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Purpose: Sleep impairment is associated with many chronic pain disorders. While there is an association between chronic pain and
sleep disturbances, little is known about the influence of pharmacotherapy for chronic pain conditions, particularly chronic opioid
therapy, on sleep. This study aimed to 1) compare the sleep quality (SQ) in patients with two different pain conditions-chronic body
pain and chronic orofacial pain; 2) assess the correlation of SQ and pain intensity; and 3) evaluate the association between
pharmacotherapy and SQ.

Patients and Methods: The Pittsburgh Sleep Quality Index (PSQI) was used to measure the SQ in subjects with 1) chronic body
pain (n = 100) and 2) chronic orofacial pain (n = 100). The visual analogue scale was applied for pain intensity rating. All subjects
were adults recruited at Massachusetts General Hospital, United States. The subjects’ demographic data, pain intensity, diagnosis and
concurrent use of medications were extracted from their electronic medical records (EMR). Statistical analyses were performed using
T-test and Pearson correlation coefficient.

Results: Among 200 subjects (mean age 51.01 + 15.52 years), 141 (70.5%) were females. PSQI and pain intensity were statistically
significantly different between the two groups (p < 0.05 and p < 0.0001, respectively) and higher in subjects with chronic body pain. There
was a positive correlation between PSQI and pain intensity (chronic orofacial pain r = 0.3535, p = 0.0004; chronic body pain: r = 0.2247,
p < 0.026). PSQI was higher in chronic orofacial pain subjects utilizing opioids and benzodiazepines (PSQI = 15.25).

Conclusion: Chronic pain impairs SQ, which is noticeably worse in subjects with body pain conditions. In addition, pain intensity
was correlated with poorer SQ, which in turn was linked to the concomitant use of opioid and benzodiazepine therapy in chronic
orofacial pain.
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Introduction

Sleep plays an essential role in regulating critical mechanisms within the human body. It is well known that sleep
regulates brain functions and controls systemic physiological aspects, eg, metabolism, appetite, immune, hormonal and
cardiovascular systems." A recent cross-sectional study has shown that health status is an important factor affecting sleep
and approximately 70.6% of individuals with very good/excellent health reported good/very good sleep quality and only
4.3% rated their sleep quality as poor or very poor.” In contrast, evidence suggests a strong relationship between sleep
and chronic pain, estimating that the prevalence of sleep disturbance ranges between 50% and 80% in patients with
chronic pain.** Moreover, a bidirectional association has also been reported,™® indicating that in most chronic painful
conditions, a night of poor sleep may be followed by increased pain, which in turn may lead to poor sleep.’
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Temporomandibular disorders (TMD) are often sources of chronic pain that can alter sleep patterns and lead to comorbid
sleep impairments. It is known that painful TMDs significantly impact sleep quality.7’g Similarly, sleep quality can be
progressively worsened prior to the onset of painful TMD.” It has recently been suggested that disturbed sleep might also
be a risk factor for jaw functional limitation in patients with painful TMD.'° In addition, other chronic painful conditions

12 trigeminal neuralgia;'® painful posttraumatic trigeminal

affecting the orofacial region, eg, burning mouth syndrome;
neuropathy,'® as well as adults with migraine, particularly those with chronic migraine,'* tension-type headache'> and
cervicogenic headaches,'® report worse subjective sleep quality (SQ) than healthy individuals.

There is a clear association between other chronic body pain conditions and sleep disorders. Recent studies have

18,19 symptomatic lumbar spinal

demonstrated poorer SQ in patients with chronic widespread pain;'’ fibromyalgia;
stenosis;”” low back pain;*' endometriosis*? and irritable bowel syndrome.*

While it is widely accepted that pain has a negative effect on SQ, little is known about how pharmacotherapy for chronic
pain may affect sleep. Specifically, there is a lack of clinical evidence on chronic opioid therapy and a validated SQ metric.
Regular, chronic use of opioids is known to interfere with sleep via several mechanisms. It can lead to changes in sleep
architecture, including a reduction in sleep efficiency as well as slow wave sleep.>* There also may be a reduction in rapid eye
movement (REM) sleep.”” These effects of chronic opioid therapy appear to be dose dependent and lead to poor sleep SQ,
resulting in daytime sleepiness.”**’

Given the potential effects of opioids on sleep and the widespread use of opioids in patients with chronic pain, it is clinically
relevant to assess sleep in this group of patients. Thus, this study aimed to 1) compare SQ in patients with these two pain

conditions; 2) assess the correlation of SQ and pain intensity; and 3) evaluate the association between pharmacotherapy and SQ.

Materials and Methods
Study Sample and Design

This was a cross-sectional study of adult subjects (males and females; age 18-85 years) that had undergone clinical
evaluation and management for chronic orofacial pain (n = 100) and chronic body pain (n = 100) in the Department of
Oral and Maxillofacial Surgery and Center for Pain Medicine at the Department of Anesthesia, Critical Care and Pain
Medicine, at Massachusetts General Hospital, Boston, Massachusetts, United States, between January 2016 and
December 2017. All subjects were invited to participate in the study and provided a written consent form approved by
the Oral and Maxillofacial Surgery Department Research Committee and Mass General Brigham Human Research
Protection Program (HRPP) at Massachusetts General Hospital, Boston, Massachusetts, USA (IRB # 2015P001711). The
present study followed the Declaration of Helsinki.

A visual analog scale (VAS) was used to subjectively evaluate pain levels. It was a 100-mm-long horizontal line, anchored
by word descriptors at each end, where the left side reads “no pain” and the right side reads “worst pain imaginable.” Patients
drew a vertical mark on the line at the point that best represented their perception of their pain level.?® SQ was assessed using
the Pittsburgh Sleep Quality Index (PSQI),?’ which addresses habitual measures rather than a particular night of sleep, as in
laboratory sleep measures. It comprises 19 items and assesses seven components of SQ (subjective sleep quality, sleep latency,
sleep duration, sleep efficiency, sleep disturbance, hypnotic medication use and daytime dysfunction). Each component is
rated on a 0-3 severity scale referring to the frequency of each disturbance and yields a global score with a range of 0-21.
A PSQI global score of 5 or greater indicates clinically significant sleep disturbances. For the purposes of this study, the use of
sleeping medication, a component of the PSQI, and the global PSQI score were also evaluated.

Clinical Information
The hospital electronic medical records (EMR) were reviewed to extract information regarding subjects’ demographics, pain
diagnosis and concurrent use of pharmacological agents such as opioid analgesic medications, non-steroidal anti-inflammatory
drugs (NSAIDs), muscle relaxants, triptans, hypnotic and neuropathic agents (eg, anticonvulsants, benzodiazepines, gabapenti-
noids, and tricyclic antidepressants).

The data regarding pain diagnosis and medication use were extracted from patients’ electronic health records from the
most recent primary care physician (PCP) records. Likewise, patient records from other medical providers were reviewed
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to corroborate the information extracted from PCP’s visit. The medications included were used on a daily basis, however
their respective dosages were not taken into account for the current analysis.

Statistical Analyses

The T-test was used for comparison of continuous variables (PSQI) between the two studied groups (chronic orofacial
pain vs body pain). Pearson’s correlation coefficient was performed to explore correlations between PSQI and pain
intensity in both studied groups. A descriptive analysis was conducted to summarize the PSQI global score of patients
concomitantly using the following medications: non-opioids; non-opioids + sleep medicines; opioids + sleep medicines;
and opioids + benzodiazepines. A p-value of <0.05 was considered statistically significant. All statistical analyses were
performed using the BioEstat software (version 5.0, Mamiraua Sustainable Development Institute, Belem, Para, Brazil).

Results
Among 200 subjects, 141 (70.5%) were females. The mean age of study subjects was 51.01 + 15.52 years. The demographic
characteristics of both groups are summarized in Table 1. The etiology of the patients’ orofacial pain was as follows:
temporomandibular disorders (84%); painful posttraumatic trigeminal neuropathy (13%); trigeminal neuralgia (3%); burning
mouth syndrome (4%); and chronic migraine (3%). The etiology of the patients’ chronic body pain was as follows: low back
pain (60%); upper back/shoulder pain (17%); chest/abdominal/pelvic pain (10%); complex regional pain syndrome (3%);
neuropathic foot pain (3%); fibromyalgia (2%); cancer-related pain (1%); and post-herpetic neuralgia (1%).

The pain score was 5.07 in patients with chronic orofacial pain and 6.55 among those with chronic body pain
(p < 0.0001) (Table 2). PSQI global score of 5 or greater was reported by 86% and 96% participants with chronic
orofacial and body pain, respectively. The mean PSQI score was 9.10 £+ 4.55 and 11.44 £ 4.50 for participants with

Table | Summary of Demographic Characteristics of Patients with
Chronic Orofacial and Body Pain Conditions

Demographic Orofacial Pain Subjects Body Pain Subjects
Variables (n=100) Mean % SD (n=100) Mean % SD
Age 46.25 (+14.58) 56.97 (£14.62)
Gender

Male 22 37

Female 78 63
BMI 25.34 (+4.35) 28.70 (+6.18)

Table 2 Summary of PSQI and Pain Score (VAS) of Patients with Chronic Orofacial and
Body Pain Conditions

Clinical Information Orofacial Pain Body Pain p-value
Subjects (n=100) Subjects (n=100)
Mean £ SD Mean * SD
Pain score (VAS) 5.07 (+ 2.14) 6.55 (¥2.12) <0.0001
PSQI component
Sleep quality 1.44 (+0.86) 1.66 (+0.88) 0.04
Sleep latency 1.40 (+0.98) 1.64 (£1.04) 0.05
Sleep duration 1.25 (£1.01) 1.59 (£1.10) 0.0l
Habitual sleep efficiency 0.92 (£1.12) 1.46 (£1.24) 0.0001
Sleep disturbance 1.72 (£0.70) 1.97 (£0.63) 0.0004
Use of sleep medication 1.06 (£1.33) 1.62 (£1.41) 0.0002
Daytime dysfunction 1.32 (£0.95) 1.50 (+ 0.85) 0.08
PSQI global score 9.10 (+4.55) 11.44 (x4.50) 0.0002
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Figure | Comparison of global PSQI score among patients with chronic orofacial and body pain.

chronic orofacial and body pain, respectively (p = 0.0002) (Figure 1). There was a positive correlation between PSQI and
pain intensity (chronic orofacial pain r = 0.3535, p = 0.0004; chronic body pain: r = 0.2247, p < 0.026).

Of the 100 participants with chronic orofacial pain, only 13 participants were not utilizing any medications and 87
were utilizing at least one pharmacological agent for pain management. Of those, fifty participants (50%) were utilizing
non-opioids; 21 (21%) were utilizing non-opioids and sleep medication; twelve (12%) were utilizing opioids and sleep
medication; and 4 (4%) participants were concomitantly using opioids and benzodiazepines. The global PSQI was
considerably higher in the subjects utilizing the combination of opioids and benzodiazepines (PSQI = 15.25) than in the
subjects who were utilizing non-opioid medications (PSQI = 9.60) or the combination of non-opioids + sleep medications
(PSQI = 11.43) and opioids and sleep medications (PSQI = 14.80). Similarly, 100% of the participants with chronic body
pain were utilizing at least one pharmacological agent for pain management. Of those, fifty-seven participants (57%)
were utilizing non-opioids; 6 (6%) were utilizing non-opioids and sleep medication; twenty (20%) were utilizing opioids
and sleep medication; and seventeen (17%) participants were concomitantly using opioids and benzodiazepines. The
global PSQI was higher in the subjects utilizing the combination of non-opioids + sleep medications (PSQI = 14.50) than
in the subjects who were taking a combination of opioids and benzodiazepines (PSQI = 12.24) than in the subjects who
were utilizing opioids and sleep medications (PSQI = 11.40) and non-opioid medications (PSQI = 10.53) (Figure 2).

Discussion
To the authors’ knowledge, this is the first study to directly contrast the sleep quality in patients with chronic orofacial
and body pain. Poor SQ (PSQI > 5) was observed in 86% and 96% percent of patients with chronic orofacial and body
pain, respectively. The findings of this study suggest that sleep disruption is common in all chronic pain conditions and,
in accordance with previous studies, which have demonstrated poor SQ ranging from 86.4% to 92.9% in individuals with
different chronic pain conditions.** % Moreover, the present study revealed that patients with chronic body pain reported
worse PSQI parameters compared to chronic orofacial pain patients. Thus, poorer SQ was observed in patients with
chronic body pain, with a mean global PSQI score of 11.44. Likewise, previous studies demonstrated similar global PSQI
scores of 11.96°" and 12.1°° indicating clinically significant sleep impairment and emphasizing the importance of
evaluating SQ while treating chronic pain.

In both groups in the present study, most patients with chronic pain were females. This could be attributed to the fact
that chronic pain conditions are considerably more prevalent in the female than male population.*® Low back pain and
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Figure 2 PSQI global score according to concurrent use of opioid and non-opioid medications.

temporomandibular disorders (TMD) were the most common conditions affecting 60% of the chronic body pain group
and 84% of the chronic orofacial pain group, respectively. Likewise, low back pain and TMD are highly prevalent among
chronic pain conditions and are in turn also more common in women.**3*

This study shows that individuals with chronic body pain reported higher pain scores (6.55) when compared to chronic
orofacial pain patients (5.07) and that a moderate positive correlation exists between pain intensity and SQ for both groups. In
the studied cohort, the higher the pain score, the higher the global PSQI score, suggesting that pain intensity may interfere with

323637 \which also identified that the greater the intensity of pain

SQ. These results are consistent with previous studies
according to the VAS, the higher the PSQI global score. Moreover, those who considered their sleep as “poor quality” have
significantly elevated pain intensity, suggesting that the intensity of pain plays a role in the quality of sleep.>? As previously
reported, the relationship between chronic pain and sleep has been described as a “circular model” where a night of poor sleep
is followed by a day with more intense pain, which is then followed by a night of nonrestorative sleep and morning-related
complaints of unrefreshed sleep.*® In addition to this “vicious cycle”, poor sleep heightens pain sensitivity,*® resulting in the
requirement for more medications in an attempt to control pain symptoms and improve sleep.

In the present investigation information regarding medication use was obtained from EMR and included non-opioid (NSAIDs,
analgesics, muscle relaxants, antidepressants, anticonvulsants, tricyclic antidepressants), non-benzodiazepines prescribed as
sleeping aid agents, benzodiazepines and opioids. In this sample, at least one pharmacological agent was being used for pain
management in 100% and 87% of chronic body pain and orofacial pain groups, respectively. In the chronic body pain group, 20%
of individuals were utilizing opioids, and 17% of individuals were concomitantly using opioids and benzodiazepines. In the
chronic orofacial pain group, 12% of individuals were utilizing opioids, and 4% of individuals were concomitantly using opioids
and benzodiazepines. The global PSQI was considerably higher in the subjects utilizing the combination of opioids and
benzodiazepines than in the subjects who were utilizing non-opioid medications or a combination of non-opioids/opioids and
sleep medications. Thus, results from this study suggest that patients with chronic orofacial pain who are prescribed opioids report
more sleep impairment than patients with chronic pain who are not prescribed opioid medications. Evidence indicates that chronic
use of opioids significantly disrupts sleep via several mechanisms. Previous studies have shown that opioid use affects sleep
architecture.”®?’ Normal sleep architecture consists of cycles of non-rapid eye movement (NREM) and rapid eye movement
(REM) sleep, with NREM predominating in the first part of the night and REM at the final sleep stages. NREM sleep is divided in
NREM 1, 2 and 3 stages, with 3 characterized as the deepest stage, essential for restorative sleep.*® It has been shown that opioids
suppress rapid-eye-movement (REM) sleep and deep non-rapid-eye-movement (NREM) and increase light NREM sleep,”*?’
thus interfering with the restorative aspect of sleep. Furthermore, the use of opioid medications has been associated with increased
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incidence of sleep apnea*' and hazardous respiratory depression that can lead to hypercapnic respiratory failure, leading to serious
morbidity or death.** Similarly, long-term opioids may play a role in the exacerbation of central sleep apneic events* and opioid-
induced hyperalgesia,** which could contribute to additional sleep impairment in individuals with chronic pain. Interestingly,
impaired sleep quality is a critical comorbidity in patients with opioid use disorder® and suicidal ideation,*® therefore highlighting
the importance of sleep assessment in patients on chronic opioid therapy. Given the deleterious association between opioid use,
sleep, and pain, long-term opioid should be cautiously recommended for chronic pain. Furthermore, prior to considering long-
term opioid therapy, clinicians should perform individualized benefit-risk assessments; opioid selection, dose initiation/titration/
monitoring/mitigation strategies; and consideration of alternative, non-opioid therapies.*’” In addition, despite the use of
benzodiazepines to address sleep issues, they are also known to interfere with sleep quality by reducing deep NREM sleep and

4951 therefore,

resurgence of insomnia,*® and a poorer sleep quality has been associated with prolonged use of benzodiazepines;
the chronic and indiscriminate use of these medications should also be avoided when treating chronic pain conditions.

Our results suggest that clinicians who manage patients with chronic pain should focus on interventions that relieve pain,
as well as assessing and treating sleep disturbance. However, there are limitations to the conclusions that can be drawn from
this study. First, possible associations between gender and sleep quality were not addressed in this research. Second, due to
the observational nature of the cross-sectional study design, the results cannot be used to determine causality. In addition,
even though the PSQI has been widely used as a validated questionnaire to detect possible sleep problems, the PSQI uses
retrospective self-report to measure SQ and the scores could be impacted by other pain- and sleep-related factors, such as
depression or anxiety, which were not accounted for in the present investigation. Future research should consider the use of
objective measures such as polysomnography along with the self-reported subjective assessments to improve the accuracy of
overall sleep impairments. Moreover, data regarding pharmacotherapy was extracted from the EMR, thus it was not possible
to verify whether medications were taken as prescribed. Lastly, different types of non-opioid and opioid medications were
prescribed, and it was not determined if a particular medication was associated with the outcome variables; therefore,
additional prospective research is suggested to precisely evaluate the impact of opioids on sleep and pain outcomes.

Conclusion

This study has shown that chronic pain impairs sleep quality, which is noticeably worse in subjects with chronic body
pain. It also suggests that the concomitant use of opioid and benzodiazepine medications is linked to a lower sleep quality
in chronic orofacial pain.
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