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BACKGROUND: Poor sleep is common among adults with
chronic low back pain (cLBP), but the influence of cLBP
treatments, such as yoga and physical therapy (PT), on
sleep quality is under studied.
OBJECTIVE:Evaluate the effectiveness of yoga and PT for
improving sleep quality in adults with cLBP.
DESIGN: Secondary analysis of a randomized controlled
trial.
SETTING: Academic safety-net hospital and 7 affiliated
community health centers.
PARTICIPANTS: A total of 320 adults with cLBP.
INTERVENTION: Twelve weekly yoga classes, 1-on-1 PT
sessions, or an educational book.
MAINMEASURES: Sleep quality wasmeasured using the
Pittsburgh Sleep Quality Index (PSQI) global score (0–21)
at baseline, 12 weeks, and 52weeks. Additionally, we also
evaluated how the proportion of participants who
achieved a clinically meaningful improvement in sleep
quality (> 3-point reduction in PSQI) at 12 weeks varied
by changes in pain and physical function at 6 weeks.
KEY RESULTS: Among participants (mean age = 46.0,
64% female, 82% non-white), nearly all (92%) reported
poor sleep quality (PSQI > 5) at baseline. At 12 weeks,
modest improvements in sleep quality were observed
among the yoga (PSQI mean difference [MD] = − 1.19,
95% confidence interval [CI] − 1.82, − 0.55) and PT (PSQI
MD= − 0.91, 95% CI − 1.61, − 0.20) groups. Participants
who reported a ≥ 30% improvement in pain or physical
function at 6 weeks, compared with those who improved
< 10%, were more likely to be a sleep quality responder at
12 weeks (odds ratio [OR] = 3.51, 95% CI 1.73, 7.11 and
OR=2.16, 95% CI 1.18, 3.95, respectively). Results were
similar at 52 weeks.

CONCLUSION: In a sample of adults with cLBP, virtually
all with poor sleep quality prior to intervention, modest
but statistically significant improvements in sleep quality
were observedwith both yoga and PT. Irrespective of treat-
ment, clinically important sleep improvements at the end
of the intervention were associated with mid-intervention
pain and physical function improvements.
TRIAL REGISTRATION: ClinicalTrials.gov Identifier:
NCT01343927
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BACKGROUND

Sleep disturbance is common among persons with chronic low
back pain (cLBP), with 59% and 53% experiencing poor sleep
quality and insomnia disorder, respectively.1–3 The relationship
between back pain and sleep disturbance is thought to be bidi-
rectional, and therefore, interventions that improve both back
pain and sleep quality may be ideal.4,5 Given the known adverse
effects of pharmacologic therapy for both back pain and sleep
disturbance (e.g., sedation, drowsiness, and confusion), as well as
increased risk of overdose and death with concomitant use of
opioid and benzodiazepine medications,6 there is a growing need
to evaluate non-pharmacologic therapies for these prevalent and
highly comorbid conditions. While cognitive behavioral therapy
for insomnia (CBT-I) is an effective treatment for improving
sleep quality, uptake of this non-pharmacologic approach has
been constrained by a limited number of trained clinicians.7,8 In
contrast, physical therapy (PT) and yoga are widely available.
However, while both PT9 and yoga10,11 have been shown to
reduce pain and improve physical function in adults with cLBP,
data on the impact of yoga and PT on sleep quality is sparse.
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Maintaining or initiating a regular exercise routine is a
common recommendation for both cLBP self-care12 and sleep
hygiene.13 Physical therapists, who commonly receive refer-
rals from primary care physicians for cLBP, provide 1-on-1
care emphasizing strength training, aerobic exercise, and flex-
ibility.14 In a systematic review, aerobic and resistance exer-
cises improved sleep quality in middle-aged and older
adults.15 Previous studies evaluating the effectiveness of ex-
ercise therapy for improving sleep demonstrate modest16–19 to
large20,21 improvements among older adults. Only one study
of PT for sleep quality in older adults with cLBP found PT
improved sleep quality to the same degree as a walking
program and a group-based exercise course.22 However, that
small study did not measure sleep quality immediately after
the 8-week PT intervention—nor did they measure sleep qual-
ity over a longer follow-up period (e.g., 1 year). Thus, there is
a need to further evaluate PT for sleep quality, particularly
among young and middle-age adults with cLBP.
Yoga is a multi-factorial mind-body therapy that incorpo-

rates physical poses, rhythmic breathing, and meditation, and
is growing in popularity in the USA.23 Previous studies have
assessed the impact of yoga on sleep quality among diverse
populations, including nurses,24 cancer patients,25–28 older
adults,29–32 post or peri-menopausal women,17,33,34 and wom-
en with osteoarthritis.35,36 Furthermore, several studies have
shown that yoga improves conditions related to poor sleep
quality, such as anxiety and stress.37 A recent pooled analysis
of clinical trials found yoga and exercise had similar small
effects on sleep amongmenopausal women.17We are unaware
of any previous studies of yoga that assessed changes in sleep
quality among adults with cLBP.
Recently, the Back to Health randomized controlled trial

(RCT) found yoga to be non-inferior to PT for reducing pain
and improving back-specific physical function among adults
with cLBP.38,39 The goal of this paper was to perform a
secondary analysis of Back to Health data to assess the effec-
tiveness of yoga and PT, each compared with a back pain self-
care educational book, for improving sleep quality. We hy-
pothesized that participants receiving yoga or PT interventions
would experience a greater improvement in sleep quality at 12
and 52 weeks compared with participants receiving only the
educational book.

METHODS

Study Design

The original randomized controlled trial of yoga, PT, and
education as interventions for cLBP has been described else-
where.38,39 Briefly, 320 adults were randomized to a 12-week
intervention phase and were subsequently followed over a 40-
week maintenance phase. During this trial, measures of co-
morbidity and disability were collected, including information
on sleep quality. Staff performing data collection, entry, and
analysis were masked to treatment assignment. The Boston

University Medical Campus Institutional Review Board ap-
proved the study prior to data collection. All participants
provided written informed consent.

Population

English-speaking adults ages 18–64 who reported non-
specific cLBP, defined as ≥ 12 weeks with an average pain
intensity in the previous week of ≥ 4 on an 11-point (0–10)
numerical rating scale, were enrolled. Our analytic sample
included 320 participants enrolled from June 2012 to Novem-
ber 2014 at a large academic safety-net hospital and 7 affiliated
federally qualified community health centers located in di-
verse neighborhoods. Participants were randomized 2:2:1 to
yoga, PT, or education.

Interventions

Our yoga intervention was designed specifically to aid cLBP
in patients naïve to yoga and is described previously.38 Partic-
ipants attended up to 12 weekly 75-min classes which includ-
ed yoga poses, breathing, relaxation, and meditation. Instruc-
tors helped adapt yoga poses to participants’ ability and we
provided aids (e.g., chair, strap, blocks). Study staff and yoga
instructors encouraged participants to practice yoga at home
for 30 min daily using a DVD and home practice manual.
Our PT intervention included fifteen 60-min appointments

over the course of 12 weeks.38 Each session included 1-on-1
work with the physical therapist and supervised aerobic exer-
cise. Participants received written instructions and supplies for
home practice and logged the number of exercises completed
daily.
Education participants received The Back Pain Helpbook,

including information on cLBP self-management, stretching,
strengthening, and other self-care strategies, including a chap-
ter on solutions for sleep problems.40 Every 3 weeks, partic-
ipants received summary newsletters of assigned chapters and
a 5- to 10-min check-in call from research staff.
Yoga and PT participants who attended at least one session

in the 12-week intervention phase were eligible to participate
in the maintenance phase (weeks 13–52). After the 12-week
assessment, yoga participants underwent a second randomiza-
tion in a 1:1 ratio to weekly drop-in yoga classes or home
practice only. Similarly, PT participants were randomized to
receive five booster sessions in the maintenance phase or
home practice only. Participation in yoga/PT maintenance
and home practice groups was similar and did not appear to
influence 52-week pain and function outcomes.39 For analyses
of sleep outcomes, the two yoga (home practice, drop-in
classes) and PT (home practice, booster sessions) maintenance
phase groups were combined to optimize power.

Assessment of Sleep Quality

Sleep quality was measured with the Pittsburgh Sleep Quality
Index (PSQI), a widely used, validated measure of sleep-
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related function.41–43 The PSQI is a 19-item questionnaire
composed of 7 subscales, where scores range from 0 to 3,
which correspond to distinct domains (habitual sleep efficien-
cy, sleep disturbance, sleep duration, sleep latency, subjective
sleep quality, sleep medication use, daytime dysfunction). Our
primary outcome was the PSQI global score (0–21); higher
scores indicate worse sleep quality. Prior studies define poor
sleep quality with a score of ≥ 5 and a clinically meaningful
improvement as a reduction of ≥ 3 points.41,44 In addition to
the global score, we examined the PSQI 3-factor scoring
system developed by Cole, which collapses the original 7
subscales into 3 domains: sleep efficacy (sleep duration and
habitual sleep efficiency), perceived sleep quality (subjective
sleep quality, sleep latency, and sleep medication use), and
daily disturbances (sleep disturbances and daytime
dysfunction).45,46

We calculated change scores for overall sleep quality by
subtracting the baseline PSQI global and subscores from the
12- and 52-week scores. Thus, negative PSQI change-scores
indicate improvements in overall sleep quality.

Predictor Variables

Baseline sociodemographic characteristics included age, sex,
employment (currently employed, unemployed), and educa-
tion (≥ high school, < high school). Additional clinical predic-
tor variables included body mass index (BMI, kg/m2),
smoking status (current smoker, not-current smoker), and
self-report (yes or no) of depression or chronic obstructive
pulmonary disorder (COPD).
Back-related pain and physical function were assessed

using an 11-point numerical rating scale (NRS) and the
Roland-Morris Disability Questionnaire (RMDQ), respective-
ly.47 Changes in pain and physical function scores at 6 weeks
were characterized as improvements of < 10%, 10–30%, or ≥
30%. Improvements ≥ 30% for pain on 11-point NRS and
physical function on RMDQ are thought to be clinically
meaningful.48,49

Analysis

Our primary end point was at 12 weeks, reflecting change
in PSQI immediately following the intervention period. A
change in PSQI score from baseline to 12 weeks was
analyzed using multiple linear regression, adjusting for
age and RMDQ score. Secondary analysis similarly
modeled change PSQI score from baseline to 52 weeks.
We assessed whether the 12- and 52-week PSQI change
scores differed by treatment group using the education
intervention as the reference. These analyses were repeat-
ed to calculate change-scores for each of the seven indi-
vidual domains of PSQI and the three factors previously
described.45,46 We also stratified changes in the PSQI
Global Score models by race and sex, to assess for poten-
tial effect modification, based on previous findings sug-
gesting sleep quality may vary by race and sex.50,51

We performed univariate logistic regressions to explore
whether treatment arm, baseline characteristics, and clinically
meaningful improvements in pain or physical function at
6 weeks were associated with favorable sleep outcomes (≥ 3-
point improvement on PSQI). The likelihood of response at 12
and 52 weeks, by participant characteristics, was presented as
odds ratios (ORs) and 95% confidence intervals.
The analytic sample consisted of all participants with a

response to at least one component of the PSQI question, for
each time point. Thus, a complete case analysis was conducted
(Appendix Table 4). To address missing data, we performed
sensitivity analyses using twomethods of multiple imputation,
assuming that data on the covariates and outcome were miss-
ing at random. The first approach used multiple imputation for
the entire sample, regardless of the treatment arm, while for the
second, we employed multiple imputation separately by treat-
ment arm. The latter method has been shown to reduce bias in
the assessment of treatment effect, when there appears to be
differential loss to follow-up between intervention groups.52

All analyses were performed using SAS 9.4 (SAS Cary,
NC).

RESULTS

Baseline Characteristics

Baseline characteristics are described in detail elsewhere.39

Table 1 presents the baseline characteristics. Among the 320
participants, most were female (64%), non-white (82%), and
middle-aged (mean age = 46.0 [SD = 10.7] years). Participants
had high sleep disturbance scores (mean PSQI score = 10.2
[SD = 3.9]) and nearly all (92%) met the threshold definition
for poor sleep quality. Baseline covariates were similar be-
tween groups, apart from the RMDQ. Appendix Table 5 pre-
sents the PSQI subscores.

Change in Sleep Quality at 12 and 52 Weeks

Table 2 displays within- and between-group treatment differ-
ences in PSQI change-scores for the 287 and 255 participants
in the complete case analysis at 12 and 52 weeks, respectively.
After adjustments for age and baseline RMDQ scores, all groups
modestly improved by 12 weeks. The PSQI global scores in the
yoga and PT groups tended to improve more than the education
group (MD= − 0.63, 95%CI − 1.75, 0.49 and − 0.35, 95%CI −
1.51, 0.80, respectively), but these changes were not statistically
significant. Changes in PSQI over 52 weeks are plotted in
Figure 1. By 52 weeks, the improvements in sleep (as measured
by PSQI scores) are significantly better in the yoga compared
with the education group (MD=− 1.46, 95% CI − 2.90, − 0.03)
and tended to be larger in PTcompared with the education group
(MD=− 1.00, 95% CI − 2.47, 0.47). Sleep outcomes were sim-
ilar and not statistically different between yoga and PTat both 12
and 52 weeks. Imputation-based sensitivity analyses yielded
similar results.
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In the 3-factor analysis, perceived sleep quality (factor 2)
was the domain most improved in the yoga and PT groups
(Table 2). In Appendix Table 6, we present 12- and 52-week
changes in global PSQI by sex and race. We did not observe
statistically significant effect modification by race or sex at
either time point.

Responder Analysis

At 12 weeks, 10%more yoga (44/125, 35%) and PT (36/102,
35%) participants experienced a clinically meaningful

improvement in overall sleep quality (3-point PSQI change)
than the education group (15/60, 25%), though this difference
was not statistically significant (Table 3). By 52 weeks, the
proportion of sleep responders were similar in all three groups
(yoga, 44/108, 41%; PT, 37/91, 41%; education, 20/56, 36%).
Irrespective of treatment, participants who reported a 30%

improvement in pain or physical function at 6 weeks, com-
pared with non-improvers, were more likely to report an
improvement in sleep quality at both 12 (OR = 3.51, 95% CI
1.73, 7.11 and OR= 2.16, 95% CI 1.18, 3.95, respectively)

Table 1 Baseline Characteristics of 320 Study Participants Randomized to Yoga, Physical Therapy, or Education

Yoga (N = 127) Physical therapy (N = 129) Education (N = 64)

Age, mean (SD) 46.7 (10.2) 46.0 (11.4) 44.3 (10.3)
Female*, N (%) 72 (56.7) 90 (69.8) 42 (65.6)
Race*, N (%)
White 30 (23.6) 17 (13.2) 11 (17.2)
Non-white 97 (76.4) 112 (86.8) 53 (82.8)

Ethnicity, N (%)
Hispanic 20 (15.7) 17 (13.2) 6 (9.4)
Non-Hispanic 107 (84.3) 112 (86.8) 58 (90.6)

BMI, mean (SD) 30.5 (6.7) 32.4 (7.3) 31.8 (8.0)
Back pain intensity†, mean (SD) 7.1 (1.5) 7.2 (1.5) 7.0 (1.4)
RMDQ score*, mean (SD) 13.9 (5.6) 15.6 (5.1) 15.0 (5.0)
PSQI global score, mean (SD) 10.0 (3.9) 10.4 (3.8) 10.0 (4.0)
Sleep efficiency, mean (SD) 2.71 (2.02) 2.72 (2.05) 2.90 (2.07)
Perceived sleep quality, mean (SD) 4.39 (1.93) 4.70 (1.89) 4.30 (2.10)
Daily disturbance, mean (SD) 2.93 (1.23) 3.00 (1.13) 2.86 (1.04)

Poor sleep quality‡, N (%) 117 (92.1) 121 (93.8) 57 (89.1)

BMI, body mass index; RMDQ, Roland-Morris Disability Questionnaire; PSQI, Pittsburgh Sleep Quality Index; SD, standard deviation
*We observed baseline between-group differences for sex, race, and RMDQ (p value = 0.09, 0.09, and 0.03, respectively)
†Pain measured on 0–10 numerical rating scale
‡Poor sleep quality, participants with PSQI global score ≥ 5

Table 2 Sleep Outcomes at 12 and 52 weeks

Mean Within-group difference
(95% confidence interval)

Mean Between-group difference
(95% confidence interval)

PSQI* Yoga PT Education Yoga vs Education PT vs Education Yoga vs PT

Global score
12 weeks† − 1.19

(− 1.82, − 0.55)
− 0.91
(− 1.61, − 0.20)

− 0.55
(− 1.47, 0.37)

− 0.63
(− 1.75, 0.49)

− 0.35
(− 1.51, 0.80)

− 0.28
(− 1.24, 0.68)

52 weeks† − 2.32
(− 3.16, − 1.48)

− 1.86
(− 2.77, − 0.95)

− 0.86
(− 2.02, 0.30)

− 1.46
(− 2.90, − 0.03)

− 1.00
(− 2.47, 0.47)

− 0.46
(− 1.71, 0.78)

Sleep efficiency‡

12 weeks − 0.32
(− 0.64, 0.01)

− 0.22
(− 0.58, 0.13)

− 0.33
(− 0.80, 0.14)

0.02
(− 0.55, 0.59)

0.11
(− 0.48, 0.70)

− 0.09
(− 0.58, 0.39)

52 weeks − 0.78
(− 1.20, − 0.36)

− 0.80
(− 1.26, − 0.34)

− 0.46
(− 1.05, 0.13)

− 0.33
(− 1.05, 0.40)

− 0.35
(− 1.09, 0.40)

0.02
(− 0.61, 0.65)

Perceived sleep quality§

12 weeks − 0.56
(− 0.92, − 0.21)

− 0.43
(− 0.81, − 0.04)

− 0.10
(− 0.61, 0.41)

− 0.47
(− 1.08, 0.15)

− 0.33
(− 0.96, 0.31)

− 0.14
(− 0.66, 0.39)

52 weeks − 1.05
(− 1.48, − 0.62)

− 0.71
(− 1.17, − 0.24)

− 0.26
(− 0.85, 0.34)

− 0.79
(− 1.53, − 0.05)

− 0.45
(− 1.20, 0.31)

− 0.34
(− 0.99, 0.30)

Daily disturbances‖

12 weeks − 0.31
(− 0.53, − 0.09)

− 0.26
(− 0.50, − 0.02)

− 0.08
(− 0.39, 0.23)

− 0.23
(− 0.61, 0.15)

− 0.18
(− 0.57, 0.21)

− 0.05
(− 0.37, 0.28)

52 weeks − 0.44
(− 0.70, − 0.18)

− 0.42
(− 0.70, − 0.14)

− 0.16
(− 0.52, 0.20)

− 0.28
(− 0.73, 0.16)

− 0.26
(− 0.72, 0.19)

− 0.02
(− 0.40, 0.36)

*PSQI global score and 3-factor scoring system. Complete case analysis for those with PSQI data available at 12 (n = 287) and 52 weeks (n = 255)
†Adjusting for baseline age and Roland-Morris Disability Questionnaire score
‡Sleep efficiency: sleep duration and habitual sleep efficiency
§Perceived sleep quality: subjective sleep quality, sleep latency, and sleep medication use
‖Daily disturbances: sleep disturbances, daytime dysfunction
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and 52 weeks (OR = 1.58, 95% CI 0.77, 3.23 and OR= 2.18,
95% CI 1.19, 3.98, respectively). Additionally, female, non-
white, and employed participants were among those likely to
have improvements in sleep quality by 52 weeks. Participants
who self-reported depression or COPD were less likely to
improve their sleep, compared with their unaffected counter-
parts, at 52 weeks (OR = 0.50, 95% CI 0.25, 0.98 and OR =
0.42, 95% CI 0.23, 0.79, respectively).

DISCUSSION

In this secondary analysis of a RCT of 320 adults with cLBP
treated with yoga, PT, or back pain education, we found over
90% of participants had poor sleep quality prior to interven-
tion, i.e., a global PSQI score of 5 or higher. Modest improve-
ments in sleep quality were reported in all groups at 12 weeks
and 52 weeks, but there were no statistically different benefits
for yoga or PT compared with education other than improved
sleep quality with yoga compared with education at 52 weeks.
However, participants with clinically important improvements
in back-related pain or physical function at 6 weeks, compared
with others, were much more likely to have a clinically im-
portant improvement in sleep quality by 12 weeks.
While the association of cLBP and poor sleep quality is

well established,1 previous studies of adults with cLBP
reported a lower prevalence (e.g. 59%) of sleep distur-
bance. The greater prevalence of sleep disturbance in our
population may be partially explained by our predomi-
nately low-income minority sample.50 ,51 Factors

associated with poor sleep quality that aggregate in disad-
vantaged communities, such as neighborhood noise, inop-
portune light exposure, air pollution, and irritants (e.g.,
tobacco smoke); perceived discrimination; and poor ac-
cess to treatment, may explain the higher prevalence.53,54

Additionally, two-thirds of our participants were obese,
and roughly a third were current smokers; each of these
factors is associated with poor sleep.39,53

Our findings of modest improvement in sleep quality
are consistent with a range of smaller studies of yoga for
sleep in older adults,29–32 including those with knee oste-
oarthritis.35,36 Likewise, our finding of a modest improve-
ment in sleep quality with PT is consistent with a study of
60 older adults with cLBP who received 8 weeks of PT
and experienced a 1.5-point improvement in PSQI.22

However, four additional studies of mixed aerobic and
resistance exercise interventions for sleep quality found
larger improvements in sleep quality, i.e., 2.7 to 5.5
points.18–21 Our interventions were developed to address
cLBP, and focus less on aerobic exercise compared with
improving flexibility and strength. Thus, interventions
focused on more vigorous exercise may explain the larger
treatment effect in these studies.18–21

We found that improvements in pain or physical func-
tion mid-intervention were associated with clinically
meaningful improvements in sleep quality at the end of
the intervention period. There are several mechanisms
supporting bi-directional associations between pain/
physical function and sleep and prior research has exam-
ined the role of sleep interventions on pain.1,55,56 It is
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unclear if improvements in pain or physical function
caused improved sleep, or improved sleep from yoga
caused improvements in pain or function. To establish
directionality of these potential therapeutic mechanisms,
a prospective study would be needed in adults with co-
occurring cLBP and sleep dysfunction, including formal
mediation analyses and measures of both pain and sleep
quality more frequently (e.g., weekly) over treatment and
follow-up periods.”
Few studies of yoga and PT have measured long-term

sleep outcomes. We found reductions in global PSQI
persisted over 52 weeks in participants in the yoga and
PT but not the education group. While these outcomes
need to be cautiously interpreted as they were the results
of secondary analyses and were not accompanied by sig-
nificant changes in the proportion of individuals with a
clinically meaningful improvement in PSQI, they suggest
the potential for long-term improvements in sleep quality,

particularly with yoga. Other trials of yoga26,30 and exer-
cise20 have observed similar gradual improvement over
longer follow-up periods, i.e., 6 months to 2 years and
support the need for long-term evaluations of effects of
behavioral interventions on sleep quality.
Yoga and PTare resource and time intensive, and additional

analyses of cost-effectiveness are needed. Preliminary evi-
dence suggests yoga57,58 and PT59 are cost-effective for man-
aging cLBP, and a cost-effectiveness analysis of the Back to
Health Study is currently underway. Our yoga and PT inter-
ventions are relatively low-cost when compared with invasive
procedures, such as epidural injections and surgery. In our
study, the overall annual costs were $650 and $1400 per yoga
and PT participant (unpublished), respectively. Additionally,
yoga and PT interventions teach self-care strategies, which can
be practiced at home at no cost. Insurance coverage for yoga
and incorporation of these services in community health cen-
ters may reduce the financial burden to patients.

Table 3 Predictors of a 3-Point Improvement in PSQI from Baseline to 12 or 52 weeks

Total 12-week responders 52-week responders

Predictor N N (%) OR (95% CI) N (%) OR (95% CI)

Treatment
Yoga 127 44/125 (35.2) 1.63 (0.82, 3.25) 44/108 (40.7) 1.24 (0.64, 2.41)
PT 129 36/102 (35.3) 1.64 (0.80, 3.33) 37/91 (40.7) 1.23 (0.62, 2.46)
Education 64 15/60 (25.0) Ref 20/56 (35.7) Ref

Sex
Female 204 60/189 (31.8) 0.84 (0.50, 1.40) 77/179 (43.0) 1.64 (0.93, 2.88)
Male 116 35/98 (35.7) Ref 24/76 (31.6) Ref

Race
White 58 18/54 (33.3) 1.01 (0.54, 1.90) 14/51 (27.5) 0.51 (0.26, 1.00)
Non-white 262 77/233 (33.1) Ref 87/204 (42.7) Ref

Age group
≥ 34 58 17/50 (34.0) Ref 22/44 (50.0) Ref
35–44 67 23/59 (39.0) 1.24 (0.57, 2.72) 24/51 (47.1) 0.89 (0.40, 1.99)
45–54 122 34/110 (30.9) 0.87 (0.43, 1.77) 30/98 (30.6) 0.44 (0.21, 0.92)
≥ 55 73 21/68 (30.9) 0.87 (0.40, 1.89) 25/62 (40.3) 0.68 (0.31, 1.47)

Education level
< High school 126 36/111 (32.4) Ref 60/100 (39.2) Ref
≥High school 191 57/173 (33.0) 1.02 (0.62, 1.70) 40/153 (40.0) 0.97 (0.58, 1.62)

Current smoker
No 223 69/202 (34.2) Ref 76/183 (41.5) Ref
Yes 97 26/85 (30.6) 0.85 (0.49, 1.47) 25/72 (34.7) 0.75 (0.43, 1.32)

Employed
No 176 49/157 (31.2) Ref 48/144 (33.3) Ref
Yes 144 46/130 (35.4) 1.21 (0.74, 1.98) 53/111 (47.8) 1.83 (1.10, 3.04)

Depression
No 242 70/219 (32.0) Ref 84/195 (43.1) Ref
Yes 66 22/57 (38.6) 1.34 (0.73, 2.45) 14/51 (27.5) 0.50 (0.25, 0.98)

COPD
No 239 73/218 (33.5) Ref 83/186 (44.6) Ref
Yes 79 20/67 (29.9) 0.85 (0.47, 1.53) 17/67 (25.4) 0.42 (0.23, 0.79)

Pain improvement, 6 weeks
< 10% 77 20/75 (26.7) Ref 23/69 (33.3) Ref
10–30% 136 31/129 (24.0) 0.87 (0.45, 1.67) 46/112 (41.1) 1.39 (0.75, 2.61)
> 30% 67 37/66 (56.1) 3.51 (1.73, 7.11) 26/59 (44.1) 1.58 (0.77, 3.23)

RMDQ improvement, 6 weeks
< 10% 121 28/116 (24.1) Ref 33/103 (32.0) Ref
10–30% 73 26/70 (37.1) 1.86 (0.97, 3.54) 23/60 (38.3) 1.32 (0.68, 2.56)
> 30% 88 35/86 (40.7) 2.16 (1.18, 3.95) 40/79 (50.6) 2.18 (1.19, 3.98)

OR, odds ratio; COPD, chronic obstructive pulmonary disease; RMDQ, Roland Morris Disability Questionnaire
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Strengths of our study include a large sample size, a
well-validated sleep outcome measure, abundant infor-
mation on key covariates, and a 1-year follow-up period.
Our sample can be considered representative with regard
to describing sleep quality in low-income primarily mi-
nority adults with cLBP.
The principal limitation of our study is that this is a

secondary analysis of a RCT designed to evaluate the
effectiveness of yoga and PT for improving pain and
back-specific function in adults with cLBP. Nonetheless,
over 90% of Back to Health Study participants had poor
sleep quality at baseline. Although we did not use an
o b j e c t i v e m e a s u r e o f s l e e p q u a l i t y ( e . g . ,
polysomnography) and could not identify participants
with insomnia disorder, the PSQI is a commonly used,
well-validated, reliable measure of sleep for patients
with primary insomnia.43

Moderate loss to follow-up at 12 and 52 weeks (10% and
20%, respectively) with disproportionately greater loss to
follow-up in PT is an additional limitation. Fortunately, our
sensitivity analyses using multiple imputation, to evaluate
bias, provided similar results. Additionally, it seems unlikely
that the disproportionate loss to follow-up in the PT group was
due to sleep outcomes.
Although the yoga and PT interventions were designed

to improve back pain rather than sleep quality, our inter-
ventions included components thought to be important for
improving sleep quality, i.e., modest exercise, meditation,
relaxation.13,60 More significant improvements in sleep
may potentially be achieved by tailoring yoga practices
for bedtime use, or by combining yoga or PT with sleep
hygiene or CBT-I. Further research is needed in this area,
particularly among racial/ethnic minorities who have a
high proportion of sleep disturbance, yet are underrepre-
sented in studies on behavioral and yoga interventions for
sleep.
Our findings suggest that effective treatment of cLBP

may improve sleep quality. Future research on clinical
interventions should further explore the interaction of
improvements in back pain and sleep quality. Developing
optimal interventions may hinge on improving our under-
standing of the associations between cLBP and poor sleep
quality.

CONCLUSIONS

In a sample of low-income racially diverse adults with
cLBP, over 90% reported poor sleep quality at baseline.
It is important for primary care providers to be aware of
the common coexistence of sleep problems with cLBP

and to identify and address these co-occurring condi-
tions. Overall, yoga and PT provided modest improve-
ments in sleep quality. However, participants who had a
clinically meaningful reduction in pain mid-intervention
were three-and-a-half times as likely to have a clinically
significant improvement in sleep quality at the end of
the 12-week intervention period. Yoga and PT may be
helpful in co-managing back pain symptoms and poor
sleep quality. Future research is needed to develop and
evaluate yoga and PT interventions that may maximize
benefit to both of these symptomatic domains.
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APPENDIX

Table 4 Pattern of Missing PSQI Values

PSQI Yoga (n = 127) Education (n = 64) PT (n = 129) Total (n = 320)

Baseline
Complete 123 (97%) 62 (97%) 123 (95%) 308 (96%)
Incomplete 4 (3%) 2 (3%) 6 (5%) 12 (4%)
Missing 0 0 0 0

12 weeks
Complete 122 (96%) 58 (91%) 99 (77%) 279 (87%)
Incomplete 3 (2%) 2 (3%) 3 (2%) 8 (3%)
Missing 2 (2%) 4 (6%) 27 (21%) 33 (10%)

52 weeks
Complete 104 (82%) 54 (84%) 87 (67%) 245 (77%)
Incomplete 3 (3%) 2 (3%) 4 (3%) 10 (3%)
Missing 19 (15%) 8 (13%) 38 (29%) 65 (20%)

“Incomplete” indicates partial completion of survey
“Missing” indicates participant did not answer any of PSQI survey

Table 5 Unadjusted PSQI Global and Subscores for Participants Randomized to Yoga, PT, or Education Interventions at Baseline, 12 weeks,
and 52 weeks

Baseline
Mean (SE)

12 weeks
Mean (SE)

52 weeks
Mean (SE)

12-week change
Mean (95% CI)

52-week change
Mean (95% CI)

Yoga (n = 127)
PSQI global score 10.00 (0.35) 8.74 (0.38) 7.87 (0.44) − 1.19 (− 0.59, − 1.79) − 2.25 (− 3.08, − 1.42)
Subjective sleep quality 1.79 (0.07) 1.46 (0.07) 1.41 (0.09) − 0.31 (− 0.45, − 0.18) − 0.41 (− 0.58, − 0.23)
Sleep latency 1.84 (0.08) 1.59 (0.09) 1.37 (0.11) − 0.26 (− 0.42, − 0.10) − 0.52 (− 0.74, − 0.31)
Sleep duration 1.46 (0.10) 1.29 (0.10) 1.10 (0.10) − 0.15 (− 0.32, 0.03) − 0.38 (− 0.58, − 0.19)
Habitual sleep efficiency 1.26 (0.11) 1.06 (0.11) 0.92 (0.12) − 0.17 (− 0.40, 0.05) − 0.37 (− 0.63, − 0.11)
Sleep disturbance 1.79 (0.06) 1.66 (0.06) 1.62 (0.07) − 0.12 (− 0.24, 0.00) − 0.19 (− 0.35, − 0.03)
Sleep medication use 0.77 (0.10) 0.78 (0.11) 0.65 (0.11) 0.02 (− 0.21, 0.24) − 0.09 (− 0.30, 0.12)
Daytime dysfunction 1.16 (0.08) 0.95 (0.08) 0.91 (0.08) − 0.19 (− 0.35, − 0.03) − 0.24 (− 0.42, − 0.06)

PT (n = 129)
PSQI global score 10.38 (0.34) 9.35 (0.44) 8.37 (0.52) − 0.88 (− 0.12, − 1.64) − 1.84 (− 0.84, − 2.83)
Subjective sleep quality 1.78 (0.07) 1.48 (0.09) 1.31 (0.11) − 0.27 (− 0.44, − 0.11) − 0.42 (− 0.65, − 0.20)
Sleep latency 2.10 (0.07) 1.88 (0.09) 1.66 (0.10) − 0.20 (− 0.36, − 0.04) − 0.45 (− 0.65, − 0.26)
Sleep duration 1.49 (0.10) 1.45 (0.11) 1.14 (0.12) − 0.02 (− 0.22, 0.18) − 0.31 (− 0.53, − 0.10)
Habitual sleep efficiency 1.24 (0.11) 1.04 (0.11) 0.80 (0.12) − 0.16 (− 0.42, 0.09) − 0.51 (− 0.83, − 0.19)
Sleep disturbance 1.89 (0.05) 1.73 (0.06) 1.69 (0.08) − 0.14 (− 0.27, − 0.01) − 0.22 (− 0.38, − 0.07)
Sleep medication use 0.89 (0.11) 0.88 (0.12) 1.03 (0.14) 0.00 (− 0.25, 0.25) 0.16 (− 0.14, 0.45)
Daytime dysfunction 1.11 (0.07) 0.92 (0.08) 0.80 (0.08) − 0.12 (− 0.29, 0.05) − 0.19 (− 0.35, − 0.02)

Education (n = 64)
PSQI global score 10.02 (0.50) 9.40 (0.54) 9.13 (0.60) − 0.58 (0.33, − 1.49) − 1.04 (− 0.01, − 2.06)
Subjective sleep quality 1.66 (0.11) 1.60 (0.11) 1.55 (0.13) − 0.05 (− 0.26, 0.16) − 0.14 (− 0.39, 0.10)
Sleep latency 1.80 (0.13) 1.58 (0.12) 1.66 (0.14) − 0.20 (− 0.46, 0.06) − 0.18 (− 0.49, 0.13)
Sleep duration 1.51 (0.14) 1.34 (0.14) 1.44 (0.17) − 0.12 (− 0.36, 0.12) − 0.19 (− 0.47, 0.10)
Habitual sleep efficiency 1.42 (0.16) 1.17 (0.16) 1.07 (0.17) − 0.18 (− 0.44, 0.09) − 0.36 (− 0.76, 0.05)
Sleep disturbance 1.84 (0.08) 1.73 (0.09) 1.60 (0.11) − 0.10 (− 0.32, 0.12) − 0.25 (− 0.48, − 0.03)
Sleep medication use 0.84 (0.14) 1.05 (0.17) 0.80 (0.17) 0.15 (− 0.17, 0.47) 0.00 (− 0.31, 0.31)
Daytime dysfunction 1.02 (0.08) 1.02 (0.10) 1.07 (0.08) 0.00 (− 0.21, 0.21) 0.07 (− 0.17, 0.31)
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