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Study Objectives: Prior studies have suggested a benefit of yoga for alleviating sleep disturbance; however, many studies have had methodological limitations.
This trial study aimed to extend that literature by including an active sleep hygiene comparison.
Methods: Participants aged 25–59 years with a primary complaint of sleep onset insomnia lasting at least 6 months were block randomized to an 8-week
Kundalini yoga or sleep hygiene intervention, both consisting of initial 60-minute instruction and weekly check-ins. Daily sleep diaries and questionnaires were
collected at baseline, throughout the intervention, and at 6-month follow-up. Data were analyzed using linear mixed models (n = 20 in each group).
Results: Participant ratingsof the interventionsdidnotsignificantlydiffer.Sleephygiene improvedseveraldiaryandquestionnaireoutcomes,however,yogaresulted
in even greater improvements corresponding to medium-to-large between-group effect sizes. Total sleep time increased progressively across yoga treatment
(d = 0.95, P = .002), concurrent with increased sleep efficiency (d = 1.36, P < .001) and decreased sleep onset latency (d =21.16, P < .001), but without changes
in pre-sleep arousal (d =20.30, P = .59). Remission rates were also higher for yoga compared to sleep hygiene, with ≥ 80% of yoga participants reporting
average sleep onset latency < 30 minutes and sleep efficiency > 80% at 6-month follow-up. For over 50% of yoga participants, the insomnia severity index
decreased by at least 8 points at end of treatment and follow-up.
Conclusions Yoga, taught in a self-care framework with minimal instructor burden, was associated with self-reported improvements above and beyond an active
sleep hygiene comparison, sustained at 6-month follow-up. Follow-up studies are needed to assess actigraphy and polysomnography outcomes, as well as
possible mechanisms of change.
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BRIEF SUMMARY
Current Knowledge/Study Rationale:We report the first randomized controlled trial of a yoga intervention for primary sleep-onset insomnia with an
active comparison intervention (instructor-guided sleep hygiene with regular telephone follow-ups). Both interventions were 8 weeks, with comparable
evaluation ratings by participants.
Study Impact:Sleephygiene improveddaily sleepdiaryoutcomesand insomniasymptomseverityonparwitheffectsizesobserved fromcognitivebehavioral
therapy for insomnia meta-analyses, while yoga showed improvements above and beyond that magnitude. Notably, alleviation of insomnia symptom
complaints was concurrent with increased total sleep time, suggesting a mechanism of change not dependent on boosting homeostatic sleep drive.
Similar to mindfulness interventions, yoga may serve as a useful complement to existing cognitive behavioral therapy for insomnia, either concurrently or
as an entry point in a stepped care framework.

INTRODUCTION

Insomnia is themost common sleep complaint and amajor public
health concern, with prevalence estimates ranging from 4% to
above 20% of the adult population.1–3 A number of contributory
factors have been implicated in the etiology and maintenance of
chronic insomnia, including psychological conditioning, consti-
tutional predisposing factors, dysfunctional beliefs and attitudes,
genetic factors, cognitive and physiological arousal, and stress
reactivity.4 The observed elevated physiological arousal may
be related to hyperactivation of the stress system in these patients
and is the basis for a hyperarousal hypothesis of insomnia. In this

hypothesis, insomnia is considered as a disorder of inappropriate
arousal rather than a disorder of sleep,5,6 and this is consistent
with evidence that interventions that address arousal and stress
reactivity show efficacy as insomnia treatments.7

Given the hypothesis that insomnia is related to inappropriate
levels of arousal, research has shown that behavioral treatments
that are known to reduce psychophysiological arousal have
shown efficacy, including physical exercise,8 mind-body practi-
ces,9 progressive relaxation,10,11 and meditation.10,12 Cognitive
behavioral therapy for insomnia (CBT-I), which has included
cognitive behavioral therapy, other sleep-specific strategies,
and relaxation techniques, has been found to be superior to
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pharmacological treatments for long-term outcomes and is thus
recommended as gold-standard treatment.4 It has been proposed
that skills learned in CBT-I can be implemented long term,
beyond discontinuation of CBT-I treatment, whereasmedication
use needs to continue to retain the benefit.13 It is further hypoth-
esized thatotherbehavioral treatments suchasyoga,which incor-
porates multiple mind-body practices, would also be effective.

Yoga is a comprehensive system with the aim of achieving
physical, psychological, and spiritual health and well-being that
incorporates awidevariety of postures/exercises, breathingprac-
tices, relaxation, andmeditation/mindfulness techniques.14Yoga
has also been used as a therapeutic treatment (“yoga therapy”), as
it is believed that different techniques can produce unique psy-
chophysiological effects and that this specificity can be used to
target specific disorders.14–16 Basic research on yoga has sug-
gested that it is effective in influencingpsychophysiological,neu-
roendocrine, and autonomic parameters, and it has therefore been
found to be a particularly effective intervention for addressing
stress and stress reactivity.17,18 It is therefore logical to consider
yoga as a therapeutic treatment for insomnia. This is supported
by evidence of higher quality sleep in long-term yoga practi-
tioners19,20 and a few prospective trials in relatively healthy
populations.21–23

However, despite the currently high use (practiced by over
14% of US adults) and rapidly increasing popularity of yoga,24

perceived benefit,19 and particular use for sleep,25 there is only
modest evidence of its clinical use in chronic primary insom-
nia.26,27 Research trials have been published on the effectiveness
of meditation as an insomnia treatment either alone28–30 or, in a
growing number of studies, as part of a multicomponent treat-
ment.30,31A fewstudies have also reportedbenefits of breath reg-
ulation techniques.32,33 Published studies evaluating a yoga
treatment for primary insomnia include our preliminary single-
arm trial,34 plus a few other small trials.35–38 Our pilot trial
showed awithin-group effect size of20.94 for diary-based sleep
onset latency (SOL) and 1.33 for sleep efficiency (SE). Other-
wise, the best comparison to the present study is a randomized
controlled trial for chronic insomnia in postmenopausal women
aged 50 to 65 by Afonso et al,38 which showed a between-
group effect size on the Insomnia Severity Index (ISI) of20.62
compared to waitlist control (diary measures not evaluated).9

However, there have been a number of trials of yoga and other
mind body practices for the treatment of insomnia secondary to
other conditions such as cancer and in elderly populations,
many ofwhich have not used formal chronic insomnia diagnostic
criteria.9,39,40 In ameta-analysis byWang et al,9 yoga showed an
overall effect size between treatment and control of20.35 on the
ISI (n = 4 studies) and 20.42 on the Pittsburgh Sleep Quality
Index (PSQI; n = 9 studies). Baglioni et al40 grouped studies of
meditative movement therapies together (n = 9, including yoga,
mindfulness, Tai Chi) in a meta-analysis and reported overall
effect sizes between active treatment and control groups of 0.15
for SOL, 1.22 for SE, and 20.86 for sleep problem severity
(ISI/PSQI). Finally, Wang et al39 reported overall effect sizes
between yoga and control groups (n = 16 yoga studies in women)
of20.13 for the ISI and20.54 for the PSQI.

Theoretically, yoga can be classified as a “self-care” practice
noted in the reviews of CBT-I treatment where “stepped care

models” have been proposed.13,41 These stepped care models
are commonly conceptualized as a pyramid, with the least inten-
sive therapy (eg, readily accessible, lowest cost, least personal
inconvenience, least specialist time) as entry point at the bottom
and smaller numbers of patients with insomnia requiring inten-
sive treatments further up the pyramid. Full CBT-I treatments
have been the most widely researched treatment modality, with
demonstrable efficacy and effectiveness across a variety of pri-
mary and comorbid clinical presentations,42–49 albeit requiring
relatively high amount of time and provider training to adminis-
ter. Sleep hygiene (SH) treatment has previously been used as a
control treatment to strengthen the interpretation of CBT-I out-
comes50 and can also be considered an entry level in stepped
care models. However, more evidence is needed to determine
the relative efficacy of SHvs yoga andother interventions requir-
ing minimal clinician burden.

The purpose of this small trial study was to evaluate the suit-
ability and efficacy of a simple set of yoga exercises requiring
minimal training compared to active SH control, as previously
done in CBT-I research. We hypothesized that SH would yield
improvements in average diary-reported SOL, our primary out-
come measure, with yoga demonstrating improvements above
and beyond those of SH.We also hypothesized that a similar pat-
ternofdifferential improvementwouldbeobservedacrossanum-
ber of secondary sleep diary and questionnaire measures.

METHODS

Study design
This yoga intervention study was a randomized controlled trial
focusingoncomparisonofchangeagainst anactive sleephygiene
comparison. Outcome measures were collected at baseline,
throughout the 8-week treatment phase, and at 6-month follow-
up. The study was conducted from April 2003 to January 2007.
A study coordinator met individually with volunteers prior to
enrollment to inform them about nature of the study, describe
study procedures, and obtain written informed consent. Partici-
pantswere remunerated for their participation. The experimental
protocolwasapprovedby the InstitutionalReviewBoardofBrig-
ham andWomen’s Hospital.

Participantswererandomizedandstratifiedbysex inblocksof4
and 6, and assignment was accomplished by randomly selected
slips of paper from an opaque envelope (blinded assignment).
Assignments were completed just before the beginning of the first
treatment session. Therefore, both instructor and participants did
not know the treatment assignments until just before the first treat-
ment session. The instructor (S.B.S.K.) met with participants for
one 60-minute, in-person training session for both the yoga and
SH treatments. Each participant was given paper instructions and
asked to follow the treatment protocol. About 1 week after treat-
ment start, the instructor met again in-person for up to 15minutes
to confirm the accuracy of the yoga and SH practices, answer any
questions, address issues of adherence, and offer suggestions to
address barriers to adherence. Thereafter, participants from each
treatment group were followed-up via telephone by the instructor
every 2 weeks. Each 5-minute to10-minute call addressed issues
with adherence and/or barriers to the treatment protocol.
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Participants

Participant recruitment

Participants aged25 to 59 yearswith a complaint of difficulty ini-
tiating sleep (primary sleep-onset insomnia) were recruited pri-
marily from advertisements in newspapers and posters. To
exclude expectation and bias effects, all study recruitment mate-
rials and the consent form did not include anymention of yoga or
meditation. Participants were informed theywould receive 1 of 2
active and credible nonpharmaceutical behavioral treatments for
insomnia, either a sleep hygiene treatment that included educa-
tion and application of sleep habits or a relaxation treatment
that included body positions in specific postures, a specified
breathing pattern, and mental focus.

Participant screening

Participant screening included 2 phases: 1) telephone screening
and written consent and 2) in-person 1-hour comprehensive sleep
history interview.All participants meeting entry criteria through a
preliminarytelephonescreeningcompletedawrittenconsentform.
Participantsunderwent a comprehensive sleephistory interview to
determine the presence of chronic primary sleep-onset insomnia.
This was then reviewed with the participant and a board-certified
sleep specialist to verify the primary insomnia diagnosis and the
appropriateness of the participant’s participation in the study.
Data recorded in the sleep history interview included: 1) duration
of the insomnia, 2) the potential relationship of its onset to prior
lifeevents, 3) severityover time,4)historyofprior attempts to treat
the insomnia either pharmacologically or behaviorally, 5) partici-
pant’shabitualdailysleep-wakeschedule,6) typical/averageSOL,
7) typical/average number and duration of midsleep awakenings,
8)natureofcognitiveactivityduringthesleeponsetperiodanddur-
ingmidsleepawakenings,9) timing, frequencyanddurationofany
daytimenaps,10)useofcaffeineandother substancesandmedica-
tions, 11) presence and severity of daytime fatigue or sleepiness,
12) symptomsconsistentwithother sleepdisorders (ie sleepapnea,
narcolepsy, parasomnias, restless legs syndrome, periodic leg
movements, etc.), and 13) a brief medical and psychiatric history.

The insomnia criteria were: 6-month minimum history of
insomnia, at least 1 negative daytime complaint due to insomnia,
and average SOLof greater than 30minutes (based on daily sleep
diary entries for 1 week). Of the 157 assessed for eligibility prior
to randomization, 13 failed tomeet this diary-based criterion and
were excluded from the study. This study focused on sleep-onset
insomnia due to the evidence that relaxation-based treatments
have been more effective at improving SOL compared to sleep
maintenance parameters,9,10 as well as the advantage of increas-
ing homogeneity of the clinical sample in this small trial study.
Exclusion criteria were: age < 25 years or > 59 years (due to con-
cerns about ability and safety of performing theyoga intervention
and increasing comparability of this small trial study with the
existing literature); use of hypnotic medications within 2 weeks
prior to enrollment (and participants were asked to refrain from
use during study); any major medical disorders or conditions that
were known to interfere with sleep or that would preclude the par-
ticipant’s ability to carry out the experimental protocol; previously
diagnosed or symptomatic evidence of sleep-disordered breathing,

periodic leg movements, restless legs syndrome, or sleep disor-
der other than primary insomnia; current Axis I Diagnostic and
StatisticalManualofMentalDisorders, fourthedition,diagnosis
as per a structured clinical interview; psychotropic medications
or any other concurrent nonpharmacological treatment for
insomnia during the course of the protocol; and any anticipated
life stressors (moving, divorce, etc.), shift work, or transconti-
nental travel. Participants had to report being physically and
medically capable of practicing the techniques safely. Com-
plaints of difficulty maintaining sleep (sleep maintenance
insomnia, early morning awakenings) were not explicitly part
of the inclusion/exclusion criteria. Because the study design
included the blinding of the intervention to participants to not
indicate the word “yoga” in the recruitment and enrollment pro-
cess, there were no exclusion criteria applied specifically for an
existing yoga and/or other ongoing mind-body practice. How-
ever, there was exclusion for any current/ongoing regular non-
pharmacological treatment for insomnia, including mind-body
practices as determined in the sleep history interview, andpartic-
ipants had to agree tonot adopt anyother treatments/practices for
insomnia during the study.

Interventions

Yoga treatment

Participants assigned to the yoga treatment were informed that
their treatment included yoga-based practices only after they
were randomly assigned to treatment, which was instructed in a
1-hour training session. Participants were not instructed in or
informedabout anyother behavioral treatment recommendations
for insomnia(eg, stimuluscontrol,SH,sleeprestriction,etc.).The
45-minute daily session of yoga used practices from Kundalini
yoga as taught by Yogi Bhajan, which is a safe and widely prac-
ticed style of yoga that emphasizes meditation, relaxation, and
breathing techniques in addition to postures. The exercises cho-
sen were selected because they were specifically recommended
for improving sleep andwere easy to learn and performwithmin-
imal instruction. The same set of exercises was performed every
day during the intervention. All exercises were completed in the
seated posture, with instructions to maintain the spine erect, but
relaxed,with all breathing through the nose, andwith eyes closed
unless otherwise specified. Special attention in the initial training
session was devoted to specific instructions on the practice of
long, slow abdominal breathing to ensure that participants under-
stood the breathing pattern. Participants were instructed to
breatheasslowlyaswascomfortable.Thebasiccognitiveprocess
of meditation was also described in detail. Participants were
instructed to maintain a relaxed mental focus either on their
breathing or a mantra (word or phrase of their choice), returning
their attention to this focus in a relaxed manner when they found
their thoughts wandering.

The full set of exercises included the following. 1) Arms
extendedupwardsat a60degree anglewith thepalms flat and fac-
ing upwards with meditation on the breath for 1 to 3 minutes. 2)
Arms extended horizontally to the sides with the wrists bent
upwards and the palms facing awaywithmeditation on the breath
for 1 to 3 minutes. 3) Hands clasped together at the sternumwith
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thearmspushing thepalms togetherwithmeditationon thebreath
for 1 to 3 minutes. 4) A breathing meditation called “Shabad
Kriya”. Palms are resting in the lap facing upward with right
over left and the thumbs touching. Eyes are 1/10 open and gaze
is downward past the tip of the nose. The inhale is in 4 segments
or “sniffs”, followed by breath retention for 16 counts and an
exhale in 2 segments, so that the ratio of inhale:hold:exhale is
4:16:2.During the inhale, themantra“Sa,Ta,Na,Ma” ismentally
recitedwith each segment. During the breath retention, thisman-
tra is mentally repeated 4 times. During the exhale, the mantra
“WaheGuru” is mentally recited concurrentlywith each exhaled
segment. Participants are encouraged to maintain the overall
breathing frequency as slow as is comfortable,whilemaintaining
the specified ratio of inhale:hold:exhale for 11 to 31 minutes.

Participants were instructed to perform the treatment in the
evening, preferably just before bedtime. If, on occasion, the par-
ticipant’s evening schedule made it difficult to incorporate the
treatment, participants were to practice the treatment at another
time of day.

During the in-person 1-week follow-up (lasting from 5 to 15
minutes), the instructor hadparticipants in this treatment perform
all exercises to ensure understandingof thebreathing andmedita-
tion component of this yoga treatment. The instructor also
addressed issues of adherence.

Sleep hygiene

The sleep hygiene treatment was adopted fromEdinger et al.50,51

Itwas selected tobeaweak treatment thatwould still beviewedas
credible by participants but would not include any behavioral
interventions such as cognitive behavioral therapy, stimulus con-
trol, or sleep restriction that are known tohave substantial clinical
benefit. The 1-hour SH treatment training session beganwith the
reading of a �20-minute script of basic sleep education that
included information on sleep physiology, sleep stages, function
of sleep, sleep needs, dreaming, etc. followed by an opportunity
for discussion. Participants were then instructed in the adoption
of the following behavioral recommendations for improving
sleep: 1) restriction of caffeinated foods and beverages to no
more than3cupsof coffeeper dayandnocaffeine in the late after-
noon or evening hours, 2) limit intake of alcohol in the evening or
using alcohol as a sleep aid, 3) engage in regular moderate exer-
cise (eg 3 days per week) such as walking, swimming, or biking,
particularly in the late afternoon or early evening but to avoid
exercise right before bed, 4) consuming a light bedtime snack
that includes items such as cheese, milk, or peanut butter, 5)min-
imizing noise and light bywearing ear plugs, running a fan, using
a “white noise”machine, minimizing the use of night lights and
using dark shades over windows, and 6) keeping room tempera-
turecomfortableusinganair conditioner if necessary.All of these
recommendations were described in detail and the participant’s
current and anticipated adherence was discussed. The investiga-
tor then worked with the participant to address plans for imple-
menting these recommendations and addressing any problems
or limitations. One week after the initial training session, the
instructor addressed barriers to adherence and offered sugges-
tions to each individual participant during a 5-minute to
15-minute in-person follow-up meeting.

Outcome measures

Therapy evaluation questionnaire

Treatment credibility was assessed via Likert ratings (range 1–7)
of the 7-item Therapy Evaluation Questionnaire (TEQ).50 The
first 5 questions of the TEQ assess perceived logic of and confi-
dence in a treatment,willingness to repeat the treatment, and like-
lihood the treatment will help others. The final 2 items assess
therapist warmth and competence. The TEQ was administered
in the beginning and end session of the treatment protocol.

Sleep diaries

Participants completed daily sleep-wake diaries throughout the
2-week pretreatment baseline, the 8-week treatment phase, and
during the 2-week long-term follow-up 6 months after the end
of the treatment. They were instructed to complete the diaries
shortlyafterawakeningonaregularbasisand toavoidcompleting
themduring the night. Participants recorded the time in andout of
bed, SOL, the number and duration of all nocturnal awakenings,
the timingofanydaytimenapsonthepreviousday,and thequality
of nocturnal sleep and restedness on a 10-point numerical scale.
During the treatment and long-term follow-up phases, the diaries
includedadaily adherence entry for the timinganddurationof the
yoga treatment or for the specific SH recommendations not
adhered to.Completed diarieswere brought in by the participants
following the 2-weekbaseline and after the firstweekof the treat-
ment and then mailed in every 2 weeks for the remainder of the
treatment phase and for 6-month follow-up.

Sleep questionnaires

Participantscompleted the7-itemISI,52 13-itemInsomniaSymp-
tom Questionnaire (ISQ),53 PSQI,54 9-item Self-Efficacy for
Sleep scale (SES),55 and Pre-Sleep Arousal Scale (consisting of
“Somatic” and “Cognitive” subscales).56 The SES and ISQ
werecollectedwithamodifiedvisual analogscale format, consis-
tent with procedures from Edinger et al.51 Each of these instru-
ments have shown good psychometric properties (a ≥ 0.71)
and ability to detect improvements in response to insomnia treat-
ment.57 Questionnaire measures were collected once at baseline,
end of intervention (week 8), and follow-up, with varying inter-
vals during treatment phase: weekly for ISI and ISQ, biweekly
for Pre-Sleep Arousal Scale, treatment midpoint (week 4) for
SES, and no intermediate intervals for PSQI.

Statistical analyses
For daily sleep diaries, average values were calculated for the
2-week interval of the baseline, each of the 4 consecutive
2-week intervals in the treatment phase, and 2-week interval of
the 6-month follow-up timepoint.

Data visualization was done in Matlab (Mathworks, Natick,
MA), and statistical analysis was conducted in IBM SPSS 26.0
using Linear mixed models (LMM) and specified post hoc com-
parisons focusing on within-group change for yoga and SH at
postintervention and follow-up compared to baseline. All avail-
able data from participants who completed at least 4 weeks of
intervention were included for analysis. For each LMM, results
are reported for main effects of Group (yoga, sleep hygiene)
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andTime (baseline, varying intervals of treatment phase depend-
ing on measure [see above], and 6-month follow-up), as well as
Group 3 Time interaction. To balance type I and type II error
with post hoc comparisons, a Bonferroni correction was applied
by multiplying uncorrected P values by 4 (the number of post
hoc comparisons per model), allowing alpha to remain at 0.05
for significance. Effect size estimates were calculated with
Cohen’s d using paired difference scores of the raw data for
within-group change, as well as between-group for direct com-
parison of 2 interventions.

Based on the results from a preceding open trial pilot study of
this yoga intervention for insomnia,34 using an effect size of
20.94fordiary-basedSOLas theprimaryoutcomefor thecurrent
study, power of .80, and alpha of .05, an estimated sample size of
11participantsper groupwouldbeneeded toobserve comparable
effects for 2-tailedpaired t tests ofwithin-group change frompre-
treatment to posttreatment, and 19 participants per group for
between-group effects of that same magnitude.

RESULTS

Participant characteristics
Of the 157 screened for eligibility, 44 participantswere randomly
assigned to either yoga (n = 23) or SH treatment (n = 21) and
underwent a treatment training session (Figure 1). Four partici-
pants withdrew during the treatment phase, including 3 (13%)
in the yoga group and 1 (5%) in the SH group (x2 = 0.91 P =
.340), yielding a sample size n = 20 in each group with at least 4
weeks of treatment data for analysis. Reasons for withdrawal
included change in life circumstances precluding continued
time for and/or commitment to the protocol (eg, illness, family
emergency, moving, etc.), did not wish to continue committing
time to the treatment, and dislike of the treatment. Of the 17 par-
ticipants in yogawho completed follow-up questionnaires, all 17
also completed daily sleep diaries. For the SH group, notably
higher data losswasobserved, as 16participants completedques-
tionnaires at follow-up and only 11 completed sleep diaries. No
adverse events were reported during the study.

Thesamplewaspredominantlymiddle aged (yoga:43.5±12.2
yr, SH: 40.8 ± 8.7 yr, P = .422) and majority female (yoga: 55%,
SH: 70%, P = .340). Race did not significantly differ between
groups(yoga:20%Black,0%Asian,80%White;SH:15%Black,
20%Asian,65%White;P= .692)nordid self-identifiedHispanic
ethnicity (yoga: 10%, SH: 0%, P = .154).

TheTEQhadhigh internal reliability for this sample (a=.866).
Mean ratings did not significantly differ between groups or over
time (scale range 1–7; yogafirst session: 5.5±1.0, yogalast session: 5.5
± 1.2, SHfirst session: 5.5 ± 1.2, SHlast session: 5.0 ± 1.2,P≥ .347 for
LMMmain effects and Group3 Time interaction).

Yoga practice characteristics
Figure 2 illustrates the trajectory and individual variability of
reported practice duration across time. As depicted in the inset,
average duration of daily practice increased over the first few
weeks of intervention (from 29.1 ± 12.6 to 37.2 ± 12.1 min/day,
P = .011), plateaued until the end of intervention, and then was

significantly lower during the 2-week-long 6-month follow-up
period (21.0 ± 18.5 min/day, P = .009), with approximately half
of participants reporting no or minimal practice.

Primary outcome
Given that this study specifically focused on individuals with
complaints of difficulty initiating sleep, the primary outcome
wasaverageSOLfromdaily sleepdiaries.YogaandSHhadcom-
parable SOL at baseline (46.8 ± 11.6 minutes vs 48.1 ± 14.1
minutes, P = .748). LMM indicated significant main effects of
Group (F1,182 = 11.65, P = .001) and Time (F5,61 = 7.21, P <
.001) but not a Group 3 Time interaction (F5,61 = 0.76, P =
.583). However, only for yoga were the within-group improve-
ments in SOL significant after Bonferroni correction formultiple
comparisons at end of intervention (yoga: P < .001, d =21.16;
SH: P = .203, d = 20.55) and follow-up (yoga: P < .001, d =
21.70; SH:P= .062, d=20.53) (Table 1;Figure 3). The groups
also significantly differed at the follow-up timepoint (P = .035;
Figure 3).

Secondary outcomes
To further characterize changes in sleep between groups, a num-
berof additional sleepdiaryvariables and relevantquestionnaires
wereevaluated (Table1).Data forSE, total sleep time (TST), and
ISI are plotted for visualization alongside SOL inFigure 3 and in
further detail of individual-level change in Figure S1 in the sup-
plemental material. In addition, a more detailed time course of
change in sleep diary variables SOL, SE, and TST is visualized
inFigureS2 in thesupplementalmaterial.Nobaselinedifferences
between groups were observed for any secondary sleep diary or
questionnaire measure (uncorrected P values: .0862.864).

Daily sleep diaries

LMM demonstrated a main effect of Time for total wake time,
TST, SE, sleep quality, and restedness (P values≤ .011), reflect-
ing patterns of improvement across both groups. Although no
Group3Time interactionswereobserved, amaineffectofGroup
wasobservedforwakeafter sleeponset, totalwaketime,TST,and
SE (Pvalues≤ .001). This effect ofGroup appears to be drivenby
between-groupdifferences in eachof these 4measures at the end-
intervention timepoint (P values ≤ .035; Figure 3 for SE and
TST),aswellassignificantlygreater increases (differencescores)
in TST frombaseline to end of intervention for yoga compared to
SH (within-group d values: 0.95 and 0.59, between-group d =
0.73, P = .036).

Questionnaires

All questionnaires demonstrated high internal reliability for this
sample (a: .8022.914). LMM demonstrated a main effect of
Time for ISI, ISQ, and SES (P values≤ .021), reflecting patterns
of improvement across both groups. Similar to sleep diarymeas-
ures, although no Group 3 Time interactions were observed, a
main effect of Groupwas observed for SES (P = .021). Themag-
nitude of change (difference scores) from baseline was also sig-
nificantly greater for yoga compared to SH at end of
intervention for SES (between-group d = 0.90) and at both end-
intervention and follow-up for ISQ (between-group d values:
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20.74 and20.78; Table 1). No effects were observed for either
Somatic or Cognitive subscales of the Pre-Sleep Arousal Scale.

Clinical significance
Clinical efficacy was assessed by comparing remission and
response rates at end-interventionand follow-up.Following liter-
ature recommendations for cutoffs, remissionwasdefinedas<30
minutes for SOL,50,58 > 80% for SE,59,60 and < 8 for ISI score.61

As illustrated inFigure4, themajorityofparticipants randomized
to the yoga group, but not SH, achieved remission by the end of
intervention for SOL (65.0% vs 36.8%) and SE (80.0% vs
47.4%). These patterns remained at follow-up for both SOL
(82.4%vs 36.4%) andSE (88.2%vs 54.5%). Between-group dif-
ferences were smaller for ISI remission (post: 47.4% vs 38.9%;
follow-up: 52.9% vs 25.0%).

Treatment response was defined as a reduction from baseline
in ISI total score of at least 8 points. A similar pattern to
ISI remission was observed, with relatively higher rates for
yoga compared to SH (post: 52.6% vs 38.9%; follow-up:
58.8% vs 31.3%).

Figure 1—CONSORT flow diagram of recruitment and participation.

CONSORT = Consolidated Standards of Reporting Trials.

Figure 2—Yoga practice volume over time.

Inset depicts average daily practice minutes in 2-week intervals. Error bars
reflect standard error of the mean. FU = follow-up.
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Table 1—Daily sleep diary and questionnaire outcomes.

Baseline Post Post: Effect Size (d) 6-Month 6-Month: Effect Size (d)

Mean (SD) Mean (SD) Within Between Mean (SD) Within Between

SOL (min)

Yoga 46.8 (11.6) 29.5 (18.1) 21.16*
20.24

21.0 (14.1) 21.70*
20.34

Sleep Hygiene 48.1 (14.1) 34.7 (22.8) 20.55 35.6 (20.8) 20.53

Awakenings (#)

Yoga 1.5 (1.0) 1.2 (1.0) 20.44
20.06

1.1 (0.6) 20.51
0.37

Sleep Hygiene 1.7 (1.1) 1.5 (1.1) 20.52 1.4 (0.8) 20.48

WASO (min)

Yoga 31.3 (23.5) 15.7 (14.5) 20.68*
20.21

15.1 (10.6) 20.69*
0.16

Sleep Hygiene 48.9 (45.9) 37.9 (42.9) 20.68* 29.4 (20.3) 21.16*

TWT (min)

Yoga 108.6 (48.2) 64.1 (35.1) 21.18*
20.55

58.7 (38.4) 21.14*
20.15

Sleep Hygiene 131.1 (61.5) 113.0 (87.8) 20.31 85.3 (43.5) 21.08*

TST (min)

Yoga 375.1 (63.8) 440.6 (79.6) 0.95*
0.73*

441.8 (75.8) 0.81*
0.56

Sleep Hygiene 356.3 (60.6) 379.4 (60.4) 0.59 402.3 (57.5) 0.97

SE (%)

Yoga 77.2 (9.3) 87.3 (6.7) 1.36*
0.60

88.2 (8.2) 1.15*
0.33

Sleep Hygiene 73.2 (11.0) 77.9 (14.7) 0.44 82.3 (9.1) 1.18*

Sleep quality

Yoga 4.4 (1.1) 5.5 (1.6) 0.68*
20.08

6.3 (1.9) 0.83*
20.02

Sleep Hygiene 4.4 (1.4) 5.5 (1.6) 0.69* 5.8 (2.7) 0.52

Restedness

Yoga 4.2 (1.3) 5.5 (1.8) 0.70*
20.04

6.2 (2.1) 0.88*
0.21

Sleep Hygiene 4.4 (1.3) 5.5 (1.8) 0.72* 5.5 (2.6) 0.46

ISI

Yoga 18.3 (3.9) 9.9 (4.8) 21.43
20.36

9.1 (6.5) 21.17
20.60

Sleep Hygiene 17.2 (4.3) 10.9 (5.6) 21.03 13.4 (8.2) 20.40

ISQ

Yoga 56.3 (18.0) 30.3 (17.4) 21.25
20.74*

33.2 (19.5) 20.90
20.86*

Sleep Hygiene 46.8 (10.6) 34.4 (15.3) 20.80 45.8 (23.3) 20.04

PSQI

Yoga 11.6 (3.2) 8.7 (3.7) 20.85*
20.44

7.5 (3.9) 20.78
20.42

Sleep Hygiene 10.3 (2.5) 8.9 (4.1) 20.32 8.8 (4.9) 20.29

SES

Yoga 40.3 (17.5) 59.5 (19.0) 1.16*
0.98*

59.1 (23.4) 0.84*
0.57

Sleep Hygiene 41.6 (12.0) 47.3 (22.3) 0.32 46.1 (25.1) 0.18

PSAS-Somatic

Yoga 13.0 (4.1) 11.8 (3.6) 20.31
20.25

12.2 (4.8) 20.13
20.40

Sleep Hygiene 13.4 (4.1) 12.8 (5.4) 20.16 15.3 (7.2) 0.44

PSAS-Cognitive

Yoga 14.1 (4.5) 12.6 (4.3) 20.30
20.41

13.8 (5.8) 20.07
20.35

Sleep Hygiene 13.2 (3.3) 13.7 (5.4) 0.13 15.8 (6.3) 0.58

Effect sizes are computed as Cohen’s d, reflecting the magnitude of change from baseline to posttreatment and 6-month follow-up within each group, as well as
betweengroups (higher values indicategreater change for yogacompared tosleephygiene).Nosignificantdifferenceswereobservedbetweengroupsatbaseline.
*P < .05, Bonferroni-corrected. ISI, Insomnia Severity Index, ISQ, Insomnia Symptom Questionnaire, PSAS, Pre-Sleep Arousal Scale, PSQI, Pittsburgh Sleep
Quality Index, SD, standard deviation, SE, sleep efficiency, SES, Self-Efficacy for Sleep, SOL, sleep onset latency, TST, total sleep time, TWT, total wake time,
WASO, Wake After Sleep Onset.
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DISCUSSION

The aim of the current study was to evaluate the efficacy of an
8-weekKundalini yoga intervention vs an active SHcomparison.
Both interventiongroupswereblinded to their randomlyassigned
intervention until the first session, and subsequently reported
moderately high ratings of the treatments (TEQ averages > 5 on
7-point Likert scale, not significantly different between groups).
Yogademonstratedgreateroverall improvements inSOL, thepri-
mary outcome measure, as well as a number of additional sleep
diary and questionnaire measures. These improvements corre-
sponded tomedium-to-large effect sizes and amajority of partic-
ipants achieving clinical remission in termsof SOL<30minutes,
SE > 80%, and ISI < 8.

Althoughmissingdatawereminimal frombaseline to theendof
intervention and also minimal for questionnaires at follow-up, it
was higher for daily sleep diaries at follow-up, specifically for

the SH group (n = 5 completed questionnaires but not sleep
logs). Further examination of the data revealed that the SH partic-
ipants who completed daily sleep diaries at follow-up were those
who tended also to report improvements during the treatment
phase, whereas those who only completed follow-up question-
naires but not sleep diaries, or dropped out during the 6-month
follow-up period entirely, tended to report initial improvements
with SH but a return toward baseline by the end of the treatment
phase (FigureS3 in the supplementalmaterial). This pattern likely
reflects a self-selection bias, such that the participantswho experi-
enced benefit were much more likely to complete all study proce-
dures.Therefore, itappears likelythat thesleepdiarymeasuresmay
be an underestimate of between-group differences at follow-up.

Recent meta-analyses enable a helpful comparison of these
results with the large existing literature on CBT-I, the current
gold-standard treatment for chronic insomnia.At endof interven-
tion as well as 6-month follow-up, within-group effect sizes for
SH are on par with average CBT-I outcomes42,43 for SOL and

Figure 3—Changes in main self-reported outcomes across groups and time, including 6-month follow-up.

Daily sleep-wake diary variables were averaged across 2-week intervals. Error bars reflect standard error of themean. See Figure S3 and Discussion for further visu-
alization and commentary regarding data loss at the 6-month follow-up. ISI = Insomnia Severity Index, SH = sleep hygiene.
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ISI,with yogademonstrating larger effects.Given thatCBT-I has
beensuperior toSH inprior studies,48,50 theeffect sizes in the cur-
rent study are likely overestimates, such that improvements with
yoga in subsequent replication studies may be closer to those
observed with CBT-I rather than superior to this current gold-
standard. Additional limitations of this method of comparison
are the specific focus of this study on sleep onset insomnia and
the self-selection bias described above that likely inflates the
effect sizes for sleep hygiene on SE and TST at follow-up.While
acknowledging these caveats, one particularly notable compari-
son to highlight further is the increased TST associated with
yoga at both end of intervention and follow-up. Decreasing sleep
time (via time-in-bed restriction) is a keymechanismofCBT-I to
increase homeostatic drive, and therefore improvements in TST
are limited following CBT-I.4,62 The results of the current study
suggest that yogamay serve as an adjunct toCBT-I or evenan ini-
tial treatment option within the context of a stepped care
approach41 involving minimal burden of instructor time or
required insomnia treatment expertise to improve sleep effi-
ciency while simultaneously increasing sleep time.

There is also substantial overlap between themeditative compo-
nent of the yoga practice used in the current study andmindfulness-
based interventions for insomnia, including Mindfulness-Based
Therapy for Insomnia that has been developed as a formally inte-
grated intervention with CBT-I.63 Compared to a trial study of
Mindfulness-Based Therapy for Insomnia,61 effect sizes in the cur-
rent studyare slightly larger for totalwake timeandSE,much larger
for TST (consistent with the key mechanism of CBT-I described
above), but slightly smaller for ISI.One potentiallymeaningful dif-
ferencebetweenthisyogainterventionandmindfulness-basedinter-
ventions is the explicit inclusion of and focus on body posture,
movements, andbreath regulation,whichmayoffer some individu-
als greater access to alleviating sleep-related worries by naturally

shifting attention to physical sensations.64 An intriguing recent
observation related to mindfulness-based interventions is an
increase in beta/gamma non-rapid eye movement electroencepha-
lography,65 conventionally interpreted as a marker of
“hyperarousal” in insomnia.4,66,67 In other words, it would be
expectedthataprocessofde-arousalwouldcorrespondtoadecrease
in this electroencephalographymarker, rather than the increase that
wasobserved.Oneaspectofthecurrentfindingsrelatedtothehyper-
arousal framework of insomnia is the lack of any effects on either
subscale of the Pre-Sleep Arousal Scale, indicating that a process
of de-arousal was not concurrent with the medium-to-large effect
size improvements in sleep parameters or insomnia symptom com-
plaints. These findings suggest that the originally hypothesized
mechanismofyoga(ie, relaxation)mayneed toberefinedandbetter
contextualized with physiological data. For example, Britton and
colleagues68 highlighted that meditation practices often aim to cul-
tivate a balance of relaxation and alertness, supported by data from
multiple domains of arousal as a function of meditation training. It
would be useful for future studies to examinewhether similar find-
ings with sleep electroencephalography data and self-reported
arousal are observed in other contemplative interventions with
body movement and postural components, such as yoga or Tai
Chi,69,70 and whether these domains of arousal correlate with
inflammation, autonomic regulation, or other domains relevant to
downstream physical health outcomes.

Limitations of the current study merit discussion. The sample
size was relatively small and consisted of primarily White
females. The inclusion criteria focused on a complaint of diffi-
culty falling asleep, thus the results may be most representative
of chronic primary sleep-onset insomnia and not generalizable
to other forms of insomnia. Due to logistical constraints, the first
author and study lead (S.B.S.K.) also served as the instructor for
both groups; however, to minimize potential bias with data

Figure 4—Clinical significance of main outcomes.

Clinical significance (remission rates)ofmainoutcomesat postinterventionand6-month followup for eachgroup, using recommendedcutoffs of less than30minutes for
SOL, greater than 80% for SE, and less than 8 for ISI total score. ISI = Insomnia Severity Index, SE = sleep efficiency, SH = sleep hygiene, SOL = sleep onset latency.
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analysis, the second author (M.R.G.) conducted independent sta-
tistics that are reported here. As discussed above, there was nota-
ble data loss for the daily sleep diaries at follow-up, primarily for
the SH group. Linear mixed models were implemented to esti-
mate overall treatment effects between groups while accounting
for missing data. Although further analysis of the data suggested
a self-selection bias that may have underestimated the relative
strength of yoga over SH in this sample at follow-up, the results
need to be replicated with a larger sample and improved data
retention. Furthermore, the outcomes for this study were
restricted to self-report daily sleep diaries and questionnaires.
Although self-reported sleep complaints captured by thesemeas-
ures are indeed the information that drive standard clinical diag-
nosis and treatment, it would be valuable to concurrently collect
actigraphic sleep and physiological data in future studies to better
understand mechanisms of change. Although “yoga” was not
included in the advertising material for this study, prior experi-
ence with yoga or related practices was not systematically mea-
sured, and, therefore, there may be interactions between prior
experience and treatment received in this study that were not
able to be identified here.

In conclusion, the findings from this small trial study of an
8-week Kundalini yoga intervention compared to an active SH
control support the existing data in the literature that yoga may
be a valuable addition to CBT-I in the treatment of insomnia.
This study is the first to implement an active comparator against
ayogainterventionforprimary insomnia,and thisareaof research
would benefit by continued progress in methodological rigor.

ABBREVIATIONS

CBT-I, cognitive behavioral therapy for insomnia
ISI, Insomnia Severity Index
ISQ, Insomnia Symptom Questionnaire
LMM, linear mixed models
PSQI, Pittsburgh Sleep Quality Index
SE, sleep efficiency
SES, Self-Efficacy for Sleep scale
SH, sleep hygiene
SOL, sleep onset latency
TEQ, Therapy Evaluation Questionnaire
TST, total sleep time
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