has been
shown to be important in young adults and has mental health benefits beyond moderate
physical activity. It is associated with less stress, pain, insomnia, and depression. Young
adults who exercise vigorously reported fewer mental health problems if exposed to high
stress.20 Again, the association of physical activity with sleep quality is likely bidirectional,
and the fate of the symptoms of sleep and lack of physical activity are intermingled.

Increasing odds of sleep dissatisfaction was associated with pain and itch. There is some
evidence in the literature that the association of sleep and pain are bidirectional 2! In

a study on chronic pain and sleep, a bad pain day did not disrupt a night’s sleep, but

once there was a poor night’s sleep, the pain was more difficult to treat the next day.22
Attention to sleep hygiene, timing of pain medications, and possibly medications supporting
sleep would be an important component of the care plan, particularly, in regards to pain
management. Neuropathic-like pain symptoms and itch in burn survivors?3-25 are often
evident at nighttime, where light touch, change in temperature, and absence of distractions
might trigger the symptom, making it difficult to fall off to sleep. Use of pressure garments
to decrease the exposure to light touch and changes in temperature might help reduce

pain and improve sleep. Novel treatments, such as transcranial brain stimulation, laser
treatment of scars,2” or the development of new medications for treating neuropathic-like
pain and itch, if successful, should help promote better sleep. Given the difficulties in
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treating some burn patients for chronic pain and itch, treating sleep might be an important
avenue to provide at least some symptomatic relief. In patients with chronic pain, better
sleep promotes increased physical activity, which might assist in the ability of the patient’s
to cope with the challenges facing burn survivors.

Poor sleep is strongly associated with depressive symptoms,28 yet the long-term association
might not be bidirectional.2® Surely, nightmares and other symptoms of disruptive sleep
accompany acute stress disorder and PTSD after burn injuries.30-32 One recent study of the
Station Nightclub Fire showed that the incidence of PTSD was the same in people who
escaped the fire without burn injury as those who sustained burns in the fire33 indicating
that PTSD might be related to the circumstances of the accident and not just the burn. This
is important to realize because even in survivors with smaller injuries, symptoms of PTSD
can occur. In this study, the emotion or mental health domain generally refers to anger

and sadness, and these were associated with sleep dissatisfaction in burn survivors. If these
symptoms occur along with nightmares or other signs of PTSD, it is recommended that
psychiatric evaluation be performed.34

Increased sleep dissatisfaction was associated with lower scores in all of the remaining
domains, including social function limited by physical function, perceived appearance,
social function limited by appearance, sexual function, family function, family concern,
satisfaction with role, work reintegration, and religion. In many of these domains, there is
evidence of sleep associations in other scenarios. For instance, there are visual cues of sleep
deprivation on facial appearance that may carry social consequences, making the subject
appear sadder than in those with normal sleep.3® In another example, impaired libido and
insomnia are common symptoms of PTSD in general 36 Medications for depression can
also interfere with libido. Improvement in sleep has been associated with improved erectile
dysfunction in patients with sleep apnea who begin treatment with continuous positive
airway pressure.3” Decreased family function and increased family concern were also
associated with the subject’s increasing dissatisfaction with sleep. There is little information
on the needs of families supporting a burn survivor through recovery, but a recent conceptual
analysis found that the family members experienced emotional containment and vicarious
suffering as a result of the family member’s injury.38 One could assume that poor sleep
would be a recognizable symptom by families that could cause concern by the family
members. For the domain work reintegration, cognitive changes associated with lack of
sleep could be impairing relationships with coworkers.3? Further investigation is needed

in the accommodations required for return to work after burn injury. Interestingly, higher
scores in religion were associated with less sleep dissatisfaction than those with lower
religiousity scores. The associations of religiosity and spirituality with quality of life and
sleep have been recently studied, albeit in a very different situation. In Muslim women

with breast cancer, increased religiosity measured by the spiritual well-being scale and

the religious activities scale was associated with less sleep latency and less use of sleep
medications.#C It is possible that higher religion scores, or a more open spiritual nature,
provide an additional coping mechanism for the challenges faced by burn survivors. Much
like the “higher power” aspect of the Alcoholics Anonymous 12-step program, or the
spiritual focus of activities such as meditation and yoga, it can possibly attenuate some of
the overwhelming aspects of those challenges burn survivors face.
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Some caveats require discussion. A limitation of this study is that the assessment of sleep
is based on a single item, “Due to the burn injury, how satisfied are you with your

sleep?” Use of a single item introduces some error related to precision of the metric.
However, given the sample size, this error was reduced somewhat. Second, potential causes
and type of sleep problems experienced could not be elucidated. Nevertheless, the results
demonstrated a large percentage of the subjects had dissatisfaction with their sleep. Third,
sleep dissatisfaction was self-reported. Nevertheless, sleep quality is inherently subjective,
and the results indicate a consistent and important relationship between sleep problems
and a range of patient-centered YABOQ outcomes. These results also strongly suggest that
future work can focus on patient-centered quality of life related to sleep problems in a burn
survivor population.

Sleep problems are prevalent in young adults after burn injury, and these sleep effects
are associated with many aspects of quality of life important to recovery from burns

and community reintegration. Sleep should be addressed in clinical visits in young adults
after burns and interventions should be tested to optimize sleep quality in long-term burn
survivors.
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Figure 1.

Recovery curves for the odds ratio (OR) of sleep dissatisfaction over time by changes
in Young Adult Burn Outcome Questionnaire (YABOQ) domain scores. The impact of
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improvements in domain scores by 0.5, 1, 1.5, or 2 SD on the OR of sleep dissatisfaction

is depicted. These curves show that the risk of sleep dissatisfaction decreases over time
from burn, that improvements in all domain scores are associated with decreased risk of
sleep dissatisfaction except fine motor function, and that the association of improvement in
domain score with decreased risk of sleep dissatisfaction becomes more apparent with time.
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Medical Conditions of Young Adult Burn Patients Before Burn Injury (N = 152)

Less or No Sleep  Had Sleep

Problem Problems

(N =76), (N =76),
Medical Condition N (%) N (%) P
Asthma 9(11.8) 13 (17.1)
Attention deficit hyperactivity disorder (ADHD) 9 (11.8) 9 (11.8)
Chronic allergies or sinus trouble 5(6.6) 10 (13.2)
Diabetes 5 (6.6) 10 (13.2)
Epilepsy (seizure disorder) 3(3.9 10(13.2) .04
Hearing problem 2(2.6) 3(3.9)
Heart problem 9(11.8) 9 (11.8)
Learning problem 6(7.9) 5 (6.6)
Sleep problem 7(9.2) 6(7.9)
Speech problems 5 (6.6) 6 (7.9)
Vision problems 4 (5.3) 5 (6.6)
Depression 5(6.6) 11 (14.5)
Drug problem 2(2.6) 7(9.2)
Alcohol problem 2(2.6) 4 (5.3)
Smoking habit 6(7.9) 4(5.3)
Pregnancy (female only) 339 1(1.3)
Anemia 1(1.3) 3(3.9)
High blood pressure 4(5.3) 6(7.9)
Stomach problems (ulcer) 2(2.6) 4 (5.3)
Liver problems 3(3.9 7(9.2)
Kidney problems 20 (26.3) 16 (21.1)
Other medical problem 9(11.8) 7(9.2)

Pvalues were derived from XZ or Fisher’s exact test of two proportions, whichever was appropriate. All medical conditions were not significant

with the exception of epilepsy P=.04.
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