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Study Objectives: The purpose of this study was to determine sleep quality and presence of sleep disorders in participants with spinal cord injury (SCI).
Methods: A web-based survey, available online from February 2011 to July 2013, using validated sleep questionnaires, advertised via the internet and locally
through SCI consumer organizations in the United States, Australia, New Zealand, and Canada, was designed to evaluate sleep in adults with self-reported
SCI. Demographic characteristics and medical history were obtained from participant self-report.

Results: In our study population, 70% of the 304 participants were male with a mean age of 45 + 13 years. The mean duration of injury was 16 + 12 years.
Cervical injuries were reported by 49% and thoracic injuries noted in 40% of participants. Increased sleep apnea risk was noted in 31% of participants, with
66% reporting snoring. Insomnia symptoms were reported by 54% of the respondents. Almost 40% of participants ranked their sleep quality as “fairly bad”

to “very bad” in the previous month, 29% reported “often” or “almost always” waking up because of pain, and 22% had difficulty falling asleep because of

leg cramps. In the past year, 27% of the respondents reported daily uncomfortable leg sensations and 28% found these leg symptoms to be “moderately to

extremely distressing.”

Conclusions: This study increases the awareness that insomnia, sleep apnea, and poor sleep quality are common in individuals with chronic SCI; often
coexisting. There is a need for increased screening for sleep problems by healthcare providers taking care of individuals living with SCI.
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BRIEF SUMMARY

Current Knowledge/Study Rationale: Spinal cord injury (SCI) is universally recognized as a catastrophic disability affecting every aspect of life.
Sleep disturbances have an important effect on quality of life. The aim of this study was to determine sleep quality, prevalence of excessive daytime
sleepiness, insomnia symptoms, symptoms of restless legs, and sleep apnea risk in participants with SCI.

Study Impact: This study increases awareness that insomnia symptoms, sleep apnea, poor sleep quality, and excessive daytime sleepiness are
common in individuals with chronic SCI and need to be diagnosed and addressed accordingly.

INTRODUCTION

Spinal cord injury (SCI) is universally recognized as a cata-
strophic disability affecting every aspect of life. The preva-
lence of traumatic SCI is estimated at 906 per million patients
with an annual incidence of 40 new patients per million in the
United States.! Disability from SCI imposes significant emo-
tional, personal, economic, and social burdens.>* Most people
with SCI sustain their injuries in their third or fourth decade of
life, and life span after SCI remains foreshortened, depending
on injury level and extent of impairment. Medical comorbidi-
ties including cardiovascular disease (CVD) have emerged as
leading causes of mortality in chronic SCI with a prevalence ex-
ceeding nondisabled individuals, and an accelerated trajectory
in early life.* Prevalence rates of asymptomatic and symptom-
atic CVD in SCI populations range from approximately 25% to
more than 50%. In contrast, among age-matched nondisabled
populations, the prevalence of CVD is typically reported to be
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in the range of 5% to 10%.° In addition to medical complica-
tions, 10% to 60% of individuals with SCI experience comor-
bid cognitive impairments in the areas of processing speed,
attention, memory, and cognitive flexibility.* Cognitive im-
pairments may prolong near-term and chronic adjustment to
disability, and delay learning of new skills. An emerging clini-
cal challenge is the management of these medical, psychologi-
cal, and cognitive long-term sequelae of SCI.

An area that is gaining increased attention in SCI is the ef-
fect of sleep disorders on psychological, cognitive, and car-
diovascular health. People with SCI report higher rates of
self-reported sleep disturbances than the general population,
particularly restless sleep, early morning awakenings, muscle
spasms, daytime sleepiness, and snoring.'”'? In the general
population, sleep disorders and poor sleep quality adversely
affect cardiovascular health, mood, emotional well-being,
cognition, and health-related quality of life.”** In particu-
lar, obstructive sleep apnea (OSA), characterized by periods
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of complete cessation of breathing (apnea) or marked reduc-
tions in airflow (hypopnea), sleep fragmentation, and frequent
oxygen desaturations, is associated with impaired cognition,
depression, greater susceptibility to pain, increased risk of
stroke, hypertension, atrial fibrillation, diabetes, and perhaps
even mortality in the general population.” ' Sleep disorders
in SCI (in particular OSA and insomnia) could serve as an
important risk factor for CVD and cognitive impairment in
a population that already has higher than average prevalence
of both conditions. It is therefore important, as a first step, to
determine the prevalence and symptomatic characteristics of
sleep disorders in this population.

Most studies reported in the literature, to date, report sleep
problems in small clinical samples of SCI. To better understand
the extent of sleep complaints and sleep quality from a stake-
holder perspective, we conducted a web-based survey directed
toward individuals with SCI across several countries. Stake-
holder perceptions of risk and effects may differ from those
individuals tested in clinical settings in both prevalence and
quality, and may identify a need for more diligent surveillance
of sleep disorders. The aim of the survey was to determine
sleep quality, sleep habits, prevalence of excessive daytime
sleepiness (EDS), insomnia symptoms, symptoms of restless
legs, and risk for OSA in participants with SCI. Secondary
aims of the study were to explore the demographic, medical,
and sleep-related characteristics of individuals who report in-
somnia or OSA symptoms.

METHODS

In this cross-sectional study, we designed and implemented a
web-based survey using validated sleep questionnaires and ad-
vertised via the internet through SCI consumer organizations
in the United States, Australia, New Zealand, and Canada as
well as to the local “Miami Project to Cure Paralysis” research
volunteer registry. The survey was available online from Feb-
ruary 2011 to July 2013 and was administered using the Sur-
veyMonkey platform (SurveyMonkey, San Mateo, California,
United States).

To qualify for the study, individuals had to have a spinal
injury and be age 18 years or older (obtained via self-report).
A waiver of signed consent was granted by the University of
Miami Institutional Review Board. All of the elements of in-
formed consent were described on the study information page,
which was displayed on the first page of the survey. Consent
and qualification were inferred by agreement and further par-
ticipation in the survey. Those individuals who did not agree to
the information provided on the study information page elected
to not complete the survey. To prevent multiple survey comple-
tions by the same individual, eligible individuals contacted the
research team to receive a randomly generated passcode for
entry into the secure website. Upon completion of the survey,
the passcode used by an individual to enter the website was
unlinked from his/her answers, thereby preserving anonymity.

To further explore demographic, medical, and sleep charac-
teristics of individuals with SCI, we divided participants into
four groups: insomnia versus no insomnia, and high risk for
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OSA versus low risk for OSA. These two sleep disorders were
chosen a priori because of their known effect on physical, cog-
nitive, and emotional well-being in the general population'*'®
and therefore their potential importance for the functional
well-being of individuals with SCI.

Study Variables

Demographic characteristics and medical history including co-
morbidities, medication use, smoking history, height, weight,
level of injury, and duration of injury were obtained from
participant self-report. Participants completed questionnaires
to determine risk for OSA, insomnia symptoms, sleep habits,
daytime somnolence, and sleep quality.

Questionnaires

The Berlin questionnaire,” a validated questionnaire with
good performance characteristics in the general population,
was used to determine increased risk of OSA. Self-reported
daytime sleepiness was measured using the Epworth Sleepi-
ness Scale (ESS).?° Eight items are rated on a scale of 03, and
total scores range from 024, with higher scores indicating a
greater propensity to fall asleep in different situations. Five
questions were included to determine presence of symptoms
suggestive of restless legs syndrome (RLS). These questions
incorporate the most recent clinical diagnostic criteria estab-
lished by the International RLS Study Group.?!

The Sleep Heart Health Study* Sleep Habits questionnaire
was used to determine insomnia symptoms, sleep habits, and
factors that disturb nocturnal sleep. Additionally, participants
were asked to rate their sleep quality in the prior month on a
four-point scale from very bad to very good.

Data Analysis
We report mean, and standard deviation (SD), and frequency.
Participants were divided into two groups (No insomnia and
Insomnia) with insomnia defined as those participants who
reported “often or almost always” difficulties with sleep on-
set, sleep maintenance, or waking up too early in the morning.
Additionally, demographic, medical, and sleep characteristics
were compared between participants with high risk for OSA
and those with low risk for OSA. Differences in study variables
were compared using the chi-square test statistic, Fisher exact
test, or ¢ test. High risk for OSA was calculated as the propor-
tion of individuals with a Berlin score > 2." EDS was defined
as proportion of participants with ESS score > 10. %

We accepted a two-tailed value of P <.05 as statistically sig-
nificant for all analyses and analyzed data using SPSS for Win-
dows, version 21.0 (SPSS; Chicago, Illinois, United States).

RESULTS

Characteristics of Study Participants

The study sample consisted of 304 participants with SCI,
70% male, with a mean age of 45 = 13 years. The mean body
mass index was 25 + 6 kg/m? (Table 1), 43% were married
at the time of survey completion, 22% were employed full
time, 14% of participants identified themselves as Hispanic,

May 15, 2019



S Shafazand, KD Anderson and MS Nash

Sleep Complaints and Sleep Quality in Spinal Cord Injury

Table 1—Characteristics of study participants.

Characteristic All Participants No Insomnia (n = 112) Insomnia (n = 165)

Age (n =290), years, mean + SD
Sex male (n = 176)
BMI (n = 284), kg/m? mean + SD

Marital status (n = 290)

Married/partner

Other (single, divorced, widow)
Ethnicity Hispanic or Latino (n = 304) *
Race (n =304) *

White

Black
Other

Education (n = 290)

< Grade 8/other

Some high school or diploma

Some college or college degree

Professional degree
Employment (n = 304)

Employed

Unemployed

Other (retired, volunteer, homemaker, student)
Comorbidities (n = 304)

Myocardial infarction

Stroke

Hypertension

Diabetes

Chronic kidney disease

Anxiety and/or depression *

Previous history of malignancy

Lung disease

Current smoker (n = 302)
Duration of injury (n = 298), years, mean + SD

Level of injury
C1-C3
C4-Cé
C7-C8
T1-T6
T7-T12
L1-L5
S1-S5
Other/unknown
Country of residence (n = 304)
United States/Canada
Australia/New Zealand
Other (Latin America, Denmark, Kenya, Bangladesh, UK)

45+13 46 + 14 44 12
123 (70) 50 (77) 62 (67)
25+6 25+6 25+6
131 (43) 54 (48) 77 (47)
173 (57) 58 (52) 88 (53)
42 (14) 25 (22) 16 (10)
215 (71) 74 (66) 135 (82)
18 (6) (7 7(4)
71 (23) 30 (27) 23 (14)
18 (6) 2(2) 2(1)
57 (19) 18 (16) 35 (21)
174 (57) 67 (60) 100 (61)
55 (18) 25 (22) 28 (17)
103 (34) 42 (38) 58 (35)
86 (28) 24 (21) 55 (33)
115 (38) 46 (41) 52 (32)
4(1) 0(0) 3(2)
6(2) 3(3) 2(1)
41 (14) 15 (13) 24 (15)
12 (4) 4 (4) 5(3)
27(9) 11 (10) 12 (7)
77 (25) 18 (16) 54 (33)
15 (5) 8(7) 7(4)
22(7) 303) 16 (10)
34 (11) 8(7) 24 (15)
16 12 1713 15 + 11
15 (5) 5(5) 8(5)
113 (37) 37 (33) 71 (43)
20 (7) 6 (5) 13 (8)
51 (17) 25 (22) 25 (15)
69 (23) 30 (27) 37 (22)
20 (7) 7(6) 17
2(1) 2(2) 0(0)
14 (5) 0(0) 0(0)
276 (91) 104 (93) 151 (93)
21(7) 7(6) 10 (6)
7(2) 1(1) 4(2)

Values are presented as n (%) unless otherwise indicated. Numbers are rounded and may not add to 100%. Not all participants answered all questions,
total n varies as stated in table, Insomnia responses were missing for 27 participants. * = P < .05 for the comparison between No Insomnia and Insomnia

groups. BMI = body mass index, SD = standard deviation.

and 71% as white. The mean duration of injury was 16 + 12
years. Cervical injuries were reported by 49%, thoracic level
injuries noted in 40%, and lumbar injuries reported in 7% of
participants. There were no statistically significant differences
in most demographic characteristics, comorbidities, level of
injury, duration of injury, and country of residence between
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those with and without insomnia symptoms. Race and ethnic-
ity differed between the two groups; whites were more likely
than Blacks to report insomnia symptoms, and Hispanics
were less likely than non-Hispanics to report insomnia. Par-
ticipants with insomnia symptoms were more likely to report
depression and anxiety.
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Table 2—Sleep questionnaires.

Metric All No Insomnia (n = 112) Insomnia (n = 165)
ESS score (n =275), mean + SD * 79+54 6.7+52 86+54
High risk for OSA, n (%) * 94 (31) 30 (27) 64 (39)
Sleep quality in the preceding month (n =279) n (%) *

Very good 14) 39 (35) 4(2)

Fairly good 115 (38) 56 (50) 57 (35)

Fairly bad 29) 16 (14) 71 (43)

Very bad 1) 1(1) 33 (20)
Self-reported sleep duration (n = 277), hours, mean + SD *

Weekdays 6.5+16 7.2 6.0+1.6

Weekends 71+£21 7.7% 6.7 £

Numbers are rounded and may not add to 100%. * = P < .05 for the comparison between No insomnia and Insomnia groups. ESS = Epworth Sleepiness

Scale, OSA = obstructive sleep apnea, SD = standard deviation.

Risk of OSA

Only 13% of all participants reported that they received an
OSA diagnosis from a doctor. However, an increased risk for
OSA, using responses to the Berlin questionnaire, was noted
in 31% of participants. Snoring was reported by 66% of par-
ticipants and self-reported apneas were noted in 4% of par-
ticipants. Compared with those with no insomnia symptoms,
participants with insomnia symptoms were more likely to be at
high risk for OSA (39% versus 27%, P = .04).

Individuals living with SCI who were high risk for OSA,
compared with those with low OSA risk, were more likely to
be male (84% versus 16%, P < .05), report EDS (52% versus
26%, P < .001), and have poor sleep quality (57% versus 36%).
Those with high risk for OSA compared with the low risk for
OSA group had statistically significant higher body mass index
(28 versus 24 kg/m?. P < .001) and were older (49 versus 43
years, P <.001). There was no statistically significant difference
between the two OSA risk groups in duration of and level of
SCI. Only 8% of the study population reported being prescribed
OSA treatment with positive airway pressure (PAP) therapy.

Insomnia Symptomatology and Sleep Duration
Symptoms suggestive of insomnia were reported by 54% of the
respondents. Difficulties with sleep induction were reported by
36%, 39% had problems with sleep maintenance “often” or “al-
most always,” 32% reported waking up too early in the morning,
and 42% thought that their sleep was not restful, “often” or “al-
most always”. Not surprisingly, participants with insomnia symp-
toms were more likely to report poor sleep quality compared with
those with no insomnia symptoms (38% versus 6%, P <.001).

Participants reported on average 6.5 + 1.6 hours of sleep
during weekdays and 7.1 + 2.1 hours of sleep during weekends.
There was a statistically significant difference in sleep duration
between those with and without insomnia symptoms. Partici-
pants with insomnia symptoms had shorter self-reported sleep
duration on weekdays and weekends (Table 2).

Sleep Quality, RLS, and EDS
Almost 40% of participants ranked their sleep quality as “fairly
bad” to “very bad” in the previous month. When queried about
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their sleep, 29% reported “often” or “almost always” waking
up due to pain, and 22% had difficulty falling asleep because
of leg cramps.

In the past year, 27% of the respondents reported daily un-
comfortable leg sensations and 28% found these leg symptoms
to be “moderately to extremely distressing.” An increased urge
to move their legs while sitting or lying down was reported
by 51%; 63% thought these sensations were worse at rest, and
23% experienced the symptoms mostly at night. Compared
with those without insomnia, participants with insomnia were
more likely to report nighttime unpleasant leg sensations and
“urge to move legs” (31% versus 18%, P <.05).

EDS was reported by 31% of all participants. A statistically
significant difference in EDS was noted, with 40% of partici-
pants with insomnia symptoms and only 26% of the no insom-
nia participants reporting EDS (P = .01). The mean ESS score
for the entire study population was 7.9 + 5.4, with a statistically
significant difference noted between groups (Table 2).

DISCUSSION

This study describes responses from a large sample of indi-
viduals with chronic SCI. Validated questionnaires were used
to better describe sleep symptoms in this population. In agree-
ment with studies in Denmark and Australia that report sleep
disturbances in 35% to 49% of their surveyed SCI population,
our study also demonstrates that people living with SCI have a
high prevalence of sleep complaints that adversely affects their
sleep quality.'*

Symptoms suggestive of sleep apnea were reported by one-
third of our study participants and yet only 13% of the partici-
pants reported a physician-based diagnosis of OSA and only
8% were prescribed PAP therapy. This suggests that sleep
apnea may be underrecognized and undertreated in the SCI
population.

The most commonly reported objectively diagnosed sleep
disorder in patients with SCI, particularly in those with cervi-
cal lesions, but also present in thoracic-level injuries, is OSA
with an estimated prevalence of between 50% to 80%.!02428
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Reported estimates vary depending on the level of injury and
the methodology used to measure OSA. Regardless, the preva-
lence of OSA in individuals with SCI far exceeds what is re-
ported in the general population.?2° In the general population,
sleep apnea has been associated with cardiovascular morbid-
ity,* and individuals with chronic SCI are at increased risk for
accelerated onset of CVD.’ It is plausible that the combination
of SCI and OSA may indeed increase cardiovascular morbidity
and mortality.*

The wealth of evidence in the non-SCI population combined
with findings from our study highlight the importance of con-
sidering and diagnosing OSA in the SCI population. In our
study duration of SCI was not a good predictor of sleep apnea
symptoms. Using the Berlin questionnaire, we report that 31%
of the study participants are high risk for OSA based on symp-
toms. This is lower than estimates reported in the literature
that use objective polysomnography to diagnose OSA. Tradi-
tional screening questionnaires such as the Berlin question-
naire are useful in predicting risk, but are weakly correlated
with objective polysomnography and may underestimate the
true prevalence of OSA in SCI. ¥ Until better screening tools
are identified, a high index of clinical suspicion followed by
definitive testing using polysomnography may be warranted to
diagnose OSA in SCI. The gold standard of sleep apnea ther-
apy, PAP therapy, has been used with success in individuals
with SCL. * Studies are needed to determine whether PAP use
improves quality of life, CVD, and cognitive morbidity in indi-
viduals with chronic SCI. As in the general population, adher-
ence to PAP therapy in SCI may be low and the limiting factor
in any potential clinical improvement.*

EDS was reported by slightly more than one-third of our
study participants with many factors associated with its oc-
currence. In addition to symptoms suggestive of sleep apnea,
individuals with insomnia symptoms, and those with pain and
uncomfortable leg sensations while sitting or lying down, were
more likely to report EDS. EDS was significantly correlated
(r=—.27, P <.001) with sleep quality, with those participants
reporting daytime sleepiness being more likely to report poor
sleep quality. Traditionally EDS has been defined by a score of
10 or higher on the ESS?; however, it is unclear whether this is
an appropriate threshold in individuals with SCI, and a lower
score may be more representative of the daytime sleepiness in
vulnerable populations.*** Additionally, some people with SCI
cannot or do not drive and elimination of that particular ques-
tion on the ESS may alter sensitivity thresholds and overall
validity. There is need for the development of questionnaires
that better represent the “daytime sleepiness” construct in SCI.

Insomnia symptoms were reported by more than half of our
study participants, with most complaints being restless sleep or
difficulty maintaining sleep. There was no difference in insom-
nia symptoms based on level or duration of injury. Importantly
in this study, insomnia symptoms coexisted with other sleep
disorders including sleep apnea symptoms and symptoms of
restless legs. This highlights the need for a comprehensive ap-
proach to the management of insomnia complaints in individu-
als with SCI, including evaluation for other sleep disorders
(sleep apnea, restless legs) and conditions that interfere with
sleep quality. Additional determinants of sleep disturbance in
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SCI include presence of pain, paresthesias, spasms, bladder
distension/bladder management routines, anxiety, depression,
and medication side effects.’® Melatonin, a hormone secreted
by the pineal gland, plays an important role in the regulation
of circadian rhythm and sleep induction. Melatonin levels are
noted to be low in individuals with cervical injuries and may
play a role in sleep disturbances noted in these individuals, in-
cluding shorter sleep duration, poor sleep quality, longer time
to achieving rapid eye movement sleep, and longer wakeful-
ness after sleep onset.*

The strength of this large cross-sectional study is its use of
validated questionnaires to determine the presence of various
sleep complaints in a large sample of participants with chronic
SCI across North America and Australia with varying levels
and duration of injury.

Limitations

Our study has several limitations. We cannot provide true pop-
ulation prevalence estimates for sleep disorders because we did
not use randomized sampling techniques. SCI diagnosis was
by self-report and not medically verified by our study team.
This was a convenience sample that may overrepresent those
who have more sleep complaints. However, individuals were
recruited from representative populations with chronic SCI,
using a research registry restricted to patients with SCI and
consumer SCI organizations. Participants had varying levels
and durations of injuries, which strengthens the generalizabil-
ity of our findings. We did not collect data from the general
population and therefore do not provide direct, controlled
comparisons of those with and without SCI. However, in com-
parisons with prior published general populations norms, in-
dividuals with SCI do have more sleep complaints and a high
prevalence of symptoms suggestive of sleep apnea and insom-
nia. Recall bias is inherent to all questionnaire-based studies
and we were not able to verify the medical history reported by
study participants.

CONCLUSIONS

In summary, this study increases awareness that insomnia
symptoms, sleep apnea, poor sleep quality, and EDS are com-
mon in individuals with chronic SCI. Our study highlights the
need for increased attentiveness to screening for sleep prob-
lems by health care providers taking care of individuals living
with SCI. Much work remains to be done to determine whether
a combination of pharmacological and nonpharmacological
therapies aimed at improving sleep quality and sleep disorders
will improve quality of life and cognitive and motor morbidity
in individuals with SCI.

ABBREVIATIONS

CVD, cardiovascular disease
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
OSA, obstructive sleep apnea
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PAP, positive airway pressure
RLS, restless legs syndrome
SCI, spinal cord injury
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