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Abstract

This analysis examined the influence of quantifiable parameters of daily sleep continuity, 

primarily sleep duration and sleep fragmentation, on daily pain in adults with Sickle Cell Disease 

(SCD). Seventy-five adults with SCD completed baseline psychosocial measures and daily 

morning (sleep) and evening (pain) diaries over a three-month period. Mixed-effect modeling was 

used to examine daily between- and within-subjects effects of sleep continuity parameters on pain, 

as well as the synergistic effect of sleep fragmentation and sleep duration on pain. Results 

revealed nights of shorter sleep duration and time in bed, increased fragmentation, and less 

efficient sleep (relative to one’s own mean) were followed by days of greater pain severity. 

Further, the analgesic benefit of longer sleep duration was attenuated when sleep fragmentation 

was elevated. These results suggest that both the separate and combined effects of sleep duration 

and fragmentation should be considered in evaluating pain in adults with SCD.
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Introduction

Sleep is disrupted among individuals with chronic pain conditions, with daily diary studies 

finding abnormal sleep onset (> 30 minutes), fragmented sleep (1–2 awakenings during the 

night and for > 30 minutes), and inefficient sleep (80–85% sleep efficiency).10,20–21,35

A growing body of evidence suggesting that poor sleep prospectively predicts increases in 

clinical and experimental pain.8 Specifically, a limited number of studies have demonstrated 

that indices of sleep continuity, such as decreased sleep duration,17,35 delayed sleep onset 

latency (SOL; > 30 minutes),17,35 and increased sleep fragmentation (i.e. wake after sleep 

onset; WASO) predict increased pain severity.17 Investigations of sleep continuity are 

important because they provide an estimate of the association of sleep and pain that is less 

susceptible to retrospective heuristic biases than ratings of sleep quality, which may be 

influenced by feeling states present at the time of reporting.15,27

A few studies have identified sleep fragmentation (e.g., high WASO) as a particularly 

harmful characteristic of sleep continuity. Smith et al.28 demonstrated that experimentally 

disrupting sleep continuity (i.e. increasing WASO) significantly decreased endogenous pain-

inhibition and increased spontaneous pain in healthy participants. In two observational 

studies, increased sleep fragmentation significantly predicted higher next-day pain among 

adolescents and adults with chronic pain.1,18 Although evidence generally supports the 

notion that sleep fragmentation increases vulnerability to pain, it is not known if sleep 

fragmentation interacts with other aspects of sleep continuity in predicting pain. For 

example, it would be important to know if the effects of sleep duration on pain are more or 

less pronounced in the context of fragmented versus non-fragmented sleep, thereby 

elucidating the value of acquiring both longer and consolidated sleep.

We elected to study sleep continuity and pain in adults with Sickle Cell Disease (SCD) for 

several reasons. First, pain is the most commonly reported symptom of SCD and exhibits 

day to day variability.19,31 Second, up to 70% of patients with SCD report sleep 

disturbances including difficulty initiating and maintaining sleep.14,34 Sleep continuity has 

not been quantified among non-sleep clinic adults with SCD, however sleep-disordered 

breathing (e.g. obstructive sleep apnea)6,9 and pain12–13,33 are common etiologies. Although 

disturbed sleep correlates with greater SCD pain,12–13,33 and sleep is impaired during an 

vaso-occlusive crisis,12–13 little is known about day-to-day variations in sleep, as well as the 

extent to which disrupted sleep continuity influences daily SCD pain.

Given the limitations of previous investigations, the goals of the present analyses were to 

examine the direct effect of parameters of sleep continuity during the night ( sleep duration, 

latency, and fragmentation) on SCD pain experienced between waking and going to bed the 

following day (i.e. next-day pain). We also examined the interacting, or synergistic effect of 

sleep fragmentation and sleep duration on next-day pain in the course of daily life in adults 

with SCD. For the second goal, we hypothesized that the synergistic effect of decreased 

sleep duration and greater sleep fragmentation would be associated with the highest next-

day pain severity.
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Methods

Participants

Participants in these analyses are from a larger NIH-funded study investigating dimensions 

of pain among individuals with SCD. Participants for the parent study were recruited 

through SCD clinics as well as posted flyers and advertisements. Individuals with SCD were 

eligible to participate in the parent study if they were 1) 18 years of age or older, 2) 

diagnosed with a SCD hemoglobinopathy genotype (HbSS, HbSC, HbS/β-thalassemia), 3) 

on a stable dose of NSAIDs, acetaminophen, or opioids (i.e. no change in pain management 

regimen made by a clinician during the weeks prior to enrollment), 5) without a vaso-

occlusive crisis within the past three weeks, and 5) willing to provide informed consent. 

Individuals with SCD were excluded from participation if they 1) were an active substance 

abuser, 2) had a significant cognitive impairment or mental disorder, 3) current infection, 4) 

diagnosis of an autoimmune disorder, 5) HIV infection with a neuropathy, or 6) were 

currently pregnant, lactating, or planned to become pregnant in the subsequent 6 months of 

the study. A total of 236 individuals with SCD were screened by phone for participation in 

the parent study, 84 were eligible after the phone screen, and 84 provided study consent.

Only participants with SCD from the parent study who completed the electronic daily diary 

assessment portion of the study (n = 78) were used in the present analyses. The diary 

assessment period was intended to be approximately three months, however the total number 

of diary days varied between participants. We excluded participants (n = 3) who completed 

less than one week (< 7 days) of diary entries and/or had a diary completion ratio (an index 

of diary adherence calculated as number of diaries completed out of the total number of days 

the participant carried the PDA) of less than or equal to 25%. At least one-week of diaries is 

recommended for examining variations in sleep.4 Additionally, large intervals between 

reporting days would decrease our ability to examine day-to-day variations in sleep. In total, 

75 adults (96% of all participants with SCD who completed the electronic diary portion of 

the study protocol) were included in the subsequent analyses.

Procedure

An Institutional Review Board at the study site approved all study procedures. Written 

informed consent was obtained from each study participant at the baseline study session. 

During the baseline session, psychosocial measures (e.g. Centers for Epidemiological 

Studies Depression (CES-D) and Pain Catastrophizing Scale (PCS)), demographic 

questions, and a medical and psychiatric history were collected.

At the conclusion of the baseline session, participants were provided with and trained on the 

use of an electronic handheld diary. The electronic diary included two reporting segments 

(morning for sleep and evening for daily pain) and was used to record daily experiences over 

the subsequent three month period.

Measures

Daily Measures—Electronic morning (sleep) and evening (pain) diaries were completed 

on a personal digital assistant (PDA; Palm® personal electronic organizer) using a 
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customized application. Responses to each sleep and pain item were logged into customized 

menus and data entry screens with the use of a stylus pen. Participants did not receive daily 

reminders to complete entries; however participants were scheduled for a one-week and as-

needed follow-up to answer any questions about the diary and to identify any technical 

issues regarding its use in order to enhance compliance with data entry procedures. 

Participants received financial incentives based on the number of diaries completed.

During data cleaning, entries that were not completed within 12 hours of waking or bedtime 

were removed to decrease recall bias. Out of 5,839 days in which a PDA was carried across 

participants (average of 78 days per participant), 4,411 morning diaries (average of 59 

entries per participant) and 4,549 evening diaries (average of 61 entries per participant) were 

included in our analysis.

Sleep Diary: Immediately upon waking, participants were instructed to record what time 

they went to bed that night, their final awakening time, and what time they got out of bed 

that morning. Participants were also asked to estimate how long it took them to fall asleep 

(i.e. sleep onset latency, SOL) and the total amount of time they spent awake during the 

night (i.e. WASO). These variables were used to calculate sleep duration (i.e. total sleep 

time, TST), time in bed (TIB), and sleep efficiency for each participant. Sleep efficiency 

(SE), an index of the proportionate time in bed spent asleep, was calculated as a percentage 

of TST to TIB.

The reliability and validity of sleep diaries to measure parameters of sleep continuity, given 

the potential for recall bias, has been assessed. Overall, self-reported sleep parameters are 

used frequently and have been validated against objective measures.5 Furthermore, while 

both individual and systematic variability in measurement exists, an assessment period of at 

least 3 weeks or longer for sleep diaries is sufficient to achieve accurate and stable estimates 

in both insomniacs and normal sleepers.36 As noted above, each participant in the present 

analysis contributed an average of 59 morning (sleep) diaries, which supports the adequacy 

of using sleep diaries to measure parameters of sleep continuity.

Pain Diary: Just before bed, participants were instructed to record their average pain level 

for the day. Participants manipulated an electronic slider on the screen between zero (“no 

pain”) and 100 (“pain as bad as you can imagine”). Participants were also instructed to self-

report the degree to which pain interfered with daytime activities and “Are you in a sickle 

cell [vaso-occlusive] crisis today?” As has been done in prior work, a proportion of diary 

days in pain (end of day pain rating greater than 0 out of 100, indicating some pain that 

day)30 and proportion of diary days for which a vaso-occlusive crisis was reported30 were 

calculated for each participant as a proxy of sickle cell disease severity.

Covariates—Demographic information including age, gender, education level, and marital 

status, as well as information about pain medication use, were collected at the baseline. 

Additionally, participants completed questionnaires on pain catastrophizing and depressive 

symptom severity at baseline. Both measures were included as covariates in the present 

analyses since both are highly associated with clinical pain severity and sleep continuity.3,23
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Depressive Symptoms: The Centers for Epidemiological Studies Depression (CESD) is a 

self-report instrument that assesses depressive symptom severity.24 Responses to each item 

are reported on a 4-point Likert scale from zero (“rarely” or “none of the time”) to three 

(“most” or “all of the time”). A summary total score is calculated (scores of 16 or greater 

suggest clinically relevant depressive symptoms).24 The reliability of the CESD in our 

sample was good (Cronbach’s alpha = 0.78) and is similar to estimates found in another 

study of adults with SCD.16

Pain Catastrophizing: The Pain Catastrophizing Scale (PCS) is a 13-item scale used to 

measure negative cognitive-emotional appraisals of pain.32 The PCS, which was initially 

validated among undergraduate students, has been subsequently validated among a sample 

of community-dwelling adults.22 Each item is reported on a 5-point Likert scale from zero 

(“not at all”) to four (“all of the time”) where scores of 30 or greater indicate clinically 

relevant catastrophizing.32 The PCS scale had excellent reliability in our sample 

(Cronbach’s alpha = 0.91) and was similar to the reliability found in other community-

dwelling adults.22

Data Analytic Strategy

Multilevel modeling (MLM) was used to evaluate daily between- and within-subjects effects 

of sleep continuity characteristics on pain and the potential moderating effect of WASO on 

the relationship between sleep duration and clinical pain. Multilevel models can account for 

dependencies created by repeated measurements over time on independent units (i.e. the 

participant). The MLM approach can also distinguish between changes over time in the 

dependent variable both within an individual (i.e. Level 1) and between individuals (i.e. 

Level 2).25

In our first set of MLMs we tested separate within-subjects (Level 1) models specifying an 

independent fixed effect of sleep duration, time in bed, SOL, WASO, and sleep efficiency 

during the night on our dependent variable next-day pain, which was the severity of pain 

reported between waking and going to bed the following day. In our second set of MLMs we 

tested an expanded model that included WASO, TST, and their interaction term as 

independent variables predicting next-day pain severity. We allowed the intercept to vary 

randomly across participants for all MLM models and controlled for autoregressive 

correlation between observations by modeling the variance/covariance matrix using an 

autoregressive 1 function. Age, gender, depressive symptoms, pain catastrophizing, and 

opioid medication use (yes or no) were tested as between-subjects (Level 2) covariates. 

Covariates that were not significant (p > 0.20) were removed in order to improve model fit 

and to achieve the most parsimonious model. All Level 1 independent variables were 

centered at each participant’s mean whereas Level 2 covariates were centered at the mean 

values across all participants, as recommended by Enders & Tofighi (2007).7

Descriptive statistics, Spearman’s rho correlations, and multilevel models were all computed 

and performed in Statistical Package of Social Sciences (SPSS), Version 21.0.11
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Results

Descriptive Statistics

Seventy-five adults with SCD completed more than one week (> 7 days) and at least 25% of 

their daily morning (sleep) and evening (pain) diaries over the study period. Descriptive 

characteristics of the study participants are displayed in Table 1. Overall, participants ranged 

from 19 to 64 years of age (mean 38.5 years). Most of the sample was female, African-

American, single, and had at least a college or technical degree. The mean CESD and PCS 

scores in our sample were 14.6 and 13, respectively.

Average pain severity on pain days (without crisis) and pain days (with crisis) over the study 

period were 32.4 and 50.7 out of 100, respectively, and are consistent with pain severity 

reported in previous studies.30 Approximately 35% of participants reported pain almost 

every day (> 95%) while 11% of the sample rarely reported pain (≤ 5%). In addition, only 

8% reported a vaso-occlusive (VOC) on more than 50% of their diary day while almost a 

third of the sample (29.3%) did not report any VOC during the daily diary period. 

Approximately 57% of the sample reported taking some type of opioid (short and/or long 

acting), while 29% reported taking and NSAID during the study period (Table 1).

Table 2 displays the sleep continuity characteristics of the sample. Compared to 

recommendations and abnormal sleep indicators for adults,2,26 on average our sample of 

adults with SCD reported normal sleep duration (average of 7 hours), but abnormal sleep 

latency (> 30 minutes), WASO (> 30 minutes), and sleep efficiency (<85%). Correlations 

between sleep continuity indices and diary pain severity are provided in Table 3. Overall, 

mean pain severity correlated significantly with all indices of sleep continuity in the 

hypothesized direction.

Main Effect Models

Results of our main effect multilevel models revealed, relative to the within-person mean 

across days, lower TST (β = −0.01 [SE = 0.001], p < 0.001), lower sleep efficiency (β = 

−0.03 [SE = 0.01], p = 0. 02), lower TIB (β = −0.004 [SE = 0.002], p = 0. 01), and higher 

WASO (β = 0.02 [SE = 0.004], p < 0.001) predicted higher next-day pain. Sleep onset 

latency did not significantly predict next-day pain severity (p = 0.39). These models suggest 

a 30-minute increase in total sleep time or 5% increase in sleep efficiency (above an 

individual’s mean) is associated with lower pain severity the next day (a decrease of 0.30 

and 0.15 points on a 0–100 point scale respectively). Similarly, for every 30-minute 

decrease in WASO, next-day pain severity is estimated to be lower by 0.60 points.

Interaction Model

We tested separate multilevel models that included WASO and TST, as an interaction term 

to investigate the combined effect of sleep duration and fragmentation on pain severity 

(Table 4). In Model 1, the interaction term was significant (p = 0.04) and suggested next-day 

pain severity increases as both sleep fragmentation and sleep duration increase above an 

individual’s norm. The small effect from the MLM model may be related to variation within 

and between-subjects. In post-hoc testing, we used linear regression to estimate a mean 
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between-subjects interaction effect as a test of the reliability of the daily interaction effect. 

In this model, the interaction effect was still significant (β = 0.001 [SE = 0.00001], p = 0.04) 

suggesting reliability of the daily interaction of WASO and TST. However, as displayed in 

Figure 1, the effect of TST on next-day pain is attenuated by high WASO. The daily 

interaction effect accounted for approximately 7% of the within–subject variance in clinical 

pain severity (Pseudo R2 = 0.067). We examined whether the daily interaction effect of 

sleep duration and sleep fragmentation remained significant and whether model fit improved 

after removing covariates that were not significant (Model 2). We also examined whether 

model fit would change if depressive symptoms were removed, since this variable decreased 

our sample size by eight participants (Model 3). We found no change in the magnitude, 

direction, or significance of the fixed effects. We also found a negligible change in model fit 

with the removal of non-significant covariates (χ2 (3) = 4, p = .26), but model fit was worse 

with the removal of depressive symptoms (χ2 (1) = 3,092, p < .001). Therefore, depressive 

symptoms were retained as a covariate in the final model (Model 2) suggesting that, even 

after accounting for depressive symptoms, there is a benefit to obtaining longer and 

consolidated sleep.

Discussion

The present study sought to examine the relationship between indicators of sleep continuity 

and clinical pain in a population of adults with SCD. Through the use of electronic daily 

sleep and pain diaries during 3 months of observation in patients’ natural environment, we 

found nights characterized by shorter sleep duration, more sleep fragmentation, and less 

efficient sleep than typical were followed by days of higher than typical clinical pain 

severity. Latency of sleep had no effect on next-day pain severity. We also found a small yet 

significant interaction effect between sleep fragmentation and sleep duration, which 

supported our hypothesis that the effects of sleep duration on pain is different on fragmented 

versus non-fragmented days. In general, as sleep duration increases, next-day clinical pain 

severity decreases; however, this benefit occurs only with low levels of sleep fragmentation.

This paper adds to the growing research literature highlighting sleep continuity, specifically 

sleep fragmentation (WASO) and not delayed sleep onset, as a predictor of next-day pain 

severity. Similar to prior studies, we demonstrated that daily changes in sleep fragmentation 

and total sleep time predict variation in next-day clinical pain severity.1,18,28 We also show, 

however, that the effects of sleep continuity should not be considered in isolation; the 

benefits of longer sleep may only be realized in the absence of sleep fragmentation.

Several clinical and research implications can be drawn from our results. First, to our 

knowledge this is the first study to characterize the sleep continuity characteristics of adults 

with SCD using electronic daily diaries. Our findings suggest that it may be important for 

clinicians working with adults with SCD to routinely include assessments of sleep continuity 

through daily diaries and discussions with patients about their sleep habits, particularly when 

pain is poorly controlled. These discussions should include an assessment of total sleep 

duration, sleep latency, sleep fragmentation (i.e., minutes awake after sleep onset), and sleep 

efficiency (ratio of total sleep time to total time in bed). Furthermore, although the sleep 

duration and sleep fragmentation interaction effect was small, we find that the combination 
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of increasing sleep duration and reducing sleep fragmentation may be most beneficial to 

pain reduction, which may occur through changes in central pain processing. Sleep 

fragmentation has already been shown to reduce endogenous opioid pain modulation in 

healthy adults28 and may provide a mechanism underlying the effects of daily sleep 

fragmentation and sleep duration on next day clinical pain in patients with SCD. In addition, 

increase sleep fragmentation and shorter sleep duration may promote hyperalgesia through 

increased inflammatory activity.29 Nevertheless, the small effects observed in the present 

study should be considered with the qualification that they represent self-report responses 

observed from day-to-day; these small daily effects, however, may accumulate over years of 

coping with SCD and thus integratively represent a contributor to disease burden and poor 

quality of life in these patients. Future research and treatment studies should consider the 

interacting effects of sleep fragmentation and sleep duration and seek to determine if 

specifically altering sleep continuity in patients with SCD yields clinically meaningful 

changes in SCD pain. In addition, the interaction between sleep continuity and opioid use on 

clinical pain should be explored given the known effect of opioids on sleep continuity.

There are a few notable limitations of our analyses. First, all data were self-report; no 

objective measures of sleep were obtained. However, self-reported sleep parameters are used 

frequently and have been validated against more objective measures.5 Nonetheless, future 

work may integrate objective sleep measurement in the home with intensive longitudinal 

self-report data. Second, the exclusive focus on SCD pain in our analysis limits the 

generalizability of our findings to other pain populations. Third, nearly 25% of both morning 

(sleep) and evening (pain) diaries were missing. The adherence rate of approximately 75% is 

consistent with earlier work and is reasonable considering the number of participants and 

length of the assessment period. Furthermore, our analytic method (MLM) is fairly robust to 

missing data.

Finally, the parent study sampled adults with SCD who were on a stable pain management 

regimen, free of infection, and relatively stable in terms of the management of their sickle 

cell disease. Thus, it is possible that our sample is healthier than the population norm for 

SCD. However, we found approximately a third of the sample (35%) reported pain almost 

every day during the study period (similar to Smith et al.30). This finding supports the notion 

that SCD pain in the general public and in our population is common.30–31

Despite these limitations, our investigation has a number of strengths. A major strength is 

the emphasis on daily reports of sleep and pain using electronic diaries, which have become 

the gold standard for measuring time-varying fluctuations in daily life. Additionally, we 

followed participants for up to three months, which provided an extensive and thorough 

assessment period through which the relationship between sleep and pain may be reliably 

estimated. Finally, we had a sufficiently large sample size of participants with SCD (n = 75) 

who collectively provided over 4,000 records of daily sleep and pain diaries during the 

assessment period.

Moscou-Jackson et al. Page 8

J Pain. Author manuscript; available in PMC 2016 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion

Overall our results suggest that parameters of sleep continuity (i.e. sleep duration, sleep 

fragmentation, and sleep efficiency) are predictors of clinical pain severity in individuals 

with SCD. Furthermore, sleep duration should not be considered in isolation and that its 

daily association with SCD pain may be qualified by the amount of sleep fragmentation 

present. Therefore, clinicians and researchers working with pain populations should include 

assessments and interventions targeting sleep continuity, with a focus on both sleep duration 

and sleep fragmentation, when addressing pain in SCD.
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Highlights

1. Used daily diaries to examine sleep continuity and pain in adults with SCD.

2. Subjective parameters of sleep continuity predicted clinical pain severity.

3. Analgesic benefits of sleep duration may be qualified by sleep fragmentation.
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Perspective

Subjective parameters of sleep continuity (e.g. sleep duration, fragmentation, and 

efficiency) predict clinical pain in individuals with SCD. Additionally, sleep duration 

should not be considered in isolation and its association with pain may be qualified by 

sleep fragmentation. Research and practice should include assessments of both when 

addressing pain severity.
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Figure 1. 
Moderation of the within subjects effect of sleep duration on clinical pain by sleep 

fragmentation (Adjusted)

WASO = Wake after Sleep Onset
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Table 1

Sample demographic, psychosocial, and pain characteristics (n = 75)

Characteristic Mean (SD) n (%)

Demographic

Age, years 38.5 (11.8)

Female 54 (72.0)

African-American 75 (100.0)

Marital Status

 Married/Cohabitating 23 (30.6)

 Single 42 (56.0)

 Separated/Divorced 10 (13.3)

Education

 High School or less 11 (14.7)

 Some College 28 (37.3)

 Tech School/College Grad 28 (37.3)

 Master/Doctoral Degree 8 (10.7)

Pain

Percentage of diary days with pain† 63% (1%–100%)

 ≤ 5% 8 (10.7)

 6%–49% 22 (29.3)

 50%–95% 19 (25.3)

 > 95% 26 (34.7)

Percentage of diary days with VOC† 6% (0%–88%)

 0% 22 (29.3)

 1%–49% 47 (62.6)

 ≥50% 6 (8.0)

Opioid Use 43 (57.3)

NSAID Use 22 (29.3)

Psychosocial

CESD‡ 14.6 (10.9)

PCS‡ 13 (9.3)

CESD = Centers for Epidemiological Studies Depression, PCS = Pain Catastrophizing Scale, VOC = Vaso-occlusive Crisis

†
Across participants over the study period

‡
n < 75 due to missing value
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Table 2

Sleep continuity characteristics of the sample (n = 75)

Sleep Parameter M (SD)* Range*

Total Sleep Time (TST), hr 7.0 (2.2) 1.9 – 19.5

Time in Bed (TIB), hr 8.6 (2.0) 5.8 – 20.8

Sleep Onset Latency (SOL), min 35.5 (35.4) 1.60 – 190.9

Wake After Sleep Onset (WASO), min 32.2 (35.8) 0.1 – 242.0

Sleep Efficiency (SE), % 81.4 (14.2) 24.0 – 97.0

M = mean; Min = Minutes; SD = Standard Deviation

*
Computed from participant mean sleep continuity characteristics
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Table 4

Multilevel Model of Total Sleep Time and Wake After Sleep Onset Predicting Daytime Clinical Pain Severity

Model 1 Model 2 Model 3

Fixed effects β (SE) β (SE) β (SE)

 Intercept 31.7(3.0)*** 20.7 (4.0)*** 33.1(2.7)***

 WASO .02(.01)*** .02 (.01)*** .02(.01)***

 TST −.005(.002)** −.005 (.002) ** −.004(.002)*

 TST × WASO 2.8E−5(1.4E−5)* 2.8E−5(1.4E−5)* 2.8E−5(1.4E−5)*

 Opioid nonuse† −20.9(4.2)*** −20.5 (4.1)*** −23.3(4.2) ***

 CESD .55(.21)** .6(.2)**

 PCS .23(.24)

 Age .06(.17)

 Male†† −4.6(4.7)

Random Effects

 Intercept 247.1(46.5)*** 241.9 (44.4)*** 306.0(52.7) ***

Deviance 27,048.6 27,052.3 30,144.3

AIC 27,054.6 27,058.3 30,150.3

BIC 27,072.9 27,076.7 30,169.0

Note: CESD = Centers for Epidemiological Studies Depression (grand-mean centered), PCS = Pain Catastrophizing Scale (grand-mean centered); 
TST = Total Sleep Time (person-centered), TST*WASO = Total Sleep Time × Wake after Sleep Onset (person-centered), WASO = Wake after 
Sleep Onset (person-centered)

†
Relative to opioid use.

††
Relative to Females

p < 0.2.

*
p < 0.05.

**
p < 0.01.

***
p < 0.001
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